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02ECA team

This ECA Landscape Review considers broad themes on the basis of the Court’s research and accumulated 
knowledge and experience, and special reports by the ECA and other EU Supreme Audit Institutions since 2012. It is 
intended to serve as a basis for consultation and dialogue with the ECA’s stakeholders and for the future audit work 
of the ECA.

This report was adopted by Audit Chamber I which specialises in sustainable use of natural resources. The task was 
led by ECA Member Phil Wynn Owen, Dean of Chamber I. The head of task was Olivier Prigent, with Bertrand Tanguy 
as deputy head of task.

From left to right:  Tomasz Plebanowicz, Vivi Niemenmaa, Gareth Roberts, Katharina Bryan, Marco Bridgford, 
Olivier Prigent, Mushfiqur Chowdhury, Emese Fesus, Joao Nuno Coelho Dos Santos, Bertrand Tanguy, 

Phil Wynn Owen, Armando Do Jogo.

Other staff who worked on the task included Robert Markus, Paul Toulet-Morlanne, Balazs Kaszap, 
Ingrid Ciabatti, Tomasz Kapera and Ide Ni Riagain. Richard Moore assisted with drafting the report.
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05Glossary and abbreviations

Adaptation to climate change: The process of adjusting to actual or expected climate change and its effects.

Anthropogenic emissions: Emissions derived from human activities, as opposed to those occurring naturally 
without human influence.

Carbon capture and storage (CCS): A set of technologies aimed at capturing, transporting, and storing CO2 
emitted from power plants and industrial facilities. The goal of CCS is to prevent CO2 from reaching the atmosphere 
by storing it in suitable geological formations.

CO2-equivalent (CO2e): This unit is used to consolidate the volumes of all greenhouse gases in one single number. 
It represents the amount of carbon dioxide (CO2) emissions that would cause the same climate warming, over 
a given period, as an emitted amount of a given greenhouse gas or mixture of greenhouse gases.

Cohesion Policy: EU policy aiming at improving economic, territorial and social cohesion within the EU by 
reducing the development gap among the various regions. Cohesion Policy is delivered through three main funds: 
the European Regional Development Fund (ERDF); the European Social Fund (ESF); and the Cohesion Fund (CF). 
Together with the European Agricultural Fund for Rural Development (EAFRD) and the European Maritime and 
Fisheries Fund (EMFF), they make up the European Structural and Investment Funds (ESIF).

Conference of the Parties (COP): The supreme decision-making body of the United Nations Framework 
Convention on Climate Change (UNFCCC). All States that are Parties to the Convention are represented at the COP, at 
which they review the implementation of the Convention and any other legal instruments that the COP adopts and 
take decisions necessary to promote effective implementation. The EU and its Member States are both Parties to the 
Convention, and take part in meetings of the COP.

Cost-effectiveness: The relationship between resources used and results achieved. High cost-effectiveness is 
a requirement of EU spending.

European Economic Area (EEA): The EEA provides for the free movement of persons, goods, services and capital 
within the European Single Market. It includes all EU Member States and Iceland, Liechtenstein and Norway.

Effort-sharing: The emissions reductions of the sectors not covered by the EU Emissions Trading System are 
regulated by the 2009 Effort Sharing Decision (ESD). These sectors include transport (except aviation and 
international shipping), agriculture and forestry, buildings and waste, as well as industrial sectors not covered by the 
EU Emissions Trading System.

Feed-in tariffs: Tariffs which guarantee continuous retail prices for renewable energy plant operators for a given 
period.

Global warming potential (GWP): Relative measure of how much heat a tonne of a specific greenhouse gas traps 
in the atmosphere in comparison to the amount of heat trapped by a similar mass of carbon dioxide.

Greenhouse gases (GHG): Gases acting as a blanket in the Earth’s atmosphere, trapping heat and warming the 
Earth’s surface through what is known as the ‘greenhouse effect’. The main greenhouse gases are carbon dioxide 
(CO2), methane (CH4), nitrous oxide (N2O) and fluorinated gases (HFCs, PFCs, SF6 and NF3).
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Intergovernmental Panel on Climate Change (IPCC): The leading international scientific body for the assessment 
of climate change. It was established by the United Nations Environment Programme (UNEP) and the World 
Meteorological Organization (WMO) in 1988 to provide the world with a clear scientific view on the current state of 
knowledge in climate change and its potential environmental and socioeconomic impacts.

Intermittency: Sources of energy which do not continuously produce energy due to some factor which cannot be 
directly controlled, are described as intermittent. For example, wind turbines do not produce energy when no wind 
is blowing. Solar power plants do not produce at night, or when a thick cloud layer hides the sun.

International aviation/international shipping: In this report, international aviation/shipping refers to flights/
shipping between the EU and a non-EU country airport/port. This distinction is made because, in greenhouse gases 
inventories, the emissions of international aviation/shipping and intra-EU aviation/shipping are counted separately.

Land use, land use change and forestry (LULUCF): Introduced in the Kyoto Protocol in 1997, LULUCF is defined 
by the United Nations Climate Change Secretariat as a ‘greenhouse gas inventory sector that covers emissions 
and removals of greenhouse gases resulting from direct human-induced land use, land-use change and forestry 
activities’.

Mitigation of climate change: A human intervention to reduce the sources, or enhance the capacity of sinks, of 
greenhouse gases.

Nationally Determined Contribution (NDC): In the context of the Paris Agreement, all Parties have, on 
a voluntary basis, to propose national greenhouse gas emission reduction targets through ‘Nationally Determined 
Contributions’ (NDCs). On a regular basis, the Parties will hold facilitative dialogues to take stock of the collective 
efforts to progress towards the long-term goal and update their NDCs.

Renewable energy: Energy collected from renewable resources, which are naturally replenished on a human 
timescale, such as sunlight, wind, biomass and geothermal heat.

Retail energy prices and wholesale energy prices: Retail energy prices are the prices paid by the final consumer 
of energy. They include taxes, other surcharges and discounts which vary between Member States. Wholesale prices 
are prices paid to energy importers or producers by the providers that sell the energy products to final customers.

Sink: Any process, activity or mechanism that removes a greenhouse gas from the atmosphere.

Stranded assets: Assets that have suffered from unanticipated or premature closures, write-downs, devaluations or 
conversion to liabilities.

United Nations Framework Convention on Climate Change (UNFCCC): The United Nations Framework 
Convention on Climate Change (UNFCCC) is an international environmental treaty negotiated at the Earth Summit 
in Rio de Janeiro in 1992. The UNFCCC’s objective is to stabilise greenhouse gas concentrations in the atmosphere 
at a level that would prevent dangerous anthropogenic interference with the climate system. Such a level should 
be achieved within a time-frame sufficient to allow ecosystems to adapt naturally to climate change, to ensure 
that food production is not threatened and to enable economic development to proceed in a sustainable manner. 
The UNFCCC is also the name of the United Nations Secretariat charged with supporting the operation of the 
Convention.
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I
Energy played a key role in the EU’s origin, when the six founding Member States established the European Coal 
and Steel Community in 1952, 65 years ago. Measures tackling climate change developed later. Energy and climate 
change are now closely interlinked, since energy production, mainly from the transformation and combustion of 
fossil fuels, and energy use – by e.g. industry, households and transport – account for 79 % of EU greenhouse gas 
emissions. As a result, effective action on energy production and its use is essential to tackle climate change. Energy 
and climate change raise many issues which are best dealt with by states working together. As a result, they are high 
on the EU’s agenda.

II
This landscape review aims to provide an overview of what the EU is doing in this field; to summarise key audit work 
the European Court of Auditors (ECA) and other Supreme Audit Institutions (SAIs) in the EU have done to date; and 
to identify main challenges to inform the legislative debate and future audit work.

III
In both energy and climate change the EU sets a policy framework. Certain areas, such as the choice of the energy 
mix, remain within the competence of Member States. Internationally, the EU and its Member States have played 
a leading role in international climate agreements, such as the 2015 Paris Agreement.

IV
In the energy field, an important part of EU action is the establishment of an internal energy market to allow the 
free flow and borderless trade of gas and electricity across the EU. The internal energy market aims to deliver in 
a cost-effective way the EU’s energy policy objectives of delivering affordable, competitively priced, sustainable and 
secure energy.

V
In November 2016, the Commission produced its so-called ‘Clean Energy for All Europeans’ package of proposals for 
further reforming the energy market. These proposals are currently under consideration by EU legislators, i.e. the 
European Parliament and the Council of the European Union.

VI
On climate change, most EU actions focus on mitigating climate change by reducing greenhouse gas emissions, 
while action on the adaptation to the effects of climate change remains largely unregulated.
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VII
This strong focus on mitigation is reflected in the EU’s climate and energy targets. The EU has set itself targets for 
2020 and 2030 to reduce greenhouse gas emissions, increase the share of renewable energy in energy consumption 
and to make gains in energy efficiency. By 2050, the EU intends to reduce EU greenhouse gas emissions by between 
80 % and 95 % compared to 1990 levels.

VIII
Approaches to cutting greenhouse gas emissions are different across sectors. With the EU Emissions Trading System 
(ETS), the EU has set a limit on overall emissions from some sectors of energy supply, energy-intensive industries 
and intra-EEA flights, and created a marketplace for emissions quotas, thereby ‘putting a price’ on carbon. For the 
other sectors, the approach has been to cut emissions by means of binding emissions reduction targets set for each 
Member State by the EU. Member States are individually responsible for defining and implementing national poli-
cies and measures to achieve those targets. These approaches are accompanied by both EU and national measures 
to increase renewable energy and energy efficiency.

IX
Even if efforts to cut greenhouse gas emissions are successful and the objective of the Paris Agreement – keeping 
the global temperature rise since the pre-industrial era below 2°C – is achieved, adaptation to a changing climate 
is necessary. Climate change already impacts the environment, society and the economy, with warming currently 
just over 1°C compared to the pre-industrial period. Europe’s climate will be significantly different from today under 
a full 2°C temperature increase. The basis for EU action in the area of adaptation is the 2013 EU adaptation strategy, 
which encourages Member States to take action but does not make it mandatory.

X
The SAIs and the ECA have in recent years audited a wide field of different topics on energy and climate change. 
Audits on energy have made up the largest share of reports, with other topics, such as adaptation, receiving less 
attention. Although audit coverage has varied, a number of common findings can be identified. Audits have found 
that differences in the way Member States have implemented EU legislation and administered their energy mar-
kets have held back progress towards completing the EU’s internal energy market. Notwithstanding the successful 
growth in renewables and decline in their costs globally, audits have found a lack of cost-effectiveness and obsta-
cles to investments. Cost-effectiveness issues have also been regularly identified in energy efficiency audits; in the 
field of nuclear energy, SAIs have found significant cost increases and delays. Audits have also shown that the shift 
to low-carbon transport modes is not taking place to a sufficient degree. In the area of adaptation, audits have 
focused mainly on floods. Here, auditors have found issues in flood prevention, protection and response.
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XI
This landscape review identifies seven areas of main challenges:

1. Energy and climate change governance

2. Evidence-based policy

3. The energy transition

4. Using research and innovation effectively

5. Planning for and tackling adaptation

6. Financing

7. Involving EU citizens
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Fundamentals of energy and climate change

01 
Atmospheric carbon dioxide (CO2) levels reached a new high of 400 parts per million at the end of 20151. 2016 was 
the warmest year on record according to all major global surface temperature datasets: on average, the world was 
1.1°C warmer than in the pre-industrial period. In 2016, the Arctic ice sheet shrank to its smallest size since satellite 
records began in 1979. France and Germany experienced significant flooding in May and June, but July and August 
were the driest months on record in France.

02 
Climate change and its causes are no longer subject to serious scientific dispute. For nearly three decades, thou-
sands of scientists from all over the world have been contributing scientific knowledge about climate change and 
its environmental and socio-economic impact through the Intergovernmental Panel on Climate Change (IPCC).  
According to the IPCC, human influence on the climate system is clear and is evident from the increasing green-
house gas concentrations in the atmosphere and the warming observed2. The link between increasing green-
house gas concentrations in the atmosphere and observed increases in the Earth’s temperature is well understood 
(see Box 1).

Bo
x 

1 Why greenhouse gases warm the atmosphere

When sunlight reaches the Earth’s atmosphere, a part of it is reflected from clouds and particles in the air 
back into space. Most of the light crosses the atmosphere and reaches the Earth’s surface. Some of this light 
is reflected, in particular by light surfaces such as snow, and another part is absorbed by the Earth by dark 
surfaces such as vegetation or roads. The Earth also emits energy naturally in the form of infra-red radiation. 
When the energy reflected or emitted by the Earth’s surface crosses the atmosphere, some of this energy is 
absorbed by the atmosphere.

The higher the concentration of greenhouse gases (GHGs) in the atmosphere, the higher the proportion of the 
energy absorbed by the atmosphere. This energy then heats the atmosphere, as in a greenhouse. In the long 
run, a hotter atmosphere changes the Earth’s climate.

The greenhouse gas emitted in the greatest quantity is carbon dioxide (CO2), which makes up around 80 % of 
the EU’s total greenhouse gas emissions, followed by methane (CH4) at 11 %, nitrous oxide (N2O) at 6 % and 
fluorinated gases at 3 %.
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Source: European Court of Auditors.
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03 
Energy played a key role in the EU’s origins, when the six founding Member States established a common market 
for coal and steel within the European Coal and Steel Community in 1952 and, in 1957, created the European Atomic 
Energy Community (Euratom). Since the 1990s, the EU has been working towards establishing an internal energy 
market to allow the free flow of energy across the EU.

04 
Energy and climate change are closely interlinked, since energy production, mainly from the transformation and 
combustion of fossil fuels, and energy use – by industry, households and transport for example – account for 79 % 
of EU greenhouse gas emissions. As a result, transforming energy production and use is essential to tackling climate 
change. Meeting energy needs while reducing greenhouse gas emissions is a key challenge for the EU and its Mem-
ber States.

05 
Building ‘a resilient Energy Union with a forward-looking climate change policy’ is therefore a key priority of the 
European Commission. The Energy Union strategy, with its five dimensions, provides the framework for achieving 
this priority (see Box 2). To implement this strategy, the Commission has proposed several important draft pieces 
of legislation and non-legislative initiatives in energy and climate change in 2016, most notably the Clean Energy 
for All Europeans Package3. These will be debated in the Council and the Parliament during 2017 and 2018. From 
a financial point of view, the EU has committed to spending at least 20 % of its 2014-2020 budget on climate action, 
i.e. around 212 billion euro.

http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=COM%3A2015%3A80%3AFIN
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2 Five closely related, mutually reinforcing dimensions of the framework strategy for 
a Resilient Energy Union

Source: Framework Strategy for a Resilient Energy Union with a Forward-Looking Climate Change Policy (COM(2015) 80 final of 
25.2.2015).

The energy security, solidarity and trust dimension focuses on the diversification of energy sources, 
suppliers and routes, cooperation among Member States, and increased transparency on gas supply contracts.

The fully integrated internal energy market dimension aims at enabling the free flow of energy throughout 
the EU through adequate infrastructure and without any technical or regulatory barriers.

The energy efficiency dimension considers energy efficiency as ‘an energy source in its own right’, and 
encourages Member States to prioritise energy efficiency policies to reduce dependence on energy imports, 
reduce emissions and reduce energy bills.

The decarbonisation of the economy dimension says that ‘an ambitious climate policy is an integral part of 
our Energy Union’ and aims to make the EU the world leader in renewable energy.

The research, innovation and competitiveness dimension supports breakthroughs in low-carbon and clean 
energy technologies.
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06 
EU action in the area of energy and climate change encompasses the two complementary policy responses to 
climate change: mitigation and adaptation. Mitigation of climate change seeks to address the causes of climate 
change by reducing or limiting greenhouse gas emissions and by enhancing natural sinks of greenhouse gases. 
Adaptation aims at anticipating the effects of climate change and taking appropriate action to prevent or minimise 
the potential damage.

http://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1500558206367&uri=CELEX:52015DC0080
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Aim and approach of this landscape review

07 
This landscape review of EU action on energy and climate change aims to:

 ο provide an overview of what the EU is doing in this field;

 ο summarise key audit work we and other Supreme Audit Institutions (SAIs) in the EU have done to date; 
and

 ο identify main issues and challenges to inform the legislative debate and future audit work.

08 
The report is structured as follows:

 ο Part I describes the main EU energy and climate change policies; greenhouse gas emissions from 
different sectors; the associated EU sectoral legislation; how this legislation has been implemented, and 
what funding has been provided, to help reach the EU’s energy and climate targets;

 ο Part II provides an analysis of what has been audited in the area of energy and climate change by the ECA 
and the Member States’ SAIs and an overview of their key findings. A summary of all ECA audit reports in 
the area is available on our website, together with a list of all SAIs reports studied;

 ο Part III highlights main challenges for the future, both to inform the legislative debate and to help to 
identify potential opportunities and challenges for public audit.

09 
The landscape review is not an audit: it is a review largely based on publicly available information4. It is not 
based on any new audit work and does not present any new audit findings or recommendations. The Commis-
sion’s replies to findings and recommendations made in the individual ECA reports quoted were published in 
those reports, available on our website. More details on our approach and sources are provided in an Annex.
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What the EU is doing

10 
Part I describes what the EU is doing in energy and climate change. It includes information about the following:

 ο An overview of the EU’s competence in the field, and of the work carried out at EU level to mitigate climate 
change. The section presents the main EU energy and climate targets and objectives and briefly describes 
the underlying policy framework and its two main pillars for reaching the emissions reduction targets: the EU 
Emissions Trading System (EU ETS), and effort-sharing;

 ο Mitigation action in each greenhouse gas emitting sector: energy supply, industry, buildings, transport, 
agriculture and forestry and waste. Energy supply and use accounts for 79 % of EU greenhouse gas 
emissions, so it is given most emphasis;

 ο Adaptation to climate change, highlighting expected changes and impacts on society and environment;

 ο Other policies supporting the implementation of EU action on energy and climate change, i.e. research and 
innovation, public and private financing for climate-change mitigation and adaptation, and actions to 
improve policy making and implementation.

The EU’s competence in the field of energy and climate change

11 
Energy and climate change are two areas in which the EU and the Member States have shared competence5. This 
means that the EU and the Member States may legislate and adopt legally binding acts. Member States can exer-
cise their own competence unless the EU has formulated and implemented energy or climate change policies and 
strategies6.

12 
The objectives of EU energy policy are set out in the Treaty on the Functioning of the European Union7, which states 
that, in a spirit of solidarity between Member States, the aims of EU energy policy are to:

 ο ensure the functioning of the energy market;

 ο ensure security of energy supply in the Union;

 ο promote energy efficiency and energy saving and the development of new and renewable forms of energy; 
and

 ο promote the interconnection of energy networks.

http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:12012E/TXT
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13 
The Treaty also stipulates that measures implemented in the framework of EU energy policy must not ‘affect a Mem-
ber State’s right to determine the conditions for exploiting its energy resources, its choice between different energy 
sources and the general structure of its energy supply’. This is, however, subject to derogations. In particular, the 
EU’s environment policy may provide for measures which significantly affect a Member State’s choice between dif-
ferent energy sources and the general structure of its energy supply8.

14 
The EU’s competence in the area of climate change derives from its competence in the area of environment policy. 
The objectives for EU environment policy, established in the Treaty, include9:

 ο preserving, protecting and improving the quality of the environment;

 ο protecting human health;

 ο using natural resources prudently and rationally; and

 ο promoting measures at international level to deal with regional or worldwide environmental problems, in 
particular climate change.

15 
The Treaty also states that EU environment policy should rest on the principles of precaution, prevention, rectify-
ing pollution at its source, and on the ‘polluter-pays’ principle10. As a general principle, environmental protection 
requirements must be integrated into the definition and implementation of the Union’s policies and activities, in 
particular with a view to promoting sustainable development11.

16 
In both energy and climate change, depending on the exact subject, the EU has the competence to act on the inter-
national stage. For example, the EU may negotiate or enter into international agreements with third parties either 
alone or jointly with the Member States12.

International climate agreements

17 
Climate change cannot be tackled by the efforts of countries or regions acting alone. The EU recognises this13. The 
EU and its Member States only emit around 12 % of global greenhouse gas emissions14, so they have played a lead-
ing role in negotiating international climate agreements under the United Nations Framework Convention on 
Climate Change (UNFCCC)15, under which the Kyoto Protocol and the Paris Agreement were agreed.

http://unfccc.int/resource/docs/convkp/kpeng.pdf
http://unfccc.int/files/essential_background/convention/application/pdf/english_paris_agreement.pdf
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18 
The Kyoto Protocol was adopted in 1997 and entered into force in 2005. The protocol set, for 37 countries and the 
European Union, an objective to reduce greenhouse gas emissions by 5 % over the 2008-12 period compared to 
1990 levels. The European Union committed itself to reducing its emissions by 8 % instead of 5 %16. Under the Kyoto 
Protocol as amended in Doha in 2012, the EU and its Member States had committed to reducing their greenhouse 
gas emissions by 20 % by 2020 compared to 1990 levels.

19 
Under the Paris Agreement, governments agreed to keep the rise in global average temperature this century to 
‘well below’ 2°C above pre-industrial levels, aiming to limit it to 1.5°C. Signatories of the Paris Agreement, including 
the EU and each Member State, submitted details of how they would contribute to this target17. According to the 
UNFCCC, these contributions will not be sufficient to limit the global increase in temperature to below 2°C18. The 
signatories therefore agreed to reconvene every five years to report to each other on the progress they had made 
and to establish more ambitious targets as required by the science. Recognising the adverse impacts of climate 
change, the signatories also included provisions in the Paris Agreement dealing with climate-change adaptation.

Bo
x 

3

The Paris Agreement: A global commitment

The Paris Agreement represents a global commitment to mitigate climate change: it has been signed in 
2015 by 195 States, i.e. all UNFCCC members except Nicaragua and Syria. They represent 99.75 % of global 
emissions.

The United States of America is the source of 18 % of global emissions, making it the second-largest emitter 
after China (20 %). In June 2017, the President of the United States of America announced the withdrawal of 
the country from the Paris Agreement. The remaining 147 countries which had ratified the Agreement up 
to June 2017, are the source of 66 % of global emissions, thus exceeding the 55 % threshold which had been 
required for the agreement to enter into force.

20 
Before the Paris Conference, developed countries had already committed to providing 100 billion USD each year 
by 2020 to support developing countries’ efforts to mitigate and adapt to climate change. In the Paris Agreement, 
developed countries reaffirmed this and committed to increasing the level of support from 2025 onwards19.

http://unfccc.int/resource/docs/convkp/kpeng.pdf
http://unfccc.int/kyoto_protocol/doha_amendment/items/7362.php
http://unfccc.int/kyoto_protocol/doha_amendment/items/7362.php
http://unfccc.int/files/essential_background/convention/application/pdf/english_paris_agreement.pdf
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EU energy and climate framework

EU energy and climate targets and objectives

21 
To fulfil its obligations under the Kyoto Protocol and the Paris Agreement, the EU has set itself various targets to 
mitigate climate change. These targets involve direct, quantified reductions in greenhouse gas emissions, as well as 
specific targets for renewable energy production and increased energy efficiency (see Box 4).

Bo
x 

4 EU greenhouse gas reduction, renewable energy and energy efficiency targets and 
objectives

 ο By 202020:

- 20 % reduction in greenhouse gas emissions (from 1990 levels);

- 20 % share of renewable energy in final energy consumption;

- indicative target of improving energy efficiency by 20 % compared to projections of future energy 
consumption.

 ο By 203021:

- at least 40 % reduction in greenhouse gas emissions (from 1990 levels);

- at least 27 % share of renewable energy in final energy consumption, binding at EU level;

- indicative target of improving energy efficiency by at least 27 % compared to projections of future energy 
consumption, to be reviewed in 2020 having in mind an EU level of 30 %22.

 ο By 205023: the EU intends to reduce EU greenhouse gas emissions by between 80 % and 95 % compared to 
1990 levels.

22 
By 2014, the EU had already succeeded in reducing its greenhouse gas emissions by more than 20 % below 1990 
levels24. However, in 2015, its emissions increased by 0.7 % compared to 2014.
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23 
Current trends, projections, and targets, with the reductions in emissions required to reach the targets, are shown 
on Figure 1. It shows that the 2030 and 2050 greenhouse gas emissions reduction targets and objectives will not be 
achieved without significant additional efforts. To achieve the 2030 targets, annual emission reduction efforts will 
need to increase by half in the next decade. The most significant change, though, will be the one required beyond 
2030, when the emission reduction rate will need to outpace historic levels by three to four times in order to achieve 
the 2050 objective.

Fi
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 1 EU greenhouse gas emission trends, projections and reduction targets and 

objectives
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24 
To reach these targets and objectives, the EU has set sub-targets for emissions cuts in sectors covered by the EU 
Emissions Trading System (EU ETS). In sectors which are not covered by the EU ETS, the EU shares the effort among 
Member States by setting binding national targets for reductions in greenhouse gas emissions – this is called ‘effort 
sharing’. These policies – EU ETS and effort-sharing – are described in the following sections.

Source: European Environmental Agency, Trends and projections in Europe 2016 – Tracking progress towards Europe’s climate and energy 
targets.

http://ec.europa.eu/clima/policies/ets_en
http://ec.europa.eu/clima/policies/ets_en
https://ec.europa.eu/clima/policies/effort_en
https://ec.europa.eu/clima/policies/effort_en
http://www.eea.europa.eu/publications/trends-and-projections-in-europe
http://www.eea.europa.eu/publications/trends-and-projections-in-europe
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25 
To track the progress achieved in reducing the EU’s greenhouse gas emissions, the European Commission and the 
Member States report annually on their anthropogenic25 greenhouse gas emissions to the UNFCCC. The EU has also 
put in place an internal emissions-reporting system26. This system is built around the EU greenhouse gas inventory, 
a compilation of Member State inventories drawn up by the Commission. The European Environmental Agency 
(EEA) performs annual quality checks of Member States’ inventories in cooperation with Eurostat and the Commis-
sion’s Joint Research Centre. Under the UNFCCC, international experts from non-EU countries should review the EU’s 
greenhouse gases inventories at least once every five years.

26 
In 2015, the EU Member States (see Figure 2) emitted approximately 4.6 gigatonnes of CO2-equivalent (CO2e)27.
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http://www.eea.europa.eu/data-and-maps/data/data-viewers/greenhouse-gases-viewer?_sm_au_=itVM1vvk7RJQjL02
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The EU Emissions Trading System

Objective and main features

27 
In 2005, the EU introduced the EU Emissions Trading System (EU ETS) ‘to promote reductions of greenhouse gas 
emissions’28. The EU ETS was the world’s first multi-country29 and multi-sector scheme for trading allowances of 
greenhouse gas emissions. It restricts the emissions of power plants, large energy-intensive industrial installations, 
and, since 2012, aviation emissions from intra-EEA flights. These sectors account for about 45 % of EU greenhouse 
gas emissions.

28 
The EU ETS is known as a ‘cap-and-trade’ system30. The EU ETS sets a limit on overall annual greenhouse gas emis-
sions: total emissions over a calendar year are ‘capped’. Allowances, representing the right to emit one tonne of CO2-
equivalent, are either auctioned by governments or handed out for free to emitting installations. The allowances 
can be freely traded on the market. Each year, operators must surrender a number of allowances corresponding to 
their reported greenhouse gas emissions31.

29 
The first phase (2005-2007) of the EU ETS was a pilot. In the second phase (2008-2012), most of the allowances were 
given away for free. In the third, current, phase (2013-2020), the cap set at EU level decreases annually by a so-called 
‘linear reduction factor’ of 1.74 %. The goal is to reduce greenhouse gas emissions in the EU ETS sector by 21 % be-
low 200532 levels by 2020. Therefore, the EU ETS encourages the reduction of greenhouse gas emissions in a predict-
able way.

30 
According to the polluter-pays principle, all EU ETS allowances should be auctioned. But since not all countries 
worldwide price greenhouse gas emissions to the same extent as the EU, the EU ETS can, in theory, impact nega-
tively on the international competitiveness of EU industry. As a result, some companies might choose to relocate 
to countries with fewer constraints on greenhouse gas emissions, thus emitting greenhouse gases elsewhere. This 
phenomenon is referred to as ‘carbon leakage’. Sectors that can prove33 they are exposed to the risk of carbon 
leakage, such as the steel industry, receive some free allowances34. In the power sector, which physically cannot 
relocate, nearly all allowances are auctioned35.

http://ec.europa.eu/clima/policies/ets_en


22Part I – Energy and climate change: What the EU is doing
 

Price of EU ETS allowances

31 
A core element of the EU ETS is the carbon price. Setting an absolute ceiling (the ‘cap’) on emissions creates scarcity 
of supply. Limited supply and flexible demand should create a price signal for carbon allowances. In a well-func-
tioning system, market actors would invest in emissions reductions in the most cost-effective way36. In theory, those 
with lower costs for reducing emissions will do so, and will sell their surplus allowances to those facing higher costs. 
With a declining cap, scarcity in the system would increase over time, driving up the carbon price and making more 
expensive emission reduction investment options more viable.

32 
Companies will invest in low-carbon technologies as long as such investments are cheaper than buying allowances 
on the market. So the market price of EU ETS allowances needs to be sufficiently high to justify investment decisions 
in low-carbon technology36. Therefore, the market price of EU ETS allowances, not just the reduction of emissions, 
supports the transition to a low-carbon economy. Models used by the Commission in 2011 showed a price trajec-
tory of 40 euro per tonne of CO2e in 2020, 100 euro in 2030 and 250 euro by 205037. However, from 30 euro at the 
beginning of phase 2, the allowance price decreased to around 5 euro at the beginning of 2017 (see Figure 3). This 
is far below the price bracket of 36-72 euro which, according to the High-Level Commission on Carbon Prices, must 
be reached by 2020 if the temperature targets in the Paris Agreement are to be achieved38. The price decreased 
because supply of allowances was higher than demand. Indeed, at the end of 2015, there was still an oversupply of 
1.8 billion allowances, equivalent to one year of EU emissions from the EU ETS sector39. This oversupply was due to 
the economic recession following the 2008 crisis as well as the growth of energy efficiency or renewable energy 
policies (see paragraph 168).
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33 
To restore a better balance between supply and demand, the Commission deferred the auctioning of 900 million 
allowances from 2014-2016 to 2019-2020 (known as ‘back-loading’) and established a permanent market stability 
reserve to store a part of the excess of allowances outside of the carbon market as of 2019.

34 
Even with these measures, together with the Commission’s legislative proposal40 for the fourth EU ETS phase (2021-
2030), the oversupply of allowances will last at least until around 203041.

Source: Monthly average of seven EUA futures contracts (ECA analysis based on Quandl data).

https://www.quandl.com/collections/futures/ice-eua-futures
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Effort-sharing decision and proposed regulation

35 
The emissions reductions of the sectors not covered by the EU ETS are regulated by the 2009 Effort Sharing Decision 
(ESD). These sectors include transport (except aviation and international shipping), agriculture and forestry, build-
ings and waste, as well as industrial sectors not covered by the EU ETS. Emissions from those sectors account for 
around 55 % of total EU emissions.

36 
National emission targets for 2020 have been set on the basis of GDP per capita. The wealthiest Member States 
are required to reduce their emissions by 20 % by 2020 compared to 2005 levels. Less wealthy Member States are 
allowed to increase their emissions until 202042. This is because the catch-up in their economic growth is expected 
to generate higher emissions. However, the Commission has noted that the targets set ‘represent a limit on their 
emissions compared with projected business as usual growth rates. A reduction effort is thus required by all Mem-
ber States’43. Member States are responsible for defining and implementing national policies and measures to limit 
emissions from the sectors covered by the ESD44.

37 
By 2020, these national targets are expected to contribute half of the EU’s 20 % emissions reduction target, the 
other half coming from the EU ETS sectors. According to the Commission, which monitors compliance, the EU is on 
track to achieve the reductions from the sectors under the ESD45.

38 
The replacement of the ESD has been under discussion in the European Parliament and Council since 2016. The 
Commission’s proposal includes binding annual greenhouse gas reductions by Member States to reduce emissions 
of the non-ETS sectors by 30 % by 2030 compared to 2005.

http://eur-lex.europa.eu/legal-content/EN/ALL/?uri=uriserv:OJ.L_.2009.140.01.0136.01.ENG
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Sources of greenhouse gas emissions: the importance of the energy sector

39 
Energy production, mainly from the transformation and combustion of fossil fuels, and energy use by all economic 
sectors, account for 79 % of EU greenhouse gas emissions (see Figure 4). Other greenhouse gas emissions come 
from industrial processes other than energy usage (see paragraphs 80 to 84), from agricultural practices (see 
paragraphs 103 to 110) or from waste management (see paragraphs 111 to 113). These percentages are largely 
unchanged since 1990.

40 
The 79 % accounted for in energy includes the production of electricity and heat generation as well as the burning 
of fuels in industry, buildings, transport and agriculture. Changes in the way we produce electricity and heat and in 
the way we use energy in our economy are therefore key to reducing greenhouse gas emissions46.
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* Including energy usage in international shipping and aviation.
** Excluding LULUCF.

Source: EEA greenhouse gas – data viewer, EEA, 2017.
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41 
Since greenhouse gas emissions are mainly caused by energy production and use, energy efficiency can have 
a significant impact in reducing greenhouse gas emissions. In addition, demand for energy investment and imports 
decrease and consumers save money. Energy efficiency has been described as the quickest and least costly way of 
addressing energy security, environmental and economic challenges47. This is why the EU has legislated to estab-
lish a set of measures across several greenhouse gas emitting sectors48 and set itself energy efficiency targets for 
2020 and 2030.

42 
The EU has set itself a non-binding target of 20 % gains in energy efficiency by 2020 compared to projections of 
future primary energy consumption (see paragraph 21)49. Member States decided themselves on their indicative 
national energy efficiency targets, which, in theory, should add up to the 20 % target set for the EU as a whole. 
However, according to the European Environmental Agency, they would result in a saving of 17.7 % of primary en-
ergy consumption by 2020, falling short of the 20 % EU target50.

43 
The EU 2030 energy efficiency target is to improve energy efficiency by ‘at least 27 % at EU level’ compared to pro-
jections of future energy consumption, with a review in 2020 ‘having in mind a 30 % target’. In 2016, the Commis-
sion has proposed increasing the target to 30 % and making it binding at EU level51.

44 
All economic sectors, such as industry, transport and agriculture, use energy. Another way to look at greenhouse 
gas emissions is to analyse emissions by sector (see Figure 5) and not by source (see Figure 4). On this basis, the en-
ergy supply sector, mainly electricity and heat production52, produces 29 % of total emissions, making it the largest 
single producer of greenhouse gas emissions. It is followed by the transport sector (26 % of emissions), the indus-
trial sector (19 %) and the buildings sector (12 %).

https://ec.europa.eu/energy/sites/ener/files/documents/Article%203%20EED_Indicative%20national%20energy%20efficiency%20targets%202020%20%28August%202015%29.pdf
https://ec.europa.eu/energy/sites/ener/files/documents/Article%203%20EED_Indicative%20national%20energy%20efficiency%20targets%202020%20%28August%202015%29.pdf
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45 
The following sections present the EU action taken to reduce greenhouse gas emissions in these sectors. For each 
sector, the small bar chart on the right-hand side shows how these emissions add up.

* Including international shipping and aviation.
** Excluding LULUCF.

Source: EEA greenhouse gas – data viewer, EEA, 2017.

http://www.eea.europa.eu/data-and-maps/data/data-viewers/greenhouse-gases-viewer#tab-based-on-data
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Energy supply

Overview of the energy supply sector

46 
In 2015, 29 % of greenhouse gases were emitted by the energy supply sector, 
mainly from the generation of electricity and heat. Across the EU, electric-
ity and heat were produced from five main sources: renewable energy, coal, 
nuclear energy, gas, and oil.

47 
Member States have widely varying energy mixes, which explains why they face 
different challenges of security of supply and decarbonisation (see Figure 6).

29 %

2015 EU GHG emissions

Energy supply
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 6 Main sources of electricity and heat generation in the EU and Member States in 2015
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http://ec.europa.eu/eurostat/web/energy/data/database?p_p_id=NavTreeportletprod_WAR_NavTreeportletprod_INSTANCE_QAMy7Pe6HwI1&p_p_lifecycle=0&p_p_state=normal&p_p_mode=view&p_p_col_id=column-2&p_p_col_count=1
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48 
The last ten years have seen rapid growth in the use of renewable energy for electricity and heat generation across 
the EU (see Figure 7). The share of gas increased until 2010, and has reduced since that date. The share of nuclear 
energy remained fairly stable. Coal and oil use declined. This growth in renewables was largely made up of the 387-
fold increase in the use of wind energy between 1990 and 2015. In relative terms, the use of solar energy increased 
most; it increased by more than 7750 times between 1990 and 2015.
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49 
In the EU, electricity is generated by renewable sources, nuclear fission or the combustion of fossil fuels. The main 
renewable sources for electricity are hydropower, wind and solar.

Source: Eurostat, 2017.

http://ec.europa.eu/eurostat/data/database
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50 
The most important source for heat generation is gas, followed by coal and renewable sources. The main renewable 
sources for heat are solid biofuels53, such as wood pellets, sawdust or dried manure, and renewable waste54 incinera-
tion, such as food waste.

51 
While electricity can be transported over long distances, this is more difficult with heat which, if transported at all, 
is usually distributed only locally through pipelines of hot water in towns or cities. Therefore, electricity and heat 
generation have very different production and distribution profiles. Because of these differences, decarbonisation 
of the electricity and heat sectors face distinct challenges.

52 
Energy sources vary widely in how much greenhouse gas emissions they produce (see Figure 8). As a result, chang-
ing the energy supply sector towards a decarbonisation of energy generation is vital for reducing emissions. In the 
following paragraphs, we briefly describe each of these energy sources, starting with those causing most green-
house gas emissions.
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* Bulgaria, Croatia, Cyprus, Lithuania, Malta and Romania are not included (data not available).

Source: CO2 emissions from fuel combustion OECD (2017 preliminary edition), International Energy Agency, 2017; Eurostat; ECA analysis.
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Coal

53 
In 2015, coal accounted for around 25 % of electricity and heat generation in the EU, down from 90 % in the early 
1950s55. It remains in widespread use in some Member States because it is cheaper and more readily available than 
other fossil fuels such as natural gas and oil56. It allows Member States which extract and use it to reduce their  
dependence on imports57.

54 
Coal emits more CO2 per unit of energy produced than other fossil fuels. In 2015, one quarter of the EU’s electricity 
and heat was produced from coal, but CO2 emissions from coal made up 72 % of the EU’s overall CO2 emissions from 
electricity and heat generation (see Figure 8).

Oil and gas

55 
Around 22 % of the EU’s electricity and heat is generated from oil and natural gas. In 2015, the EU imported 89 % 
of its oil and 69% of its natural gas58. National governments maintain control over reserves of oil and gas on their 
territory.

56 
To limit greenhouse gas emissions from gas and coal, the EU has been supporting the development of carbon cap-
ture and storage (CCS) technologies59. However, these technologies are currently costly, and only at an early stage of 
development60.

Nuclear energy

57 
Nuclear power is produced by nuclear fission, a process which emits no greenhouse gases when it generates elec-
tricity61. In 2015, nuclear energy accounted for 22 % of electricity and heat generation in the EU. It made up 47 % of 
the EU’s low-carbon electricity.
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58 
In 2017, there are 129 nuclear reactors in operation in 14 EU countries. A further 90 reactors exist which have been 
shut down; of these, 3 have been completely decommissioned. Over 50 of the EU›s currently operational reactors 
are estimated to be shut down by the end of 2025. A significant market for decommissioning nuclear plants is there-
fore developing in Europe62.

59 
According to a Commission report based on Member States’ data, the estimated total cost for the management of 
spent fuel and radioactive waste is about 400 billion euro and approaches for disposal of intermediate level waste, 
high level waste and spent fuel, such as site selection or development of design, are not specific in most of the 
Member States63.

60 
Member States have adopted different policies towards nuclear energy. Some Member States, such as the Czech Re-
public, Hungary and the UK, are planning to build new nuclear power installations, while others are reducing their 
dependency on nuclear power –for example, in 2011, Germany decided to phase out nuclear energy by 2022 as part 
of its energy-transition policy, and France has decided to reduce its dependency on nuclear energy.

61 
The EU deals with nuclear energy from several angles, some of which fall under the Euratom treaty:

 ο nuclear safety legislation establishes a framework to ensure nuclear safety e.g. of nuclear installations64 and 
for the management of radioactive waste and spent fuel65;

 ο nuclear safeguards legislation ensures that nuclear materials are used only for the purposes declared by 
their users;

 ο nuclear research, including a major contribution to the International Thermonuclear Experimental Reactor 
(ITER), aims to demonstrate the future feasibility of nuclear fusion66 as a viable source of energy;

 ο nuclear decommissioning: the EU provides financial assistance to the decommissioning of eight Soviet-
designed first generation nuclear reactors in Lithuania, Bulgaria and Slovakia.

https://ec.europa.eu/energy/node/108
http://www.iter.org/
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Renewable energy

62 
By 2020, 20 % of the EU’s final energy consumption should come from renewables67 (see paragraph 21). This 
target includes the use of renewables in all sectors possible, i.e. their use in electricity and heat production but also 
in transport. Figure 9 shows the binding national targets for all Member States, based on their relative wealth, and 
the progress made since 2005. In 2015, 16.7 % of EU gross final energy consumption came from renewable sources.
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63 
The 2030 target of a 27 % share of renewable energy in final energy consumption does not include targets for indi-
vidual Member States68.

64 
The worldwide growth of, and investment in, renewable electricity production has led to a significant decrease of 
the cost of many renewable sources in the last decade. For example, the costs of utility-scale photovoltaics and 
wind energy respectively fell by 85 % and 65 % between 2009 and 201569. A further decrease is expected70. As 
a result, several renewable energy technologies can now compete with traditional energy sources for producing 
electricity (see Figure 10).

*  Method used to compare the cost of energy coming from different sources by taking into account the total cost of ownership of a power 
plant and the plant production over its lifetime.

**  Base load power sources are power stations which can economically generate the electrical power needed to satisfy the minimum demand. 
Peak power sources are used to meet peak demand, e.g. in mornings or evenings, or when alternative sources are unavailable (e.g. wind farms 
when wind speed is low or when plants are maintained), but they have higher fuel costs.

Source: Adapted from European Energy Markets Observatory, 2015 and Winter 2015/2016 Dataset – Eighteenth Edition, Capgemini, 2016, 
p. 37 (BNE, Eurelectric – Capgemini analysis, EEMO18).

https://www.capgemini.com/sites/default/files/en/2016/10/european_energy_markets_observatory-18th_edition-full_report.pdf
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Internal energy market and security of supply

65 
The internal energy market is the regulatory and infrastructure set-up which, once fully established, should allow 
the free flow and borderless trade of gas and electricity across the EU. It aims to deliver, in a cost-effective way, the 
EU’s energy policy objectives of providing affordable, competitively priced, sustainable and secure energy71. It has 
also the potential to benefit the development of low-carbon energy sources: in an open energy market, renewable 
energy could flow across borders and be made available on a more permanent basis, where intermittency may pre-
viously have been an issue.

66 
In order to develop an internal energy market, it is necessary both to establish rules for how the gas and electricity 
energy markets function and to ensure that there is adequate infrastructure in place for this purpose. The legislative 
framework for liberalising the national, often state-owned and monopolised, energy markets has been developed 
progressively (see Box 5). More detailed rules are being laid down in guidelines and network codes72 setting com-
mon technical standards.

Bo
x 

5

Development of the three energy packages to implement the internal energy 
market

Liberalisation of the electricity and gas market started with a first legislative package in 1996 for electricity, 
and in 1998 for gas73.

The second legislative package74 aimed at enabling new suppliers to enter Member States’ electricity and 
gas markets and consumers to choose their suppliers75.

After finding that an internal energy market had not emerged yet76, the EU adopted a comprehensive third 
package in 2009, which includes:

 ο the unbundling of energy generation from the operation of transmission networks;

 ο new provisions to ensure independence of national regulators;

 ο the set-up of the Agency for the Cooperation of Energy Regulators (ACER), an EU agency to foster 
cooperation among European energy regulators77;

 ο the creation of the European Networks for Transmission System Operators for Electricity (ENTSO-E) 
and European Networks for Transmission System Operators for Gas (ENTSO-G) to improve cross-border 
cooperation;

 ο the preparation of Ten-Year Network Development Plans (TYNPDs) by ENTSO-E and ENTSO-G to increase 
information on investments in electricity and gas transmission systems.

In 2016, the Commission published a package of legislative and non-legislative initiatives - the Clean Energy 
for All Europeans Package.
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67 
Member States are responsible for implementing the legislation and guidelines. The Commission monitors this im-
plementation and has the power to open infringement procedures, which can lead to a case being filed before the 
European Court of Justice.

68 
The plan was to complete the internal energy market by 201478. Despite significant progress in some regions of the 
EU, the internal energy market has not yet been achieved79. Recognising this, the Commission issued a ‘Framework 
Strategy for a Resilient Energy Union with a Forward-Looking Climate Change Policy’ in 201580 (see paragraph 5) 
and, in 2016, a package of legislative and non-legislative initiatives – the Clean Energy for All Europeans Package81. 
Both, the Energy Union Strategy and the 2016 Package do not only concern the development of the internal energy 
market but bring together several strands of policy – these are dealt with in the relevant sections of this landscape 
review.

69 
The development of internal electricity and natural gas markets is the basis for securing energy supply82 cost-
effectively as they open up the possibilities for greater supply diversification by creating flexible trading within and 
between Member States. EU legislation on electricity and gas supply disruption is being updated. Proposals include 
shifting from a national to a regional, cross-border approach when dealing with supply disruptions83.

70 
Suitable infrastructure is just as necessary as market structures and effective regulation for the functioning of the 
internal energy market and the increase of security of supply. This includes infrastructure between and within 
Member States. The EU set an objective for the capacity of cross-border electricity84 interconnections to be at least 
10 % of the installed electricity production capacity in any given Member State85 by 2020 and to be at least 15 % 
by 203086. Interconnectors can facilitate the coupling of national energy markets, which should improve security of 
supply and decrease energy prices. The EU supports the development of cross-border infrastructure, for example by 
requiring streamlined permit granting procedures, by facilitating cost allocation between different Member States, 
and by partially funding selected infrastructure projects87.

71 
A 2017 Commission evaluation concludes that progress has been made, but highlights several remaining issues 
regarding the implementation of the internal energy market, such as the following88:

 ο Bottlenecks still exist due to missing or underused infrastructure in electricity and gas. For example, 
electricity interconnections and, where relevant, internal lines still need to be improved in south-western 
Europe, such as Spain and France, and in northern and eastern European countries such as Germany, Poland 
and the Czech Republic;

 ο National wholesale gas prices converged between 2013 and 2015, while price differences in the wholesale 
electricity market remained significant89.

http://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1500558206367&uri=CELEX:52015DC0080
http://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1500558206367&uri=CELEX:52015DC0080
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Transition to a low-carbon energy production

72 
The transition to a low-carbon energy supply sector requires significant further changes in energy production90.  
Under the current policy framework91, the energy mix of the future is projected to change (see Figure 11), with 
a strong decline in EU domestic production for all fossil fuels (coal92, oil and gas) and a move towards renewable 
energy. Additional renewable energy generation capacity is therefore needed.
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https://ec.europa.eu/energy/sites/ener/files/documents/20160712_Summary_Ref_scenario_MAIN_RESULTS%20%282%29-web.pdf
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73 
The growth in renewable energy sources will need to happen mostly in the electricity sector, since the potential for 
greater use of renewable sources for heat is currently more limited93. The profound transformation of the energy 
system poses several challenges. First, increasing and integrating certain intermittent forms of renewables, 
mostly wind and solar, in an electricity system, where supply and demand have to be constantly balanced and stor-
age solutions are currently limited, poses technical challenges. Another challenge is the decentralisation of energy 
production, mostly renewables, in an electricity network and market built around a clear separation of producers, 
distributors and consumers94.

74 
In addition, falling wholesale prices and generation overcapacity create little incentive to invest in new capaci-
ties and networks. Further investments will need to be made in renewable generation, but current legislation ‘does 
not ensure sufficient incentives for private investments in the new generation capacities and network’95.

75 
If government intervention in the electricity market is not carefully designed, however well intentioned, it can 
further distort the functioning of the energy market and may lead to higher costs, or unfair competition. Similar to 
other sectors, such state aid is therefore only permitted under certain circumstances within the EU, and Member 
States must comply with the guidelines on state aid issued by the Commission, especially in the renewable energy 
sector where the level of public support remains significant. From 2017, an open, competitive, bidding process to 
grant any aid to renewable energy infrastructure has been required96.

76 
To compensate for the intermittency of renewables, and since electricity storage97 or demand management98 solu-
tions are not widespread yet, Member States maintain some conventional electricity production capacity to prevent 
possible electricity shortages when, for example, demand is high, but wind and sun are scarce. Electricity suppliers 
can be offered payments to keep means of non-intermittent electricity production (such as coal or gas generation 
facilities) available. These payments, known as ‘capacity mechanisms’, are liable to distort competition if they are 
not designed properly99.
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77 
EU energy companies have acknowledged that electricity produced from coal emits more greenhouse gas emis-
sions than electricity produced from other sources (see paragraph 54). In April 2017, electricity utilities from all 
Member States – except Poland and Greece – committed not to invest in new-build coal-fired power plants after 
2020100 in order to contribute to providing ‘clean energy to Europeans’. The United Kingdom has also announced its 
intention to close all coal-fired power plants by 2025 and to fill the capacity gap mainly with new gas and nuclear 
power plants.

78 
The closure of nuclear (see paragraph 58) and coal power stations and coal mines, often significant regional em-
ployers, can create social challenges. The Commission101 is considering how best to support structural transition in 
coal and carbon-intensive regions, in compliance with state aid rules, for example, by providing guidance on how to 
use existing funds and exchanging best practices102.

79 
To address many of these challenges, the Commission has proposed a range of legislative and non-legislative meas-
ures in November 2016. Ongoing discussions in Parliament and Council cover, for example, rules to further strength-
en the internal energy market103 including more regional cooperation between Member States; for the first time at 
EU level, some aspects of storage of electricity104; and the preparation of integrated national energy and climate 
plans intended to improve EU energy and climate governance105.
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Industry

80 
Direct emissions from industry accounted for 19 % of EU greenhouse gas emis-
sions in 2015. Indirect emissions due to electricity and heat usage are accounted 
for in the ‘energy supply’ category.

81 
Around half of the industrial sector’s emissions are caused by the burning of fu-
els. The remainder are emitted in industrial processes, such as during the produc-
tion of cement, and in product use.

82 
Large and energy-intensive industrial installations are included in the EU ETS, which is the main framework for the 
EU’s mitigation action for this sector (see paragraph 27). Around two thirds of industrial greenhouse gas emis-
sions are covered by the EU ETS. The rest is covered by effort-sharing (see paragraphs 35 to 38). Under the EU ETS, 
companies have to take into account the carbon price and, in theory, are thus incentivised to reduce their emis-
sions. In practice, substantial free allowances are given to sectors exposed to international competition. The level 
of free allowances is set to slowly reduce over time as global climate action reduces ‘carbon leakage’ risks (see 
paragraph 30).

83 
Emissions from industry are also influenced by EU action in other areas, such as energy efficiency measures106 and 
air quality standards107. For example, large companies are required to carry out energy audits, at least every four 
years, to identify ways to reduce their energy consumption108. The Industrial Emissions Directive, setting emission 
limits for non-greenhouse gas emissions and minimal technology standards for installations, has also indirectly 
contributed to CO2 reductions109.

84 
Emissions from product use consist mainly of fluorinated gases. These were introduced to replace the ozone- 
depleting chlorofluorocarbons used in many industrial and consumer applications such as refrigerators and air 
conditioners. Today, fluorinated gases account for around 2.7 % of total EU greenhouse gas emissions; emissions of 
these gases rose by 66% between 1990 and 2015. Since these gases have a high global warming potential110, the EU 
has legislated to set an objective of reducing their emissions to two thirds of 2014 levels by 2030.

2015 EU GHG emissions
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http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32012L0027
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Buildings

85 
On-site energy generation and the burning of fuels for heat or cooking in build-
ings account for 12 % of total EU greenhouse gas emissions. In addition, buildings 
consume electricity; for example, for lights, IT, heating and, increasingly, cooling. 
The greenhouse gas emissions arising from this are accounted for in the energy 
supply sector. In total, buildings consume 40 % of total energy in the EU111.

86 
Around 75 % of the buildings in the EU are not energy efficient112. The EU has 
therefore introduced several measures to achieve energy savings in buildings, 
such as a common certification of buildings’ energy consumption113, targets for the 
renovation of public buildings114 and a ‘nearly zero-energy building’ standard,  
obligatory for new public buildings as of 2019, and for all buildings constructed as of 2021112. Investments in the 
energy efficiency of buildings face certain barriers, such as split incentives between the owners and tenants of 
buildings, large upfront costs and often long payback periods. In 2016, the Commission proposed a revision of its 
legislation on buildings115.

87 
Apart from energy efficiency of buildings, EU action has focused on energy-efficient domestic products116. In 
cooperation with the Member States117, the Commission has developed minimum mandatory energy consumption 
requirements for certain products118 and introduced mandatory labelling to inform consumers119. According to the 
Commission, these product efficiency policies are expected to save the EU around the equivalent of the annual 
primary energy consumption of Italy and deliver almost half of the 20 % energy efficiency target by 2020120.
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Transport

The sector and its CO2 emissions

88 
The transport sector currently accounts for 26 % of the EU’s greenhouse 
gas emissions121. Around three-quarters of transport emissions come from 
road transport, and especially from cars (see Figure 12).

* Including international navigation and aviation.
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89 
Emissions from other sectors have generally been declining since 1990, but emissions from the transport sector 
have not: significantly more greenhouse gases are currently being emitted than in 1990 and, after a declining trend 
between 2007 and 2013, the trend rose again in 2014 and 2015 due to higher transport demand linked to the eco-
nomic recovery.

Road transport

90 
The EU has set CO2 emissions standards for cars and vans sold in the EU (see Box 6). New cars have to carry labels 
with details of their CO2 emissions122.

Bo
x 

6 CO2 emission limits for cars

The EU has set gradually decreasing targets for the fleet-average CO2 emissions of the cars and vans produced 
by any given manufacturer123. By the end of 2020, emissions of new cars must not exceed 95 grams per 
kilometre: this is 40 % lower than the 2007 average emissions. For vans, the 2020 target is 147 grams of CO2 
per kilometre, 19 % less than the 2012 average emissions. These targets have been achieved earlier than 
anticipated.

However, the current testing procedure used to establish the emissions of their car fleet and monitor the 
progress towards the targets underestimates real-world emissions by around one third124. A new procedure 
will be used as of September 2017125.

91 
Heavy-duty vehicles (HDVs) such as lorries, buses and coaches accounted for 14 % of all vehicles on the EU’s roads 
in 2015, and produced around 26 % of CO2 emissions from road transport in the EU: 4 % of the EU’s total greenhouse 
gas emissions126. Unlike cars and vans, HDVs are not subject to any CO2 emissions standards. The 2014 EU strategy127 
aims to identify ways of monitoring the emissions HDVs produce128, not ways of reducing them. The Commission129 
considers this strategy to be an essential first step towards future action. As a result, the Commission proposed new 
legislation for the monitoring and reporting of CO2 emissions from new HDVs placed on the EU market130.
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Aviation, maritime and river transport and multimodal transport

92 
Aviation accounted for 3.4 % of the EU’s greenhouse gas emissions in 2015. Around 3.1 % of these emissions were 
caused by flights between EEA131 and non-EEA countries; the rest were caused by flights within the EEA. By 2020, 
global international aviation emissions are projected to be around 70 % higher than in 2005. By 2050, it is forecast 
that they could increase again by up to seven times their 2005 levels132.

93 
Emissions from flights within the EEA are covered since 2012 by the EU ETS (see paragraph 27). Flights between 
EEA countries and non-EEA countries are covered by an agreement reached under the International Civil Aviation 
Organisation (ICAO) in October 2016, according to which large airline companies133 will have to compensate part of 
their emissions by acquiring international carbon credits134. Participation in this scheme will become mandatory in 
2027. The ICAO has also introduced a standard to certify CO2 emissions for aircraft.

94 
Maritime and inland waterways transport accounted for 3.3 % of the EU’s greenhouse gas emissions in 2015, 
most of which comes from international shipping, i.e. shipping between EU and non-EU ports135. International mari-
time transport accounts for about 2.1 % of global greenhouse gas emissions and a further increase in the range of 
50 to 250 % by 2050 is projected136. These emissions are not accounted for in the EU’s reduction targets and are not 
currently internationally regulated.

95 
While the fuel consumption of ships is known, reporting and verification processes are still missing137. To tackle this 
problem, and to provide scope for potential emission reduction measures later, the EU has introduced a system 
for the monitoring, reporting and verification of greenhouse gases emitted by ships138. In parallel, the EU has also 
worked together with the International Maritime Organization (IMO), which reached a global agreement on a Moni-
toring, Reporting and Verifying scheme for shipping greenhouse gases in 2016139.

96 
Water and rail transport emit significantly less greenhouse gases per passenger or per tonne of freight than air and 
road transport (see Figure 13). Therefore, using water and rail transport in combination with air and road transport 
can also help reduce transport greenhouse gas emissions. The EU supports the combination of transport modes 
through measures to eliminate restrictions140 and through funding measures141. However, in 2015, 76 % of freight was 
still transported by road142 (see also paragraph 173).
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Average CO2e emissions conversion factors for freight transport, 2016

Renewable fuels

97 
The EU has also taken steps to reduce the emissions caused by all types of transport by encouraging the use of re-
newable fuels, mainly biofuels and electricity. By 2020, 10 % of all energy used in transport must come from renew-
able sources143. The EU also encourages the use of other forms of low-emissions alternative fuels, such as hydrogen 
and liquefied petroleum gas (LPG); it has set common standards for alternative-fuels infrastructure, such as recharg-
ing and refuelling stations, and requires Member States to develop an infrastructure policy144.

98 
Biofuels145 account for around 70% of the renewable energy used in transport146. They are produced from biomass, 
such as biodegradable agricultural or forestry products, or from domestic or industrial waste. In principle, biofuels 
have the potential to emit less greenhouse gases than fossil fuels, because the amount of CO2 emitted during the 
combustion of the biofuel was captured from the atmosphere when the source materials were being grown, and 
the oil which would have otherwise been burnt is still in the ground.

https://www.gov.uk/government/publications/greenhouse-gas-reporting-conversion-factors-2016
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99 
At the beginning of the 2000s, high crude-oil prices generated a renewed interest in biofuels. Biofuels were ex-
pected to decrease the dependency of oil-importing countries, generate new export opportunities for developing 
countries and contribute to reducing greenhouse gas emissions147. For these reasons, the EU set a minimum require-
ment for the share of renewable sources in transport (see paragraph 97). This triggered investments in biofuel 
production capacity. However, biofuels are only effective in reducing greenhouse gas emissions if the emissions 
avoided by not burning fossil fuels are not cancelled out by greenhouse gas emissions during their full production 
lifecycle, during the cultivation, transportation and transformation of biofuels feedstock, or by changes in land use. 
For example, if a forested area is cleared to make space for biofuel production, the carbon storage capacity of the 
forest is lost.

100 
Such land-use change can be direct or indirect. For example, if a forest is cleared to make space for cultivation 
of biofuels feedstock, the land-use change is direct (DLUC). If existing agricultural land is given over to biofuel 
cultivation, all else being equal, there would be a reduction in food production. This could thus make it necessary 
to clear more forest to make space for food production: In this case, the land-use change is described as indirect 
(ILUC - see Figure 14).
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101 
The concerns regarding land-use change to cultivate biofuels and the resulting legislative debate limited the de-
velopment of biofuels148. In 2013, biofuel consumption suffered from its first drop since the implementation of the 
first biofuels directive in 2003. The debate prompted the EU to set out sustainability criteria which biofuels must 
fulfil in order to be counted towards the 10 % renewable fuels target for transport. For example, biofuels grown on 
cleared land previously occupied by wetlands or forests are excluded. However, the criteria do not cover indirect 
land-use change, even though the carbon-storage capacity of the cleared forest is lost in both cases if the agricul-
tural land surface has to remain unchanged. This is due to the fact that ILUC emissions cannot be directly observed 
and can only be modelled. To take these indirect effects into account, the share of biofuels from food crops that can 
be counted towards the 10 % target is capped149.

102 
Biofuels produced directly from food or feed crops are known as first-generation or conventional biofuels. 
Biofuels produced from waste, agricultural residues, non-food crops and algae are known as advanced biofuels. 
Advanced biofuels do not compete directly with food and feed crops for land. Biofuels from waste, such as used 
cooking oil, are already commercially available. Some other production processes of advanced biofuels, such as us-
ing straw residues, are at an early stage of development150.
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* ‘Other’ includes: liming, urea application, rice cultivation, field burning of agricultural residues, other carbon-containing fertilisers.

Source: EEA greenhouse gas – data viewer, EEA, 2017.
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Agriculture and forestry

103 
The EU agriculture sector accounted for 11 % of greenhouse gas emis-
sions in 2015. Emissions from agriculture decreased by 20 % between 
1990 and 2013, for example due to a reduction in cattle numbers and 
improvements in farm-management practices151. Since 2014, agricul-
ture emissions have risen again.

104 
Agricultural greenhouse gas emissions are mainly nitrous oxide and 
methane, both of which are more potent greenhouse gases than CO2

152. 
Emissions come mainly from the digestion process of livestock and 
agricultural soil management (see Figure 15). ** Excluding LULUCF.

* Including international navigation and aviation. 
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105 
The EU regulates the agricultural sector mainly by means of the Common Agricultural Policy (CAP). Forestry policy 
remains a Member State competence, although some funding for forestry measures is available under the CAP. All 
recipients of direct payments under the CAP must comply with cross-compliance rules153. Some of these rules ben-
efit the environment and also target climate change, for example by promoting the maintenance of organic matter 
in soil. Farmers receive additional payments – ‘greening payments’ – if they fulfil voluntary commitments which 
contribute to environmental and climate objectives154.

106 
The CAP also funds rural development measures, some of which target climate change, including investments in 
renewable energy or forestry measures to support carbon storage.

107 
Solutions for reducing emissions in the agricultural sector exist, such as more efficient use of fertilisers or different 
cattle breeding practices155. However, there is an often-unchallenged premise that such solutions are more costly 
than mitigation actions in other sectors156. According to the Commission, only a relatively limited contribution to 
emission reductions can realistically be expected from the agricultural sector157. It has suggested integrating a part 
of the carbon storage potential of soils and vegetation in the Effort Sharing Regulation for 2030 (see paragraph 38).

108 
In climate policy, the concept of LULUCF (Land Use, Land-Use Change and Forestry) has been developed to take 
account of the storage and emission potential of this land-based sector (see Box 7). In 2015, the LULUCF sector ab-
sorbed enough CO2 to offset around 7 % of the EU’s total greenhouse gas emissions; in other words, it absorbed 
enough CO2 to offset the total amount of greenhouse gases emitted by Spain. But, since 2008, the sector’s storage 
capacity has been reduced as a result of factors such as the ageing of forests.
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Natural absorption of greenhouse gases by land, ocean and air

Land currently sequesters, or stores, around a third of annual global CO2 gross emissions; oceans sequester 
a similar amount. The remainder is accumulated in the atmosphere. Forest and grassland growth, for example, 
leads to the accumulation of carbon in branches, leaves, roots and soil. This carbon is converted back into 
greenhouse gases when plants burn, die and decompose, or when they are used as fuel.
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109 
Up to now, the LULUCF sector’s ability to store greenhouse gases has not been taken into account in the calcula-
tions of progress towards the EU’s 2020 greenhouse gas emissions reduction targets. This is partly because the sec-
tor’s effects on greenhouse gas emissions are much more difficult to assess than the effects of other sectors. At the 
same time, the sector’s storage capacity is influenced by decisions taken in other sectors. For example, the increas-
ing use of biomass to produce renewable energy, while reducing emissions in the energy supply sector, could bring 
about a reduction in carbon storage capacity (see paragraph 100).

110 
As a first step towards including LULUCF activities in its CO2 reduction commitment, the EU has drawn up account-
ing rules, based on the UN rules for the Kyoto Protocol reporting158. In July 2016, the Commission proposed how 
the sector could be counted towards the 2030 greenhouse gas emissions reduction targets159. This would mean 
that emissions of other sectors could be offset by the storage capacity of LULUCF, up to certain limits160. The use of 
this flexibility mechanism ‘could potentially cover an underachievement of the ESR target in 2030 of roughly two 
percentage points’161.
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Waste and the circular economy

111 
The remainder of the EU’s greenhouse gas emissions come from waste, 
which accounts for 3 % of the EU’s total greenhouse gas emissions. Emis-
sions from waste decreased by 42 % between 1990 and 2015.

112 
The EU’s action on waste, mostly through legislation, includes reducing 
greenhouse gas emissions directly by reducing emissions from landfill162 
and indirectly by preventing waste and by recycling materials which would 
otherwise have been extracted and processed. As a result, better waste 
management avoids emissions in other sectors of the economy, such as en-
ergy supply, agriculture, manufacturing and transport. For example, waste 
recycling in France saved the equivalent of 5 % of national greenhouse gas 
emissions in 2014163.

113 
One concept supporting prevention and recycling of waste is the ‘circular economy’164. For example, the design of 
a product can be altered to facilitate product reuse or recycling, by selecting different materials, standardising com-
ponents and ensuring easy, end-of-life separation.
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Adaptation

Expected changes in temperature and rainfall

114 
Adaptation to climate change is ‘the process of adjustment to actual or expected climate and its effects’165. On aver-
age, in 2016, the world was already 1.1°C warmer than in the pre-industrial period. Even if the objective of the Paris 
Agreement – keeping the global temperature rise this century well below 2°C – is achieved, adaptation to climate 
change is necessary. The 2°C increase scenario is a global average: even if it is achieved, temperatures will increase 
by far more than 2°C in certain regions (see Figure 16). During the winter, temperatures could increase by an aver-
age of 5 to 8°C in some parts of Scandinavia. In the summer, temperatures could increase by an average of 3 to 4°C 
in most of Spain and in northern Scandinavia166.
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6 Seasonal temperature change, in °C, for 2071-2100, compared with 1961-1990 (2°C 
global increase scenario)

Source: Adapted from Climate Impacts in Europe, the JRC PESETA II project, 2014. Data from Dosio and Paruolo 2011 and Dosio et al 2012167.
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http://ftp.jrc.es/EURdoc/JRC87011.pdf
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115 
Changes in rain and snow patterns could also be significant (see Figure 17). Winter precipitation could increase by 
more than 25 % in some parts of central Europe and Scandinavia. Summer precipitation levels could decrease by 
more than 50 % on much of the EU’s Mediterranean coast.
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7 Change in seasonal precipitation, in %, for 2071-2100, compared with 1961-1990 (2°C 
global increase scenario)

Winter Summer

116 
These changes in precipitation levels will increase the risk of flooding and soil erosion in many parts of Europe. 
The annual number of floods requiring insurance pay-outs has tripled since 1980 (10 in 1980 to 38 in 2015 and 
29 in 2016)168. An increase in the global mean sea level will result in more frequent and severe floods in coastal areas. 
Storms will become more destructive169.

Source: Climate Impacts in Europe, the JRC PESETA II project, 2014. Data from Dosio and Paruolo 2011 and Dosio et al 2012167.

http://ftp.jrc.es/EURdoc/JRC87011.pdf
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117 
Soil erosion, combined with water shortages and higher temperatures which increase evaporation, increases the 
risk of desertification. Studies indicate that up to 44% of Spain, 33 % of Portugal, and nearly 20 % of Greece and It-
aly are at high risk of erosion170. These Member States will suffer from increased temperature and lower precipitation 
(see Figure 16 and Figure 17). Twelve EU Member States have declared that they are affected by desertification171.

Impact of climate change on society

118 
Climate change will also have wide-ranging societal consequences: for example, consequences for human health. 
Severe health risks and deaths may arise from extreme weather events such as storms and floods, periods of ex-
treme heat or cold, or more widespread diseases. For example, from 1980 to 2013, two-thirds of all fatalities result-
ing from natural phenomena in the EU were caused by heatwaves172.

119 
Climate change will also impact key economic sectors and does so already173. Agriculture will be affected by water 
availability, temperature, new pests and invasive species. While yields could increase in northern areas, production 
in southern areas could decrease by 30 %174. Impacts on the marine environment will affect the fishing industry175. 
The forestry sector will see shifts in the range of tree species, an increase in the risk of forest fires and an increase 
in the prevalence of insect pests. Shorter snow seasons or drought and heatwaves will affect tourism.

120 
Economic activity, and therefore jobs, could shift between economic sectors. While net effects remain uncertain, 
job opportunities could be created in areas such as reinforcing or constructing flood and coastal defences and in 
renewable energy176.

121 
Patterns in energy demand will change: there will be less demand for energy for heating in winter, and more de-
mand for energy for cooling in summer. Energy-production capacity could be restricted, for example, due to lower 
hydropower or nuclear plant cooling capacity.

122 
Extreme weather events, such as floods, drought and storms, and gradual changes, such as sea level rises, could 
cause more people to migrate both within Europe and into Europe177. For example, several reports178 have sug-
gested that a recent three-year drought in Syria was a contributory factor to the outbreak of the Syrian civil war. 
There is a risk of a lack of preparation for migration caused by climate change179.
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EU and national adaptation strategies

123 
Since the impacts of climate change vary significantly between the EU’s regions and even within Member States, 
it is likely that most adaptation initiatives will be taken at regional or local level. However, some impacts of climate 
change transcend the borders of individual Member States – a river basin flooded as a result of climate change, for 
example, could encompass the territory of more than one country.

124 
Compared to early action in mitigation, the basis for EU action in the area of adaptation, the EU’s strategy on adap-
tation to climate change, was adopted only in 2013180. It encourages Member States and cities to take action, rather 
than mandating it. For example, it states that Member States should adopt a national adaptation strategy by 
2017 and start implementing it by 2020. Certain cities launched a voluntary commitment based on the Covenant of 
Mayors initiative. The Commission offers support, for example, through its European Climate Adaptation Platform, 
Climate-ADAPT, which allows users to access and share data, good practices and information on expected climate 
change in Europe.

125 
The Commission is monitoring and assessing the national adaption strategies and will consider proposing a legally 
binding instrument in 2017 if Member States’ actions are deemed to be insufficient181. By April 2017, 22 Member 
States had adopted a national adaptation strategy182.

126 
Adaptation is also addressed, to varying extents, in EU sectoral legislation. For example, the Water Framework Direc-
tive183 concerns water quality and quantity aspects, so it indirectly focuses on drought issues; the Floods Directive184 
deals with floods prevention; the Birds Directive185 and the Habitats Directive186, amongst others, address biodiver-
sity protection.

http://www.covenantofmayors.eu/index_en.html
http://www.covenantofmayors.eu/index_en.html
http://climate-adapt.eea.europa.eu/
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32000L0060
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32000L0060
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32007L0060
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32009L0147
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:01992L0043-20130701
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Supporting EU action on energy and climate policies

127 
Three key, cross-cutting themes support the EU’s action in energy and climate policies:

 ο research and innovation;

 ο financing; and

 ο evidence-based policy-making and implementation.

Research and innovation

128 
Achieving energy and climate change targets worldwide, and transforming the EU into a low-carbon society, will 
rely on the development of new technologies in a number of sectors such as energy supply and transport187. For 
most of these sectors, low-carbon alternatives are not available yet, let alone at competitive cost levels.

129 
The EU Framework Programme for Research and Innovation, known as Horizon 2020, is the EU’s main research and 
innovation funding instrument188. As part of its commitment to spending one euro out of five on climate action (see 
paragraph 133), the EU has committed to spending at least 35 % of Horizon 2020 funding – 27 billion euro from 
2014 to 2020 – on research for climate change mitigation and adaptation. In addition, initiatives such as the Integrat-
ed Strategic Energy Technology (SET) Plan have set targets at European level, to reduce the cost and improve the 
performance of key low-carbon technologies to make them more competitive against conventional energy sources 
and to accelerate the decarbonisation of the EU’s energy system.

130 
In several energy-related areas, Europe has a ‘deployment deficit’ as it struggles to bring promising innovations to 
market 189. New, disruptive business models and services, societal innovation and new policy and financial mecha-
nisms will be required to bring technologies to the market190.

https://ec.europa.eu/programmes/horizon2020/
https://ec.europa.eu/energy/sites/ener/files/documents/set-plan_progress_2016.pdf
https://ec.europa.eu/energy/sites/ener/files/documents/set-plan_progress_2016.pdf
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131 
Several initiatives tried to address this. For example, the 2016 Commission initiative on accelerating clean energy in-
novation set out a range of measures to improve the regulatory, economic and investment environment for inno-
vation in clean-energy technologies and systems191. The initiative emphasised the links to the Commission’s agenda 
on growth and jobs and to the EU’s competitiveness191. It further suggested that future EU funding should focus on:

 ο decarbonising the EU building stock by 2050: from nearly-zero energy buildings to energy-plus districts;

 ο strengthening EU leadership on renewables;

 ο developing affordable and integrated energy storage solutions; and

 ο electro-mobility and a more integrated urban transport system.

Public and private financing for climate-change mitigation and adaptation

132 
The scale of the economic costs of climate change for the EU remain uncertain, but they are likely to be substantial 
(see Box 8 for some estimates).

Bo
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8 Examples of estimates of the economic costs of climate change for the EU

Mitigation:

Between 2021 and 2030, each year, 1 115 billion euro needs to be invested in the following sectors to reach 
the EU’s 2030 targets:

 ο 736 billion euro in the transport sector;

 ο 282 billion euro in the residential and service sectors;

 ο 78 billion euro in the grid, in generation and in industrial boilers; and 19 billion euro in industry192.

Adaptation:

In a business-as-usual scenario, the changes in climate expected by 2080 would make households across the 
EU 190 billion euro worse off each year in today’s terms, i.e. almost 2 % of the EU’s current GDP, if no public 
adaptation measures are taken193. Delaying adaptation, or not acting at all, could substantially increase the 
total cost of climate change194.
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133 
Financing will need to come from both public and private sources. The relatively small size of the EU’s budget only 
allows it to finance a fraction of this work directly. To ensure coherence in legislative action and to make the best 
use of the EU budget, the EU has decided to incorporate, or ‘mainstream’, climate considerations into all policy and 
funding instruments. This included setting a target of spending one euro in every five, i.e. around 212 billion euro, 
on climate-related action under the EU’s 2014-2020 financial framework.

134 
The EU is also acting internationally, notably through financing climate action in developing countries (see para-
graph 20). For example, in 2015, the EU, EIB and Member States provided 17.6 billion euro to help developing coun-
tries tackle climate change195.

135 
Furthermore, the EU is increasingly making use of financial instruments to attract private investment, both from 
within the EU budget196 and from outside, for example, with the European Fund for Strategic Investments (EFSI)197 
and several private-public partnerships with industry198. The EIB has also committed at least 25 % of its lending 
portfolio to low-carbon and climate-resilient growth.

136 
Private sector investment might not be limited to mitigation, but could also include adaptation measures, both to 
build resilience to the consequences of climate change, and to benefit from new business opportunities it creates199.
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Evidence-based policy-making and implementation

137 
Likewise, in the public sector, policy-makers, when designing new policies, should properly assess the likely ef-
fect of various policy options. The Commission aims to take political decisions ‘in an open, transparent manner, 
informed by the best available evidence and backed by the comprehensive involvement of stakeholders’200. For 
example, it prepares impact assessments201, which are mandatory for all initiatives with significant economic, envi-
ronmental or social impacts202, and carries out evaluations of the implementation of policies.

138 
In impact assessments, the Commission relies extensively on data and modelling to compare policy alternatives. 
Data is provided by the European Environment Agency (EEA), Eurostat, or via several initiatives financed by the EU 
such as the Commission’s Climate Services, Copernicus, or the portal Climate-Adapt203. Multiple models can be used 
to simulate, for example, energy supply, demand and prices; greenhouse gas emissions from various sectors; and so-
cial and economic outcomes. In the Commission, the Joint Research Centre (JRC) provides such modelling capacity.

139 
All such models, while valuable, have certain limitations which their users need to be aware of204. Depending on the 
models used, these include:

 ο the sensitivity of results to individual assumptions, for example discount rates in calculating the return on 
investments;

 ο a limited level of detail such as effects on individual households205; and

 ο the difficulty of taking into account future technological breakthroughs, societal changes and the 
interrelated effects of climate change206.

140 
Despite such limitations, it is generally agreed that policy decisions should be informed by the prudent use of a va-
riety of models and scenarios.

https://ec.europa.eu/research/environment/index.cfm?pg=climate_services
http://www.copernicus.eu/
http://climate-adapt.eea.europa.eu/
https://ec.europa.eu/jrc/en/about/jrc-in-brief
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The role of the EU Supreme Audit Institutions in energy and climate change

141 
Supreme Audit Institutions (SAIs) perform independent, external audit on public financial management. They can 
play a key role in promoting the transparency, accountability, efficiency and effectiveness of public administrations. 
SAIs not only audit financial accounts and the legality and regularity of financial management, but also assess the 
value for money – economy, efficiency and effectiveness – of the full range of governmental activities in public 
administration207.

142 
SAIs of the EU Member States and the ECA, here collectively referred to as the EU SAIs, produce reports related to 
energy and climate change. They also cooperate in the area of energy and climate change, notably in the INTO-
SAI208 and EUROSAI209 Working Groups on Environmental Auditing and in the Contact Committee of the SAIs of the 
European Union. Cooperation includes the development of audit standards, guidelines, sharing of audit methodolo-
gies and reports; they also perform some audits together210.

143 
This report provides a synthesis of EU SAIs’ work on energy and climate change over the past five years. It covers 
269 reports by EU SAIs dealing with energy and climate between 2012 and March 2017211. It includes an overview of 
where EU SAIs have conducted performance audits and highlights, where possible, emerging patterns of findings. 
A list of the EU SAIs’ audits and a summary of the 41 ECA reports included in this analysis is available on the ECA’s 
website. This analysis follows the structure of Part I of this landscape review: it starts with audits in the energy sec-
tor and the EU ETS, followed by audits in other greenhouse gas-emitting sectors, audits on adaptation to climate 
change and audits on horizontal and cross-cutting topics. Finally, we also identify areas where less audit work has 
taken place.

Overview of the EU Supreme Audit Institutions’ work in energy and climate 
change

144 
The analysis of audit reports of EU SAIs shows that:

 ο EU SAIs have covered a wide range of different topics within the area of energy and climate change;

 ο They produced, on average, about 50 audits per year related to energy and climate change: around two 
audits per EU SAI per year;

 ο The distribution of audit reports amongst EU SAIs varies. The majority of SAIs replied to our survey that 
energy and climate change are ranked as a low priority in their work planning;
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 ο Audits on energy made up the largest share of the reports done (38 % – see Figure 18);

 ο Mitigation-related audits, i.e. on energy, EU-ETS and other sectors which emit greenhouse gases (190 reports) 
outnumber audits on adaptation (53 reports) by 4 to 1.

Fi
gu

re
 1

8 EU SAI audit reports about energy and climate change

Cross-cutting topics

Other sectors e.g. 
transport, waste and 

agriculture

EU ETS and Kyoto

Energy

 
 52

(19 %)

 
 72

(27 %)

EU SAI reports

269

 
 101

 (38 %)

  
16

(6 %)

Adaptation

 
 28

(10 %)

Number of reports, per topic (percentage of reports)

Source: EU SAI reports (January 2012 - March 2017).



63Part II – What the ECA and EU SAIs are doing 
in energy and climate change

Energy

145 
Most energy audits cover renewable energy and energy efficiency, and, in slightly lower numbers, the energy mar-
ket and security of supply and nuclear energy (see Figure 19). The following sections will deal with audit findings in 
each of these areas in turn, starting with the internal energy market and security of supply.
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Internal energy market and security of supply

146 
The objective of the internal energy market is to allow the free flow and trade of gas and electricity across the EU 
(see paragraph 65). A functioning internal energy market is the basis for the security of the EU’s energy supply. EU 
SAIs audit reports have identified the following issues:

 ο Progress has been made, but the EU’s objective of completing the internal energy market has not been 
reached, with differences remaining in the way Member States implement the EU legal framework and 
administer their markets;

 ο Energy infrastructure is not yet designed for fully integrated markets, and does not provide effective security 
of supply;

 ο Cooperation issues between Member States regarding cross-border infrastructure are still causing problems.

147 
In 2015, the ECA212 found that progress in joining the markets in Europe had been made, but that problems re-
mained with the implementation of the EU legal framework. Important differences213 in how Member States organ-
ised their energy markets were holding back progress towards completing the EU’s internal energy market; they 
also meant that important differences in wholesale prices remained.

148 
National SAIs had similar findings: the SAIs of Bulgaria in 2013214 and France215 in 2015, for example, published 
reports stating that energy trading conditions still did not resemble a free market, or that the promised benefits of 
open energy markets for SMEs and households had not yet become a reality.

149 
The 2015 ECA audit also found that energy infrastructure, within and between Member States, was generally not 
yet designed for fully integrated markets, and therefore did not provide effective security of energy supply.

150 
Our 2015 audit also showed that the electricity interconnection target (see paragraph 70) between Member States 
had often not been met and that built infrastructure was not always used to full capacity. We also found that, be-
sides the limited availability of physical interconnections between Spain and France, the integration of Spain and 
Portugal into the EU energy market required improvements to the internal electricity grid systems, both in Spain 
and in France.
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151 
Developing cross-border cooperation infrastructure requires cooperation amongst neighbouring Member States. 
Our 2015 audit found some good examples, such as the Baltic Energy Market Interconnection Plan (BEMIP), a coop-
eration between several Member States and the Commission216.

152 
But there are also examples of problems of infrastructure in one Member State leading to issues in a neighbour-
ing country. For example, in 2014, the Polish SAI217 found that unscheduled electricity flows from Germany through 
Poland to the Czech and Slovak grids were destabilising the Polish energy grid, limiting its capacity to accept power 
imports.

153 
One of the few EU SAI audits considering the energy transition (see paragraphs 72 to 79) in a comprehensive 
manner was the 2016 German SAI audit218 on measures for the implementation of the energy transition in Germany. 
The audit found that the Federal Ministry of Economic Affairs and Energy lacked an overview of the total cost of 
energy transition, that different layers of government were not coordinated and that supported measures were 
selected without taking their cost-effectiveness into consideration. While it welcomed the government publishing 
a monitoring report, together with an independent evaluation, targets and evaluation of affordability and security 
of supply questions were not sufficiently addressed. The audit said that the German energy transition could not be 
implemented without taking into account the EU’s internal energy market.

Renewable energy

154 
On a global, macro level, recent years have seen rapid growth in renewable industries and falling costs, for instance 
of wind and solar. Yet on a micro, national and EU level, EU SAIs’ reports on renewable energy, identified:

 ο obstacles to investments;

 ο lack of cost-effectiveness; and

 ο issues with monitoring and evaluation.
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155 
EU SAIs reports identified obstacles which hampered investments in renewable energy, in the following areas:

 ο Regulatory environment: Reports, including our 2014 audit222, highlighted institutional and legal barriers and 
multiple revisions of the national legal frameworks, including retroactive changes in the subsidy regimes, 
as obstacles to investment. In 2012, the Italian SAI219 underlined a highly variable legal framework between 
regions; and the Polish SAI220 found delays in the preparation of new rules governing renewable energy 
production221;

 ο Challenges in integrating electricity from renewables into the market: A 2016 Swedish SAI222 audit highlighted 
the challenges in the electricity market. It found that the expected low electricity price did not provide 
enough incentives for the market to invest in the capacity necessary to balance the increasing share 
of intermittent renewable energy in the grid. Our 2014 audit found issues regarding renewable energy 
producers securing permits for grid connection;

 ο Limited use of the EU budget for renewable energy: While Member States mainly finance renewable energy 
from national funds, low use of available EU funds could hamper investment. Our 2014 report found a slow 
uptake of EU funds for renewable energy projects compared, for example, to energy efficiency projects. In 
the cases where EU funds were used, we found that the audited projects delivered outputs as planned and 
most of them were sufficiently mature and ready for implementation223. Between 2013 and 2015, the Italian218 
and Romanian224 SAIs made similar findings on the limited use of EU funds for renewables.

156 
Cost-effectiveness of measures and the level of public support were recurring themes in audit reports on re-
newable energy (see examples in Box 9). We found in 2014 that cost-effectiveness had not been the guiding princi-
ple in planning and implementing renewable-energy projects. We also found instances where more public funding 
had been provided than was necessary for projects to be economically viable.
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9 Examples of SAI reports highlighting a lack of cost-effectiveness and a high level of 
public support for renewable energy projects

 ο In 2016, the German SAI225 found that a market incentive programme for renewable energy heat 
production funded inefficient technologies and technologies which already had an established market. 
Moreover, this programme did not take into account whether applicants actually needed financial support.

 ο In 2014, the Czech SAI226 found that the high level of financial operating aid provided to photovoltaic 
stations resulted in a payback period of about 7 years, even though renewable electricity feed-in tariffs 
would remain at the same level for more than 20 years.

 ο The Cypriot SAI227 found that, between 2008 and 2013, renewable energy installations had been funded 
although their internal rate of return exceeded a defined threshold, leading to excessive funding.

 ο In 2014, the Danish SAI228 noted that, since the cost of building solar power plants was falling and 
electricity prices (including taxes) were rising, these plants were receiving too much support.

 ο In 2014, the UK SAI229 found evidence that early contracts for renewable energy had been awarded without 
competition, at prices which may provide higher returns for contractors than those needed to secure 
investment.

157 
Insufficient monitoring and evaluation of renewable energy programmes was another theme identified in several 
SAI audits. For example, in 2016, the German SAI found that programmes lacked targets, leading to the inability to 
monitor their results230. Similarly, in 2014, a Czech SAI audit and an ECA audit231 found that objectives and perfor-
mance indicators set for the audited programmes were imprecise and/or not based on reliable baseline data.

Energy efficiency

158 
In audits on energy efficiency, EU SAIs noted:

 ο delays in reaching targets and launching programmes;

 ο a lack of cost-effectiveness; and

 ο gaps in programme monitoring and evaluation.
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159 
Delays and associated risks in reaching EU or national targets were reported by several SAIs between 
2013 and 2015. For example, the Portuguese232 and the Slovak233 SAIs reported delays in implementing energy ef-
ficiency measures for public buildings. The Czech234 and Danish235 SAIs calculated that their countries would miss 
their energy efficiency targets. The Slovak SAI (2015), the Bulgarian SAI (2015), the Romanian SAI (2014) and the Por-
tuguese SAI (2013)236 reported on delays in the launch of energy efficiency programmes due to complicated national 
regulations, and a lack of available staff to manage the programmes.

160 
In our 2012 audit237, we found that cost-effectiveness had often been ignored when energy-efficiency measures 
were being selected for public funding. These issues continued to be flagged in audits on public building reno-
vation measures by the Polish SAI (2015), the Slovak SAI (2015) and the Romanian SAI (2014)238. In contrast, a 2017 
Slovak audit report concluded that the national and EU funding spent on the renovation of residential buildings was 
cost-effective239.

161 
Weaknesses in monitoring and evaluating energy efficiency programmes were found by the German SAI (2016), 
the Slovak SAI (2015), the Polish SAI (2015), the Slovenian SAI (2013) and the Portuguese SAI (2013). For example, 
measures had poorly defined objectives240 or no reliable indicators for measuring the achievement of objectives 
existed241.

Nuclear energy

162 
Most of the EU SAIs reports on nuclear energy related to the costs of running and maintaining or decommissioning 
nuclear power plants242. EU SAIs found:

 ο significant cost increases and uncertainties;

 ο a lack of adequate provision for costs or shortfalls in funding; and

 ο delays.
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163 
In 2016, we carried out an audit243 to assess what progress had been made in three EU nuclear decommissioning 
assistance programmes in Lithuania, Bulgaria and Slovakia since our last audit in 2011. We found that progress had 
been made in low-radioactivity areas, such as turbine halls, but that the decommissioning of reactor buildings had 
yet to begin. Many decommissioning projects had been subject to delays and cost increases.

164 
We found that the three Member States faced financial challenges, in particular Lithuania which, in 2015, had 
a financing gap of 1.56 billion euro until completion of decommissioning. Liabilities for future costs had not been 
properly accounted for in the three Member States.

165 
Looking at the issue of final disposal, our audit found that total estimated costs of the three decommissioning 
programmes would double if the cost of final disposal of high-level waste and spent fuel were to be included. Talks 
regarding potential final disposal solutions were only at conceptual stages despite such solutions needing several 
decades to implement.

166 
Other EU SAI reports show similar findings on cost increases and uncertainties. A 2014 French SAI244 audit found 
that, between 2010 and 2013, the cost of nuclear energy had increased from 50 euro/MWh to 60 euro/MWh. This 
21 % increase was due to increasing maintenance costs as a result of extensions to the operating life of some nu-
clear plants. The report also found increasing future costs and underlined the high uncertainty linked to the decom-
missioning costs and final disposal of nuclear waste. In 2016 the French SAI estimated the total maintenance costs 
of the French nuclear plants at 100 billion euros over the period 2014-2030245. The UK SAI reported in 2015 on cost 
increases and uncertainties of cost estimation in nuclear decommissioning246.

The EU Emissions Trading System

167 
Nearly all EU ETS-related EU SAI audits published after 2012 covered phase 2 of the system, which ran from 
2008 to 2012. Only one SAI report247 has addressed the third phase of the EU ETS, which runs from 2013 to 2020. 
These SAI reports called into question:

 ο the scheme’s effectiveness, due to a surplus of allowances and the resulting low prices of allowances;

 ο the lack of sound justification for the national support provided to energy-intensive companies said to be at 
risk of carbon leakage; and

 ο specific aspects of implementation.
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168 
For several years, the price of EU ETS allowances has been significantly lower than forecast (see paragraph 32). 
A 2012 cooperative audit, involving seven SAIs248, found that these low prices were hampering the effectiveness of 
the EU ETS; the German249 and French250 SAIs reached a similar conclusion in 2014. The low EU ETS allowance prices 
reduced the incentive for companies to invest in cleaner technology to reduce emissions in the long term. Low 
prices were found to be mainly the result of an oversupply of allowances251, but also due to the growth of energy ef-
ficiency252 or renewable energy policies253. In 2014, when examining the ‘back-loading’ of allowances to address this 
EU ETS market imbalance (see paragraph 33), the German SAI noted that these measures would not offer a long-
term solution254.

169 
Two EU SAI audit reports dealt with the ‘compensation’ support granted by some Member States to companies re-
lating to the risk of ‘carbon leakage’ (see paragraph 30). Reporting on the EU ETS and climate-related taxes, a 2012 
Swedish report255 concluded that Sweden’s government, its agencies, and its parliament did not have a basis for 
assessing whether various industry sectors were actually at risk of carbon leakage. Examining compensation paid 
to electricity intensive industry in Germany, a 2016 SAI report256 found that the responsible ministry had not inves-
tigated whether high electricity costs were actually encouraging companies to relocate or whether such costs were 
offset by gains in energy efficiency.

170 
EU SAIs also assessed the implementation of the EU ETS, highlighting issues with:

 ο the effectiveness of the mechanisms by which emissions are reduced by investing in countries outside the EU 
(Luxembourg, 2014; Germany, 2014; Portugal, 2011)257;

 ο Value Added Tax (VAT) fraud which affected emissions trading at least in 2008 and 2009 (Cooperative audit 
from Denmark, Finland, Latvia, Lithuania, Norway, Poland, Sweden, 2012; Germany, 2014; Portugal, 2011)258. 
Since that period, at least 22 Member States have begun to use the reverse charge mechanism to combat tax 
fraud; in theory, this should also reduce the risk of VAT fraud affecting the EU ETS;

 ο safeguards aimed at protecting market integrity which were not sufficiently robust and systems for 
monitoring and reporting emissions that were not harmonised and contained weaknesses (ECA, 2015)259.
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Transport

171 
Relevant transport audits were concerned with the reduction of greenhouse gas emissions in the transport sec-
tor directly, or dealt with low-carbon transport modes, or a shift to such transport modes. Notwithstanding that 
audits on high-carbon methods of transport, such as road and air transport, might raise important value-for-money 
issues260, such reports were not deemed relevant unless they directly addressed energy or climate change issues. 
Apart from audits on biofuels, we only found one audit on high-carbon modes of transport with such a direct link, 
namely a report on car emissions by the Maltese SAI261.

172 
The relevant EU SAI audits on transport noted:

 ο the shift in transport of goods from road to rail and maritime/inland waterways was not being achieved;

 ο issues with the design and effectiveness of biofuels policy.

173 
Several EU SAI reports (Czech Republic, 2017 and 2014; Austria, 2015) found that the necessary shift in the trans-
portation of goods from road to the less-carbon-emitting rail and maritime/inland waterways transport modes is 
not being achieved262. In 2015263 and 2016264, we found that both inland waterway transport and rail failed to com-
pete with road transport. We also found, in 2016265, ineffective and unsustainable investments in ports.

174 
Biofuels schemes were audited by several EU SAIs (ECA, 2016; France, 2016 and 2012; Bulgaria, 2015; Portugal, 2014; 
Poland, 2014; Slovakia, 2014)266. In our 2016 report, we found weaknesses in the Commission’s procedures for rec-
ognising and supervising voluntary schemes to certify sustainable biofuels267. Underlying statistics were unreliable, 
because there was nothing to stop Member States from including in their statistics biofuels whose sustainability 
was unverified.

175 
In 2014 and 2015, Member States SAIs (Bulgaria, Portugal, Poland)268 had found that intermediate national biofuel 
targets269 had not been met. A 2016 report from France reported that the target for biodiesel might be achieved, 
but expressed doubts about the achievement of the bioethanol target270. The SAIs of Slovakia (2014) and France 
(2012) highlighted the limited impact of biofuels on energy independence271 or total greenhouse gas emissions 
reductions272.
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Agriculture and forestry

176 
Except for one ECA audit in 2012273, all the EU SAI reports analysed in the sector of agriculture and forestry, and with 
a potential link to emission and storage of greenhouse gases, related solely to forestry. We found no reports on the 
greenhouse gas emissions from agriculture.

177 
The SAIs of Belgium (2016) and Romania (2014), as well as the ECA (2015), found various issues related to deforesta-
tion, such as non-systematic compensation of deforested land, or inadequate action against illegal logging274. An 
ECA report from 2014275 concluded that EU funding for preventing forest fires and restoring damaged forests had 
not been managed well.

178 
Other reports addressed the cost-effectiveness of forestry measures. In 2017, the Portuguese SAI criticised the 
selection of projects and the quality of ex-ante and ex-post evaluations276. In 2016, the Lithuanian SAI found high 
management costs, low absorption rates, and delays277. In 2015, the French SAI underlined the lack of coordination 
between forestry programmes278.

Waste and the circular economy

179 
EU SAI reports on waste covered mainly:

 ο the implementation and enforcement of waste legislation;

 ο the effectiveness of the management of municipal waste.

180 
Several EU SAI reports (Portugal, 2015; Lithuania, 2013; Romania, 2013; ECA, 2012; and a 2012 joint report of eight 
national SAIs)279 identified issues related to poor or delayed implementation of the waste legislation, in particular 
with regard to landfill.
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181 
Several, mostly more recent, reports (France, 2017; Latvia, 2017 and 2015; Estonia, 2016; Slovenia, 2015; UK, 2014; 
Lithuania, 2013) focused on the effectiveness of the management of municipal waste, such as waste from house-
holds, institutions and small businesses280. Audits found weaknesses in the governance of municipal waste manage-
ment, such as the lack of appropriate set-up or oversight of the achievement of targets and low recycling rates.

182 
The ECA’s 2016 report on food waste281 concluded that EU action to date had not been sufficient and that the EU 
strategy on food waste had to be strengthened and better coordinated.

Adaptation

183 
Around 20 % of the EU SAI reports addressed adaptation to climate change. Of these, one third dealt with flooding 
(see Box 10 for details of findings).
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10 Examples of audit findings on flood prevention, protection and responses:

 ο Fragmentation of responsibilities for flooding issues and lack of coordination between different layers of 
governments or authorities (Bulgaria, 2016; Germany, 2016; Italy, 2015)282

 ο Insufficient restrictions on urban planning in flood areas (Slovenia, 2014; France, 2012)283

 ο Delays in implementing flood management plans, programmes or projects (Bulgaria, 2016; Ireland, 2015; 
Italy, 2015; Poland, 2015; Slovenia, 2014)284

 ο Missing or out-of-date flood warning plans (Romania, 2014; France, 2012)285

 ο Poor maintenance of flood prevention infrastructure (ECA, 2014; United Kingdom, 2014; Slovenia, 2014; 
Poland, 2013 and 2012)286
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184 
Other audits dealt with issues such as water supply and quality287, disaster prevention and management meas-
ures288 and biodiversity.

185 
Member States’ adaptation strategies were addressed in 2012 by a cooperative audit by nine EU and non-EU 
SAIs289. The audit concluded that governments were not sufficiently prepared for the expected impact of climate 
change. The EU has since adopted a strategy for adapting to climate change, which encourages all Member States to 
adopt comprehensive adaptation strategies (see paragraph 124).

Audits on cross-cutting topics

186 
Approximately 10 % of audits concerned cross-cutting issues which can affect various economic sectors or areas of 
energy and climate measures. Four clusters emerged:

 ο climate and energy research;

 ο financing of mitigation and adaptation, including taxes;

 ο meta-audits/reviews, or audits of the whole energy and climate change area;

 ο evidence-based policy making and implementation.

187 
Six EU SAIs specifically reported on energy and climate research. In 2014, the French SAI290 highlighted that 
technological breakthroughs were needed in order for the energy transition to be successful, but that no exist-
ing mature technologies appeared to be able to ensure the security of the energy system in 2030, and that there 
was no guarantee that any future breakthroughs would be technically and economically accessible. Three reports 
(Denmark, 2013; Sweden, 2012; Finland, 2011)291 covered general research programmes or particular projects. In their 
reports, SAIs generally underlined the importance of research and innovation for climate and energy but stated that 
its potential had not been fully explored or clearly understood. Three other audits (United Kingdom, 2017 and 2012; 
Poland, 2015)292 concerned ‘clean coal technologies’ and highlighted ineffective procurement procedures and inef-
fective support for the development of such technologies.

http://climate-adapt.eea.europa.eu/eu-adaptation-policy/strategy
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188 
Certain audits (e.g. Latvia, 2017; ECA, 2013 and 2016; Netherlands, 2014, Spain, 2012) concerned the financing of 
investments across sectors such as infrastructure in energy and transport in Member States, within and outside 
the EU293. For example, in our 2016 audit294, we identified a serious risk that the target of spending at least 1 euro in 
every 5 of the EU budget on climate action between 2014 and 2020 would not be met. We found a more and better-
focused climate action funding under the European Regional Development Fund and the Cohesion Fund, but no 
significant shift towards climate action in the areas of agriculture, rural development and fisheries. We also found 
that prompt action is required in the research area as the contribution from research funding is falling significantly 
behind.

189 
Some audits dealt with climate-related taxes or the effect of tax system changes on green investments. For exam-
ple, the Swedish SAI295 found that government and agency reporting did not provide a comprehensive picture of 
the costs and effects of climate-related taxes. It also highlighted limitations on models used by the government to 
model economic effects. A 2016 French audit report296 found that tax advantages and support given to environmen-
tally unfavourable activities outweighing support given to sustainable activities.

190 
Some SAIs produced audits on their national climate change strategies297. The SAIs of the Netherlands (2015), 
France (2014), Sweden (2013) and Finland (2012) published meta-audits and overviews which drew together their 
national findings in the area of energy and climate change298.

191 
Certain audit findings have been related to data and methods used by governments to design and implement 
policies. For example, our 2016 audit on energy security of supply299 highlighted issues with gas-demand model-
ling. The 2012 Swedish SAI report also highlighted limitations of economic models used by their government300.
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Areas where limited audit work had taken place

192 
EU SAIs have covered a variety of subjects in the area of energy and climate change, with many relevant findings. 
However, some areas of energy and climate have, so far, received less audit coverage:

 ο adaptation (see paragraph 144);

 ο EU and national greenhouse gases inventories and Land Use, Land use Change and Forestry (LULUCF);

 ο the third phase of the EU ETS (see paragraph 167);

 ο emissions from road transport (see paragraph 171); and

 ο emissions from agriculture (see paragraph 176).

193 
We surveyed the 28 EU SAIs on the challenges they faced when auditing energy and climate. The most common is-
sues raised were the low prioritisation of energy and climate topics; unclear policy objectives and therefore inad-
equate criteria for audit; and a lack of expertise.

194 
Adaptation to climate change has been audited far less often than climate mitigation (see paragraph 144). Of 
reports dealing with adaptation, one third were about floods. Some reports addressed water shortages in drinking 
water systems or in specific irrigation systems, but none had addressed the relationship between water scarcity and 
climate change. We also found no audits focused on adaptation in specific sectors such as agriculture, infrastruc-
ture planning, health, or biodiversity. There were some early audits on Member States’ preparedness for adaptation 
around 2012, but none since the 2013 EU’s adaptation strategy recommended that Member States draw up adapta-
tion strategies.

195 
When asked why adaptation had not been audited more, EU SAIs replied:

 ο adaptation is still a recent policy;

 ο adaptation measures often consist in small size, dispersed projects; when these projects are financed by 
municipalities, SAIs might lack an adequate audit mandate;

 ο adaptation measures are complex to audit, due to their cross-sectoral/cross-border and long-term nature; and

 ο certain Member State SAIs assessed the risk linked to adaptation as low.
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196 
Emissions reductions targets use EU and national inventories of greenhouse gas emissions as a baseline 
(see paragraph 26). These inventories are also used to check whether Member States’ emissions are in line with 
the Effort-Sharing Decision (see paragraph 35) and the international commitments under the UNFCCC (see para-
graph 18). They may also play an important role in future under the Paris Agreement. We found one EU SAI audit 
from 2009301 that had dealt with them directly. The Estonian SAI audited its national efforts to reduce greenhouse 
gas emissions and concluded that there was a risk that Estonia’s emissions might be higher than declared, for sev-
eral reasons:

 ο a lack of data and methodological weaknesses, not all sectors and pollutants had been included;

 ο the method used to calculate the amount of greenhouse gases absorbed by forests was flawed; and

 ο the effect of land-use changes had not been assessed.

197 
The Romanian SAI302 did not audit these inventories directly in 2011, but made reference to a 2010 UNFCCC report 
which had identified non-compliance issues in Romania’s greenhouse gas inventory. As a result, Romania had been 
suspended from participating in the international emissions-trading scheme set up under the Kyoto Protocol. Lithu-
ania303 had faced similar issues in the first half of 2012. In 2011, the Portuguese SAI304 found discrepancies between 
the emissions accounting methods used by the Portuguese authorities and those required by the Kyoto Protocol.

198 
According to the EU SAIs, audit work on EU and national inventories of greenhouse gas emissions and Land Use, 
Land Use Change and Forestry had been limited because of the limited financial importance of these inventories 
and the lack of technical expertise.

http://ec.europa.eu/clima/policies/effort_en
https://unfccc.int/resource/docs/2015/cop21/eng/l09r01.pdf
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199 
Part I of this landscape review described what the EU is doing in the field of energy and climate change and part II 
highlighted findings made by EU SAIs in this field. Based on this work, we identified seven areas where we see major 
challenges in the field of energy and climate change. In each area, we identify the challenges to provide context for 
the current consideration of the major transformations underway, to stimulate debate among stakeholders, and to 
identify potential opportunities and risks for audit in the future.

1. Energy and climate change governance

200 
The EU has set itself climate- and energy-related targets for the years 2020 and 2030 and objectives for 2050: to 
reduce greenhouse gas emissions, to improve energy efficiency and to increase renewable energy (see  
paragraph 21). It has also set itself the goals of developing a functioning internal energy market, delivering security 
of supply, and integrating renewables. Much progress has been made (see paragraph 22). Current projections show 
that more progress is needed to reach the 2030 targets and the 2050 objectives (see paragraph 23).

201 
The delivery of the EU’s objectives can only be achieved through a mix of legislative and non-legislative measures 
at EU, national, regional and local levels. In both energy and climate change, the EU and the Member States have 
shared competence (see paragraph 11) and need to work together in a spirit of solidarity and trust305. Member 
States retain sole competence in certain areas, such as their national energy supply mix.

202 
Energy and climate change need to be addressed together. Energy production and consumption accounts for 79 % 
of EU greenhouse gas emissions (see paragraph 39). In addition, choices in one Member State can affect the situ-
ation in other Member States and the achievement of overall EU targets. Effective governance systems are needed 
in the EU to manage and monitor energy and climate measures, to reduce risks, to avoid overlaps and to ensure 
progress, while finding cost-effective solutions.

203 
The EU and national governments have committed to reduce greenhouse gas emissions (see paragraph 19). 
Greenhouse gas inventories play a fundamental role in monitoring progress on greenhouse gas emission reduction 
targets (see paragraph 26). The EU, Member State authorities and the UNFCCC verify these inventories, which often 
include complex estimations.
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204 
Tracking the extent to which financial commitments addressing the energy transition and climate change are de-
livered is challenging. The EU has committed to spending at least 1 euro in every 5 of its budget on climate action 
between 2014 and 2020 (see paragraph 133). The ECA’s 2016 audit showed that meeting this target was at serious 
risk (see paragraph 188). Developed countries have committed to providing 100 billion USD each year by 2020 
to support developing countries’ efforts to adapt to and to mitigate climate change (see paragraph 20), though 
responsibility for meeting this target has not been shared out.

205 
Public audits can play an important role in ensuring public accountability on the achievement of governmental 
targets and commitments. Such audits can play a key role in maintaining citizens’ trust in their governments and in 
the EU. However, the EU SAIs’ roles have, to date, been limited with regard to auditing some important energy and 
climate governance systems and monitoring processes, such as greenhouse gases inventories (see paragraphs 196 
to 197).
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2. Evidence-based policy

206 
Policy-making and policy implementation should be informed by the best available data, modelling and analysis 
(see paragraph 137). This is a challenge for energy and climate change topics because of their complexity, the rela-
tive novelty of some of the data, and the pace of change arising from both energy transitions and climate change.

207 
The European Commission relies on a wide range of data, modelling techniques and impact analysis to help it assess 
alternative policy options for energy and climate (see paragraph 138). Past audits have highlighted issues with data 
collection (see paragraphs 157 and 161), models and impact analysis (see paragraph 191).

208 
Good data, analysis and models remain important tools for assessing energy and climate policy options, and will 
be needed for the integrated national energy and climate plans that Member States would have to prepare in the 
framework of the proposed Regulation of the Governance of the Energy Union (see paragraph 79), if current pro-
posals are agreed.

http://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1500557898877&uri=CELEX:52016PC0759
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3. The energy transition

209 
The production and consumption of energy accounts for 79 % of EU greenhouse gas emissions (see paragraph 39). 
In the last decades, the EU has made progress towards making its energy sector more sustainable, affordable and 
secure. But the transition of the EU energy sector to low-carbon energy sources has much further to go and still 
faces many challenges.

210 
A significant decline in EU energy production from fossil fuels is expected, alongside a continued growth in renew-
able energy production (see paragraph 48). Energy production from renewable sources helps mitigate climate 
change and, by reducing the import dependency, they increase the EU’s security of supply. At the same time, the 
integration of renewable energy production into the energy system presents challenges. Profound changes are still 
needed in the electricity system to deal with challenges such as the variability of energy production from intermit-
tent renewable sources, storage, decentralised energy production and more dynamic demand management (see 
paragraphs 73 to 76). Energy infrastructure within and between Member States is not yet fully designed for inte-
grated markets (see paragraphs 68 to 71). Similarly, the transport sector will have to undergo changes in energy 
use, switching to less carbon-intensive transport modes and using biofuels and alternative fuels, such as electricity 
(see paragraph 98). Energy efficiency measures could further transform the energy system (see paragraphs 42 to 
43).

211 
Infrastructure investments will need to be based on a long-term understanding of their climate and other impacts. 
For example, coal is the energy source which emits the largest relative amount of greenhouse gases (see Figure 8). 
Investments in any new coal mines and coal-fired plants would lock energy companies into using these assets 
for decades, with no certainty that efficient and effective technology will be available to capture or to limit their 
greenhouse gas emissions (see paragraph 56). In addition, such investment would lead to further overcapacity in 
a saturated market (see paragraph 74), thereby leading to further difficulty in attracting investments in renewable 
energy capacity.

212 
Existing assets may need to be shut down earlier than anticipated – becoming what is known as ‘stranded assets’ 
because of an increase in carbon price or a change in climate or energy legislation. Such investments, for example, 
in coal or nuclear plants, are often concentrated in certain regions which may heavily depend on the economic 
activity and jobs arising (see paragraph 77). This creates a need for planning social adjustments, when closures of 
established energy industries are necessary to support the energy transition.

213 
Apart from its effects on mitigating climate change, the energy transition can offer benefits in areas such as air 
quality improvement, reduction of import dependency and growth through green jobs has to be taken into 
account.
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4. Using research and innovation effectively

214 
Achieving longer term energy and climate targets will require new technologies to be developed and used widely in 
several sectors (see paragraphs 128 to 129). Research and innovation must therefore play a key role in transforming 
the EU into a low-carbon society by delivering better performing and cost-competitive low-carbon technologies. 
Much progress has been achieved – for example, in renewable energy technologies – but there is still significant 
potential for further developments. The power sector will also require better and more cost-efficient energy storage 
and carbon capture technologies, such as for remaining gas-fired plants (see paragraphs 56 and 76). Achieving 
significant emissions reductions in transport will require the development of alternative fuels (see paragraphs 97 
to 102), but vehicles using such fuels still suffer from technical constraints, such as limited range, and high costs.

215 
It often takes many years for a new technology to become usable on an industrial scale. Therefore, extensive pro-
gress in developing the technologies needed to reduce emissions between 2030 and 2050 will have to be made in 
the next decade. There is currently no certainty that such future technological breakthroughs will be both techni-
cally possible and widely, economically accessible by 2030 (see paragraph 187). The EU is still a major centre for 
climate change mitigation innovations and investments in research and development. Worldwide investment in 
renewable energy has resulted in decreasing costs and significant growth. However, in some fields, the EU still has 
a ‘deployment deficit’, as it struggles to commercialise promising, energy-related innovations (see paragraph 130).

216 
Energy innovation depends upon contributions by a wide range of stakeholders, from companies and consumers to 
local, regional and national authorities, to EU institutions. Market design and public authorities play a major role in 
providing an innovation-enabling environment. Public financing often plays only a relatively small part in this, but 
can still be key in certain fields such as early-stage innovation. The ECA’s 2016 audit showed that the target of plan-
ning to spend 35 % of the Horizon 2020 budget on climate action was at risk (see paragraph 188).
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5. Planning for and tackling adaptation

217 
The effects of climate change are already being experienced. Climate change will affect EU citizens in many ways, 
including increased incidence of droughts and flooding, forest fires, effects on food production, damage to pri-
vate and public infrastructure and demands for greater protection, changing health risks, impacts on employment, 
migration, etc. (see paragraphs 118 to 122). The EU and Member States need to plan to adapt. The Paris Agreement 
is the first international treaty which recognises the need for adaptation to climate change (see paragraph 19). In 
2013, the EU had already prepared an adaptation strategy and invited Member States to prepare their own national 
strategies (see paragraph 124).

218 
Climate, environmental, societal and economic models can be used to describe and forecast the impacts of climate 
change. This is an important but challenging task (see paragraphs 138 to 139)306. For example, sea level rises or the 
desertification of some regions could trigger population movements within and to Europe (see paragraph 122). 
It will be a great challenge for the EU and Member States correctly to anticipate and plan adaptation, reducing the 
need to act late, in response to events, which would cost more and put unforeseen pressure on public budgets.
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6. Financing

219 
In order to reach the EU’s 2030 climate and energy targets, the Commission has estimated that about 1 115 bil-
lion euro investments will be needed annually over the 2020-2030 period: mostly in transport and in the residential 
and services sector (see Box 8). These investments in climate change mitigation will need to come from both public 
and private sources. In the case of regulatory or market failures, states may step in, as they have done in the case of 
renewable energy (see paragraph 75), helping to contribute to the global growth of this new industry and the re-
sultant significant decrease of the cost of renewable energy (see paragraph 64). A more robust carbon price would 
also be a powerful tool, with the potential to stimulate more private investment in low-carbon assets and energy 
efficiency (see paragraph 32).

220 
The costs of adapting to climate change are difficult to predict (see Box 8), even more so the likely benefits of adap-
tation investments, posing challenges for the traditional assessments of value for money audit, cost-benefit analy-
sis, and performance monitoring. Adaptation requires long-term planning and decisions about major infrastructure, 
such as water supply infrastructure, irrigation systems and flood defences. In the absence of the right incentives, 
market forces and conventional cost-benefit analyses may not lead to the optimal investments for such long-term 
adaptation measures. Public funding may need to be mobilised on a large scale to overcome market failures. But 
private-sector companies should also invest substantially in adaptation, because it is in their long-term interest to 
be climate-resilient and to explore the associated new business opportunities (see paragraph 136).

221 
In the energy sector, one key challenge faced by the EU and the respective Member States is the decommissioning 
of nuclear power plants. In the EU, 90 nuclear power plants have already been shut down, but are not yet decom-
missioned. A further 50 currently operational reactors are estimated to be shut down by the end of 2025. According 
to the Commission, estimated total cost for the management of spent fuel and radioactive waste is about 400 bil-
lion euro (see paragraph 59).

222 
A recent ECA audit of nuclear decommissioning in three EU Member States found that total estimated costs would 
double if the cost of final disposal of high-level waste and spent fuel were included (see paragraph 163). According 
to a Commission report, concepts for disposal of intermediate level waste, high-level waste and spent fuel, such as 
site selection or development of design, are not specific in most of the Member States (see paragraph 59).

223 
Decommissioning nuclear power plants and disposing of nuclear waste is therefore a pressing and costly challenge 
for the EU and its Member States. However, it also provides many opportunities for business and employment (see 
paragraph 58).
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7. Involving EU citizens

224 
The transition to a low-carbon economy will affect all sectors of the economy and society. It will affect how citi-
zens live, travel, consume, plan and invest. In 2014, direct households’ emissions represented 24 % of greenhouse 
gas emissions307. Consumption choices influence many other sources of greenhouse gas emissions. The integration 
of the citizen in the energy transition is now seen as essential, both for understanding, endorsing and paying for 
necessary transitions, and also to encourage active participation. This will require changes in behaviour, for exam-
ple, both in how energy is produced and consumed. EU citizens can directly reduce EU emissions, for example by 
purchasing energy-efficient homes, using energy-efficient devices (see paragraphs 85 to 87), producing renewable 
energy (see paragraphs 62 to 64), and using sustainable transport (see paragraphs 90 and 96).

225 
Citizens can be engaged on individual, local, city, regional, national and European levels, but local administrations 
are often closest to them. They have much potential to engage more citizens through bottom-up actions and move-
ments such as the ‘Covenant of Mayors for Climate & Energy’ (see paragraph 124).

This landscape review was adopted by Chamber I at its meeting of 21 June 2017.

 For the Court of Auditors

 Klaus-Heiner LEHNE
 President
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Annex - Approach

This landscape review is based on:

 Ø Documentary analysis of EU directives, regulations, decisions, strategies, impact assessments, evaluations and 
studies, relevant EU case law and where appropriate, published academic research;

 Ø Interviews with 21 Commission Directorates-General308, including the Joint Research Centre (JRC), as well as 
with the European Environmental Agency (EEA), the Organisation for Economic Co-operation and Development 
(OECD) and the Secretariat of the United Nations Framework Convention on Climate Change (UNFCCC);

 Ø Information visits to Germany, Spain and Poland;

 Ø Liaison with the 28 EU SAIs:

 ο Collection of more than 650 SAI performance audit reports dealing with energy, climate policy and 
investments related to mitigation and adaptation published since 2010. Selection of the most relevant 
reports309 for in-depth reading: 269 EU SAI reports, including those of the ECA, published between January 
2012 and March 2017310;

 ο Survey of SAIs about what they have audited and on the challenges they face. All SAIs responded. The 
results were presented at a SAI Contact Committee meeting in October 2016;

 ο Seminar in January 2017 with SAIs, including presentation of preliminary results and deliberations on the 
challenges and opportunities for auditors in energy and climate change;

 ο The references to individual SAI reports were checked with these SAIs and necessary corrections were 
made;

 Ø Use of an expert in energy and climate-change economics;

 Ø The draft was sent to the Commission for a check of the facts. The challenges presented in Part III were 
discussed with high-ranking officials at the Directorates-General for Energy, Climate Action and Research. Their 
comments were taken into account.

https://ec.europa.eu/jrc/en/about/jrc-sites
http://www.eea.europa.eu/
http://www.oecd.org/environment/cc/?_sm_au_=iRVLMkZSVwSZLst5
http://unfccc.int/essential_background/convention/items/6036.php
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http://www.riksrevisionen.se/PageFiles/16431/RiR_2012_01_Rapport_ENG_anpassad_NY.pdf
http://www.ccomptes.fr/Publications/Publications/L-efficience-des-depenses-fiscales-relatives-au-developpement-durable
http://www.lrvk.gov.lv/en/revizija/funds-intended-reducing-climate-changes-administered-ministry-environmental-protection-regional-development-planned-used-effective-manner-accordance-requi/
http://www.lrvk.gov.lv/en/revizija/funds-intended-reducing-climate-changes-administered-ministry-environmental-protection-regional-development-planned-used-effective-manner-accordance-requi/
http://www.ccomptes.fr/Publications/Publications/La-mise-en-aeuvre-par-la-France-du-Paquet-energie-climat
http://www.ccomptes.fr/Publications/Publications/La-mise-en-aeuvre-par-la-France-du-Paquet-energie-climat
http://www.vtv.fi/en/publications/performance_audit_reports/2011/mitigating_climate_change.4337.xhtml
http://www.courtofaudit.nl/english/Publications/Audits/Introductions/2015/12/Energy_policy_need_for_coherence
http://www.ccomptes.fr/Publications/Publications/La-mise-en-aeuvre-par-la-France-du-Paquet-energie-climat
http://www.riksrevisionen.se/PageFiles/18628/RiR_19_rapport_ENG_anpassad.pdf
http://www.eurosaiwgea.org/audits/Audit%20documents/Finnish%20Climate%20Change%20Policies.pdf
http://www.eurosaiwgea.org/audits/Audit%20documents/Finnish%20Climate%20Change%20Policies.pdf
http://www.eca.europa.eu/en/Pages/DocItem.aspx?did=34751
http://www.riksrevisionen.se/PageFiles/16431/RiR_2012_01_Rapport_ENG_anpassad_NY.pdf
http://www.eurosaiwgea.org/audits/Audit%20documents/Actions%20of%20the%20state%20in%20directing%20the%20use%20of%20oil%20shale.pdf
http://www.curteadeconturi.ro/Publicatii/Constatari_emisii_gaze_cu_efect_sera.pdf
http://www.eurosaiwgea.org/audits/Audit%20documents/Trading%20System%20of%20Greenhouse%20Gas%20Emissions%20Allowances.pdf
http://www.tcontas.pt/pt/actos/rel_auditoria/2011/2s/audit-dgtc-rel039-2011-2s.pdf
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:12012E/TXT
http://www.oecd-ilibrary.org/environment/the-economic-consequences-of-climate-change_9789264235410-en
http://ec.europa.eu/eurostat/en/data/database


GETTING IN TOUCH WITH THE EU

In person
All over the European Union there are hundreds of Europe Direct Information Centres. You can find the 
address of the centre nearest you at: http://europa.eu/contact

On the phone or by e-mail 
Europe Direct is a service that answers your questions about the European Union. You can contact this 
service

•  by freephone: 00 800 6 7 8 9 10 11 (certain operators may charge for these calls), 
• at the following standard number: +32 22999696 or 
• by electronic mail via: http://europa.eu/contact

Finding information about the EU

• Online  
 Information about the European Union in all the official languages of the EU is available on the Europa  
 website at: http://europa.eu 

• EU Publications  
 You can download or order free and priced EU publications from EU Bookshop at: http://bookshop.  
 europa.eu. Multiple copies of free publications may be obtained by contacting Europe Direct or your  
 local information centre (see http://europa.eu/contact)

• EU law and related documents  
 For access to legal information from the EU, including all EU law since 1951 in all the official language  
 versions, go to EUR-Lex at: http://eur-lex.europa.eu

• Open data from the EU  
 The EU Open Data Portal (http://data.europa.eu/euodp/en/data) provides access to datasets from the  
 EU. Data can be downloaded and reused for free, both for commercial and non-commercial purposes.
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