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A society grows great when old men plant trees
whose shade they know they shall never sit in.

Greek Proverb

2





Abstract

Climate change is one of the most serious problems humanity has ever faced. Rising
temperatures along with the sea, extinction of entire species of plants and animals,
fundamental for the balance of the Earth's ecosystem and the always most frequent
succession of unpredictable extreme natural events are just some of the manifesta-
tions of this transition.

For decades, the most in�uential international organizations have involved world
powers in large-scale agreements to try to mitigate and limit these tragic conse-
quences that by now in�uence our daily life. In doing so the United Nations has
played a fundamental and pioneering role. UNFCCC, Kyoto Protocol and Paris
Agreement are the most important international treaties and conventions de�ned to
�ght climate change.

European Union is at the forefront in facing this challenge. Indeed, trough the
implementation of increasingly ambitious targets, plans and strategies it has con-
veyed a sustainable culture in all its member states, proving to be stubborn and
diligent in being on track toward goals set.

This thesis work is structured in several sections. At European level, all the poli-
cies and instruments to deal with this phenomenon are analysed �rst, then moving
to the level of the single members of the EU, the extent to which each individual
state is compliant with the targets imposed is studied. The ultimate goal of this
thesis work is to analyse the impact that these extreme natural events combined to
the national and international mitigation policies and instruments have in European
small and medium-sized enterprises operating in the transportation sector. The eco-
nomic variables taken into consideration for this research are: operating revenues,
total assets, current liabilities and non-current liabilities. The result of this research
will bring evidence that temperatures considered extremely hot or extremely cold
have, on average, a non-negligible impact on these economic variables.
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Chapter 1

Introduction to the problem of

climate change

Climate Change is the de�ning issue of our time and we are at a de�ning mo-
ment. The impacts of climate change are global in scope and unprecedented in scale.
Without drastic action today, adapting to these impacts in the future will be more
di�cult and costly.

The �rst e�ects of global warming have already begun to impact: here is a list
of the main e�ects we are experiencing on our skin, and the consequences if we do
not reverse course as soon as possible.

� Rising temperature

A recent study published in Nature Climate change [1] analyses the risks of
hypothermia, highlighting how they have increased since the 1980s: even if
we reduce CO2 emissions immediately, by 2100 48% of the world's population
would still be in danger; the percentage rises to 75% if we do not take action.

� Rising seas

The rise in temperatures is felt even more at the poles, where the ice and ice
sheets are melting, with consequences for the level of the oceans: they are
rising at twice the speed of the 1990s. According to experts, at best we should
expect one meter more by the end of the century.

� Disappearance of plant and animal species

Starting with the melting ice, which endangers polar bears (it is estimated that
two thirds of them will disappear by 2050) and penguins (from 32,000 breeding
pairs 30 years ago to 11,000 today), 1 in 6 species are at risk of extinction.
According to researchers, we are living and causing the sixth mass extinction,
the �rst caused by a living species; what is worrying is not only the number of
extinct species, but also the decrease in the number of subjects that constitute
each species: the number of specimen on the planet has already halved.
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� Ocean acidi�cation

Approximately a quarter of the CO2 emitted into the atmosphere ends up
in the oceans, contributing to changing their PH: since the beginning of the
industrial era, acidity has increased by 26%, with serious consequences for the
marine ecosystem. Coral reefs, for example: already at high risk of extinction
(35% of corals have died or are dying), according to scientists we could lose
them by 2050. Plankton, crustaceans and mollusks are also at risk, and then
the entire food chain; the damage is closer than we think: if once the experts
talked about centuries, now they have been corrected in tens of years.

� Hurricanes and storms

Climate change is predicted to lead to increasingly extreme weather phenom-
ena, both in terms of frequency and intensity; in the coming years we must
expect cyclones and tropical storms with greater destructive potential.

� Deserti�cation

The whole Mediterranean area is at risk of deserti�cation: this means a degra-
dation of the soil from fertile land to desert, compromising productivity. Ac-
cording to WWF data1, by 2030 this phenomenon will force 700 million people
to migrate.

� Decline in fresh-water resources

One of the most underestimated consequences is the reduced availability of
fresh water, which is closely linked to reduced rainfall. Together with evapo-
ration due to high temperatures and continuous water withdrawal from reser-
voirs, this has led to a decline in at least one third of the world's most impor-
tant rivers between 1948 and 2004. If we do not stop exploiting resources and
temperatures continue to rise, we will be in trouble: according to the UN we
will already have exhausted 40% of the fresh water on the planet by 2030 [2].

� Massive migrations

Climate refugees struggle for survival with others in the same conditions, often
triggering con�ict and war. As written in the important report Migration
and Climate Change by the IOM (International Organization for Migration)
on climate migration [3], it is an uncertain estimate, which requires massive
extrapolations, i.e. forecasts out of the known values of the phenomenon. The
World Bank has provided a quantitative estimate: 143 million people forced
to leave their homes because of extreme weather conditions or environmental
conditions that have become unlivable [4].

� Spread of disease

Bacteria and viruses also learn how to adapt, especially if they �nd a favorable
climate. The rise in temperatures has allowed the spread of diseases typical of
tropical areas, such as malaria, cholera and dengue fever.

1for further information visit:

https://www.wwf.it/news/notizie/?23680/Giornata-mondiale-contro-desertificazione
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� Economic losses

The European Environmental Agency (EEA) has recently published research
on natural hazards in Europe caused by climate change. Between 1980 and
2017, extreme weather phenomena caused economic losses in the 28 EU MS
of 426 billion (in 2017 Euro values)2, including �oods, storms and droughts;
among the countries, Italy su�ered the most damage.

Even if the picture that comes out is far from encouraging, the most important
thing must not be forgotten: if all the countries rowing in the same direction, the
course can be reversed.

2https://www.eea.europa.eu/data-and-maps/indicators/direct-losses-from-weather-disasters-3/

assessment-2

13

https://www.eea.europa.eu/data-and-maps/indicators/direct-losses-from-weather-disasters-3/assessment-2
https://www.eea.europa.eu/data-and-maps/indicators/direct-losses-from-weather-disasters-3/assessment-2


1.1 United Nations legal instruments

An important role in the �ght against climate change is played by the United Na-
tions. The UN is at the forefront of the e�ort to save our planet.

On 23 September 2019, Secretary-General António Guterres convened a Climate
Summit3 to bring world leaders of governments, the private sector and civil society
together to support the multilateral process and to increase and accelerate climate
action and ambition. Hoping that both the private and public sectors will actively
contribute to the challenge of climate change, he said: "We need more concrete
plans, more ambition from more countries and more businesses. We need all �nan-
cial institutions, public and private, to choose, once and for all, the green economy."

Over the years, there have been several summits involving the world's major
countries with the aim of combating the increasingly important phenomenon of cli-
mate change. The main ones in chronological order are:

� United Nations Framework Convention on Climate Change
(UNFCCC)4

The ultimate objective of this Convention is the stabilization of greenhouse
gas concentrations in the atmosphere at a level that would prevent dangerous
anthropocentric interference with the climate system. Such a level should be
achieved within a time frame su�cient 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 countries should take precautionary measures to anticipate, prevent or
minimize the causes of climate change and mitigate its adverse e�ects. Where
there are threats of serious or irreversible damage, lack of full scienti�c cer-
tainty should not be used as a reason for postponing such measures, taking
into account that policies and measures to deal with climate change should
be cost-e�ective so as to ensure global bene�ts at the lowest possible cost.
To achieve this, such policies and measures should take into account di�erent
socio-economic contexts, be comprehensive, cover all relevant sources, sinks
and reservoirs of greenhouse gases and adaptation, and comprise all economic
sectors. E�orts to address climate change may be carried out cooperatively
by interested countries.

The Parties should also cooperate to promote a supportive and open inter-
national economic system that would lead to sustainable economic growth
and development in all Parties, particularly developing country Parties, thus
enabling them better to address the problems of climate change.

Concerning the commitments, the Parties must develop, periodically update,

3https://en.wikipedia.org/wiki/2019_UN_Climate_Action_Summit
4https://unfccc.int/sites/default/files/convention_text_with_annexes_english_

for_posting.pdf
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publish national inventories of emissions by sources and removals by sinks of
all greenhouse gases not controlled by the Montreal Protocol5.

They also must formulate, implement, publish and regularly update national
programs containing measures to mitigate climate change by addressing emis-
sions by sources and removals by sinks of all greenhouse gases not controlled
by the Montreal Protocol, and measures to facilitate adequate adaptation to
climate change;

� Kyoto Protocol6

The Kyoto Protocol legally binds developed country Parties to emission re-
duction targets. The Protocol's �rst commitment period started in 2008 and
ended in 2012. The second commitment period began on 1 January 2013 and
will end in 2020. There are now 192 Parties to the Protocol. Countries that
rati�ed the Kyoto Protocol were assigned maximum carbon emission levels for
speci�c periods and participated in carbon credit trading. If a country emitted
more than its assigned limit, then it would be penalized by receiving a lower
emissions limit in the following period.

Developed, industrialized countries made a promise under the Kyoto Protocol
to reduce their annual hydrocarbon emissions by an average of 5.2% by the
year 2012. Targets, though, depended on the individual country. This meant
each nation had a di�erent target to meet by that year. Members of the EU
pledged to cut emissions by 8% while the U.S. and Canada promised to reduce
their emissions by 7% and 6% respectively by 2012.

� Paris Agreement7

It was adopted in 2015 to address climate change and its negative impacts.
The deal aims to:

� Limit global temperature rise by reducing greenhouse gas emis-
sions. In an e�ort to reduce the global temperature increase in this
century to 2 degrees Celsius above pre-industrial levels, while pursuing
means to limit the increase to 1.5 degrees. It also asks countries to work
to achieve a leveling-o� of global greenhouse gas emissions as soon as
possible and to become carbon neutral no later than the second half of
this century.

� Provide a framework for transparency, accountability, and the
achievement of more ambitious targets. The Paris Agreement in-
cludes a series of mandatory measures for the monitoring, veri�cation,
and public reporting of progress toward a country's emissions-reduction
targets; countries must report their greenhouse gas inventories and progress

5https://en.wikipedia.org/wiki/Montreal_Protocol
6https://unfccc.int/resource/docs/convkp/kpeng.pdf
7https://unfccc.int/resource/docs/2015/cop21/eng/10a01.pdf
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relative to their targets, allowing outside experts to evaluate their success.
The agreement includes commitments from all major emitting countries
to cut their climate-altering pollution and to strengthen those commit-
ments over time. The pact provides a pathway for developed nations
to assist developing nations in their climate mitigation and adaptation
e�orts, and it creates a framework for the transparent monitoring, re-
porting, and ratcheting up of countries' individual and collective climate
goals.

� Mobilize support for climate change mitigation and adaptation
in developing nations. Recognizing that many developing countries
and small island nations that have contributed the least to climate change
could su�er the most from its consequences, the Paris Agreement includes
a plan for developed countries to continue to provide �nancial resources
to help developing countries mitigate and increase resilience to climate
change.
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Chapter 2

Climate policies and instruments

applied at European and national

level

The European Union places a strong emphasis on the �ght against climate change,
aiming to become the �rst clime-neutral continent by 2050 [5]. President Ursula
von der Leyen said: �We are acting today to make the EU the world's �rst climate
neutral continent by 2050. The Climate Law is the legal translation of our political
commitment, and sets us irreversibly on the path to a more sustainable future. It is
the heart of the European Green Deal. It o�ers predictability and transparency for
European industry and investors. And it gives direction to our green growth strategy
and guarantees that the transition will be gradual and fair.�

To date, the Union is on track with the objectives set for this decade, marked
by the 2020 Strategy, demonstrating strong diligence in its vision.

Looking to the future, ambitious targets are set, in order to become always more
competitive at international level, and to push each MS toward innovative strate-
gies, as shown in the new package of measure set for the next decade, the European
Green Deal [6]. The Council is constantly renovating, changing current directives
and regulations to be always up to date with the most urgent needs of the community.

Although, the legislative bodies impose targets that a�ect the whole territory,
they are then declined at the national level to better cope with internal synergies
giving to each MS more �exibility.

A bundle of instruments is used by each nation to achieve the goals set for each
year. These ones can be divided into two main categories: market- based and not
market based ones.
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2.1 Market based and non market based instruments

2.1.1 Market based instruments

Market-based instruments act by directly in�uencing the structure of the economic
incentives a�ecting price, markets and other related variables, to contribute to the
achievement of a certain climate objective, imposed at the legislative level. There-
fore, these instruments associate a �cost� related to the negative externalities pro-
duced by pollutants, promoting, instead, sustainable projects.

Taxes

Through the use of taxes, the Government may impose a cost directly on the pollu-
tant or on its output. This instrument induces the reduction in the use of harmful
agents to the climate, in any sector, from industry to agriculture. Although taxes
are an e�ective tool, they allow only to have absolute control over the economic
variables and not on the amount of pollutant itself. Moreover, reduction targets
can also go in con�ict with the gain, because lower emissions lead to lower revenues
obtained from taxation. There are di�erent types of taxes, the most used are:

� Tax applied directly to the pollution source

Carbon tax is an example of taxation directly applied to the pollution source,
in which the Government sets a price for each ton of GHG emitted, which
must be paid by emitters. Several states have already adopted the carbon tax
inside and outside the European Union. Poland, Finland and Sweden adopted
carbon tax instrument before 1991, then France, Spain, Ireland and Portugal.
Outside the borders of the European union, instead, Japan, Argentina, Chile,
Colombia, Mexico and Canada, adopted this instrument between 2007 and
20181.

� Tax on inputs or output of a production process

Fuel tax is an example of exercise tax applied to the sale of products related to
fossil fuels; indeed, is a typology of taxation related to the input of a process
(transportation or more speci�c production sectors). At the European level,
taxation of the same nature is also applied to electricity and to other energy
products. Inside the Union, the process is harmonized even if the rate of tax-
ation is di�erent for each Member State. France adopted the taxation from
2017 and forecast to increase both diesel and petrol tax rate in 2022, also Ger-
many, Netherlands and Poland follow the same path. Fuel tax is also adopted
outside the boundaries of the EU. For example, from July of 2018, Colombia
adopted the National Gasoline Tax (Impuesto Nacional a la Gasolina) applied
to diesel, gasoline and to the other fuels used in the transportation sector.

1for further information visit:

https://carbonpricingdashboard.worldbank.org/map_data
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� Financial support mechanisms for climate-friendly products and ac-
tivities

Financial support mechanism has the objective of encouraging the implemen-
tation of sustainable processes and projects among di�erent sectors and com-
panies. The economic incentives consist in a total or partial exemption from
taxation related to that �eld, or to the application of subsidies or negative
taxes.

Emissions Trading System (ETS)

ETS is one of the most e�cient and e�ective market-based instruments in the �eld
of environmental policies. Its great advantage is to facilitate the reduction of GHG
emissions meeting the needs of di�erent types of companies. In fact, the ones which
fail to revolutionize their processes, because too costly, can buy allowances and
credits from those that have managed to reduce their emissions structure in a cost-
e�cient way.

There are two main categories of emissions trading schemes:

� Cap and trade mechanism

Given the total emission level of pollutants of a nation or industry, the max-
imum limit is set as cap, for a determined sector in a given period of time.
The process is di�erent with respect to taxation, because the controlled vari-
able is the amount of pollutants emitted and not its cost. For this reason,
is considered more e�cient in helping MS to reach their targets. Allowances
of emissions and permits could either be auctioned by a speci�c department
of Government, which generate a revenue for the states, or allocated for free.
The former case applies for that companies or sectors which su�er the most
in changing their emissions structure. The reasons for that are di�erent: their
production process is strictly related to the use of fossil fuels, aviation sector
is an example, or is too costly to change the cost and emissions structure and
so the production could be moved in countries which this climate pressure is
lower. This latter phenomenon is known as carbon leakage and is more fre-
quent in energy-intensive industries. Today, cap and trade is used or is being
developing in all parts of the world.

� Baseline and credit systems

It is imposed a minimum performance commitment relative to some (pre-set)
baseline pro�le of emissions. A regulator sets the baseline for each partici-
pant in this system and monitors actual emissions accordingly. Participants
then �claim credits� based on their emission reductions after they achieve the
relative baseline.
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Removal of perverse incentives

Some measures, policies or practices induce behaviour that is harmful for biodiver-
sity or for the environment itself. This tool allows the identi�cation of these policies
and practices and the consideration of their removal, phase out, or reform, for in-
stance by mitigating their negative impacts through appropriate means. The sectors
in which this instrument is most used are fossil fuel and food companies which are
considered the most dangerous for biodiversity. Example of policies which can be re-
moved or mitigated are tax exemption for pollutant activities, subsidies for harmful
production or for companies that have been discovered not to use the appropriate
methodology in terms of environmental respect and protection. These harmful poli-
cies are also known as �policy failures�, because, has been discovered to generate
negative externalities after their application.

Liability rules

Another instrument at the basis of climate law is related to liability rules, which
are used to induce emitters in reviewing their behaviour in terms of environmental
impact. Liability means �the state of being legally responsible for something� (Ox-
ford dictionary). The objective of this policy is to attribute to the operators of
energy plant and to the owner of any company or activity, that produces directly or
indirectly harmful agents for the planet, the legal liability for the consequences of
such actions. In that sense it refers to as third party liability because the individ-
uals potentially impacted by the consequences of di�erent types of environmental
pollution, have not a contractual relationship with the emitter itself. There may be
di�erences in the degree of severity of liability. For example, strict liability requires
the responsible entity to pay for damage even if the corresponding company took
all required precautions without any proof of carelessness or fault.

Deposit refund

Deposit-refund is a system actually implemented in di�erent states of European
Union as incentive to recycle some types of waste such as plastic and glass. The
mechanism of the policy is the following, when consumers buy some primary goods,
such as beverages or other containers, they pay a surcharge which will be reimbursed
when the empty packaging will be recycled in designated collection points. This
instrument can be operated directly by a governments department or by a private
and independent body. However, this policy needs an infrastructure behind, in order
to organize and place the collection points and to monitor the supply of reimbursed
money.
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2.1.2 Non market based instruments

Non-market-based instruments are complementary tools of market-based ones hav-
ing the same objective to propose, and in some case also impose, the implementation
of mitigation actions to protect the environment and incentive a sustainable growth.
The main di�erence between the two categories is that the non-market-based instru-
ments have not transferable unit at the international level as, instead, market-based
tools have. The United Nations Framework Convention on Climate Change (UN-
FCCC) gave the following de�nition of non-market-based instruments, in 2013: �any
action, activity or approach that addresses climate change, does not rely on a mar-
ket mechanism and does not result in tradable units that can be used against binding
emission reduction targets under the Convention�. The main sub-categories are de-
picted below, considering the most used in the European Union.

Command and control regulations

Command and control regulations refer to binding standards set at the national and
at the community level by governments authorities' trough legislative instruments.
These standards mainly concern energy e�ciency and GHG emissions. The e�ective
application of the standards set is monitored and enforced legally in case of non-
compliance. For this reason, this instrument is considered to be strongly e�ective
in achieving the environmental targets. Command and control regulations mainly
include three frameworks of application, ranging from process standards to product
prohibitions:

1. Framework standards, which can include requirements for operating certi-
�cation.

2. Performance standards, that set speci�c environmental targets for con-
cerned parties without mandating particular technologies. The Regulation
(EC) No 443/2009 [7] is an example of the imposition of performance stan-
dards in the transportation sector. In detail, the regulation set the reduction
of carbon dioxide emissions for new passengers' cars.

3. Technology standards, which impose the use of speci�c technologies and/or
prohibit the use of the ones that have been experimentally de�ned as harm-
ful to the environmental. For example, the Directive (EU) 2009/125 known
as Ecodesign Directive [8], introduced standards for the whole community in
achieving energy e�ciency. Including the advice, and in some cases the obli-
gation, to replace traditional bulbs with led bulbs not only for public bodies
but also for companies and private houses.

Even if the imposition of this instrument helps the European Union to meet its
commitments in the �ght against climate change, it requires signi�cant investments
by companies to adapt their production and business strategies to these binding
changes.
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Reporting requirements

Reporting requirements is a non-market-based instrument at the basis of the Euro-
pean strategy in �ghting climate change. This tool allows to develop future legisla-
tion in line with the current needs of the Union but is also crucial in monitoring the
commitment of the Member States toward the existing legislation. In fact, while
it is fundamental to set targets for each MS, it is also necessary to monitor their
progress with o�cial reports available to all for consultation. In this way is possible
to ensures transparency and fairness and also increase awareness of citizens. The
EU, being part of the Kyoto Protocol and of the UNFCCC, has the obligation to
report to the United Nations regularly the targets-imposed trough climate polices
and instruments and the national progress towards them and annually the emissions
of GHG per each Member State. Regarding the latter, the EU Climate Monitoring
Mechanism Regulation sets the internal reporting rules on the basis of the interna-
tional agreement highlighted before. Annual reporting covers the reporting of the
emissions of seven GHG at the national level from all sectors: energy, industrial
processes, land use, waste, agriculture, etc. This Regulation is active till January 1
2021, after that will be repealed.

Active (green) technology support policies

Active technology support policies, related to the green �eld, enable public bodies
and department of Governments to provide incentives and promoting research, de-
velopment and adoption of sustainable, innovative and disruptive technologies. NER
300 programme is an example of funding project established to help the R&D of new
technologies in the Carbon Capture and Storage (CCS) and in the renewable energy
sector. This program covered all the EU's Member States and concerned the alloca-
tion of funding to winning projects, generated from the sales of 300 million emission
allowances, during the third trading period, from the New Entrant Reserve (NER).
Another well-known policy, which belongs to this category, is the feed-in tari�, an
instrument that provides incentives to the renewable energy sectors helping produc-
ers and in their investments in these technologies. This policy is necessary in the
early stages of development of the technologies because of the huge non-refundable
investments required to producing reliable and high-quality products. Moreover, it
ensures long-term agreements and guaranteed prices to partially free producers from
certain risks related to the uncertainty of the sector.

Information and voluntary approaches

Information and voluntary approaches use instruments that then improve consumer
awareness about environmental impacts of products and practices and give informa-
tion about the availability of less damaging alternatives.
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2.2 Binding and Non-Binding objectives

In the area of climate change, market and non-market bases instruments are �anked
by policies, on a legal basis, de�ned by the central Government of the European
Union and subsequently declined and adapted by Member States. These policies
are divided into two main categories, depending on the legal power that character-
izes the speci�c government entity that emanates them: binding and non-binding
objectives.

The European Parliament and the Council of the European Union have legisla-
tive power and are the bodies that de�ne and issue binding policies. Instead, the
policies de�ned non-binding target are delineated by the European Commission,
with executive power.

2.2.1 Binding targets

Binding targets are goal established by EU legislation (regulations, directives and
decisions) and European Council Presidency conclusions. The main areas on which
these legislative decisions are focused are:

� Transportation

� Industry

� Financial Services

� Environmental

� Energy

� Design

� Buildings

Through the construction of a database (see Attachment EU Climate Change policies
in 2.4), all the main policies currently active in the EU regarding climate change
have been analysed. Here are reported the most recent ones at the time level, divided
by sector.

Transportation

Regulation setting CO2 emission performance standards for new passen-
ger cars and for new light, was �rst released on April 2009 and emended on
January 2020 [9].

This binding European Law has the main objective to give its contribution in
helping the community to reach its targets imposed by the Paris Agreement. It
establishes restrictions in the emissions of carbon dioxide generated by the trans-
portation sector, in detail, it targeted the new passenger cars and the light commer-
cial vehicles registered in the EU. The objectives imposed for the average emissions
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generated by two type of vehicle are respectively, from the very beginning of 2020,
95 g CO2/km and 147 g CO2/km., measured until 31 December 2020. These new
performance standards refer to all EU �eet-wide.

This Regulation increases the ambitious of these last objectives for the next ten
years:

� until 31 December 2024 the initial target will be reduced by additional 10 g
CO2/km;

� from 1 January 2025 the targets imposed in 2021 will be further reduced by
15%;

� from 1 January 2030 the targets imposed by 2021 will be further reduced by
37.5%.

Industry

Regulation on the establishment of a framework to facilitate sustainable
investment, was �rst released on June 2020, and addresses the industry sector [10].

Its major aim is to de�ne standard criteria in recognize economic activities and
investments as environmentally sustainable. This regulation takes into consideration
the following environmental targets, as key factors:

� climate change mitigation;

� climate change adaptation;

� sustainable use and protection of water and marine resources;

� transition to a circular economy;

� pollution prevention and control;

� protection and restoration of biodiversity and ecosystems.

Financial services

Regulation on sustainability-related disclosures in the �nancial services
sector, was �rst released on November 2019 and then �nally emended on June 2020
targeting �nancial services [11].

The main objective of this Regulation is to harmonize and promote transparency
and fairness in the disclosure of environmental-related risks associated to �nan-
cial products and processes. It set the rules for both �nancial market participants
and advisers and imposes the publication of policies which integrated sustainability
threat in their decision-making processes. In detail, the following information must
be included and update in �nancial market participants websites:
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� a description of the environmental or social characteristics or the sustainable
investment objective;

� information on the methodologies used to assess, measure and monitor the
environmental or social characteristics or the impact of the sustainable invest-
ments selected for the �nancial product, including its data sources.

Environment

Mechanism for monitoring and reporting greenhouse gas emissions and
for reporting other information at national and Union level relevant to
climate change, was �rst released on December 2018 and then updated on May
2013 and concerns environmental sector [12].

In detailed this Regulation focuses in de�ning the reporting process at the com-
munity and at the national level. It establishes a framework for:

� promoting fairness, transparency and data accuracy of reporting by the Union
and its Member States to the UNFCCC Secretariat;

� reporting and verifying information relating to commitments of the Union and
its Member States pursuant to the UNFCCC, to the Kyoto Protocol and to
decisions adopted there under and evaluating progress towards meeting those
commitments;

� monitoring and reporting all emissions by sources and removals by sinks of
greenhouse gases not controlled by the Montreal Protocol on substances that
deplete the ozone layer in the Member States.

Energy

Common rules for the internal market for electricity, was released on June
2019 targeting the energy sector [13].

In particular it establishes a framework to regulate the whole supply chain of
electricity process in European Union. The main objective is promoting the com-
petitiveness of the European system in relation to the infrastructures belonging to
this category of energy. The values married by this directive are transparency and
fairness in establishing prices and costs for �nal consumers together with high level
of security and control, promoting a progressive and fast conversion to low-carbon
system.
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Design

Eco-design (establishing a framework for the setting of eco-design require-
ments for energy-related, was �rst released on December 2005 and subsequently
updated on January 2020 targeting the establishment of new technological standards
[8].

This Directive has as main objective to de�ne, at the European Union level, stan-
dards to promote the environmental-friendly technological performances of products.
A minimum level of energy e�ciency is set for those targeted energy-related prod-
ucts and is mandatory, for producers, to be compliant with them. For the latter
is, indeed, forbidden to compromise the agreed standards, otherwise would not be
possible the place on the market of the products and the �rms will face legal issues.
One of the main criteria to establish the technological framework is the life cycle of
energy related products and their costs which can be subjected to deterioration.

Buildings

Energy performance of buildings, �rst released on May 2010 and then updated
on May 2018 targets the de�nition of standards in building's energy e�ciency [14].

This Directive establishes guidelines to the energy e�ciency compliance of build-
ings within the European Union. Several parameters are taken into account as cost-
e�ciency and the fact that some areas could be outdoor and subjected to climate
and local conditions.

It lays down requirements:

� the common general framework for a methodology for calculating the inte-
grated energy performance of buildings and building units;

� the application of minimum requirements to the energy performance of new
buildings and new building units;

� the application of minimum requirements to the energy performance of existing
buildings that are subject to major renovation;

� systems for the energy certi�cation of new and existing buildings and the
prominent display of this certi�cation and other relevant information for public
buildings (certi�cates must be less than �ve years old);

� regular inspection of boilers and central air conditioning systems in buildings
and an assessment of heating installations in which the boilers are more than
15 years old must be conducted.

Each Member State shall establish a long-term renovation strategy to support
the renovation of the national stock of residential and non-residential buildings, both
public and private, into a highly energy e�cient and decarbonised building stock by
2050, facilitating the cost-e�ective transformation of existing buildings into nearly
zero-energy buildings.
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2.2.2 Non binding targets

Non-binding targets are considered all the other objectives. This broad category
includes goals set out in Commission communications and environmental action
programs. They can also be shaped by European Council Presidency conclusions
or EU legislation, including indicative targets, target values or targets subject to
subsequent con�rmation. Non-binding objectives are, therefore, quite heterogeneous
and can vary greatly in their stringency and political strength.

A hydrogen strategy for a climate-neutral Europe

The European Commission's strategy on the deployment and use of hydrogen
[15], has been released to the public in July 2020 and is one of the most ambitious
and innovative plans of the community. Hydrogen is produced by the electrolysis
of water, a chemical process in which oxygen molecules are separated from the rest.
This product is called "clean", when the electricity used is generated by a renewable
resource, therefore the process is completed without the emission of carbon dioxide.
Hydrogen has di�erent applications: it can be used as feed-stock, fuel, carrier and
storage in a multitude of sectors, from industry and transportation to energy and
buildings, helping in reducing the carbon footprint of the territory. In this regard,
the EU Commission estimated that the implementation of this plan could reduce
GHG emissions by a minimum of 50% and towards 55% by 2030, without the need
for revolutionary investments for the private and public sector. In addition, further
research has shown that, in relation to the urgent need for energy from the entire
planet, clean hydrogen could solve 24% of this worldwide need by 2050.

At the concrete level, the use of this very important substance has been consid-
ered by 14 member states of the European Union in the future development of ad
hoc carbon neutral infrastructure and the �Hydrogen Initiative� has been signed up
by others 26 nations. However, in developing this plan di�erent challenges have to
be faced. The �rst and most important is the creation of large-scale infrastructure
for the distribution and storage of hydrogen, but in doing so the countries of the
European Union must think together and there is no room for the interests of the
individual. At the tactical level this strategy is divided into three main phases. In
the �rst phase the objective is to decarbonize the existing production of hydrogen,
installing, all over the European territory 6 GW of renewable hydrogen electrolysers
combined with the production of 1 million tonnes of clean hydrogen (produced by
renewable sources). This phase will cover the four-year period from 2020 to 2024. In
the second phase, ranging from 2025 to 2030, instead, the hydrogen has to consoli-
date in the EU's energy system. The renewable hydrogen electrolysers will increase
to 40 GW while the production of renewable hydrogen will instead increase to 10M
tonnes in the whole territory. Concerning the last phase, starting from 2030 onward
the production of hydrogen has to be boosted at large-scale.

The conversion towards the production and use of sustainable hydrogen is crucial
in the race to achieve a sustainable zero emission future. Moreover, it can bring
about a turning point in the economic recovery after the Covid-19 epidemic, as the
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development of the necessary infrastructure can give a boost to the economy by
creating new jobs.

Clean Planet For All

The European Commission's Clean Planet for All [5] is a vision released on
November 2018, as part of the broader 2050 Long Term Strategy on climate change.
The main areas covered by this plan are:

� Energy e�ciency

� Deployment of renewable

� Clean, safe & connected Mobility

� Competitive industry and circular economy

� Infrastructure and interconnections

� Bio-economy and natural carbon sinks

� Remaining emissions carbon capture and storage

The level of complexity and commitment to transform this strategy into an ex-
ecutive plan is not indi�erent, and the European Commission is aware of this. But
ambitious results require the imposition of tough and structured intermediate tar-
gets on a broad portfolio of sectors, which, while seeming so far apart, are closely
interlinked.

The EU has de�ned three main pillars to support the main goal of becoming
carbon-neutral by 2050. The �rst pillar is spread the research, the most important
engine in �ghting climate changes. The joint research with corporate partnerships
and community collaborations has, in fact, allowed the implementation of all the
well-known innovative technologies. Looking to the future, it is the only tool that
will allow to improve these technologies and to implement them on a large scale in an
economically e�cient way, making them a�ordable to everyone and letting possible
the real change. The second pillar is innovation fund, fundamental in promoting
research and disruptive ideas also in small business and start-ups. In details, it
has the main objective to turns low-carbon technologies ideas in marketed ones.
The �elds of interest are renewable energy, energy storage, carbon capture use and
storage and energy-intensive industries. Its key features are:

� volume of at least EUR 10 billion at current carbon prices;

� �nanced from the revenues of the EU Emissions Trading System;

� support of up to 60% of additional costs related to innovative technology;

� support of additional capital and operating costs (up to 10 years);

� �rst call expected for 2020 and regular calls up to 2030;
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� comprehensive selection criteria and project development assistance.

The purpose of this long-term strategy is �not to set targets, but to create a
vision and sense of direction�. In fact, this strong sense of responsibility in imposing
this plan demonstrates the European commitment to lead in global climate action
and to present a vision that can lead to achieving net-zero greenhouse gas emissions
by 2050 through a socially fair transition in a cost-e�cient manner.

A European Strategy for Low-Emission Mobility

The European Commission's Strategy for Low-Emission Mobility [16] was re-
leased in July 2016 and has the major aim to keep pace with the requested changes,
required globally, in terms low-emission mobility, ensuring, at the same time, com-
petitiveness of the European Union and an increased level in the adoption of inno-
vative and technological solutions boosting the interconnection between MS.

Di�erent objectives are set:

� higher e�ciency of the transport system;

� low-emission alternative energy for transport;

� low and zero emission vehicles.

The key �eld in which this strategy is focusing is the road transportation sector,
which is responsible, alone, for over 70% of transport GHG and air pollution. The
document calls, �rst of all, for an update of the regulatory framework. Moreover,
to reach the objective highlighted above di�erent actions are taken:

� The use of digital mobility solutions, fair pricing and the promotion of multi-
modality to improve the e�ciency of the transport system.

� Scaling-up the use of low-carbon solutions and the roll-out of infrastructure for
alternative fuels, rethinking the links between transport and energy systems,
strengthening research and development.

� Standardization for electro-mobility, improvement in vehicle testing.

2030 framework for climate and energy policies

The European Commission's 2030 framework for climate and energy policies
[17] was adopted in October 2014 and revised in 2018.

This strategy established recommended targets to be respected by Member States,
concerning di�erent �elds:

� Greenhouse gases emissions: a binding target to cut emissions in the EU by
at least 40% below 1990 levels by 2030 is set.

� EU emissions trading system (ETS) sectors will have to cut emissions by 43%,
compared to 2005.
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� Non-ETS sectors will need to cut emissions by 30%, compared to 2005.

� Renewable: a binding renewable energy target for the EU for 2030 of at least
32% of �nal energy consumption.

� Energy e�ciency: a headline target of at least 32.5% for energy e�ciency to
be achieved collectively by the EU in 2030.

� Adoption of integrated monitoring and reporting rules.

� Members States are required to adopt integrated national energy and climate
plans (NECPs) and national long-term strategies.
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2.3 Conclusions

The analysis made in this chapter has been used to outline all the main policies and
instruments at European level used to combat climate change.

In the next chapter the analysis will move to the level of individual EU countries.
For each MS the commitment to respect European constraints until 2020 will be
analysed. In detail, attention will be paid to Europe 2020 Strategy and EU
ETS.

2.4 Attachments

EU Climate Change policies (for the non-digital version see Annex I )

31



Chapter 3

Europe 2020 Strategy

A European strategy for smart, sustainable and inclusive growth

"Our short-term priority is a successful exit from the crisis. It will be tough for
some time yet but we will get there. Signi�cant progress has been made on dealing
with bad banks, correcting the �nancial markets and recognising the need for strong
policy coordination in the euro-zone.

To achieve a sustainable future, we must already look beyond the short term.
Europe needs to get back on track. Then it must stay on track. That is the purpose
of Europe 2020. It's about more jobs and better lives. It shows how Europe has
the capability to deliver smart, sustainable and inclusive growth, to �nd the path to
create new jobs and to o�er a sense of direction to our societies.

The Commission is proposing �ve measurable EU targets for 2020 that will steer
the process and be translated into national targets: for employment; for research
and innovation; for climate change and energy; for education; and for combating
poverty. They represent the direction we should take and will mean we can measure
our success.

They are ambitious, but attainable. They are backed up by concrete proposals to
make sure they are delivered. The �agship initiatives set out in this paper show how
the EU can make a decisive contribution. We have powerful tools to hand in the
shape of new economic governance, supported by the internal market, our budget,
our trade and external economic policy and the disciplines and support of economic
and monetary union.

The condition for success is a real ownership by European leaders and institu-
tions. Our new agenda requires a coordinated European response, including with
social partners and civil society. If we act together, then we can �ght back and come
out of the crisis stronger. We have the new tools and the new ambition. Now we
need to make it happen."

José Manuel Barroso, Former President of the European Commission [20]
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3.1 Background

Between 2007 and 2009 the U.S. �nancial crisis has brought down with it the growth
of global economy. Major players as Greece, Ireland, Italy, Portugal and Spain were
unable to keep pace with their public debt, generating precarious �nances, high un-
employment rate, failing to compete at the international level. Progressive, a loss
of con�dence toward the economic and political health of the European Union, has
invested the thinking of citizens, �rms and banks. Millions of people have lost their
job, increasing their disappointment toward major institutions.

An immediate reaction was required to change structural weakness of the whole
Union, combining the short-term priority to exit the crisis, to long-term strategy of
sustainable growth.

3.2 Agenda of the Europe 2020 strategy

European 2020 strategy has been implemented to give a strong response to the
urgent need of improvement and innovation that the global �nancial crisis has left.
The main objective of this plan is to undertake a smart, inclusive and sustainable
growth over ten years period, 2010-2020, regarding �ve main areas:

� Poverty and social exclusion

� Education

� Research & Development

� Employment

� Climate change & energy

These former targeted areas are strongly interrelated. Indeed, would not be
possible to succeed in the optimization of one without the improvements of the
others. Our analysis focuses on the exploitation of the Climate change & energy
targets which are de�ned as:

� A reduction of at least 20% of Greenhouse gas emissions by 2020 compared to
the 1990 levels;

� An improvement of energy e�ciency of at least 20% over the whole territory;

� An increase of 20% of the share of renewal energy sources in the consumption
of �nal energy.

To better cope with the synergies and the capabilities of each MS, these overall
targets are then declined at the national level. Moreover, the European Commission,
gave also a certain degree of freedom to the single Governments, letting possible to
implement further policies or/and instruments to reach these internal goals if needed.
In order to pursue this strategy, the only commitments of the participants is not
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enough. Another pillar is indispensable to deliver the expected results: a stronger
economic governance based on country reporting.

In the following paragraphs are analysed the progress made, concerning climate
change & energy targets, by each Member State and by European Union at the
aggregate level.

3.2.1 Reduction of at least 20% of GHG by 2020 compared
to the 1990 levels

In order to assess the compliance with this target, both at the aggregate (i.e. EU27
+ UK) and at the national level, our analysis focused on the study of Eurostat
database1, concerning the levels of the major contributors of GHG emissions. Data
regarding each Member State, looking for a period between 2011 to 2018, were com-
pared with the respective 2020 targets (see Attachment GHG Emissions in 3.4).

The overall trend for Europe as a whole is positive, as shown in the Figure3.1.
In 2018, the latest available data, the EU 27 + UK appears to show a reduction of
23% compared to the previous year.

Figure 3.1: Overall GHG Emissions for EU 27 + UK

1for further information visit:

https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=env_air_gge&lang=en
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However, dis-aggregating the data by single MS, it seems that not all countries
have acted in compliance with the expected targets. In fact, the only nations which,
at 2018, are on track are Belgium, Denmark, Finland, France, Germany, Greece,
Italy, Sweden and United Kingdom. Instead, Austria, Cyprus, Ireland, Netherlands,
Portugal and Spain are very far from the expected results, showing weak commit-
ment. The remaining nations are in a dubious position, which needs to be deeper
investigated. In fact, Bulgaria, Croatia, Czechia, Estonia, Hungary, Latvia, Lithua-
nia, Malta, Poland, Romania, Slovakia and Slovenia show, at 2018, a negative trend
despite the fact that the internal 2020 target was set to increase their emissions as an
incentive for their economic growth. The latest result a�ects positively the overall
target even if is symptom of a weak governance and an immature and not competi-
tive internal economy.

From the Figure3.2 it is possible to see the above: some countries like Belgium,
Denmark, Finland already reached the 2020 target in 2018; some countries like
Austria, Cyprus, Portugal are very far from the 2020 target; other countries like
Bulgaria, Croatia, Czechia show abnormal behaviour.

Figure 3.2: Comparison of emission change 1990-2018 and emission change target
1990-2020 for all EU MS
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In-depth analysis of the ETS

Considering that the EU ETS covers around 45% of the EU's GHG, it has been
decided to deepen this system as well.

The European Union Emissions Trading System [21] [22], is a cap and trade
system for greenhouse gas (GHG) emissions of certain stationary installations and
aircraft operators working in EU MS plus Iceland, Liechtenstein and Norway. It
aims to reduce GHG emissions in a cost-e�ective and economically e�cient way.

The system was �rst introduced in 2005. Its implementation has been divided
up into distinct trading periods over time, known as phases:

� Phase 1 (2005 � 2007)

� Phase 2 (2008 � 2012)

� Phase 3 (2013 � 2020)

� Phase 4 (2021 � 2030)

The EU ETS started o� with all 25 EU MS in phase 1, growing to 27 MS (EU
27) when Romania and Bulgaria joined the EU in 2007. From the start of phase
2 the EU ETS expanded to cover the entire European Economic Area (EEA) with
Norway, Iceland and Liechtenstein. In phase 3 the EU ETS grew further with the
addition of the largest stationary emitters in Croatia from January 2013, six months
before o�cial accession to the EU.

The �rst trading period of the EU ETS was a learning phase. The second trading
period coincides with the �rst commitment period, of the Kyoto Protocol. In order
to meet the given targets, the scope was widened, and a more ambitious cap was
set. This trend was maintained in the third trading period, as more greenhouse
gases and industries were added to the scheme in January 2013. In parallel, the cap
decreases every year by a linear reduction factor.

� Phase 1: cap set for each MS, aggregate for the EU: 2.11 bln t CO2 eq p.a.

� Phase 2: cap set for each MS, aggregate for the EU: 2.09 bln t CO2 eq p.a.

� Phase 3: centralized EU-wide cap: 2.08 bln t CO2 eq in 2013, reduced annually
by 1.74%.
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Our analysis focused only on all stationary services, highlighted in the Table3.1,
excluding the aviation sector.

Table 3.1: List of all the activities included in the EU ETS

# Type of activity
1 Re�ning of mineral oil
2 Production of coke
3 Metal ore roasting or sintering
4 Production of pig iron or steel
5 Production or processing of ferrous metals
6 Production of primary aluminium
7 Production of secondary aluminium
8 Production or processing of non-ferrous metals
9 Production of cement clinker
10 Production of lime, or calcination of dolomite/magnesite
11 Manufacture of glass
12 Manufacture of ceramics
13 Manufacture of mineral wool
14 Production or processing of gypsum or plasterboard
15 Production of pulp
16 Production of paper or cardboard
17 Production of carbon black
18 Production of nitric acid
19 Production of ammonia
20 Production of bulk chemicals
21 Production of hydrogen and synthesis gas
22 Production of soda ash and sodium bicarbonate
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Through the data provided by the European Environment Agency (EEA)2, we
have built four databases (see Attachment EU ETS in 3.4):

� EU ETS - Compliance with targets

Starting from the third phase an EU-wide cap was established with a linear
decrease factor of 1,74% with respect to the 2010 emissions level (midpoint
of the 2008-2012 period). We analysed the total allocated allowances on all
stationary installation for all MS during the three phases, verifying if each
State has complied with the targets de�ned for each year. The 'most virtuous'
countries have been highlighted in the Figure3.3, which have never (or al-
most) gone beyond the imposed targets, and are: Cyprus, Czechia, Denmark,
Finland, Germany, Greece, Ireland, Italy, Netherlands, Poland, Portugal, Slo-
vakia, Slovenia, United Kingdom.

Figure 3.3: Total allocated allowances in all stationary services for all EU MS

2https://www.eea.europa.eu/data-and-maps/dashboards
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� EU ETS � Percentage of free allowances over total allocated al-
lowances

We analysed the evolving, over the �rst three phases of trading, of the per-
centage of free allowances with respect to the total ones, emitted by each MS.
During the �rst two phases almost, all countries emitted exclusively free al-
lowances or even more than the auctioned ones, this because the �rst years of
trading were a learning period in which the new system was tested and imple-
mented. Starting from the third phase, instead, only sectors exposed to risks
of carbon leakage received 100% of their allowances for free, the other sectors
saw their free allocation reduced by 20% in 2013 and 70% by 2020. Countries
which emitted at least for one year more free allowances than auctioned ones
are: Austria, Denmark, France, Spain; However, the percentages of deviation
from 100% are very small [Figure3.4]. Instead the ones which issued only free
allowances in the third trading period (except for 2019) are: Iceland, Liecht-
enstein, Norway [Figure3.5]; precisely the countries outside the EU. It can be
speculated that this is precisely a strategy to attract foreign workforce and
encourage delocalisation from EU countries to these other countries.

Figure 3.4: Countries whose free allowances are > total allowances for at least one
year
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Figure 3.5: Countries which issued only free allowances in the third trading period
(except for 2019)

� EU ETS � Entities by size

The EU ETS classi�es installations in three di�erent monitoring categories:

� Category Zero: annual emissions are equal to 0; this category usually
refers to emissions from biomass.

� Category A: it is divided into: A1 average annual emissions are equal
to or less than 25,000 tCO2 eq; A2 average annual emissions between
25,000 and 50,000 tCO2 eq.

� Category B: average annual emissions between 50,000 and 500,000 tCO2
eq.

� Category C: average annual emissions are more than 500,000 tCO2 eq.

This database shows the % of entities, belonging to a certain category, for
each country, during the three periods considered. First of all, we tried to
understand if this remain constant over the years. This hypothesis is con-
�rmed, as demonstrated in Figure3.6, which shows that as time goes by, there
have been no sudden increases in the number of entities belonging to one cat-
egory compared to the others. A further analysis has been carried out to see
which countries deviate signi�cantly from the EU27 + UK values over the
years. Cyprus, Greece, Iceland, Luxembourg, Malta have a higher percentage
of Category C (high emissions) entities than other countries. Denmark, Latvia,
Liechtenstein, Lithuania, instead, have a higher percentage of Category A (low
emissions) entities than other countries [Figure3.7].
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Figure 3.6: Distribution of installations according to categories in EU 27 + UK

Figure 3.7: Distribution of installations according to categories for the year 2019
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3.2.2 Improvement of energy e�ciency of at least 20% over
the whole territory

Energy E�ciency Directive (EED) [23] entered into force in December 2012 with
the major aim to help European Union reaching the target of 20% energy e�ciency
by 2020. It established binding objectives at the European level, given �exibility to
each Member State, as shown in Article 24, to adopt internal speci�c measures and
policies to reach the goal.

Energy consumption indicator

The overall EU reduction target was to not exceed 1483 Mtoe of primary
energy or 1086 Mtoe in �nal energy consumption by 2020.

In order to deeply understand the commitment of each MS, and their relative
e�orts to reach the common goal of energy e�ciency, we examined data provided
by the database Eurostat3, regarding primary and �nal energy consumption (see
Attachment Energy e�ciency directive in 3.4):

� Final energy consumption is de�ned as the total energy consumed by end
users ranging from households to industry and agriculture;

� Primary energy consumption is de�ned as the measure of the total energy
demand of a nation (excluding all non-energy use of energy carriers), indeed, is
the most accurate index to compare di�erent countries to Europe 2020 target.

Data has been analysed considering a horizon of 20 years, from 2000 to 2020, but
the e�ects of the policy can only be considered in the period 2013 - 2020, considering
that it was implemented in December 2012. The available data refer up to 2018.

First of all, comparing the e�ective consumption of 2012 and the target set by
2020, for each member state, the di�erence in percentage was calculated. Then,
we calculated the decreasing/increasing linear factor, dividing the percentage high-
lighted above for the number of years taken into consideration (8 years). Doing so,
the e�ective consumption recorded by each MS was compared with the target re-
lated to each year (consumption of the previous year decreased by the linear factor).

In the period from 2000 to 2018, the EU has achieved a reduction in its total
energy consumption by 4,17% in primary energy and 0,81% in �nal energy. While
an encouraging trend was observed in the EU up until the year 2014, after that year
the trend was subsequently reversed, as can be seen from the Figure3.8.

3Final energy consumption:

https://ec.europa.eu/eurostat/tgm/table.do?tab=table&plugin=1&language=en&pcode=

t2020_34

Primary energy consumption:

https://ec.europa.eu/eurostat/databrowser/view/t2020_33/default/table?lang=en
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Figure 3.8: Final and primary energy consumption trend for EU 27 + UK

In 2014, the EU primary and �nal energy consumption registered the lowest
value over the analysed period (1.512,4 and 1.067,58 Mtoe). From 2015 to 2017 the
consumption increased again. In 2018 the primary energy consumption decreased
with a reduction rate of 0.67% and the �nal energy consumption increased with a
rate of 0,11%, but both remained still above the EU 2020 target. Building a trend
line for the functions of �nal and primary energy consumption it is deduced in fact
that neither of the two lines passes through the targets set for 2020. The actual gap
to accomplish the target is 4,44% for the primary energy consumption and 3,39%
for the �nal energy consumption.

Going into more detail, the moments before and after the entry into force of
the Energy E�ciency Directive have been analysed separately in Figure3.9 and
Figure3.10.
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Figure 3.9: Final and primary energy consumption trend for EU 27 + UK before
EED

Figure 3.10: Final and primary energy consumption trend for EU 27 + UK after
EED
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It is even more evident here an anomalous trend in the consumption of �nal
energy and primary energy, which leads to the hypothesis of the ine�ciency of the
directive. In fact, it is evident that in the period 2000-2012 in both functions the
trend is decreasing, as opposed to the period 2013-2020 where the trend is increasing.

Focusing on �nal energy consumption analysing the di�erent trends of each coun-
try, the only ones that can be considered virtuous (i.e. with �nal energy consump-
tion over the years always lower than the targets set) are those whose emission
targets imposed for 2020 are quantitatively lower than the emission levels of 2012.
The countries in question are: Croatia, Cyprus, Denmark, Finland, Greece, Italy,
Latvia, Netherlands, Portugal, Romania, Slovenia, Spain.

There is another consideration to be made: four MS (Germany, France, Italy,
United Kingdom) consumed 54% of the total primary energy consumption [Fig-
ure3.11].

Figure 3.11: Shares of EU MS to �nal energy consumption in 2018

A detailed analysis of the performance of these four countries shows that, apart
from Italy, the other countries do not meet the targets set. This is also evident from
the trends of �nal energy consumption in Figure3.12.
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Figure 3.12: Final energy consumption trends

In all three countries from 2014 onward there is a growing trend that does not
seem to stop for United Kingdom, unlike in Germany and France where from 2016
and 2017 the trend is reversed. It can therefore be said that the general trend in
energy consumption in the EU 27 + UK, which starting from the application of
the policy seems to be growing, depended heavily on the performance of the above-
mentioned countries.

Energy intensity indicator

By studying country behaviour, taking into account the energy consumption indi-
cator, we have realized that these trends can be in�uenced by country growth. A
positive trend may be a�ected by GDP growth and not consider technological im-
provements and the positive impact of energy e�ciency policies both at EU and
national level.

In order to cope with this, we take into account another indicator, energy inten-
sity, de�ned as the ratio between the energy consumption and GDP calculated for a
calendar year (2010). Generally, the lower energy intensity, the higher competitive-
ness of country analysed. Looking at this energy indicator, it can be observed from
Figure3.13 that energy intensity of EU 27 + UK declined from 159 to 118 Kilograms
of Oil eq / thousand euro, with a reduction of 35%. From 2000 onward, there has
been a continuous gradual decrease of this indicator, with the exception of 2003 and
2010 years.
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Figure 3.13: Energy intensity trend for EU 27 + UK

Even analysing the trends of the individual countries, it can be seen in Figure3.14
that, unlike the previous trends, which were all negative except for Italy, the trend
is now always negative for all countries. This means that net of economic growth,
the energy e�ciency has improved over the years.

Figure 3.14: Energy intensity trends
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3.2.3 Increase of at least 20% of the share of renewable en-
ergy sources in the consumption of �nal energy

The Europe 2020 strategy establishes that the share of renewable energy sources
in �nal energy consumption should increase to 20%. In addition the directive on
the promotion of the use of energy from renewable sources [24] sets mandatory na-
tional targets for the overall share of energy from renewable sources in gross �nal
consumption of energy.

Renewable energy sources cover solar thermal and photovoltaic energy, hydro,
wind, geothermal energy and all forms of biomass (including biological waste and
liquid biofuels).

In order to deeply understand the commitment of each MS, and their relative
e�orts to reach the common goal, we examined data provided by the database Eu-
rostat4, regarding the share of renewable energy sources in the consumption of �nal
energy (see Attachment Share of energy from renewable sources in 3.4).

In 2018, the share of energy from renewable sources in gross �nal energy con-
sumption reached 18% in the EU, up from 17.5% in 2017 and almost double the
share in 2005 (9,1%). By constructing the trendline one can notice that it passes
through the target de�ned for 2020 [Figure3.15].

Figure 3.15: Share of energy from renewable sources for EU27 + UK

4https://ec.europa.eu/eurostat/web/energy/data/shares
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As can be seen from the Figure3.16, among the 28 EU Member States, 12 MS
have already reached a share equal to or above their national 2020 binding tar-
gets: Bulgaria, Croatia, Cyprus, Czechia, Denmark, Estonia, Finland, Greece, Italy,
Latvia, Lithuania and Sweden.

Four MS are close to meet their targets (i.e. less than 1% point away): Austria,
Hungary, Portugal, Romania. At the opposite end of the scale, Netherlands (6,6
point away), France (6,4 point away), Ireland (4,9 point away), United Kingdom (4
point away) and Slovenia (3,9 point away) are the furthest away from their targets.

Sweden had by far the highest share in 2018 with more than half (54,6%) of its
energy coming from renewable sources and Netherlands the lowest (7,4%).

Figure 3.16: Comparison of share of energy from renewable sources in 2018 and
national 2020 binding targets for all EU MS
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3.3 Conclusions

This analysis exhibits that, at the aggregate level, European Union has demon-
strated, in this current decade, a huge commitment in respecting 2020 Strategy
targets and a strong capability to become sustainable also in the long term.

Dis-aggregating the whole picture, however, two di�erent behaviours can be rec-
ognized. One cluster concerns countries with a strong and mature internal economy
such as Germany, France, Italy and United Kingdom, the other includes the ones
which joined later the EU coping with an expanding economy such as Slovenia, Es-
tonia, Romania and Cyprus. This division re�ects also the di�erent level of internal
commitment demonstrated toward this strategy. On one hand the most established
states, although have been tackled very stringent targets, achieved the best results
in terms of complying. On the other, the remaining countries did not always stick
to the goals set, probably due to an unconsolidated economy.

Having this as historical data, the European Council already established, for the
next decade 2020-2030, even more ambitious targets regarding climate change &
energy with the 2030 framework for climate and energy policies [17].
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3.4 Attachments

1. GHG Emissions (for the non-digital version see Annex II )

2. EU ETS (for the non-digital version see Annex III, IV, V )

3. Energy e�ciency directive (for the non-digital version see Annex VI, VII,

VIII )

4. Share of energy from renewable sources (for the non-digital version see Annex

IX )
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Chapter 4

Impact analysis on small and

medium-sized enterprises in the EU

for the transportation sector

4.1 The economic e�ects of climate change and re-

lated mitigation policies

Recent studies propose that climate change directly a�ect economic variables, con-
sequently interfering in the dynamics of markets. In literature, for example, several
researches have shown evidences of how assets, sales and productivity could be in�u-
enced by extreme and unexpected weather conditions. In addition, the uncertainties
and risks associated with the increasingly frequent occurrence of natural catastrophic
events could led to an increase in the cost of equity capital for the most exposed
geographical areas and sectors.

The paper Climate change and green transitions in an agent-based integrated
assessment model [18], released in 2019, argue, under empirical basis, that the eco-
nomic statistical equilibrium based on a sustainable green growth, if pursued, would
lead to improved macroeconomic performances compared with the ones resulting
from a carbon intensive economic structure.

The growing attention on this topic by the international scienti�c community has
led governments, around the world, to de�ne and implement policies and �nancial
instruments to mitigate the climate e�ects that could damage, as above mentioned,
even the economic balance of the world's most important powers. However, the im-
position of these policies can also have, at least in the short term, negative e�ects on
the performance of companies, and therefore this aspect should also be considered.
In fact, if on the one hand they stimulate and encourage companies to innovate and
invest in the creation of innovative processes with low environmental impact, they
can also threaten and make entire sectors obsolete, also reducing the competitive-
ness necessary for growth.
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This chapter analyses the consequences that some variables that express climatic
data could have on speci�c economic indicators, taking into consideration the trans-
portation sector. This research was conducted through the analysis and use of a
dataset provided by the Climate Finance Observatory of the Polytechnic Uni-
versity of Milan. The Observatory is part of the Digital Innovation Observatories
and wants to become the reference point for the study of climate �nance and the
impact of climate risk on companies and �nancial institutions. The dataset is based
on more than 3,000,000 observations (3,083,560 precisely). Speci�cally, taking a
sample of more than 300,000 SMEs present in the sector, the results of oper-
ating revenues, total assets, non-current liabilities, current liabilities, a
�nancial ratio (debt ratio) have been analysed over a time interval of 10 years,
from 2009 to 2018, in relation to the occurrence of certain variations in the
statistical variables of the model representing climate data.

4.2 Transportation sector

The Global Industry Classi�cation Standard (GICS1) classify the transport sector
as a category of the broader industry sector and includes all companies and organi-
zations that provide services and infrastructure for the movement of people, animals
and goods such as delivery services, logistics, airlines, railways, air freight, marine
and others. This sector is fundamental for the economy of a nation and for the life
and well-being of its citizens. An e�cient transport system with its adequate infras-
tructure, in fact, promotes tourism, reduces pollution, stimulates the growth and
innovation of the country's economy and enhance internal and external competitive-
ness. However, this sector also has its weaknesses, in fact the performances of the
companies within it depends heavily on some external agents. The most important
is certainly the cost and supply of fuel, necessary for all the vehicles, very subjected
to global dynamics, which therefore lead to its instability. In recent years the price
of oil has increased dramatically, proving a decrease in pro�ts and an increase in
the cost structure of these companies. Other factors are labour supply and cost and
governmental regulations. Regarding the latter, in the last few decades they have
radically changed the structure of the entire sector, trying to promote and accelerate
its conversion towards the total elimination of the use of fossil fuels.

In the Europe Union, according to the Statistical Pocketbook 2019 of the Eu-
ropean Commission [19], this sector accounted for 5% of total Gross Value Added
(GVA) in 2017, with a value of 675 bln¿ (not considering own transport activi-
ties). The leading countries in the sector, per revenues, are Germany, the UK and
France. Moreover, according to the Eurostat Labour Force Survey in the same year
the sector employed about 12M of people.

1for further information visit:

https://en.wikipedia.org/wiki/Global_Industry_Classification_Standard
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4.2.1 European policies on transportation

Due to its crucial importance and its dependence on fossil fuels, the transport sector
has been the subject of several European Union Strategies, Directives and Regula-
tions in the last 10 years. Latest strategy, A European Strategy for Low-Emission
Mobility [16], has been released in July 2016 and has the aim to promote the transi-
tion of the Union towards a sustainable mobility, with a target of 100% carbon-free.
The e�ciency of infrastructures and the use of digital and cutting-edge solutions
are also the theme of these objectives, since ensuring the competitiveness of Mem-
ber States, promoting and encouraging the search for new solutions, is also a priority.

In order to achieve the objectives, several legislative actions have been taken
by the European Commission to impose standards and obligations. Among these,
Regulation setting CO2 emission performance standards for new passenger cars and
for new light commercial vehicles [11] and Clean and energy-e�cient road transport
vehicles [25] have been, respectively, emended in 2020 and in 2019. The former
de�nes mandatory carbon dioxide emission limits per kilometer traveled, which all
vehicle manufacturers must comply with for new passenger cars and new light com-
mercial vehicles. The latter, instead, obliges companies to take into account, when
purchasing on road vehicles , in support of production and distribution activities,
the environmental consequences for the entire period of life or use of these.

Moreover, as previously explained in the second chapter, the transport sector has
always been considered in a particular position with respect to whether or not to
participate in the EU ETS. From 2008 a part of the sector, the aviation2, entered into
the European Emission Trading System, with a target reduction of GHG of 20% in
2020 and 40% in 2030, as part of the Paris Agreement objectives. To date, the road
and maritime transport sectors are still excluded from the ETS, but Member States,
thanks to the conclusions promoted at the 2014 European Council meeting, are
mobilizing to try to extend the list of transport-related sectors within this scheme.
For example Germany, in December 2019, approved the Fuel Emissions Trading Act
(Brennsto�emissionshandelsgesetz � BEHG3), a national emission trading scheme,
running in parallel with the European one. It establishes a �xed price on carbon,
having the purpose to include, in the trading of GHG, also the emissions from fuels
of transports and buildings. The starting price will be moderate: 25¿/ton in 2021
to reach as high as 55¿/ton in 2025. It is necessary to reach the targets for reducing
emissions till 2030.

2According to GICS, Airlines sector is part of transportation sector.
3for further information visit:

https://www.bmu.de/fileadmin/Daten_BMU/Download_PDF/Gesetze/behg_en_bf.pdf
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4.3 Introduction to the model

Our analysis starts from the study of the speci�c database previously mentioned.

In this introductory part the variables that compose it are described. The data-
set can be divided into two macro groups, a �rst cluster in which the economic
variables are presented, and a second one that represents the description of statistical
variables, modeling climate phenomena.

4.3.1 Economic variables

The economic variables are taken from the Orbis database which took into consid-
eration in�ation for the speci�c year considered. The following are used (the unit of
measure is indicated in brackets):

� Temp_index : is the variable that refers uniquely to a given SME taken into
consideration.

� F_year : represents the year to which the �nancial data and climate results
refer. The time interval taken into consideration is 10 years from 2009 to 2018,
for ease of �nding reliable and consistent data.

� Total_ass [k¿]: represents the economic variable total asset. For a company,
an asset is de�ned as a tangible or intangible resource to which is associated a
current economic value that may also increase in the future. At the accounting
level, assets are recorded on the company's balance sheet and are acquired to
increase their value and prestige. The possession of a particular type of asset,
de�ned as innovative or rare to other companies, can bring a competitive
advantage not indi�erent to its owner. The sum of all the assets in possession of
a company corresponds to the variable total assets, used in this model. At the
accounting level are part of this variable: intellectual property, cash, credits,
machinery, inventory, patents, equipment, copyrights, investments that mature
in less than 90 days and more.

� NC_liab [k¿]: refers to non-current liabilities variable present in the balance
sheet of each company. This variable represents the long-term debts of a
company i.e. with a maturity which exceeds 12 months. These liabilities are
generally compared with cash �ows to see whether the company will be able
to meet these obligations over the long term. The more stable are cash �ows,
the more the company will be able to borrow in the long term, as it will have
the con�dence of its investors.

� C_liab [k¿]: represents current liability variable. The di�erence with respect
to the previous variable is that the debts and obligations are short-term and
therefore fall due in less than 12 months. The variable with which current
liabilities are related is generally the current assets, whose relationship is con-
sidered in order to understand whether the company will be able to pay these
debts in the short term.
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� Op_revenue: is associated to the operating revenues of each company taken
into observation for a de�ned �nancial year. Operating revenues are de�nes
as revenues obtained from the primary activities of the company itself, for
example an on-line retail company will see as operating revenues the sales over
the period of interest. This metric is often compared over the years in order
to adjust the state of health of the company, as well as its growth. However,
it must be remembered that the total revenues of a company are given by the
sum of operating revenues and the ones obtained from non-primary business
activities.

� Sales [k¿]: represents the variable linked to the sales of a given company in a
given year of interest.

� Cost_sold [k¿]: refers to the economic variable cost of sales (COGS). This
variable is de�ned as the sum of all direct costs relating to the acquisition
of raw materials and production costs, such as direct labour costs, necessary
to obtain the �nished product sold by the company considered. Finally, it
excludes the indirect costs associated with this product, such as distribution
costs and others.

� Total_assW01, NC_liabW01, C_liabW01, Op_revenueW01, SalesW01,
Costs_soldW01 [k¿]: are the same �nancial variables described above, but
slightly modi�ed. In fact, to make these variables more statistically consistent,
the following process has been carried out. The observations that di�er a lot
from the minimum and maximum value present have been replaced with the
data observed closer to this initial value.

� SME_dummy : is a binary variable that indicates whether the company de�ned
by temp_index is a small or medium enterprise or not.

� NACE_secL: is the variable which indicates the statistical classi�cation of
economic activities in the European Community4 and in the model it is �H�,
with reference to the transport sector.

4.3.2 Climate statistical variables

The second macro group of variables present in the database represents the climatic
and environmental phenomena. The following methodology has been used to con-
struct these variables: a historical reference distribution has been built considering
the daily temperatures observed from 1981 to 2010 for each region to which the com-
panies considered into the model belong; starting from this, is de�ned an abnormal
day from the climatic point of view, the one that deviates from the percentile, used
as a threshold for that particular variable, of the probability distribution built on
all the same days of the same month from 1981 to 2010.

4for further information visit:

https://ec.europa.eu/competition/mergers/cases/index/nace_all.html
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Below are described in a broad way these variables:

� cold_count & hot_count : they are the climatic variables that represent the
actual count of the days considered, respectively, cold and hot in reference
of the F_year in the model, taking into consideration the geographic area to
which the �rm considered belongs. A day is therefore considered cold if it
di�ers from the 10th percentile of the probability distribution described above,
while it is considered hot if it di�ers from the 90th percentile of the same
distribution.

� cold_mean & hot_mean: they represent the mean of the di�erence of temper-
ature between respectively cold days and the 10th percentile of the probability
distribution and hot days and the 90th percentile of the same distribution.

� ex_cold_count & ex_hot_count : which the extended name is extremely could
count and extremely hot count. The di�erence with could_count and hot_count
variables is the threshold considered to de�ne a speci�c observed day hot or
cold. The percentiles used for these two variables are respectively the 5th

for ex_cold_count and the 95th for the ex_hot_count. For this reason these
variables are considered more conservative.

� ex_cold_mean & ex_hot_mean: they represent the mean of the di�erence
of temperature between respectively cold days and the 5th percentile of the
probability distribution and hot days and the 95th percentile of the same dis-
tribution.

� dd_hot & dd_cold : they are variables which extended name is respectively
degree days hot and cold. The variables are make up by multiplying, by
region and by year, the number of hot or cold days and the respective average
delta. The threshold considered are the same of could_count and hot_count.

� dd_ex_hot & dd_ex_cold : they are variables which extended name is respec-
tively degree days hot and cold. The variables are make up by multiplying,
by region and by year, the number of hot or cold days and the respective av-
erage delta. The threshold considered are the same of ex_could_count and
ex_hot_count.

� hot_year & cold_year : they are Boolean variables which indicate if the year
analysed is considered hot or cold with respect the ones considered normal and
taken as baseline.

� ex_hot_year & ex_cold_year : they are Boolean variables which indicate if
the year analysed is considered hot or cold with respect the ones considered
normal and taken as baseline. For these variable the threshold considered is
more conservative and it is the same of the other ex_ variables.

� rrm [mm]: it represents the average rainfall level in a given area and in a given
year.
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� qqm [W/m2]: it represent the average solar radiation in a given area and in a
given year.

� age: maturity of the �rm considered.

This model is used to conduct further analysis which is focused on the possible
relationships between anomalous climatic phenomena and the reduction of economic
pro�t variables, for SMEs in the transport sector. In detail, in the next para-
graphs, regression models will be structured and subsequently analysed
in order to understand the relationship between some economic variables
/ �nancial ratios (operating revenues, total assets, non-current liabilities,
current liabilities, debt ratio) and others related to climate change.
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4.4 Explanation of the multiple regression analysis

output

First of all, let's explain the output of a multiple regression analysis in Figure4.1
and Figure4.2:

Figure 4.1: Example of a linear regression model

Figure 4.2: Example of a linear regression model with standardized beta coe�cients

Footnotes

a. This is the source of variance,Model, Residual, and Total. The Total Variance
is partitioned into the variance which can be explained by the independent
variables (Model) and the variance which is not explained by the independent
variables (Residual).

b. These are the Sum of Squares associated with the three sources of variance,
Total, Model and Residual.

� SSTotal : The total variability around the mean. Σ(Y � Ybar)2.

� SSResidual : The sum of squared errors in prediction. Σ(Y � Ypredicted)2.

� SSModel : The improvement in prediction by using the predicted value of
Y over just using the mean of Y.

c. These are the degrees of freedom associated with the sources of variance. The
total variance has N-1 degrees of freedom (df ). The model degrees of freedom
corresponds to the number of predictors (including the intercept) minus 1.
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d. These are the Mean Squares, the Sum of Squares divided by their respective
df.

e. This is the number of observations used in the regression analysis.

f. The F Value is the MS Model divided by the MS Residual, obtaining F.

g. This is the p-value associated with the F value. The p-value is compared to
alpha level (in this case 0.05) and, if smaller, it means that the independent
variables reliably predict the dependent variable. If the p-value were greater
than alpha, it means that the group of independent variables do not show
a signi�cant relationship with the dependent variable. Note that the ability
of each individual independent variable to predict the dependent variable is
addressed in the table below.

h. R-square is the proportion of variance in the dependent variable which can be
predicted from the independent variables.

i. Adjusted R-square indicates the variability of the dependent variable after
taking into account the number of predictor variables in the model. When the
number of observations is very large compared to the number of predictors,
the value of R-square and adjusted R-square are closer.

j. Root MSE is the standard deviation of the error term, and is the square root
of the MS Residual (or Error).

k. The variable _cons represents the constant, the height of the regression line
when it crosses the Y axis.

l. Coef. tells you about the relationship between the independent variables and
the dependent variable. These estimates tell the amount of increase in the de-
pendent variable that would be predicted by a 1 unit increase in the predictor.

m. These are the standard errors associated with the coe�cients.

n. These columns provide the t value and the p-value used in testing the null
hypothesis that the coe�cient is 0. Coe�cients having p-values less than
alpha are signi�cant (i.e. you can reject the null hypothesis and say that the
coe�cient is signi�cantly di�erent from 0).

o. This shows a 95% con�dence interval for the coe�cient. This is very useful as
it helps you understand how high and how low the actual population value of
the parameter might be.

p. These coe�cients are standardized regression coe�cients. The beta coe�cients
are used by some researchers to compare the relative strength of the various
predictors within the model. Because the beta coe�cients are all measured in
standard deviations, instead of the units of the variables, they can be compared
to one another.
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4.5 Operating revenue indicator

4.5.1 Model construction

To better understand which climate variables major represent the impact of envi-
ronmental event over operating revenues, the following trial and error approach
is used.

1. cold_count & hot_count VS cold_mean & hot_mean

The comparison of these two outputs shows that cold_count and hot_count
better �t the model. In fact, using the Adj R-squared as discriminating, the
�rst output has a value higher than the one of the second model. Consequently,
cold_mean and hot_mean would not be considered in further regression mod-
els with operating revenue as dependent variable.
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2. ex_cold_count & ex_hot_count VS ex_cold_mean & ex_hot_mean

The comparison of the two outputs con�rmed the robustness of the previous
point. That is, the variable that represents the count, dense in the model
better than its average, analysing both the Adj R-squared and the Root MSE.

Now, given the similar nature of count variables, the presence of one type in
the �nal regression model excludes the other. To determine which of the two
continue to take into account another comparison between the two was made
but including the variable age.
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3. cold_count & hot_count VS ex_cold_count & ex_hot_count

Comparing the indicators, ex_cold_count and ex_hot_count better �t. In
this case the accuracy of the data is higher, since the values considered for
the two variables ex_hot_count and ex_cold_count only concern up to the
5th percentile and from the 95th percentile of the value distribution. Also
analysing Coef of the variables cold_count and ex_cold_count, it is evident
that the impact on the dependent variable is greater in the second variable
(-10.80 resp. -11.99), precisely because the measure of days considered to be
cold is even stricter. On the contrary, the coe�cient of the variables hot_count
and ex_hot_count is more or less the same.
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4. dd_ex_hot & dd_ex_cold VS dd_hot & dd_cold

The second model better �ts with the variables dd_ex_hot and dd_ex_cold.

Now the �nal choice between ex_hot_count / ex_cold_count and dd_ex_hot
/ dd_ex_cold must be taken, because both types of variables are the expres-
sion of the same phenomenon modeled mathematically in di�erent way, so
considering the �nal regression model, only one type has to be considered.
Comparing the two outputs, ex_hot_count and ex_cold_count seem to bet-
ter �t the model, so they are the type of variables which will be considered in
the �nal model.
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5. Creation of the �nal model

Considering the �nal regression model, the independent variables taken into
account are:

� C_liab or C_liabW01, to verify the relationship between revenues and
the debt capacity of a company;

� ex_hot_count and ex_cold_count ;

� ex_hot_year and ex_cold_year, are also taken into account because
Boolean modularization, which is di�erent from the count distribution,
could bring to di�erent results not negligible in the �nal model;

� rrm;

� qqm;

� age, in order to verify if there is a relationship with the maturity of the
�rms and its operating revenues results;

We cannot consider the economic variables because they are too correlated to
each other. A model is reliable when the correlation between variables does
not exceed the value of 0.4.
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We make a �rst test by inserting all the variables in the model and then we
analyze the results.

It can be seen that the results of Adj R-squared and Root MSE are not so
satisfying. The results are not so surprising considering that due to correlation
problems we were obliged to exclude all economic variables.

It is evident that is that the Coef. of the independent variables ex_cold_year
and ex_hot_year are enormously greater than the others (respectively -94.33
and 282.14 as opposed to the other coe�cients that have values in the range
[-14;50]). Therefore the two variables mentioned above will not be included
anymore. By eliminating the two variables ex_hot_year and ex_cold_year,
in the new model Adj R-squared and Root MSE remain almost equal to those
of the previous model.

The �nal model is found replacing the variableOp_revenue withOp_revenueW01,
with a substantial improvement of reliability indicators.

66



4.5.2 Preliminary �nal model

In a preliminary analysis, the linear regression model used to assess the impact of
environmental events on the operating revenues variable is illustrated in Figure4.3
and Figure4.4.

Let's examine the output from this regression analysis. The R-squared is 0.5930,
meaning that approximately 59% of the variability of Op_revenue is accounted by
the variables in the model. The coe�cients for each of the variables indicates the
amount of change one could expect in Op_revenueW01 given a one-unit change
in the value of that variable, given that all other variables in the model are held
constant. Let's focus on the predictors, whether they are statistically signi�cant
and, if so, the direction of the relationship.

� The coe�cients of ex_cold_count and ex_hot_count are both negative, as we
would have expected. An increase of one cold day in a given area in a give
year causes a decrease in revenues of 2.347 k¿, whereas an increase of one hot
day causes a decrease of 3.9 k¿.

� The coe�cient of rrm is positive, contrary to our expectations. A 1 mm
increase in total rainfall for a given area in a given year causes an increase in
revenues of 0.017 k¿. Although the relationship is positive, this variable has
the lowest Coef. of all and the impact on the reliability of the model is the
smallest, with beta equal to 0.0026.

� The coe�cient of qqm is negative, as we would have expected. An increase of
1 W/m2 of average solar radiation for a given area in a given year causes a
decrease in revenues of 4.635 k¿.

� The coe�cient of age is positive, which would indicate that the maturity of a
�rm has a positive in�uence on its revenues.

� The _cons is the predicted value when all the independent variables are equal
to 0. Usually, the constant is not very interesting.

67



Figure 4.3: Linear regression model with operating revenue as dependent variable

Figure 4.4: Linear regression model with operating revenue as dependent variable,
with st. beta coe�cients
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4.5.3 Regression diagnostics

There are four assumptions associated with a linear regression model (normality,
linearity, homoscedasticity, independence); without verifying that the data have
met the assumptions, the results may be misleading. In particular, we will consider
the �rst two assumptions:

� Normality, the residuals should be normally distributed.

� Linearity, the relationships between the predictors and the outcome variable
should be linear.

Normality

Let's check the normality of the residuals. As you can see from the graph below
(Figure4.5), there is a massive deviation from normal.

Figure 4.5: Kernel density plot for residuals with the normal option

A common cause of non-normally distributed residuals is non-normally dis-
tributed outcome and/or predictor variables. So, let us explore the distribution
of our variables and how we might transform them to a more normal shape. Loga-
rithmic transformations are a convenient means of transforming a highly skewed
variable into one that is more approximately normal. Let's start by making his-
togram of the variables in the model (Figure4.6).
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Figure 4.6: Histogram for all the variables in the model with normal option
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In all of the graphs above the distribution looks skewed. In particular, the distri-
bution of the variables Op_revenueW01 and age is particularly skewed to the right,
while that of ex_cold_count, ex_hot_count and rrm is slightly skewed to the right,
�nally the one of qqm is slightly skewed to the left.

Let's see how the distribution of variables changes, turning them into logarithmic
variables (Figure4.7).

Figure 4.7: Histogram for all the log variables in the model with normal option

Now the distributions look de�nitely better. The only variable that does not
have a logarithmic distribution is the variable age, because the values of this vari-
able are adimensional and it would make no sense to perform a logarithmic function.
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Rechecking the normality of residuals in the graph below (Figure4.8), now the
pattern looks better with the two curves that tend to overlap, with a small deviation
from normal.

Figure 4.8: Kernel density plot for residuals with the normal option
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Linearity

Linear regression needs the relationship between the independent and dependent
variables to be linear. The linearity assumption can best be tested with scatter
plots.

In the graphs below (Figure4.9) there isn't a clear non-linear pattern (such as a
curved band or a big wave-shaped curve) so there is not the problem of non-linearity
between variables.

Figure 4.9: Scatter plots between the dependent variable and the predictors
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Even if the scatter plots do not seem to show multi-collinearity, we need to
do further checks to see if it is present or not. When there is a perfect linear
relationship among the predictors, the estimates for a regression model cannot be
computed. The term collinearity implies that two variables are near perfect linear
combinations of one another; when more than two variables are involved it is often
called multi-collinearity. Multi-collinearity may be tested with two central criteria:

� Variance In�ation Factor (VIF). With VIF > 5 there is an indication
that multi-collinearity may be present; with VIF > 10 there is certainly multi-
collinearity among the variables. The VIFs look �ne in the Figure4.10.

Figure 4.10: VIF command to check for multi-collinearity

� Correlation matrix. Among all independent variables the correlation coef-
�cients need to be smaller than 0.4. Also the correlation coe�cients look �ne
in the Figure4.11.

Figure 4.11: Matrix indicating the correlations among all variables
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4.5.4 Final model

The �nal linear regression model used to assess the impact of environmental events
on the operating revenues variable is illustrated in Figure4.12 and Figure4.13.

Let's examine the output from this regression analysis. The R-squared is 0.0729,
meaning that approximately 7% of the variability of log_Op_revenueW01 is ac-
counted by the variables in the model. Now both model reliability indicators have
improved, compared to the preliminary analysis model: Adj R-squared has increased
(0.0729 versus 0.0563) and Root MSE has decreased signi�cantly (0.92007 versus
2054.1), due to much smaller coe�cients. Also in this �nal model the accuracy indi-
cators of the model are rather low, but we should not be surprised about this, being
only climatic variables that cannot fully explain the trend of the dependent vari-
able operating revenue. Let's focus on the predictors, whether they are statistically
signi�cant and, if so, the direction of the relationship.

� The coe�cients of log_ex_cold_count and log_ex_hot_count are both nega-
tive, as we would have expected. An increase of 1% in ex_cold_count causes
a decrease in revenues of 0.83%5, whereas an increase of 1% in ex_hot_count
causes a decrease of 1.21%6.

� The coe�cient of log_rrm is positive. A 1% increase in the total rainfall for
a given area in a given year causes an increase in revenues of 0.18%7.

� The coe�cient of log_qqm is negative, as we would expect. An increase of 1%
in the average solar radiation for a given area in a given year causes a decrease
in revenues of 0.37%8.

� The coe�cient of age is positive, which would indicate that the maturity of a
�rm has a positive in�uence on its revenues; a company one year older increases
its revenues by 1.04%9.

� The _cons is the predicted value when all the independent variables are equal
to 0. Usually, the constant is not very interesting.

5the result comes out by this calculation: (1− 10log(1.01)∗−0.8407568) ∗ 100
6the result comes out by this calculation: (1− 10log(1.01)∗−1.225279) ∗ 100
7the result comes out by this calculation: (10log(1.01)∗0.0039996 − 1) ∗ 100
8the result comes out by this calculation: (1− 10log(1.01)∗−0.0141205) ∗ 100
9the result comes out by this calculation: (100.+0191186 − 1) ∗ 100
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Figure 4.12: Linear regression model with operating revenue as dependent variable

Figure 4.13: Linear regression model with operating revenue as dependent variable,
with st. beta coe�cients
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4.6 Total asset indicator

4.6.1 Model construction

Regarding the choice of environmental variables to adopt in the model with total
asset as dependent variable, we will repeat the trial and error approach used in the
previous model.

1. cold_count & hot_count VS cold_mean & hot_mean

The comparison of these two outputs shows that cold_count and hot_count
better �t the model. In fact, using the Adj R-squared as discriminating, the
�rst output has a value higher than the one of the second model. Consequently,
cold_mean and hot_mean would not be considered in further regression mod-
els with total asset as dependent variable.
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2. ex_cold_count & ex_hot_count VS ex_cold_mean & ex_hot_mean

The comparison of the two outputs con�rmed that the variables that represent
the count dense in the model better than its average, analysing both the Adj
R-squared and the Root MSE.

Now, given the similar nature of count variables, the presence of one type in
the �nal regression model excludes the other. To determine which of the two
continue to take into account another comparison between the two was made
but including the variable age.
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3. cold_count & hot_count VS ex_cold_count & ex_hot_count

Comparing the indicators, ex_cold_count and ex_hot_count better �t. In
this case the accuracy of the data is higher, since the values considered for the
two variables ex_hot_count and ex_cold_count only concern up to the 5th
percentile and from the 95th percentile of the value distribution.
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4. dd_ex_hot & dd_ex_cold VS dd_hot & dd_cold

The second model better �ts with the variables dd_ex_hot and dd_ex_cold.

Now the �nal choice between ex_hot_count / ex_cold_count and dd_ex_hot
/ dd_ex_cold must be taken, because both types of variables are the expres-
sion of the same phenomenon modeled mathematically in di�erent way, so
considering the �nal regression model, only one type has to be considered.
Comparing the two outputs, ex_hot_count and ex_cold_count seem to bet-
ter �t the model, so they are the type of variables which will be considered in
the �nal model.
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5. Creation of the �nal model - Step 1

Considering the �nal regression model, the independent variables taken into
account are:

� ex_hot_count and ex_cold_count ;

� ex_hot_year and ex_cold_year, are also taken into account because
Boolean modularization, which is di�erent from the count distribution,
could bring to di�erent results not negligible in the �nal model;

� rrm;

� qqm;

� age.

We cannot consider the economic variables as C_liab and NC_liab because
they are too correlated to each other. A model is reliable when the correlation
between variables does not exceed the value of 0.4.

We make a �rst test by inserting all the variables in the model and then we
analyze the results.

The results of the analysis are not so satis�ed because of the lack of economic
dependent variables. In addition to this, there are the variables ex_hot_year
and ex_cold_year with a Coef. too high compared to all the others. We then
decide to remove the two variables.

By eliminating the two variables ex_hot_year and ex_cold_year, in the new
model Adj R-squared and Root MSE remain almost equal to those of the
previous model, but now all independent variables are signi�cant.
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4.6.2 Preliminary �nal model

In a preliminary analysis, the linear regression model used to assess the impact of
environmental events on the total assets variable is illustrated in Figure4.14 and
Figure4.15.

Let's examine the output from this regression analysis. The R-squared is 0.0397,
meaning that approximately 4% of the variability of Total_ass is accounted by the
variables in the model. Let's focus on the predictors, whether they are statistically
signi�cant and, if so, the direction of the relationship:

� The coe�cients of ex_cold_count and ex_hot_count are both negative, as we
would have expected. An increase of one cold day in a given area in a give year
causes a decrease in the value of total assets of 4.91 k¿, whereas an increase
of one hot day causes a decrease of 5.90 k¿.

� The coe�cient of rrm is positive. A 1 mm increase in total rainfall for a given
area in a given year causes an increase in the value of total assets of 0.19 k¿.
Although we would have expected a negative relationship, the impact of this
variable on the reliability of the model is quite modest, considering that it has
the lowest beta coe�cient (0.0287) and the lowest Coef..

� The coe�cient of qqm is negative, as we would expect. An increase of 1 W/m2

of average solar radiation for a given area in a given year causes a decrease in
revenues of 3.61 k¿.

� The coe�cient of age is positive, which would indicate that the maturity of a
�rm has a positive in�uence on its revenues. This may be due to the fact that
a more mature company has a higher total asset value than a company that
has just entered the market.

� The _cons is the predicted value when all the independent variables are equal
to 0.
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Figure 4.14: Linear regression model with total asset as dependent variable

Figure 4.15: Linear regression model with total asset as dependent variable, with
st. beta coe�cients
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4.6.3 Regression diagnostics

Let's verify if data have met the assumptions of normality and linearity.

Normality

Let's check the normality of the residuals. As you can see from the graph below
(Figure4.16), there is a massive deviation from normal.

Figure 4.16: Kernel density plot for residuals with the normal option

A common cause of non-normally distributed residuals is non-normally dis-
tributed outcome and/or predictor variables. So, let us explore the distribution
of our variables and how we might transform them to a more normal shape. Loga-
rithmic transformations are a convenient means of transforming a highly skewed
variable into one that is more approximately normal. Let's start by making his-
togram of the only variable not analysed in the previous paragraph (Figure4.17).

Figure 4.17: Histogram for total asset variable with normal option

In the graph above the distribution looks skewed to the right.
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Let's see how the distribution of variable changes, turning it into logarithmic
variable (Figure4.18).

Figure 4.18: Histogram for total asset log-variable with normal option

Now the distribution looks de�nitely better. Also in this model, the only variable
that will not be transformed into logarithm is the age variable, because the values of
this variable are adimensional and it would make no sense to perform a logarithmic
function.

Re-checking the normality of residuals in the graph below (Figure4.19), now the
pattern looks better, with a small deviation from normal.

Figure 4.19: Kernel density plot for residuals with the normal option
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Linearity

Linear regression needs the relationship between the independent and dependent
variables to be linear. The linearity assumption can best be tested with scatter
plots.

In the graphs below (Figure4.20) there isn't a clear non-linear pattern (such as a
curved band or a big wave-shaped curve) so there is not the problem of non-linearity
between variables.

Figure 4.20: Scatter plots between the dependent variable and the predictors
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Even if the scatter plots do not seem to show multi-collinearity, we need to
do further checks to see if it is present or not. When there is a perfect linear
relationship among the predictors, the estimates for a regression model cannot be
computed. The term collinearity implies that two variables are near perfect linear
combinations of one another; when more than two variables are involved it is often
called multi-collinearity. Multi-collinearity may be tested with two central criteria:

� Variance In�ation Factor (VIF). With VIF > 5 there is an indication
that multi-collinearity may be present; with VIF > 10 there is certainly multi-
collinearity among the variables. The VIFs look �ne in the Figure4.21.

Figure 4.21: VIF command to check for multi-collinearity

� Correlation matrix. Among all independent variables the correlation coef-
�cients need to be smaller than 1. Also the correlation coe�cients look �ne in
the Figure4.22.

Figure 4.22: Matrix indicating the correlations among all variables
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4.6.4 Final model

The �nal linear regression model used to assess the impact of environmental events
on the total assets variable is illustrated in Figure4.23 and Figure4.24.

Let's examine the output from this regression analysis. The R-squared is 0.1136,
signi�cantly higher than the model of the preliminary analysis, where approximately
4% of the variability of Total_ass is accounted by the variables in the model. Root
MSE has decreased signi�cantly due to much smaller coe�cients. Let's focus on the
predictors, whether they are statistically signi�cant and, if so, the direction of the
relationship.

� The coe�cients of log_ex_cold_count and log_ex_hot_count are both nega-
tive, as we would have expected. An increase of 1% in ex_cold_count causes a
decrease in total assets of 0.67%10, whereas an increase of 1% in ex_hot_count
causes a decrease of 1.35%11. It can be seen that the impact of the variable
related to abnormal hot temperatures on total assets is greater than that on
revenues.

� The coe�cients of log_rrm and log_qqm are positive, contrary to our expecta-
tions. A 1% increase in the total rainfall for a given area in a given year causes
an increase in total assets of 0.35%12 and an increase of 1% in the average so-
lar radiation for a given area in a given year causes an increase of 0.15%13.
Contrary to the preliminary �nal model, where rrm was quite insigni�cant,
now the impact of these new variables on the reliability of the model is almost
equal (0.0545 and 0.0389).

� The coe�cient of age is positive, which would indicate that the maturity of
a �rm has a positive in�uence on its total assets; a company one year older
increases the value of the total assets by 6.18%14.

� The _cons is the predicted value when all the independent variables are equal
to 0. Usually, the constant is not very interesting.

10the result comes out by this calculation: (1− 10log(1.01)∗−0.6714285) ∗ 100
11the result comes out by this calculation: (1− 10log(1.01)∗−1.362502) ∗ 100
12the result comes out by this calculation: (10log(1.01)∗0.3469828 − 1) ∗ 100
13the result comes out by this calculation: (10log(1.01)∗0.3574662 − 1) ∗ 100
14the result comes out by this calculation: (100.0230524 − 1) ∗ 100
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Figure 4.23: Linear regression model with total asset as dependent variable

Figure 4.24: Linear regression model with total asset as dependent variable, with
st. beta coe�cients
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4.7 Current and non-current liabilities indicators

In this case the two regression models with independent variables current liabilities
and non-current liabilities are analysed in parallel.

4.7.1 Models construction

Regarding the choice of environmental variables to adopt in the model, we will
repeat the trial and error approach used in the previous model. The observations
we will conduct for the dependent variable C_liab are also valid for NC_liab.

1. cold_count & hot_count VS cold_mean & hot_mean

The comparison of these two outputs shows that cold_mean and hot_mean
better �t the model. In fact, using the Adj R-squared as discriminating, the
�rst output has a value higher than the one of the second model. Consequently,
cold_count and hot_count would not be considered in further regression mod-
els with total asset as dependent variable.
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2. ex_cold_count & ex_hot_count VS ex_cold_mean & ex_hot_mean

The comparison of the two outputs con�rmed that the variables that represent
the mean dense in the model better than its count.

Now, given the similar nature of count variables, the presence of one type in
the �nal regression model excludes the other. To determine which of the two
continue to take into account another comparison between the two was made
but including the variables age.
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3. cold_mean & hot_mean VS ex_cold_mean & ex_hot_mean

Comparing the indicators, cold_mean and hot_mean better �t.
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4. dd_ex_hot & dd_ex_cold VS dd_hot & dd_cold

The �rst model better �ts with the variables dd_hot and dd_cold.

Now the �nal choice between cold_mean / hot_mean and dd_hot / dd_cold
must be taken, because both types of variables are the expression of the same
phenomenon modeled mathematically in di�erent way, so considering the �nal
regression model, only one type has to be considered. Comparing the two
outputs, using also the independent variables age, rrm, qqm, cold_mean and
hot_mean seem to better �t the model, so they are the type of variables which
will be considered in the �nal model.
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5. Creation of the �nal model - Step 1

Considering the study made on variables in the models with revenue and to-
tal asset as dependent variables, we decide to use the logarithmic variables
directly. The independent variables taken into account in the model for the
preliminary analysis are:

� cold_mean and hot_mean, not transformed into logarithmic variables
since they correspond to an average that, as in the case of cold_mean, is
negative and therefore impossible to transform into logarithm;

� cold_year and hot_year, not transformed into logarithmic variables be-
cause they are Boolean variables. They are also taken into account be-
cause Boolean modularization, which is di�erent from the count distri-
bution, could bring to di�erent results not negligible in the �nal model;

� log_rrm;

� log_qqm;

� age, not transformed into logarithmic variable as in the previous models.

We make a �rst test by inserting all the variables in the model and then we
analyze the results.

By eliminating the two variables ex_hot_year and ex_cold_year, in the new
model Adj R-squared and Root MSE remain almost equal to those of the
previous model as they add nothing to the model that is not already explained
by cold_mean and hot_mean.
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4.7.2 Preliminary �nal models

In a preliminary analysis, the linear regression models used to assess the impact
of environmental events on the current liabilities and non-current liabilities
variables are illustrated in Figure4.25 and Figure4.26.

Let's compare the outputs from these regression analysis. The R-squared is a
low value in both models: in the �rst model approximately 6.5% of the variability
of log_C_liab is accounted by the variables in the model, while in the second only
5.5%. First we will check if data meet the assumptions and then we will comment
the outputs.
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Figure 4.25: Linear regression model with current liabilities as dependent variable,
with st. beta coe�cients

Figure 4.26: Linear regression model with non-current liabilities as dependent vari-
able, with st. beta coe�cients

96



4.7.3 Regression diagnostics

Let's verify if data have met the assumptions of normality and linearity.

Normality

Let's check the normality of the residuals. As you can see from the graphs below
(Figure4.27 and Figure4.28), in both graphs there is a deviation from normal which
is acceptable.

Figure 4.27: Kernel density plot for residuals with the normal option with current
liabilities as dependent variable

Figure 4.28: Kernel density plot for residuals with the normal option with non-
current liabilities as dependent variable
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We plot the histograms of variables cold_mean and hot_mean (Figure4.29) to
see if the distribution is particularly skewed or not.

Figure 4.29: Histogram for all the variables not-analysed in the model with normal
option

In all of the graphs above the distribution doesn't look skewed. For this reason,
we consider the normality hypothesis veri�ed.

Linearity

Linear regression needs the relationship between the independent and dependent
variables to be linear. The linearity assumption can best be tested with scatter
plots.

In all the relationships analysed between dependent and independent variables
there isn't a clear non-linear pattern (such as a curved band or a big wave-shaped
curve) so there is not the problem of non-linearity between variables. We avoid to
display all the scatter plots.

Even if the scatter plots do not seem to show multi-collinearity, we need to
do further checks to see if it is present or not. When there is a perfect linear
relationship among the predictors, the estimates for a regression model cannot be
computed. The term collinearity implies that two variables are near perfect linear
combinations of one another; when more than two variables are involved it is often
called multi-collinearity. Multi-collinearity may be tested with two central criteria:
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� Variance In�ation Factor (VIF). With VIF > 5 there is an indication
that multi-collinearity may be present; with VIF > 10 there is certainly multi-
collinearity among the variables. The VIFs look �ne in the Figure4.30 and
Figure4.31.

Figure 4.30: VIF command to check for multi-collinearity with current liabilities as
dependent variable

Figure 4.31: VIF command to check for multi-collinearity with non-current liabilities
as dependent variable
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� Correlation matrix. Among all independent variables the correlation coef-
�cients need to be smaller than 1. Also the correlation coe�cients look �ne in
the Figure4.32 and Figure4.33.

Figure 4.32: Matrix indicating the correlations among all variables with current
liabilities as dependent variable

Figure 4.33: Matrix indicating the correlations among all variables with non-current
liabilities as dependent variable
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4.7.4 Final models

The �nal linear regression models used to assess the impact of environmental events
on the current liabilities and non-current liabilities variables are the same of
the preliminary analysis, illustrated in Figure4.34 and Figure4.35.

Let's examine the output from this regression analysis. The R-squared are quite
di�erent in the two model: 0.0651 in the one with current liability as dependent
variable and 0.0552 in the other.

� The coe�cient of cold_mean is positive in both models. A unit decrease in
cold_mean (and not increase since it is a negative variable) causes a decrease
in current liabilities of 32.02%15,and a decrease in non-current liabilities of
1.55%16. These results have more impact than the values highlighted in previ-
ous models, quantitatively speaking, because in this case we are talking about
average and not counting the days with abnormal temperatures. It is di�cult,
however, states that abnormal cold temperatures have a positive impact on
long-term and short-term corporate debt, as apparently it might seem. An in-
creasing trend can indicate that a business is unwilling or unable to pay down
its debt, which could indicate a default in the future; at the same time greater
exposure to debt means that the company is able to grow and thus increase
its revenues in the short term. Therefore, debt reduction, i.e. the loss of the
capacity to get into debt, cannot be considered an always positive event.

� The coe�cient of hot_mean is negative in both models. A unit increase in
hot_mean causes a decrease in current liabilities of 42.95%17, and a decrease
in non-current liabilities of 10.11%18. The attitude of this variable is the same
as cold_mean, so we can con�rm the same considerations made previously.

� The coe�cient of log_rrm is negative in the �rst model (with current liabilities
as dependent variable) and positive in the other. A 1% increase in the total
rainfall for a given area in a given year causes a decrease in current liabilities
of 0.02%19 and a increase in non-current liabilities of 0.09%20. The e�ect of
this variable on both short and long term debt is minimal.

� The coe�cient of log_qqm is negative in both models. An increase of 1%
in the average solar radiation for a given area in a given year causes a de-
crease of 0.61%21 and a decrease in non-current liabilities of 0.68%22. The
e�ect is slightly more ampli�ed for long-term debt than short-term debt. Here
too, a reduction in debt cannot necessarily be considered a positive e�ect, as
described above.

15the result comes out by this calculation: (100.1206418 − 1) ∗ 100
16the result comes out by this calculation: (100.0066772 − 1) ∗ 100
17the result comes out by this calculation: (1− 10−0.2437695) ∗ 100
18the result comes out by this calculation: (1− 10−0.0462713) ∗ 100
19the result comes out by this calculation: (1− 10log(1.01)∗−0.1167538) ∗ 100
20the result comes out by this calculation: (10log(1.01)∗0.0871994 − 1) ∗ 100
21the result comes out by this calculation: (1− 10log(1.01)∗−0.6157647) ∗ 100
22the result comes out by this calculation: (1− 10log(1.01)∗−0.6910312) ∗ 100
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� The coe�cient of age is positive in both models. A company one year older
increases the value of the current liabilities by 4.24%23 and the value of the
non-current liabilities by 3.79%24. This suggests that the growth of a company
over the years is correlated with the increase in debt.

� The _cons is the predicted value when all the independent variables are equal
to 0. Usually, the constant is not very interesting.

23the result comes out by this calculation: (100.0180526 − 1) ∗ 100
24the result comes out by this calculation: (100.0161728 − 1) ∗ 100
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Figure 4.34: Linear regression model with current liabilities as dependent variable,
with st. beta coe�cients

Figure 4.35: Linear regression model with non-current liabilities as dependent vari-
able, with st. beta coe�cients
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4.8 Debt ratio indicator

Following the analysis carried out with operating revenues and total assets as depen-
dent variables, it would have been appropriate to carry out a further analysis with
the ROA indicator but the results were quite unreliable (with an R-squared equal
to 0.0000). This is due to variable Cost_sold, used for the calculation of the ROA,
which with a number of observations that is much lower than the other variables,
leads to a Number of obs for the construction of the model equal to 88,461 , about
18 times less than the following model, with a number of observations equivalent to
1,600,125.

After analysing the dependent variables referring to total assets and current /
non-current liabilities, we will now de�ne and subsequently analyse the �nancial
indicator debt ratio that includes these variables. It de�nes the total amount of
debt relative to assets owned by a company. This will help assess whether the com-
pany's �nancial risk pro�le is improving or deteriorating. The indicator is de�ned
as follows:

Debt_ratio =
C_liabW01 + NC_liabW01

Total_assW01
=

Total_liabW01

Total_assW01
(4.1)

We avoid to explain the steps for the creation of the preliminary model and the
check if the data have meet the assumption of linearity and normality, but we di-
rectly illustrate the �nal model (in Figure4.36 and Figure4.37).

Let's examine the output, comparing it to the models with total assets, current
and non-current liabilities variables. The R-squared is 0.015 and is the lowest of all
de�ned models.

� The coe�cients of log_ex_cold_count and log_ex_hot_count are both pos-
itive. An increase of 1% in ex_cold_count causes an increase in the debt
ratio of 0.04%25 and an increase of 1% in ex_hot_count causes an increase of
0.23%26. An abnormal increase in hot temperatures and an abnormal decrease
in cold temperatures, in a given area and in a given year, causes a decrease in
the value of total assets and at the same time total liabilities. Further analysis
of this model has shown that an increase and decrease in hot and cold tem-
peratures respectively causes an increase in the ratio of total liabilities to total
assets. This means that the degrowth rate of total assets is higher than that
of total liabilities. Therefore, the total value of assets decreases more quickly
than the decrease in liabilities. All this is to be considered in a negative way,
as this means that the decrease in debt is not due to debt restructuring or
better debt management but is due to a lack of corporate growth.

25the result comes out by this calculation: (10log(1.01)∗0.0382657 − 1) ∗ 100
26the result comes out by this calculation: (10log(1.01)∗0.2286745 − 1) ∗ 100
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� The coe�cients of log_rrm and log_qqm are both negative. A 1% increase
in the total rainfall for a given area in a given year causes a decrease in the
debt ratio of 0.16%27 and a 1% increase in the average solar radiation for a
given area in a given year causes a decrease in the debt ratio of 0.24%28. An
increase in the average solar radiations causes an increase in the value of total
assets and a decrease in total liabilities, as con�rmed by the decrease in the
debt_ratio; this means that this climate factor does not have such a negative
impact on company performance. The same applies to the variable rrm, where
an increase in the total rainfall causes an increase in the value of total assets
and an increase in the value of non-current liabilities, but considering that the
in�uence of this climate variable on the debt ratio is negative, the growth rate
of assets is higher than the growth rate of non-current liabilities.

27the result comes out by this calculation: (1− 10log(1.01)∗−0.1606387) ∗ 100
28the result comes out by this calculation: (1− 10log(1.01)∗−0.241789) ∗ 100
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Figure 4.36: Linear regression model with debt ratio as dependent variable

Figure 4.37: Linear regression model with debt ratio as dependent variable, with st.
beta coe�cients
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4.9 Conclusions

The results obtained from regression models suggest that environmental variables
have a non-negligible impact on company performances. Below we reported the �nal
results of the analysis of the regression models; they have been deduced considering
the averages values of operating revenues, total assets, current liabilities and non-
current liabilities variables for the year 2018, belonging to 308,356 small and medium
enterprises' results of the Orbis database (in Table4.1).

Table 4.1: List of the average values of the dependent variables for the year 2018

Dependent variable Mean value [k¿]
Operating revenues 628
Total assets 504
Current liabilities 198
Non-current liabilities 107

The e�ect of a 1% increase in the average number of days (therefore an increase
from 45 to 46 days in 2018) with temperature lower than the 5th percentile of the
probability distribution built on all the same days of the same month from 1981 to
2010, is an average loss of 5.22 k¿ in operating revenues and an average reduction
in value of total asset of 3.38 k¿. Amplifying the e�ect of the climate variable, i.e.
considering a 10% increase in cold days and not a 1% increase (therefore an increase
from 45 to 50 days in 2018), the average loss of operating revenues reaches a value
of 48.38 k¿ and that of total assets a value of 31.26 k¿. Considering instead the
average between the di�erences in temperature between cold days and the threshold
equal to the 10th percentile of the probability distribution, a decrease of one unit of
the average causes an average reduction of 63.46 k¿ for the non-current liabilities
and of 1.66 k¿ for the current liabilities; the e�ect as explained in the previous
paragraph is to be considered with a negative dimension: the loss of the capacity
to get into debt indicates that the company is not able to grow and increases its
performances. The impacts on the company liabilities are slightly more ampli�ed
for long-term debt than short-term debt, as can be seen by comparing the numerical
values.

The same e�ects were also evident when considering extremely hot days. The
e�ect of a 1% increase in the average number of days (therefore an increase from
155 to 157 days in 2018) with temperature higher than the 95th percentile of the
probability distribution built on all the same days of the same month from 1981 to
2010, is an average loss of 7.60 k¿ in operating revenues and an average reduction
in value of total asset of 6.81 k¿. Amplifying the e�ect of the climate variable, i.e.
considering a 10% increase in cold days and not a 1% increase (therefore an increase
from 155 to 171 days in 2018), the average loss of operating revenues reaches a value
of 69.25 k¿ and that of total assets a value of 61.41 k¿. Considering instead the
average between the di�erences in temperature between hot days and the threshold
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equal to the 90th percentile of the probability distribution, a decrease of one unit of
the average causes an average reduction of 85.12 k¿ for the non-current liabilities
and of 10.81 k¿ for the current liabilities. Also in this case the impacts on the
company liabilities are slightly more ampli�ed for long-term debt than short-term
debt. It can also be seen by comparing the numerical values that the impact of
extremely hot temperatures is much greater than that of cold temperatures. This
can be explained by the fact that we are referring to the transport sector; a sudden
increase in hot temperatures can, for example, lead to problems with the transport
of damaged food, or to the expansion of railway tracks causing a reduction in the
speed originally planned along the route29.

The e�ect of a 1% increase in the average total rainfall in 2018 (therefore an
increase from 686 to 693 mm in 2018) is not so impactful on the economic variables.
What we deduce is that it is an unreliable variable to be considered with respect to
the aggregate data because it is very dependent on the territoriality. It makes no
sense to treat the aggregate data of a climate variable that depends too much on
regionality.

The e�ect of a 1% increase in the average solar radiation in 2018 (therefore an
increase from 121 to 122 W/m2 in 2018) is an average loss of 2.33 k¿ in operating
revenues, an average reduction in value of current liabilities of 1.21 k¿ and an
average reduction in value of non-current liabilities of 0.73 k¿. The climate variable
does not have a negative impact on total assets. Amplifying the e�ect of the climate
variable, i.e. considering a 10% increase in the average solar radiations and not a
1% increase (therefore an increase from 121 to 133 W/m2 in 2018), the average loss
reaches a value of 21.87 k¿ for operating revenues, 11.30 k¿ for current liabilities
and 6.81 k¿ for non-current liabilities. It can be noted that the e�ects due to an
increase in solar radiation are quantitatively less than the e�ects due to an increase
in days considered extremely hot, and therefore an increase in temperatures; this is
due to the fact that the increase in temperature is not only caused by solar radiation
but also by other factors such as greenhouse gas emissions.

29for further information visit:

https://www.lastampa.it/cultura/2007/07/21/news/troppo-caldo-i-binari-si-dilatano-1.

37126021
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Two summary tables are de�ned below (Table4.2 and Table4.3) with all the
average losses for SMEs in 2018 due to a variations in climate variables.

Table 4.2: Average losses in k¿ due to 1% increase in ex_cold_count, ex_hot_count, qqm
and a unit increase in cold_mean and hot_mean

Table 4.3: Average losses in k¿ due to 10% increase in ex_cold_count, ex_hot_count, qqm
and a unit increase in cold_mean and hot_mean

4.10 Attachments

Data used for the impact analysis on SMEs are con�dential, belonging to the Observatory
Climate Finance, therefore they cannot be shared.
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Chapter 5

Final conclusions

This work has been developed with the aim of demonstrating the existence of relationships
between climate e�ects, de�ned as anomalous and extreme, and some economic variables
related to small and medium enterprises in the transport sector. In support of this theory,
several regression models have been realized to highlight such dependencies, through the
analysis of a database kindly granted by the Climate Finance Observatory of the Polytech-
nic University of Milan.

The results of the constructed regression models show that the consequences of climatic
events, considered anomalous wings, have a non-negligible e�ect on economic variables of
pro�tability and balance sheet indices. This suggests that mitigation actions must be taken
in order not to destroy the wealth of the most a�ected areas and to convert international
carbon dependence into an opportunity for a full transition to innovative and green solu-
tions.

In this regard, however, Governments should not impose laws and directives that are
too stringent, as they could hinder the progress of emerging countries, making certain sec-
tors obsolete. These conclusions have been conducted taken into account several studies
in recent years on the impact of certain stringent regulations on certain sectors at risk.
Our study highlighted a high level of compliance by the European Union, as an aggregate,
with the targets and objectives promoted for climate change mitigation. Speci�cally, the
objectives imposed in the plan of strategies of the last decade has been well achieved by
the majority of member states.

Governments must �nd the right compromise to ensure strong and disruptive mitiga-
tion actions that do not damage the welfare and balance of those corporate minorities who
cannot a�ord a total restructuring of their production system. In this regard, concrete
and targeted aid must be guaranteed to prevent phenomena such as carbon leakage and
bankruptcy from being the result of unbalanced strategies and laws on the national and
international territory.

In conclusion, the problem of climate change is a priority that we must face as a
community, in all aspects necessary. �Climate change is real; it is happening right now. It
is the most urgent threat facing our entire species, and we need to work collectively together
and stop procrastinating.� [Leonardo DiCaprio]
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Annexes

Annex I - List of the main EU Climate Change policies
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Annex II - GHG Emissions
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529,7
537,5

550,3
556,3

560,5
562,0

567,1
587,4

593,4
595,1

585,9
579,5

566,6
511,0

522,6
Latvia

26,6
24,7

19,8
16,4

14,4
13,1

13,1
12,5

12,0
11,2

10,6
11,2

11,2
11,4

11,4
11,6

12,1
12,6

12,2
11,5

12,6
Lithuania

48,4
50,5

31,0
24,8

23,4
22,5

23,5
23,0

24,0
21,1

19,6
20,4

20,8
20,9

21,8
22,9

23,3
25,5

24,6
20,2

21,0
M

alta
2,8

2,6
2,7

3,3
3,2

3,0
3,1

3,1
3,1

3,2
3,1

3,2
3,2

3,5
3,4

3,2
3,3

3,4
3,4

3,2
3,3

N
etherlands 

226,3
234,2

235,7
236,9

238,1
239,3

250,6
243,1

244,1
231,3

229,7
229,9

228,2
228,7

231,0
225,7

220,8
219,3

218,8
212,4

224,0
Poland

475,7
463,8

451,2
451,0

445,4
447,5

461,5
451,3

420,9
409,3

396,7
395,7

385,9
399,4

404,9
405,4

421,0
420,8

414,7
395,5

414,4
Portugal

60,2
62,2

66,2
64,6

65,6
70,4

68,0
71,3

76,2
84,5

83,7
83,3

87,6
82,5

85,8
88,0

83,4
81,2

78,9
75,6

71,6
Rom

ania
248,8

205,0
192,1

183,0
180,7

187,9
189,9

184,6
167,2

148,3
143,6

146,6
149,2

154,2
153,0

151,8
152,6

155,0
150,3

128,5
124,7

Slovakia
73,6

64,2
58,5

55,1
52,7

53,4
53,2

53,2
52,6

51,2
49,3

51,6
50,2

50,5
51,4

51,4
51,3

49,6
50,1

45,8
46,5

Slovenia
18,7

17,3
17,4

17,6
18,0

18,7
19,3

19,7
19,5

18,8
19,1

20,0
20,2

19,9
20,2

20,5
20,7

20,9
21,6

19,6
19,6

 Spain
294,2

302,3
312,6

301,9
319,0

335,6
328,5

343,4
353,9

382,1
398,4

396,4
414,3

422,8
439,8

455,0
448,4

460,0
425,9

385,2
371,3

Sw
eden

72,5
72,5

71,9
72,5

75,2
74,6

78,6
73,7

74,2
71,4

70,1
70,8

71,3
71,6

71,3
68,6

68,3
67,4

65,2
60,6

66,6
U

nited Kingdom
809,7

818,9
799,7

781,5
773,4

768,1
791,1

767,1
768,2

740,1
742,5

744,8
724,7

732,6
732,0

726,6
719,7

707,6
686,6

628,9
642,4

EU
27+U

K 
5721,4

5625,5
5458,2

5362,3
5339,9

5394,6
5511,1

5421,4
5387,5

5287,0
5286,0

5333,4
5297,5

5390,7
5401,1

5373,7
5366,0

5322,0
5206,7

4825,2
4930,6

D
ata related to EU

27 + U
K

Countries in a dubious position
N

on virtuos countries
Virtuos countries

EU Countries

1995
1996

2006
2007

1990
1991

1992
1993

1994
1998

1999
2000

2002
2003

2004
2005

2009
2008

2001

LEG
EN

D

G
H

G
 Em

issions [M
t CO

2e]

2010
1997
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2019

Effective 
Target

D
ifferen
ce [%

]
Effective 

Target
D

ifferen
ce [%

]
Effective 

Target
D

ifferen
ce [%

]
Effective 

Target
D

ifferen
ce [%

]
Effective 

Target
D

ifferen
ce [%

]
Effective 

Target
D

ifferen
ce [%

]
Effective 

Target
D

ifferen
ce [%

]
Effective 

Target
D

ifferen
ce [%

]
Target

%
 reduction / 
increase

Em
issions 

target
Austria

-23,07%
-2,3%

84,5
84,7

-0,24%
81,6

82,7
-1,34%

82,0
80,8

1,42%
78,3

79,0
-0,78%

80,7
77,1

4,57%
81,8

75,4
8,57%

84,3
73,6

14,49%
81,5

71,9
13,32%

2,66%
70,3

-16,00%
66,7

Belgium
 

-8,23%
-0,8%

128,3
137,4

-6,65%
125,0

136,3
-8,23%

124,9
135,1

-7,61%
119,3

134,0
-10,99%

123,8
132,9

-6,83%
122,6

131,8
-7,01%

122,8
130,7

-6,04%
123,6

129,7
-4,65%

-17,33%
128,6

-15,00%
127,1

Bulgaria 
100,89%

10,1%
66,5

67,4
-1,34%

61,4
74,2

-17,22%
56,2

81,7
-31,27%

59,2
89,9

-34,19%
62,5

99,0
-36,92%

60,0
109,0

-44,97%
62,4

120,0
-48,00%

58,6
132,1

-55,65%
-42,84%

145,4
20,00%

123,0
Croatia

26,85%
2,7%

28,0
29,1

-3,68%
26,2

29,9
-12,23%

24,8
30,7

-19,04%
24,1

31,5
-23,59%

24,5
32,3

-24,31%
24,7

33,2
-25,77%

25,5
34,1

-25,27%
24,4

35,0
-30,45%

-24,77%
36,0

11,00%
35,9

Cyprus
-41,18%

-4,1%
10,0

9,9
1,15%

9,5
9,5

-0,51%
8,7

9,1
-4,70%

9,1
8,7

3,70%
9,1

8,4
8,50%

9,7
8,0

20,32%
10,0

7,7
29,44%

9,9
7,4

33,31%
53,81%

7,1
-5,00%

6,1
Czechia

53,38%
5,3%

140,3
149,4

-6,12%
136,0

157,4
-13,58%

130,7
165,8

-21,19%
128,6

174,6
-26,39%

130,0
184,0

-29,34%
131,9

193,8
-31,96%

130,9
204,1

-35,89%
129,4

215,0
-39,83%

-35,18%
226,5

9,00%
217,6

D
enm

ark
-11,98%

-1,2%
60,8

65,2
-6,70%

56,3
64,4

-12,63%
58,0

63,6
-8,87%

54,0
62,9

-14,16%
51,3

62,1
-17,42%

53,5
61,4

-12,78%
51,3

60,6
-15,40%

51,3
59,9

-14,35%
-29,31%

59,2
-20,00%

58,1
Estonia 

112,24%
11,2%

21,2
23,5

-9,77%
20,1

26,1
-22,89%

22,0
29,1

-24,32%
21,2

32,3
-34,41%

18,3
36,0

-49,20%
19,8

40,0
-50,53%

21,1
44,5

-52,55%
20,2

49,5
-59,19%

-50,02%
55,0

11,00%
44,8

Finland
-21,58%

-2,2%
69,9

75,7
-7,63%

64,4
74,1

-13,09%
64,9

72,5
-10,49%

60,7
70,9

-14,42%
57,1

69,4
-17,68%

60,1
67,9

-11,51%
57,5

66,4
-13,43%

58,8
65,0

-9,50%
-18,59%

63,6
-16,00%

60,7
France

-9,26%
-0,9%

499,9
523,0

-4,41%
500,0

518,1
-3,49%

501,0
513,3

-2,40%
470,1

508,6
-7,56%

475,0
503,9

-5,74%
475,8

499,2
-4,68%

480,9
494,6

-2,76%
462,8

490,0
-5,55%

-16,90%
485,5

-14,00%
479,0

G
erm

any
12,22%

1,2%
942,8

978,7
-3,67%

949,4
990,7

-4,16%
967,4

1002,8
-3,53%

927,1
1015,0

-8,66%
931,0

1027,4
-9,38%

935,8
1040,0

-10,02%
923,8

1052,7
-12,24%

888,7
1065,5

-16,59%
-29,56%

1078,5
-14,00%

1085,0
G

reece
-16,14%

-1,6%
118,3

119,2
-0,72%

114,7
117,2

-2,14%
105,2

115,4
-8,81%

102,1
113,5

-10,01%
98,4

111,7
-11,90%

94,9
109,9

-13,57%
99,0

108,1
-8,36%

96,1
106,3

-9,62%
-9,16%

104,6
-4,00%

101,6
H

ungary 
58,43%

5,8%
64,0

69,4
-7,84%

60,1
73,5

-18,20%
57,3

77,8
-26,35%

57,9
82,3

-29,61%
61,4

87,1
-29,57%

61,8
92,2

-32,93%
64,5

97,6
-33,95%

64,1
103,3

-37,98%
-32,18%

109,3
10,00%

103,9
Ireland

-28,87%
-2,9%

59,2
61,8

-4,09%
59,5

60,0
-0,80%

59,6
58,3

2,33%
59,6

56,6
5,30%

62,0
54,9

12,77%
64,1

53,4
20,14%

64,1
51,8

23,66%
64,2

50,3
27,68%

13,60%
48,9

-20,00%
45,2

Italy
-13,38%

-1,3%
510,6

515,7
-0,98%

491,4
508,8

-3,42%
456,0

502,0
-9,15%

435,6
495,2

-12,04%
449,1

488,6
-8,09%

446,5
482,1

-7,38%
442,6

475,6
-6,95%

439,3
469,3

-6,39%
-15,59%

463,0
-13,00%

452,7
Latvia

145,81%
14,6%

11,8
14,5

-18,19%
11,7

16,6
-29,63%

11,6
19,0

-38,89%
11,5

21,8
-47,27%

11,5
25,0

-53,82%
11,6

28,6
-59,56%

11,7
32,8

-64,40%
12,2

37,5
-67,51%

-54,05%
43,0

17,00%
31,1

Lithuania
164,72%

16,5%
21,6

24,5
-11,71%

21,6
28,5

-24,34%
20,4

33,2
-38,68%

20,3
38,7

-47,44%
20,6

45,1
-54,20%

20,7
52,5

-60,56%
20,9

61,2
-65,77%

20,6
71,2

-71,01%
-57,36%

83,0
15,00%

55,7
M

alta
-11,64%

-1,2%
3,3

3,3
1,68%

3,5
3,2

9,12%
3,2

3,2
1,02%

3,3
3,1

4,06%
2,6

3,1
-15,97%

2,3
3,1

-24,31%
2,6

3,0
-14,64%

2,7
3,0

-11,15%
-3,86%

3,0
5,00%

2,9
N

etherlands 
-15,15%

-1,5%
210,3

220,6
-4,66%

206,0
217,3

-5,19%
205,8

214,0
-3,81%

198,5
210,8

-5,80%
207,4

207,6
-0,11%

207,2
204,4

1,37%
205,4

201,3
2,05%

200,5
198,3

1,10%
-11,42%

195,3
-16,00%

190,1
Poland

30,88%
3,1%

413,4
427,2

-3,22%
406,0

440,4
-7,79%

402,7
454,0

-11,30%
390,2

468,0
-16,62%

393,6
482,4

-18,42%
402,3

497,3
-19,11%

417,2
512,7

-18,62%
415,9

528,5
-21,31%

-12,58%
544,8

14,00%
542,3

Portugal
-15,10%

-1,5%
70,3

70,5
-0,33%

68,4
69,5

-1,48%
66,6

68,4
-2,61%

66,7
67,4

-1,00%
71,0

66,4
7,04%

69,4
65,4

6,21%
74,5

64,4
15,74%

71,6
63,4

12,89%
18,90%

62,4
1,00%

60,8
Rom

ania
137,46%

13,7%
129,5

141,8
-8,72%

126,0
161,3

-21,86%
116,5

183,5
-36,51%

116,8
208,7

-44,02%
117,1

237,4
-50,66%

115,2
270,0

-57,35%
117,9

307,1
-61,62%

116,5
349,4

-66,65%
-53,16%

397,4
19,00%

296,1
Slovakia

78,67%
7,9%

45,8
50,2

-8,68%
43,3

54,1
-20,02%

43,0
58,4

-26,43%
40,9

63,0
-35,07%

42,0
68,0

-38,23%
42,5

73,3
-42,06%

43,6
79,1

-44,81%
43,5

85,3
-48,96%

-40,84%
92,0

13,00%
83,2

Slovenia
-1,14%

-0,1%
19,6

19,6
0,14%

19,1
19,6

-2,62%
18,4

19,6
-6,04%

16,6
19,5

-14,80%
16,8

19,5
-13,79%

17,7
19,5

-9,37%
17,4

19,5
-10,43%

17,6
19,5

-9,49%
-5,65%

19,4
4,00%

19,4
 Spain

-28,69%
-2,9%

371,8
360,6

3,09%
364,1

350,3
3,94%

337,9
340,2

-0,68%
340,5

330,5
3,05%

352,5
321,0

9,81%
342,7

311,8
9,93%

357,4
302,8

18,01%
352,2

294,1
19,75%

19,74%
285,7

-10,00%
264,7

Sw
eden

-9,61%
-1,0%

62,4
66,0

-5,35%
59,5

65,3
-8,94%

57,9
64,7

-10,55%
56,1

64,1
-12,39%

55,9
63,5

-11,86%
55,8

62,9
-11,15%

55,5
62,3

-10,84%
54,6

61,7
-11,44%

-24,72%
61,1

-17,00%
60,2

U
nited Kingdom

5,89%
0,6%

596,6
646,1

-7,67%
612,4

649,9
-5,78%

599,0
653,8

-8,38%
559,0

657,6
-15,00%

541,7
661,5

-18,10%
516,3

665,4
-22,40%

507,7
669,3

-24,15%
498,7

673,2
-25,92%

-38,41%
677,2

-16,00%
680,2

EU
27+U

K 
-7,17%

-0,7%
4774,2

4895,3
-2,47%

4710,3
4860,2

-3,08%
4613,8

4825,3
-4,38%

4439,4
4790,7

-7,33%
4478,5

4756,4
-5,84%

4458,2
4722,3

-5,59%
4484,4

4688,4
-4,35%

4391,8
4654,8

-5,65%
-23,24%

4621,4
-20,00%

4577,1

D
ata related to EU

27 + U
K

Countries in a dubious position
N

on virtuos countries
Virtuos countries

EU Countries

2015
2014

LEG
EN

D

G
H

G
 Em

issions [M
t CO

2e]
Linear 

dec/increasing 
factor

D
ifference 

[%
] 1990-
2018 

2011
2012

2013
2016

2017
TARG

ET 2020 
D

ifference 
[%

] 2010-
2020

2018
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Annex III - EU ETS Compliance with targets

2005
2006

2007
2008

2009
2010

2011
2012

M
id point 

2008-2012
Target

Effective
G

ap (%
)

Target
Effective

G
ap (%

)
Target

Effective
G

ap (%
)

Target
Effective

G
ap (%

)
Target

Effective
G

ap (%
)

Target
Effective

G
ap (%

)
Target

Effective
G

ap (%
)

A
ustria

32,4
32,6

32,7
30,7

30,7
31,0

31,0
31,0

31,0
1,74%

30,4
36,8

17,28%
29,9

30,7
2,76%

29,4
31,1

5,53%
28,9

31,7
8,86%

28,4
33,6

15,61%
27,9

32,9
15,19%

27,4
26,1

-4,84%
Belgium

58,3
60,0

60,4
55,4

56,8
56,0

56,6
68,1

56,0
1,74%

55,1
63,2

12,90%
54,1

52,2
-3,62%

53,2
52,6

-1,09%
52,2

54,5
4,19%

51,3
58,3

11,98%
50,4

56,8
11,20%

49,5
46,3

-6,95%
Bulgaria

0,0
0,0

39,7
38,3

40,6
35,3

41,5
42,9

35,3
1,74%

34,7
37,1

6,51%
34,0

25,8
-32,14%

33,5
33,5

0,18%
32,9

32,4
-1,33%

32,3
35,8

9,75%
31,7

35,6
10,79%

31,2
28,0

-11,53%
Croatia

0,0
0,0

0,0
0,0

0,0
0,0

0,0
0,0

0,0
1,74%

0,0
5,3

100,00%
0,0

5,1
100,00%

0,0
16,2

100,00%
0,0

8,5
100,00%

0,0
9,3

100,00%
0,0

9,0
100,00%

0,0
7,3

100,00%
Cyprus

5,5
5,6

5,9
4,8

5,1
5,4

5,8
6,2

5,4
1,74%

5,3
4,0

-30,66%
5,2

3,4
-51,10%

5,1
3,1

-67,02%
5,0

2,7
-85,25%

4,9
3,4

-43,45%
4,8

3,8
-27,43%

4,8
2,9

-65,97%
Czechia

96,9
96,9

96,9
85,6

85,9
86,1

86,4
89,0

86,1
1,74%

84,6
70,9

-19,34%
83,1

56,4
-47,28%

81,7
56,6

-44,41%
80,2

59,5
-34,81%

78,9
66,5

-18,64%
77,5

65,3
-18,67%

76,1
48,3

-57,65%
D

enm
ark

37,3
32,3

27,9
23,9

23,8
23,8

23,8
26,9

23,8
1,74%

23,4
25,1

6,78%
23,0

19,0
-20,94%

22,6
18,9

-19,77%
22,2

19,2
-15,66%

21,8
20,8

-4,81%
21,4

20,1
-6,81%

21,1
14,0

-50,95%
Estonia

16,7
18,2

21,3
11,7

11,9
11,9

15,9
14,2

11,9
1,74%

11,6
12,9

9,61%
11,4

9,3
-23,59%

11,2
9,8

-15,08%
11,1

10,4
-6,72%

10,9
11,7

7,15%
10,7

12,2
12,79%

10,5
8,8

-18,89%
Finland

44,7
44,6

44,6
36,5

37,1
37,9

38,0
38,2

37,9
1,74%

37,3
40,1

7,09%
36,6

32,2
-13,63%

36,0
32,1

-12,06%
35,4

32,4
-9,16%

34,7
34,5

-0,78%
34,1

33,2
-2,81%

33,5
24,8

-35,10%
France

150,4
150,0

149,8
129,6

128,6
133,2

134,1
134,5

133,2
1,74%

130,9
138,9

5,76%
128,6

115,2
-11,67%

126,4
116,9

-8,12%
124,2

119,4
-4,02%

122,0
124,8

2,22%
119,9

120,7
0,66%

117,8
95,1

-23,87%
G

erm
any

493,5
495,5

497,3
436,9

431,9
440,7

440,5
471,6

440,7
1,74%

433,0
375,6

-15,28%
425,5

292,2
-45,62%

418,1
302,8

-38,05%
410,8

315,6
-30,18%

403,6
347,0

-16,34%
396,6

318,2
-24,63%

389,7
268,5

-45,12%
G

reece
71,2

71,2
71,2

63,7
63,2

64,6
76,0

74,0
64,6

1,74%
63,5

50,8
-25,09%

62,4
36,7

-70,22%
61,3

39,5
-55,13%

60,3
42,2

-42,92%
59,2

48,3
-22,51%

58,2
47,6

-22,25%
57,2

34,2
-67,38%

H
ungary

30,2
31,4

31,4
25,1

23,6
25,7

24,9
32,4

25,7
1,74%

25,3
26,4

4,50%
24,8

19,5
-27,27%

24,4
21,1

-15,29%
24,0

22,2
-7,73%

23,5
24,8

5,05%
23,1

24,4
5,19%

22,7
18,7

-21,39%
Iceland

0,0
0,0

0,0
0,0

0,0
0,0

0,0
0,0

0,0
1,74%

0,0
1,5

100,00%
0,0

1,5
100,00%

0,0
1,5

100,00%
0,0

1,5
100,00%

0,0
1,4

100,00%
0,0

1,4
100,00%

0,0
2,3

100,00%
Ireland

19,2
20,5

19,2
20,0

20,1
21,2

21,8
21,8

21,2
1,74%

20,9
14,9

-40,01%
20,5

10,7
-91,96%

20,1
12,0

-67,17%
19,8

12,8
-54,75%

19,4
14,3

-35,73%
19,1

14,1
-35,92%

18,8
9,8

-91,62%
Italy

216,2
205,1

203,3
212,2

209,0
200,0

195,3
192,7

200,0
1,74%

196,5
186,0

-5,63%
193,1

139,5
-38,41%

189,7
141,8

-33,80%
186,4

148,2
-25,75%

183,2
163,7

-11,93%
180,0

160,8
-11,96%

176,9
116,0

-52,43%
Latvia

4,1
4,1

4,0
3,7

4,9
4,8

4,6
5,0

4,8
1,74%

4,7
5,4

14,04%
4,6

4,1
-11,35%

4,5
4,0

-12,61%
4,4

4,1
-9,55%

4,4
4,4

0,84%
4,3

4,2
-1,84%

4,2
3,2

-32,29%
Liechtenstein

0,0
0,0

0,0
0,0

0,0
0,0

0,0
0,0

0,0
1,74%

0,0
0,0

-733,67%
0,0

0,0
-815,23%

0,0
0,0

-915,06%
0,0

0,0
-1040%

0,0
0,0

-1201%
0,0

0,0
-1413%

0,0
0,0

27,04%
Lithuania

13,5
10,6

10,9
7,5

7,6
8,2

8,9
10,9

8,2
1,74%

8,0
11,9

32,69%
7,9

9,5
17,04%

7,7
10,1

23,03%
7,6

10,1
24,76%

7,5
11,4

34,19%
7,3

10,8
31,98%

7,2
8,5

15,13%
Luxem

bourg
3,2

3,2
3,2

2,5
2,5

2,5
2,5

2,5
2,5

1,74%
2,4

2,6
6,38%

2,4
2,1

-16,12%
2,4

2,2
-8,65%

2,3
2,2

-3,37%
2,3

2,4
6,16%

2,2
2,4

5,98%
2,2

1,9
-17,97%

M
alta

2,1
2,2

2,3
2,1

2,1
2,2

2,2
2,2

2,2
1,74%

2,1
1,1

-101,98%
2,1

0,6
-222,49%

2,0
0,7

-179,48%
2,0

0,8
-145,78%

2,0
1,0

-97,30%
1,9

1,0
-96,61%

1,9
0,6

-208,51%
N

etherlands
86,5

86,4
86,5

76,8
83,8

92,8
92,8

91,0
92,8

1,74%
91,2

84,0
-8,66%

89,6
69,4

-29,10%
88,1

70,8
-24,35%

86,5
72,1

-20,07%
85,0

77,4
-9,87%

83,6
76,1

-9,87%
82,1

60,0
-36,78%

N
orw

ay
0,0

0,0
0,0

7,5
20,6

14,3
14,8

18,2
14,3

1,74%
14,1

17,7
20,38%

13,8
17,4

20,40%
13,6

17,1
20,38%

13,4
17,1

21,90%
13,1

16,3
19,43%

12,9
16,0

19,39%
12,7

34,2
62,96%

Poland
237,6

237,6
237,5

201,0
202,0

205,6
207,2

213,0
205,6

1,74%
202,1

186,9
-8,08%

198,5
134,0

-48,17%
195,1

116,7
-67,21%

191,7
110,6

-73,39%
188,4

157,6
-19,49%

185,1
144,4

-28,17%
181,9

165,5
-9,91%

Portugal
36,9

36,9
36,9

30,4
30,8

32,4
33,0

32,9
32,4

1,74%
31,8

30,6
-3,83%

31,2
23,3

-34,23%
30,7

24,1
-27,32%

30,2
25,3

-19,08%
29,6

28,2
-5,03%

29,1
27,8

-4,90%
28,6

21,1
-35,94%

Rom
ania

0,0
0,0

74,3
71,8

73,9
75,0

74,8
75,8

75,0
1,74%

73,7
73,9

0,23%
72,4

46,8
-54,55%

71,1
55,1

-29,18%
69,9

66,3
-5,49%

68,7
72,4

5,15%
67,5

67,5
0,01%

66,3
51,3

-29,39%
Slovakia

30,5
30,5

30,5
32,2

32,1
32,4

32,6
33,4

32,4
1,74%

31,8
32,3

1,62%
31,2

25,6
-22,17%

30,7
26,1

-17,68%
30,2

26,9
-12,22%

29,6
29,0

-2,30%
29,1

28,7
-1,64%

28,6
23,3

-22,57%
Slovenia

9,1
8,7

8,2
8,2

8,2
8,2

8,2
8,2

8,2
1,74%

8,1
6,8

-18,11%
7,9

5,2
-53,50%

7,8
5,3

-46,77%
7,7

5,4
-40,76%

7,5
6,2

-22,49%
7,4

6,0
-22,85%

7,3
4,3

-68,19%
Spain

172,2
166,2

159,7
154,2

151,5
150,0

151,4
154,1

150,0
1,74%

147,4
156,2

5,64%
144,8

116,0
-24,86%

142,3
122,4

-16,25%
139,8

129,3
-8,12%

137,4
143,6

4,34%
135,0

140,9
4,21%

132,7
107,5

-23,44%
Sw

eden
22,3

22,5
22,8

20,8
21,1

23,5
22,6

22,6
23,5

1,74%
23,1

38,2
39,52%

22,7
33,1

31,22%
22,3

32,0
30,20%

21,9
31,6

30,52%
21,6

31,9
32,42%

21,2
30,4

30,32%
20,8

25,7
19,04%

U
nited Kingdom

206,1
206,0

2015,9
217,8

240,1
256,1

253,8
255,9

256,1
1,74%

251,7
174,1

-44,54%
247,3

131,5
-88,12%

243,0
136,0

-78,64%
238,8

139,9
-70,62%

234,6
159,0

-47,60%
230,5

152,4
-51,27%

226,5
49,3

-359%
EU

27 + U
K

2096,4
2078,5

3994,6
2003,3

2028,9
2066,4

2086,4
2150,9

2066,4
1,74%

2030,5
1892,1

-7,31%
1995,2

1449,0
-37,69%

1960,4
1493,5

-31,27%
1926,3

1536,4
-25,38%

1892,8
1721,2

-9,97%
1859,9

1647,1
-12,91%

1827,5
1271,0

-43,79%

D
ata related to EU

27 + U
K

D
ata not considered

Target not reached
Virtuos countries

Total allocated allow
ances in all stationary installations (EU

A or EU
AA

) [M
t CO

2-eq]

2018
2019

EU Countries + Iceland, Lechtenstein, Norway

First Phase
Second Phase

Third Phase
Linear 

reduction 
factor

2013
2014

2015
2016

2017

LEG
EN

D

Total allocated allow
ances in all stationary installations (EU

A or EU
AA) [M

t CO
2-eq]
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Annex IV - EU ETS Percentage of free allowances over

total allocated allowances

Total 
allow

a
nces

Free 
allow

a
nces

%
 free 

over total

Total 
allow

a
nces

Free 
allow

a
nces

%
 free 

over total

Total 
allow

a
nces

Free 
allow

a
nces

%
 free 

over total

Total 
allow

a
nces

Free 
allow

a
nces

%
 free 

over total

Total 
allow

a
nces

Free 
allow

a
nces

%
 free 

over total

Total 
allow

a
nces

Free 
allow

a
nces

%
 free 

over total

Total 
allow

a
nces

Free 
allow

a
nces

%
 free 

over total

Total 
allow

a
nces

Free 
allow

a
nces

%
 free 

over total

Austria
32,4

32,4
100,00%

32,6
32,6

100,00%
32,7

32,7
100,00%

30,7
30,1

98,12%
30,7

31,9
103,77%

31,0
32,1

103,76%
31,0

32,6
105,38%

31,0
33,4

108,02%
Belgium

58,3
58,3

100,00%
60,0

60,0
100,00%

60,4
60,4

100,00%
55,4

55,4
100,00%

56,8
56,8

100,00%
56,0

56,0
100,00%

56,6
56,6

100,00%
68,1

58,6
85,96%

Bulgaria
39,7

38,3
38,3

100,00%
40,6

40,6
100,00%

35,3
35,3

100,00%
41,5

41,5
100,00%

42,9
42,8

99,70%
Croatia
Cyprus

5,5
5,5

100,00%
5,6

5,6
100,00%

5,9
5,9

100,00%
4,8

4,8
100,00%

5,1
5,1

100,00%
5,4

5,4
100,00%

5,8
5,8

100,00%
6,2

6,2
100,00%

Czechia
96,9

96,9
100,00%

96,9
96,9

100,00%
96,9

96,9
100,00%

85,6
85,6

100,00%
85,9

85,9
100,00%

86,1
86,1

100,00%
86,4

86,4
100,00%

89,0
86,4

97,11%
Denm

ark
37,3

37,3
100,00%

32,3
27,9

86,46%
27,9

27,9
100,00%

23,9
24,0

100,32%
23,8

23,9
100,32%

23,8
23,9

100,32%
23,8

23,9
100,32%

26,9
24,1

89,72%
Estonia

16,7
16,7

100,00%
18,2

18,2
100,00%

21,3
21,3

100,00%
11,7

11,7
100,00%

11,9
11,9

100,00%
11,9

11,9
100,00%

15,9
15,9

100,00%
14,2

14,2
100,00%

Finland
44,7

44,7
100,00%

44,6
44,6

100,00%
44,6

44,6
100,00%

36,5
36,5

100,00%
37,1

37,1
100,00%

37,9
37,9

100,00%
38,0

38,0
100,00%

38,2
38,2

100,00%
France

150,4
150,4

100,00%
150,0

150,0
100,00%

149,8
149,8

100,00%
129,6

129,6
100,00%

128,6
128,6

100,00%
133,2

138,6
104,06%

134,1
139,5

104,03%
134,5

139,9
104,02%

G
erm

any
493,5

493,5
100,00%

495,5
495,5

100,00%
497,3

497,3
100,00%

436,9
388,8

88,98%
431,9

391,7
90,70%

440,7
400,5

90,88%
440,5

400,8
90,98%

471,6
424,5

90,00%
G

reece
71,2

71,2
100,00%

71,2
71,2

100,00%
71,2

71,2
100,00%

63,7
63,7

100,00%
63,2

63,2
100,00%

64,6
64,6

100,00%
76,0

66,0
86,84%

74,0
65,2

88,17%
H

ungary
30,2

30,2
100,00%

31,4
30,2

96,19%
31,4

30,2
96,25%

25,1
25,1

100,00%
23,6

23,6
100,00%

25,7
25,7

100,00%
24,9

24,9
100,00%

32,4
24,7

76,29%
Iceland
Ireland

19,2
19,2

100,00%
20,5

19,2
94,07%

19,2
19,2

100,00%
20,0

20,0
100,00%

20,1
20,0

99,08%
21,2

21,0
99,13%

21,8
21,6

99,14%
21,8

21,8
100,00%

Italy
216,2

216,2
100,00%

205,1
205,1

100,00%
203,3

203,3
100,00%

212,2
212,2

100,00%
209,0

209,0
100,00%

200,0
200,0

100,00%
195,3

195,3
100,00%

192,7
192,7

100,00%
Latvia

4,1
4,1

100,00%
4,1

4,1
100,00%

4,0
4,0

100,00%
3,7

3,7
100,00%

4,9
4,9

100,00%
4,8

4,8
100,00%

4,6
4,6

100,00%
5,0

5,0
100,00%

Liechtenstein
0,0

0,0
100,00%

0,0
0,0

100,00%
0,0

0,0
100,00%

0,0
0,0

100,00%
0,0

0,0
100,00%

Lithuania
13,5

13,5
100,00%

10,6
10,6

100,00%
10,9

10,3
94,92%

7,5
7,5

100,00%
7,6

7,6
100,00%

8,2
8,2

100,00%
8,9

8,0
90,44%

10,9
8,4

77,14%
Luxem

bourg
3,2

3,2
100,00%

3,2
3,2

100,00%
3,2

3,2
100,00%

2,5
2,5

100,00%
2,5

2,5
100,00%

2,5
2,5

100,00%
2,5

2,5
100,00%

2,5
2,5

99,84%
M

alta
2,1

2,1
100,00%

2,2
2,2

100,00%
2,3

2,3
100,00%

2,1
2,1

100,00%
2,1

2,1
100,00%

2,2
2,2

100,00%
2,2

2,2
100,00%

2,2
2,2

100,00%
N

etherlands
86,5

86,5
100,00%

86,4
86,4

100,00%
86,5

86,5
100,00%

76,8
76,8

100,00%
83,8

83,8
100,00%

92,8
84,8

91,38%
92,8

88,8
95,69%

91,0
87,0

95,60%
N

orw
ay

7,5
7,5

100,00%
20,6

8,0
38,73%

14,3
8,0

55,82%
14,8

8,4
57,09%

18,2
8,4

46,34%
Poland

237,6
237,6

100,00%
237,6

237,6
100,00%

237,5
237,5

100,00%
201,0

201,0
100,00%

202,0
202,0

100,00%
205,6

205,6
100,00%

207,2
207,2

100,00%
213,0

212,8
99,90%

Portugal
36,9

36,9
100,00%

36,9
36,9

100,00%
36,9

36,9
100,00%

30,4
30,4

100,00%
30,8

30,8
100,00%

32,4
32,4

100,00%
33,0

33,0
100,00%

32,9
32,9

100,00%
Rom

ania
74,3

74,3
100,00%

71,8
71,8

100,00%
73,9

73,9
100,00%

75,0
75,0

100,00%
74,8

74,8
100,00%

75,8
75,2

99,16%
Slovakia

30,5
30,5

100,00%
30,5

30,5
100,00%

30,5
30,5

100,00%
32,2

32,2
100,00%

32,1
32,1

100,00%
32,4

32,4
100,00%

32,6
32,6

100,00%
33,4

33,4
100,00%

Slovenia
9,1

9,1
100,00%

8,7
8,7

100,00%
8,2

8,2
100,00%

8,2
8,2

100,00%
8,2

8,2
100,00%

8,2
8,2

100,00%
8,2

8,2
100,00%

8,2
8,2

100,00%
Spain

172,2
172,2

100,00%
166,2

166,2
100,00%

159,7
159,7

100,00%
154,2

153,9
99,83%

151,5
150,8

99,54%
150,0

151,0
100,64%

151,4
151,4

100,00%
154,1

154,1
100,00%

Sw
eden

22,3
22,3

100,00%
22,5

22,5
100,00%

22,8
22,8

100,00%
20,8

20,8
100,00%

21,1
21,1

100,00%
23,5

23,5
100,00%

22,6
22,6

100,00%
22,6

22,6
100,00%

U
nited Kingdom

206,1
206,1

100,00%
206,0

206,0
100,00%

215,9
215,9

100,00%
217,8

213,8
98,16%

240,1
215,1

89,59%
256,1

220,3
86,02%

253,8
223,1

87,91%
255,9

228,6
89,32%

EU
27 + U

K
2096,4

2096,4
100,00%

2078,5
2071,8

99,67%
2194,6

2153,2
98,11%

2003,3
1950,4

97,36%
2028,9

1964,1
96,81%

2066,4
1989,9

96,29%
2086,4

2008,1
96,25%

2150,9
2045,6

95,10%

%
 free allow

ances > total allow
ances

%
 free allow

ances =  total allow
ances

%
 free allow

ances < total allow
ances

countries w
hich em

itted at least for 1y m
ore free allow

ances than actioned ones
countries w

hich issued only free allow
ances in the third trading period

EU Countries + Iceland, Lechtenstein, Norway

2010
2011

2012
2005

2006
2007

2008
2009
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D

First Phase
Second Phase

%
 Free allow

ances over total allow
ances
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a
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allow

a
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%
 free 

over total
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allow

a
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allow

a
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%
 free 
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allow

a
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allow

a
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%
 free 
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a
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a
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 free 
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a
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Free 
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a
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%
 free 
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Total 
allow

a
nces

Free 
allow

a
nces

%
 free 

over total

Total 
allow

a
nces

Free 
allow

a
nces

%
 free 

over total

Austria
36,8

22,5
61,05%

30,7
21,9

71,26%
31,1

21,1
67,83%

31,7
20,5

64,71%
33,6

19,9
59,29%

32,9
19,4

58,96%
26,1

18,8
71,86%

Belgium
63,2

37,1
58,68%

52,2
36,1

69,18%
52,6

34,4
65,34%

54,5
34,1

62,65%
58,3

33,4
57,25%

56,8
32,2

56,73%
46,3

32,0
69,00%

Bulgaria
37,1

21,8
58,83%

25,8
19,7

76,27%
33,5

17,7
52,68%

32,4
16,3

50,16%
35,8

13,2
36,87%

35,6
11,8

33,04%
28,0

10,1
36,19%

Croatia
5,3

5,3
100,00%

5,1
5,1

100,00%
16,2

4,8
29,93%

8,5
4,7

55,24%
9,3

4,6
49,50%

9,0
4,4

49,05%
7,3

4,3
59,80%

Cyprus
4,0

3,7
92,40%

3,4
3,4

97,89%
3,1

3,1
100,00%

2,7
2,7

100,00%
3,4

2,4
68,92%

3,8
2,2

57,81%
2,9

1,9
65,41%

Czechia
70,9

52,3
73,75%

56,4
47,0

83,30%
56,6

42,1
74,43%

59,5
37,2

62,45%
66,5

31,8
47,91%

65,3
27,5

42,10%
48,3

22,7
47,08%

D
enm

ark
25,1

12,2
48,68%

19,0
11,1

58,21%
18,9

9,9
52,32%

19,2
9,1

47,64%
20,8

8,5
40,89%

20,1
7,9

39,56%
14,0

7,3
52,62%

Estonia
12,9

8,8
68,26%

9,3
8,0

86,56%
9,8

7,0
71,68%

10,4
5,9

56,74%
11,7

4,9
41,68%

12,2
3,2

25,77%
8,8

3,0
34,28%

Finland
40,1

22,9
57,09%

32,2
21,6

67,06%
32,1

20,1
62,58%

32,4
19,0

58,55%
34,5

18,0
52,32%

33,2
17,0

51,20%
24,8

16,0
64,43%

France
138,9

82,6
59,44%

115,2
80,4

69,83%
116,9

77,6
66,35%

119,4
75,4

63,19%
124,8

71,0
56,89%

120,7
67,7

56,05%
95,1

66,2
69,60%

G
erm

any
375,6

169,5
45,13%

292,2
165,1

56,49%
302,8

158,9
52,49%

315,6
154,8

49,05%
347,0

150,1
43,27%

318,2
146,0

45,88%
268,5

141,0
52,50%

G
reece

50,8
15,0

29,60%
36,7

14,7
39,97%

39,5
14,6

36,91%
42,2

14,3
33,91%

48,3
14,2

29,41%
47,6

14,0
29,33%

34,2
13,7

40,13%
H

ungary
26,4

18,0
68,19%

19,5
10,0

51,16%
21,1

10,4
48,98%

22,2
10,2

45,80%
24,8

10,0
40,48%

24,4
9,8

40,37%
18,7

9,5
50,79%

Iceland
1,5

1,5
100,00%

1,5
1,5

100,00%
1,5

1,5
100,00%

1,5
1,5

100,00%
1,4

1,4
100,00%

1,4
1,4

100,00%
2,3

1,4
59,60%

Ireland
14,9

5,3
35,34%

10,7
4,7

44,34%
12,0

5,3
44,17%

12,8
5,3

41,23%
14,3

5,1
35,78%

14,1
5,0

35,47%
9,8

4,9
49,54%

Italy
186,0

86,8
46,67%

139,5
78,3

56,14%
141,8

72,5
51,16%

148,2
70,9

47,80%
163,7

68,9
42,12%

160,8
67,4

41,92%
116,0

64,4
55,48%

Latvia
5,4

2,7
49,14%

4,1
2,4

58,61%
4,0

2,1
51,80%

4,1
1,9

46,68%
4,4

1,8
39,87%

4,2
1,6

38,04%
3,2

1,5
46,50%

Liechtenstein
0,0

0,0
100,00%

0,0
0,0

100,00%
0,0

0,0
100,00%

0,0
0,0

100,00%
0,0

0,0
100,00%

0,0
0,0

100,00%
0,0

0,0
4,03%

Lithuania
11,9

6,9
57,81%

9,5
6,6

69,20%
10,1

6,4
63,31%

10,1
6,2

60,95%
11,4

5,9
51,99%

10,8
5,6

51,97%
8,5

5,1
60,00%

Luxem
bourg

2,6
1,4

52,56%
2,1

1,3
63,08%

2,2
1,3

60,19%
2,2

1,3
56,93%

2,4
1,2

51,30%
2,4

1,2
51,03%

1,9
1,2

63,47%
M

alta
1,1

0,6
0,7

0,8
1,0

1,0
0,6

N
etherlands

84,0
49,5

58,92%
69,4

48,2
69,36%

70,8
46,8

66,00%
72,1

45,2
62,67%

77,4
44,5

57,44%
76,1

43,6
57,30%

60,0
42,3

70,51%
N

orw
ay

17,7
17,7

100,00%
17,4

17,4
100,00%

17,1
17,1

100,00%
17,1

17,1
100,00%

16,3
16,3

100,00%
16,0

16,0
100,00%

34,2
15,7

45,88%
Poland

186,9
135,7

72,59%
134,0

120,7
90,05%

116,7
99,6

85,32%
110,6

85,0
76,88%

157,6
71,8

45,52%
144,4

66,4
45,97%

165,5
61,6

37,23%
Portugal

30,6
12,5

40,88%
23,3

12,1
52,09%

24,1
11,5

47,60%
25,3

11,2
44,28%

28,2
10,9

38,76%
27,8

10,7
38,64%

21,1
10,7

51,05%
Rom

ania
73,9

40,0
54,21%

46,8
30,4

64,79%
55,1

29,7
53,89%

66,3
29,5

44,50%
72,4

27,2
37,60%

67,5
21,0

31,10%
51,3

20,9
40,72%

Slovakia
32,3

16,5
50,95%

25,6
15,8

61,87%
26,1

15,0
57,62%

26,9
14,5

54,05%
29,0

13,8
47,81%

28,7
13,7

47,98%
23,3

13,4
57,45%

Slovenia
6,8

2,3
33,38%

5,2
2,4

45,75%
5,3

2,1
40,18%

5,4
1,9

34,76%
6,2

1,8
29,27%

6,0
1,7

28,83%
4,3

1,7
38,78%

Spain
156,2

67,3
43,06%

116,0
61,2

52,77%
122,4

60,4
49,30%

129,3
60,0

46,38%
143,6

58,8
40,91%

140,9
57,3

40,63%
107,5

57,7
53,68%

Sw
eden

38,2
29,1

76,03%
33,1

27,4
82,91%

32,0
25,6

80,01%
31,6

24,4
77,37%

31,9
23,2

72,58%
30,4

21,8
71,63%

25,7
20,7

80,40%
U

nited Kingdom
174,1

66,8
38,34%

131,5
65,2

49,63%
136,0

61,1
44,89%

139,9
59,7

42,65%
159,0

53,0
33,34%

152,4
51,3

33,69%
49,3

49,3
100,00%

EU
27 + U

K
2102,7

994,3
47,29%

1538,5
920,6

59,84%
1493,5

860,8
57,63%

1536,4
821,1

53,44%
1721,2

770,0
44,74%

1647,1
731,4

44,40%
1271,0

701,9
55,23%

%
 free allow

ances > total allow
ances

%
 free allow

ances =  total allow
ances

%
 free allow

ances < total allow
ances

countries w
hich em

itted at least for 1y m
ore free allow

ances than actioned ones
countries w

hich issued only free allow
ances in the third trading period

2016
2017

2018
2019

EU Countries + Iceland, Lechtenstein, Norway

2014
2015

2013

LEG
EN

D

Third Phase
%

 Free allow
ances over total allow

ances
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Annex V - EU ETS Entities by size

C
B

A1
A2

Zero
C

B
A1

A2
Zero

C
B

A1
A2

Zero
C

B
A1

A2
Zero

C
B

A1
A2

Zero
C

B
A1

A2
Zero

C
B

A1
A2

Zero
C

B
A1

A2
Zero

%
 over total

7%
23%

48%
11%

11%
7%

22%
47%

11%
13%

6%
22%

46%
11%

15%
7%

26%
50%

10%
7%

6%
24%

50%
12%

7%
6%

25%
50%

13%
7%

7%
22%

51%
13%

7%
7%

23%
50%

14%
6%

%
 over total

9%
24%

50%
15%

2%
11%

22%
50%

17%
1%

9%
23%

49%
17%

2%
10%

23%
45%

21%
0%

7%
22%

49%
19%

2%
8%

24%
48%

16%
3%

7%
23%

48%
19%

3%
6%

24%
48%

18%
5%

%
 over total

13%
19%

58%
10%

1%
10%

19%
57%

9%
5%

9%
17%

57%
9%

8%
8%

17%
56%

11%
8%

7%
20%

55%
8%

11%
8%

20%
59%

7%
5%

%
 over total

%
 over total

31%
8%

62%
0%

0%
23%

15%
62%

0%
0%

23%
15%

62%
0%

0%
23%

15%
62%

0%
0%

21%
14%

57%
0%

7%
21%

14%
57%

0%
7%

29%
7%

57%
0%

7%
21%

7%
57%

0%
14%

%
 over total

8%
17%

62%
10%

3%
8%

15%
63%

10%
4%

8%
15%

63%
9%

5%
7%

15%
62%

9%
8%

7%
17%

63%
8%

6%
7%

17%
60%

8%
9%

7%
15%

60%
8%

10%
7%

16%
61%

7%
10%

%
 over total

4%
9%

72%
5%

10%
4%

9%
73%

5%
10%

3%
9%

77%
3%

8%
3%

8%
77%

4%
7%

3%
7%

79%
5%

6%
3%

8%
78%

5%
6%

3%
7%

78%
5%

7%
3%

7%
80%

5%
6%

%
 over total

7%
23%

49%
16%

5%
6%

23%
53%

15%
2%

6%
23%

53%
17%

0%
6%

23%
55%

13%
2%

6%
16%

57%
16%

4%
6%

18%
51%

14%
10%

6%
20%

48%
18%

8%
6%

20%
52%

14%
8%

%
 over total

3%
12%

58%
5%

23%
4%

11%
59%

5%
21%

4%
12%

62%
4%

18%
3%

11%
60%

4%
21%

3%
11%

59%
4%

22%
4%

11%
62%

4%
19%

4%
11%

64%
4%

18%
2%

11%
63%

5%
19%

%
 over total

5%
21%

54%
17%

3%
5%

20%
54%

17%
5%

5%
19%

53%
17%

6%
5%

19%
53%

17%
6%

5%
18%

54%
16%

7%
5%

18%
51%

16%
10%

5%
18%

53%
15%

9%
4%

20%
54%

17%
5%

%
 over total

9%
19%

56%
14%

2%
9%

20%
56%

13%
1%

9%
20%

57%
12%

2%
10%

21%
55%

12%
2%

9%
20%

56%
12%

2%
9%

21%
54%

13%
3%

9%
20%

55%
12%

4%
9%

20%
54%

12%
5%

%
 over total

18%
23%

40%
15%

4%
18%

19%
45%

16%
2%

18%
19%

45%
16%

3%
18%

18%
49%

12%
3%

16%
19%

46%
11%

9%
16%

14%
47%

14%
9%

15%
16%

45%
12%

12%
16%

15%
49%

10%
10%

%
 over total

5%
17%

58%
19%

1%
5%

18%
57%

19%
1%

5%
16%

58%
18%

2%
6%

17%
56%

14%
7%

4%
16%

53%
13%

13%
4%

20%
59%

15%
2%

4%
19%

61%
13%

3%
4%

18%
65%

11%
2%

%
 over total

%
 over total

12%
13%

63%
13%

0%
13%

12%
63%

8%
4%

12%
14%

64%
7%

3%
14%

15%
62%

8%
1%

12%
16%

61%
9%

1%
12%

16%
59%

12%
1%

10%
17%

61%
11%

1%
10%

14%
62%

10%
4%

%
 over total

10%
24%

50%
16%

0%
10%

22%
51%

14%
2%

9%
20%

51%
13%

6%
10%

22%
51%

14%
4%

8%
20%

54%
13%

5%
8%

20%
53%

13%
6%

8%
21%

54%
14%

4%
7%

21%
55%

13%
4%

%
 over total

1%
8%

75%
12%

4%
1%

7%
73%

9%
9%

1%
6%

74%
11%

8%
1%

5%
67%

8%
19%

1%
7%

73%
11%

8%
3%

6%
73%

13%
5%

3%
5%

76%
11%

5%
3%

4%
75%

12%
7%

%
 over total

0%
0%

100%
0%

0%
0%

0%
100%

0%
0%

0%
0%

100%
0%

0%
0%

0%
100%

0%
0%

0%
0%

100%
0%

0%
%

 over total
5%

9%
63%

10%
14%

4%
11%

69%
7%

10%
4%

10%
68%

9%
10%

4%
7%

62%
11%

17%
4%

8%
64%

11%
14%

3%
10%

59%
13%

16%
3%

12%
61%

9%
16%

3%
9%

61%
10%

16%
%

 over total
13%

53%
13%

20%
0%

13%
60%

13%
13%

0%
13%

47%
13%

27%
0%

14%
43%

14%
29%

0%
14%

36%
21%

29%
0%

15%
38%

8%
38%

0%
15%

38%
8%

38%
0%

15%
38%

15%
31%

0%
%

 over total
100%

0%
0%

0%
0%

100%
0%

0%
0%

0%
100%

0%
0%

0%
0%

100%
0%

0%
0%

0%
100%

0%
0%

0%
0%

100%
0%

0%
0%

0%
100%

0%
0%

0%
0%

100%
0%

0%
0%

0%
%

 over total
14%

40%
22%

22%
2%

13%
41%

23%
22%

1%
13%

39%
21%

23%
4%

8%
18%

59%
12%

2%
8%

18%
60%

12%
2%

8%
18%

58%
15%

1%
8%

18%
60%

13%
1%

8%
18%

61%
12%

2%
%

 over total
11%

32%
49%

7%
2%

11%
30%

49%
6%

3%
10%

32%
45%

8%
4%

11%
32%

46%
6%

6%
10%

30%
48%

7%
5%

%
 over total

7%
21%

50%
21%

1%
7%

20%
50%

20%
3%

7%
21%

49%
20%

3%
7%

20%
51%

20%
3%

7%
18%

50%
20%

5%
7%

21%
47%

20%
4%

7%
20%

49%
19%

5%
8%

21%
49%

21%
1%

%
 over total

5%
11%

66%
13%

5%
4%

12%
65%

12%
7%

5%
11%

60%
13%

11%
5%

15%
52%

13%
14%

5%
14%

56%
13%

12%
5%

13%
50%

14%
18%

5%
13%

51%
11%

20%
5%

16%
52%

13%
14%

%
 over total

13%
23%

48%
12%

4%
13%

21%
49%

14%
3%

10%
19%

53%
11%

7%
11%

19%
49%

13%
8%

11%
18%

47%
14%

10%
11%

19%
45%

14%
12%

%
 over total

3%
16%

70%
10%

1%
4%

16%
71%

8%
1%

4%
15%

69%
9%

3%
5%

17%
66%

8%
4%

3%
18%

67%
7%

5%
5%

17%
63%

7%
8%

4%
18%

62%
6%

9%
4%

19%
62%

7%
8%

%
 over total

3%
11%

69%
15%

1%
3%

11%
68%

13%
4%

4%
9%

70%
14%

2%
4%

10%
73%

13%
0%

3%
10%

77%
8%

2%
3%

9%
70%

12%
7%

3%
9%

74%
10%

3%
3%

8%
75%

9%
5%

%
 over total

11%
23%

46%
16%

4%
8%

20%
54%

15%
3%

8%
20%

51%
15%

5%
8%

21%
53%

13%
5%

7%
20%

55%
11%

6%
6%

21%
53%

11%
8%

6%
22%

53%
10%

9%
6%

22%
52%

10%
10%

%
 over total

1%
7%

70%
5%

16%
1%

7%
69%

4%
19%

1%
7%

65%
4%

23%
1%

6%
65%

4%
23%

1%
6%

67%
4%

22%
2%

6%
69%

4%
19%

1%
6%

68%
4%

22%
1%

5%
69%

4%
21%

%
 over total

9%
18%

55%
8%

10%
9%

17%
55%

6%
13%

7%
16%

43%
5%

29%
8%

23%
54%

9%
5%

8%
22%

55%
9%

6%
8%

22%
53%

10%
6%

8%
21%

56%
10%

5%
7%

21%
58%

10%
4%

%
 over total

7%
19%

56%
13%

6%
7%

18%
56%

13%
6%

7%
18%

55%
12%

9%
7%

18%
56%

12%
7%

7%
17%

57%
11%

7%
7%

18%
56%

12%
8%

7%
18%

57%
11%

8%
6%

18%
57%

11%
7%

EU
27 + U

K M
EAN

D
EV. ST

C
7%

0,47%
C

Large (em
issions > 500 kt CO

2-eq)
B

19%
0,77%
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C
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Annex VII - EED Primary energy consumption
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8
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9,89

-16,04%
8,2

10,26
-20,10%

10,65
10,7

C
yp

ru
s

-1,50%
2,2
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2,6
2,28

13,87%
2,25

2,2

C
zech

ia
1,14%
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17,73
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6
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0,38%
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-8,98%

5,9
5,97

-1,20%
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240,1

237,99
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232,58
2,72%
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22,4
23,54

-5%
22

23,98
-8,27%

23,3
24,44

-4,65%
23,7

24,90
-4,82%

24,5
25,37

-3,44%
24,5

25,85
-5,23%

26,34
26,6

Irelan
d

0,18%
13,1

13,73
-5%

13,2
13,75

-4,00%
13,9

13,78
0,91%

14,6
13,80

5,80%
14,4

13,83
4,16%

14,5
13,85

4,69%
13,88

13,9

Italy
0,11%

152,1
156,78

-3%
142,7

156,95
-9,08%

149,1
157,13

-5,11%
148

157,30
-5,91%

149
157,48

-5,38%
147,2

157,65
-6,63%

157,83
158,

L
atvia

2,84%
4,4

4,53
-3%

4,4
4,65

-5,45%
4,3

4,79
-10,15%

4,3
4,92

-12,63%
4,5

5,06
-11,09%

4,7
5,21

-9,71%
5,35

5,4

L
ith

u
an

ia
1,04%

5,8
6,06

-4%
5,8

6,13
-5,32%

5,8
6,19

-6,29%
6

6,25
-4,06%

6,2
6,32

-1,88%
6,3

6,38
-1,33%

6,45
6,5

L
u

xem
b

o
u

rg
0,28%

4,3
4,41

-3%
4,2

4,43
-5,09%

4,1
4,44

-7,61%
4,2

4,45
-5,62%

4,3
4,46

-3,65%
4,5

4,48
0,55%

4,49
4,5

M
alta

-2,50%
0,9

0,98
-8%

0,9
0,95

-5,33%
0,8

0,93
-13,69%

0,7
0,90

-22,54%
0,8

0,88
-9,20%

0,8
0,86

-6,88%
0,84

0,8

N
eth

erlan
d

s
-1,14%

66,2
66,04

0%
62,3

65,28
-4,57%

63,7
64,54

-1,30%
64,8

63,80
1,56%

65,1
63,07

3,21%
64,7

62,35
3,76%

61,64
60,7

P
o

lan
d

0,44%
93,5

93,51
0%

89,5
93,93

-4,71%
90,1

94,34
-4,50%

94,8
94,76

0,04%
99,2

95,18
4,22%

101,1
95,60

5,75%
96,03

96,4

P
o

rtu
g

al
0,89%

21
21,19

-1%
20,7

21,38
-3,17%

21,6
21,57

0,15%
21,8

21,76
0,18%

22,8
21,95

3,85%
22,6

22,15
2,03%

22,35
22,5

R
o

m
an

ia
3,64%

30,4
34,51

-12%
30,1

35,77
-15,85%

30,7
37,07

-17,19%
30,6

38,42
-20,36%

32,4
39,82

-18,63%
32,5

41,27
-21,25%

42,77
43

S
lo

vakia
0,64%

15,7
15,70

0%
14,8

15,80
-6,33%

15,2
15,90

-4,41%
15,4

16,00
-3,77%

16,2
16,11

0,58%
15,8

16,21
-2,53%

16,31
16,4

S
lo

ven
ia

0,55%
6,6

6,84
-3%

6,4
6,88

-6,91%
6,3

6,91
-8,87%

6,5
6,95

-6,49%
6,7

6,99
-4,14%

6,7
7,03

-4,67%
7,07

7,1

S
p

ain
0,00%

116,1
123,40

-6%
114,2

123,40
-7,46%

118,6
123,40

-3,89%
119,3

123,40
-3,32%

125,8
123,40

1,94%
124,6

123,40
0,97%

123,40
123,4

S
w

ed
en

-1,10%
46,4

47,08
-1%

46
46,56

-1,19%
44,3

46,04
-3,78%

45,4
45,53

-0,30%
46,5

45,03
3,26%

46,8
44,54

5,08%
44,04

43,4

U
n

ited
 K

in
g

d
o

m
-1,13%

191,6
193,00

-1%
180,7

190,82
-5,31%

183,1
188,67

-2,95%
179

186,55
-4,05%

176,9
184,45

-4,09%
176,3

182,37
-3,33%

180,31
177,6

E
U

27 +
 U

K
-0,87%

1.577,4
1579,51

0%
1.512,4

1565,84
-3,41%

1.537,6
1552,29

-0,95%
1.544,9

1538,86
0,39%

1.562,4
1525,55

2,42%
1.551,9

1512,34
2,62%

1499,26
1483

D
ata related to EU

27 + U
K

Target not reached
Virtuos countries

EU Countries
Prim

ary energy consum
ption [M

illion Tonnes of O
il eq TO

E]

LEG
EN

D

Linear 
dec/increasing 

factor

2018
TARG

ET 
2020

2013
2014

2015
2016

2017
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Annex VIII - EED Energy Intensity

2000
2001

2002
2003

2004
2005

2006
2007

2008
2009

2010
2011

2012
2013

2014
2015

2016
2017

2018
A

u
stria

115,11
119,91

118,64
123,71

122,69
124,06

120,99
114,66

113,95
112,35

117,79
111,11

109,95
111,44

106,68
108,06

107,00
106,73

101,76

B
elg

iu
m

211,40
207,07

201,88
209,75

203,83
197,98

192,97
186,00

191,06
181,05

189,68
174,03

163,94
169,42

156,56
154,55

162,38
160,97

158,20

B
u

lg
aria

760,39
765,56

705,77
689,37

630,26
622,43

600,19
552,59

514,63
469,94

473,46
495,02

472,42
438,04

449,49
451,80

426,02
426,03

414,36

C
ro

atia
240,06

241,35
236,18

239,09
229,77

223,95
212,21

209,57
201,01

209,07
210,08

206,39
198,55

195,74
186,70

190,12
185,37

186,08
177,36

C
yp

ru
s

187,14
181,70

172,83
181,39

158,15
166,56

164,98
162,18

163,24
161,02

151,73
149,33

145,40
138,79

143,56
142,50

144,44
142,25

140,37

C
zec

h
ia

360,00
358,92

357,87
360,73

352,64
327,77

313,70
296,43

283,36
279,59

290,96
274,52

274,73
277,68

260,94
248,74

240,49
238,69

232,55

D
en

m
ark

92,33
93,23

90,62
95,31

89,74
85,59

88,98
86,57

84,46
82,94

86,81
79,79

75,99
75,89

71,41
69,86

69,59
68,57

67,51

E
s

to
n

ia
456,03

447,71
403,33

413,07
397,10

357,14
323,43

336,61
343,95

350,04
395,89

366,91
358,55

392,69
356,70

326,84
349,09

319,12
331,01

F
in

la
n

d
211,78

211,01
218,58

225,66
218,83

196,77
206,03

192,46
183,62

186,03
196,99

184,96
180,48

179,30
183,53

174,28
176,94

172,56
173,09

F
ran

ce
146,92

148,56
147,21

149,56
147,92

146,06
140,56

136,01
136,23

134,84
136,32

131,02
130,59

130,32
124,06

124,71
121,18

118,49
116,05

G
e

rm
a

n
y

146,37
148,06

145,15
146,63

145,97
144,31

143,25
132,49

132,83
131,73

132,98
121,38

121,87
123,92

116,06
114,66

112,98
110,75

106,34

G
ree

ce
165,88

163,19
157,57

152,92
147,96

147,65
141,22

137,14
138,10

137,75
137,39

147,47
155,00

142,16
139,34

140,02
137,59

141,72
136,31

H
u

n
g

ary
312,79

307,55
293,48

287,88
275,56

285,08
271,06

264,61
257,80

262,78
268,65

258,59
249,45

236,24
225,81

230,04
228,50

228,60
217,60

Irelan
d

114,62
114,78

110,00
102,38

98,11
94,85

90,88
89,29

92,33
92,80

90,62
82,93

83,72
79,22

73,32
61,68

62,57
56,94

53,19

Italy
112,80

110,93
111,52

116,85
116,04

117,26
114,36

112,52
112,14

110,42
111,60

107,04
106,02

103,91
98,21

101,22
99,21

100,90
98,80

L
atvia

313,87
330,71

307,55
299,50

284,05
265,26

242,59
225,05

225,28
256,44

273,93
242,48

242,30
233,22

227,76
218,22

217,77
214,49

206,54

L
ith

u
an

ia
406,58

435,88
436,82

411,95
391,92

345,51
317,61

308,53
300,54

322,18
258,30

252,58
244,96

222,87
214,35

215,69
217,79

218,65
214,39

L
u

xe
m

b
o

u
rg

118,76
122,17

122,68
127,22

136,36
134,87

126,15
114,21

115,80
114,03

115,64
110,92

108,66
101,91

95,18
90,30

86,64
87,88

88,73

M
alta

272,10
297,60

282,03
319,66

334,18
266,96

277,87
284,81

289,01
318,05

361,81
339,32

314,82
286,73

269,06
263,07

267,65
296,90

289,19

N
eth

erlan
d

s
163,75

165,54
166,52

169,68
170,04

166,40
161,46

155,77
150,52

150,91
156,47

147,09
147,00

143,77
135,13

132,83
132,16

129,72
124,75

P
o

lan
d

363,50
361,50

350,22
347,03

331,20
324,10

321,43
299,00

290,20
270,58

281,36
267,95

253,59
251,86

234,67
228,54

232,57
232,09

223,73

P
o

rtu
g

al
155,94

152,87
157,89

155,83
158,40

160,66
150,97

146,90
143,28

145,24
138,24

137,74
135,57

137,26
137,85

140,68
138,27

139,83
133,08

R
o

m
an

ia
443,33

424,04
415,55

423,08
377,55

354,67
340,29

315,29
287,35

266,72
279,26

279,54
268,02

236,06
226,53

219,83
209,16

205,92
197,48

S
lo

vak
ia

422,25
426,64

411,43
387,92

362,80
348,45

318,45
275,17

268,07
259,13

260,11
245,50

231,90
233,22

213,44
210,17

206,82
211,79

201,46

S
lo

ven
ia

231,80
235,73

231,08
227,07

224,25
221,63

210,21
197,34

202,13
196,79

198,95
197,32

195,42
192,77

180,83
175,31

177,46
174,92

168,79

S
p

a
in

149,44
148,18

148,28
148,89

150,82
149,01

143,28
140,84

135,21
129,68

129,03
129,67

133,02
125,63

122,09
121,62

119,36
121,03

118,34

S
w

ed
e

n
162,83

170,20
169,40

163,38
163,63

156,30
146,08

140,47
140,33

133,46
140,56

136,15
136,71

132,46
127,96

117,23
120,09

120,64
118,17

U
n

ited
 K

in
g

d
o

m
148,48

144,73
139,36

137,46
133,24

130,00
124,76

117,86
116,95

113,18
115,56

105,94
106,33

102,43
94,39

93,73
90,56

87,78
86,36

E
U

 27
 +

 U
K

158,60
158,53

156,52
158,22

156,10
153,64

149,72
143,32

142,17
139,40

141,84
134,70

133,85
131,88

124,86
123,67

122,02
120,94

117,75

EU Countries

Energy Intensity of G
D

P in chain linked volum
es (2010) [Kilogram

s of O
il eq / thousand euro]
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Annex IX - Share of energy from renewable sources

2005

%
%

∆ 2006-
2005

%
∆ 2007-

2006
%

∆ 2008-
2007

%
∆ 2009-

2008
%

∆ 2010-
2009

%
∆ 2011-

2010
%

∆ 2012-
2011

%
∆ 2013-

2012
%

∆ 2014-
2013

%
∆ 2015-

2014
%

∆ 2016-
2015

%
∆ 2017-

2016
%

∆ 2018-
2017

A
ustria

24,4%
26,3%

8,0%
28,2%

7,0%
28,9%

2,4%
31,0%

7,5%
31,2%

0,6%
31,6%

1,2%
32,7%

3,5%
32,8%

0,3%
33,7%

2,7%
33,5%

-0,3%
33,4%

-0,5%
33,1%

-0,7%
33,4%

0,9%
0,6%

34%
Belgium

2,3%
2,6%

12,9%
3,1%

17,8%
3,6%

15,8%
4,7%

31,3%
5,6%

19,7%
6,3%

11,5%
7,2%

14,2%
7,5%

4,7%
8,0%

6,9%
8,0%

-0,4%
8,7%

8,9%
9,1%

4,0%
9,4%

4,0%
3,6%

13%
Bulgaria

9,2%
9,4%

2,6%
9,1%

-3,4%
10,3%

13,7%
12,0%

16,0%
13,9%

16,0%
14,2%

1,6%
15,8%

11,9%
18,9%

19,3%
18,0%

-4,5%
18,3%

1,2%
18,8%

2,7%
18,7%

-0,3%
20,5%

9,8%
-4,5%

16%
Croatia

23,7%
22,7%

-4,3%
22,2%

-2,2%
22,0%

-0,8%
23,6%

7,3%
25,1%

6,4%
25,4%

1,1%
26,8%

5,4%
28,0%

4,8%
27,8%

-0,8%
29,0%

4,1%
28,3%

-2,4%
27,3%

-3,5%
28,0%

2,7%
-8,0%

20%
Cyprus

3,1%
3,3%

4,2%
4,0%

22,7%
5,1%

28,2%
5,9%

15,4%
6,2%

4,2%
6,3%

1,4%
7,1%

14,0%
8,5%

18,5%
9,2%

8,5%
9,9%

8,3%
9,9%

-0,7%
10,5%

6,4%
13,9%

32,3%
-0,9%

13%
Czechia

7,1%
7,4%

3,5%
7,9%

7,2%
8,7%

9,9%
10,0%

15,0%
10,5%

5,4%
10,9%

4,1%
12,8%

17,1%
13,9%

8,7%
15,1%

8,2%
15,1%

0,0%
14,9%

-0,9%
14,8%

-0,9%
15,1%

2,3%
-2,1%

13%
D

enm
ark

16,0%
16,3%

2,4%
17,7%

8,7%
18,5%

4,5%
20,0%

7,6%
21,9%

9,7%
23,4%

6,8%
25,5%

8,9%
27,2%

6,7%
29,3%

7,9%
30,8%

5,2%
31,8%

3,2%
34,7%

9,1%
35,7%

2,8%
-5,7%

30%
Estonia

17,4%
16,0%

-8,4%
17,0%

6,8%
18,6%

9,4%
22,9%

23,0%
24,6%

7,2%
25,3%

3,1%
25,5%

0,7%
25,3%

-0,8%
26,1%

3,2%
28,2%

8,0%
28,7%

1,6%
29,1%

1,5%
30,0%

3,0%
-5,0%

25%
Finland

28,8%
30,1%

4,3%
29,6%

-1,6%
31,4%

6,0%
31,3%

-0,1%
32,4%

3,5%
32,8%

1,1%
34,4%

5,0%
36,7%

6,7%
38,8%

5,6%
39,3%

1,4%
39,0%

-0,8%
40,9%

4,9%
41,2%

0,6%
-3,2%

38%
France

9,6%
9,3%

-2,7%
10,2%

9,7%
11,2%

9,2%
12,2%

9,2%
12,7%

3,7%
11,0%

-13,1%
13,4%

22,0%
14,0%

4,5%
14,6%

3,8%
15,0%

3,0%
15,7%

4,4%
16,0%

2,1%
16,6%

3,6%
6,4%

23%
G

erm
any

7,2%
8,5%

18,1%
10,1%

18,6%
10,1%

0,3%
10,9%

7,7%
11,7%

7,5%
12,5%

6,7%
13,6%

8,7%
13,8%

1,6%
14,4%

4,5%
14,9%

3,6%
14,9%

-0,1%
15,5%

3,9%
16,5%

6,5%
1,5%

18%
G

reece
7,3%

7,5%
2,5%

8,2%
10,6%

8,2%
-0,8%

8,7%
6,7%

10,1%
15,4%

11,2%
10,7%

13,7%
23,2%

15,3%
11,5%

15,7%
2,3%

15,7%
0,0%

15,4%
-1,9%

17,0%
10,1%

18,0%
6,2%

0,0%
18%

H
ungary

6,9%
7,4%

7,2%
8,6%

15,4%
8,6%

-0,1%
11,7%

36,3%
12,7%

9,2%
14,0%

9,7%
15,5%

11,2%
16,2%

4,3%
14,6%

-9,8%
14,5%

-0,8%
14,3%

-1,2%
13,5%

-5,6%
12,5%

-7,6%
0,5%

13%
Ireland

2,8%
3,0%

7,7%
3,5%

14,0%
3,9%

13,7%
5,2%

31,8%
5,7%

10,2%
6,6%

16,4%
7,1%

6,1%
7,6%

8,0%
8,6%

12,9%
9,1%

5,9%
9,3%

1,6%
10,6%

14,4%
11,1%

4,5%
4,9%

16%
Italy

7,5%
8,3%

10,3%
9,8%

17,8%
11,5%

17,2%
12,8%

11,2%
13,0%

1,9%
12,9%

-1,1%
15,4%

19,9%
16,7%

8,4%
17,1%

2,0%
17,5%

2,6%
17,4%

-0,6%
18,3%

4,9%
17,8%

-2,7%
-0,8%

17%
Latvia

32,3%
31,1%

-3,5%
29,6%

-4,9%
29,8%

0,7%
34,3%

15,1%
30,4%

-11,5%
33,5%

10,2%
35,7%

6,7%
37,0%

3,7%
38,6%

4,3%
37,5%

-2,8%
37,1%

-1,1%
39,0%

5,1%
40,3%

3,3%
-0,3%

40%
Lithuania

16,8%
16,9%

0,7%
16,5%

-2,4%
17,8%

8,1%
19,8%

11,1%
19,6%

-0,8%
19,9%

1,6%
21,4%

7,5%
22,7%

5,8%
23,6%

4,0%
25,8%

9,1%
25,6%

-0,5%
26,0%

1,7%
24,4%

-6,1%
-1,4%

23%
Luxem

bourg
1,4%

1,5%
4,8%

2,7%
85,5%

2,8%
3,2%

2,9%
4,4%

2,9%
-2,6%

2,9%
0,3%

3,1%
9,3%

3,5%
12,4%

4,5%
27,8%

5,0%
11,9%

5,4%
7,7%

6,3%
15,6%

9,1%
44,1%

1,9%
11%

M
alta

0,1%
0,1%

21,0%
0,2%

18,4%
0,2%

10,2%
0,2%

13,3%
1,0%

342,7%
1,8%

89,0%
2,9%

54,7%
3,8%

31,4%
4,7%

26,2%
5,1%

7,9%
6,2%

21,3%
7,3%

17,1%
8,0%

9,7%
2,0%

10%
N

etherlands
2,5%

2,8%
12,1%

3,3%
18,7%

3,6%
9,0%

4,3%
18,6%

3,9%
-8,2%

4,5%
15,5%

4,7%
3,0%

4,7%
0,7%

5,4%
15,4%

5,7%
4,5%

5,8%
3,0%

6,5%
10,9%

7,4%
14,3%

6,6%
14%

Poland
6,9%

6,9%
-0,2%

6,9%
0,6%

7,7%
11,3%

8,7%
12,3%

9,3%
6,8%

10,3%
11,3%

10,9%
5,9%

11,4%
4,3%

11,5%
1,1%

11,7%
2,2%

11,3%
-4,1%

11,0%
-2,7%

11,3%
2,9%

3,7%
15%

Portugal
19,5%

20,8%
6,5%

21,9%
5,5%

22,9%
4,6%

24,4%
6,4%

24,2%
-1,0%

24,6%
1,9%

24,6%
-0,2%

25,7%
4,6%

29,5%
14,8%

30,5%
3,4%

30,9%
1,1%

30,6%
-0,8%

30,3%
-0,9%

0,7%
31%

Rom
ania

17,6%
17,1%

-2,7%
18,2%

6,4%
20,2%

11,0%
22,2%

9,7%
22,8%

3,1%
21,2%

-7,2%
22,8%

7,7%
23,9%

4,6%
24,8%

4,0%
24,8%

-0,2%
25,0%

1,0%
24,5%

-2,3%
23,9%

-2,4%
0,1%

24%
Slovak Republic

6,4%
6,6%

3,5%
7,8%

17,9%
7,7%

-0,5%
9,4%

21,3%
9,1%

-2,9%
10,3%

13,7%
10,5%

1,0%
10,1%

-3,1%
11,7%

15,6%
12,9%

10,0%
12,0%

-6,6%
11,5%

-4,7%
11,9%

3,8%
2,1%

14%
Slovenia

16,0%
15,6%

-2,6%
15,6%

0,1%
15,0%

-3,9%
20,1%

34,4%
20,4%

1,4%
20,3%

-0,8%
20,8%

2,8%
22,4%

7,6%
21,5%

-3,9%
21,9%

1,6%
21,3%

-2,7%
21,1%

-1,1%
21,1%

0,4%
3,9%

25%
Spain

8,4%
9,1%

8,4%
9,7%

5,6%
10,7%

11,2%
13,0%

20,7%
13,8%

6,5%
13,2%

-4,2%
14,3%

8,0%
15,3%

7,2%
16,1%

5,3%
16,2%

0,6%
17,4%

7,4%
17,6%

0,8%
17,5%

-0,6%
2,5%

20%
Sw

eden
40,7%

42,4%
4,2%

43,9%
3,5%

44,7%
1,7%

47,9%
7,2%

47,0%
-1,9%

48,2%
2,7%

50,2%
4,1%

50,8%
1,1%

51,9%
2,1%

53,0%
2,2%

53,4%
0,7%

54,2%
1,6%

54,6%
0,8%

-5,6%
49%

U
nited Kingdom

1,1%
1,3%

19,8%
1,6%

19,9%
2,7%

67,9%
3,3%

24,1%
3,8%

13,2%
4,3%

14,2%
4,4%

2,1%
5,5%

24,7%
6,7%

22,5%
8,3%

23,7%
9,0%

7,7%
9,7%

8,4%
11,0%

13,2%
4,0%

15%
EU

 27 + U
K

9,1%
9,7%

6,4%
10,6%

9,6%
11,4%

7,1%
12,6%

11,0%
13,2%

4,2%
13,4%

1,9%
14,7%

9,5%
15,4%

4,7%
16,2%

5,5%
16,7%

3,2%
17,0%

1,6%
17,5%

2,8%
18,0%

2,9%
2,0%

20%

D
ata related to EU

27 + U
K

D
egrow

th betw
een tw

o consecutive years
Target already reached in 2018
Less than 1 point %

 distance from
 target

Virtuos countries

EU COUNTRIES

2020 
TA

RG
ET

%
 M

ISSIN
G

 
FO

R TH
E 

TA
RG

ET

2006
2007

2008
2009

2010
2011

2012
O

verall share of energy from
 renew

able sources [%
]

LEG
EN

D

2013
2014

2015
2016

2017
2018

125



Bibliography

[1] Russo, S., Sillmann, J., & Sterl, A. (2017). Humid heat waves at di�erent warming
levels. Scienti�c reports, 7 (1), 1-7.

[2] UNESCO, U. (2020). Water, 2020: United Nations World Water Development Report
2020: Water and Climate Change.

[3] Brown, O. (2008).Migration and climate change (No. 31). United Nations Publications.

[4] Rigaud, K. K., Jones, B., Bergmann, J., Clement, V., Ober, K., Schewe, J., ... & Midg-
ley, A. (2018). Groundswell: Preparing for Internal Climate Migration. Washington,
DC: World Bank.

[5] European Commission. (2018). A clean planet for all. A European strategic long-term
vision for a prosperous, modern, competitive and climate neutral economy. COM (2018)
773 �nal.

[6] European Commission. (2019). Communication from the Commission to the Euro-
pean Parliament, the European Council, the Council, the European Economic and
Social Committee and the Committee of the Regions. The European Green Deal.
COM/2019/640 �nal.

[7] European Parliament and the Council of the European Union. (2009). Regulation (EC)
No. 443/2009 of the European Parliament and of the Council of 23 April 2009, setting
emission performance standards for new passenger cars as part of the community's
integrated approach to reduce CO2 emissions from light-duty vehicles. O� J Eur Union
L Series., 140.

[8] Directive, E. C. (2009). Directive 2009/125/EC of the European Parliament and of
the Council of 21 October 2009, establishing a framework for the setting of ecodesign
requirements for energy related products (recast). O�cial Journal of the European
Communities.

[9] Regulation (EU) 2019/631 of the European Parliament and of the Council setting CO2
emission performance standards for new passenger cars and for new light commercial
vehicles. European Parliament and of the Council
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%

3A02019R0631-20200121

[10] Regulation (EU) 2020/852 of the European Parliament and of the Council on the
establishment of a framework to facilitate sustainable investment. European Parliament
and of the Council
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32020R0852

126

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02019R0631-20200121
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02019R0631-20200121
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32020R0852


[11] Regulation (EU) 2019/2088 of the European Parliament and of the Council on
sustainability-related disclosures in the �nancial services sector. European Parliament
and of the Council
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32019R2088

[12] Regulation, E. U. (2018). 841 of the European parliament and of the council of 30
May 2018 on the inclusion of greenhouse gas emissions and removals from land use,
land use change and forestry in the 2030 climate and energy framework, and amending
Regulation (EU) No 525/2013 and Decision No 529/2013/EU. O�cial Journal of the
European Union, 19, 1-25.

[13] Directive (EU) 2019/944 of the European Parliament and of the Council on common
rules for the internal market for electricity. European Parliament and of the Council
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32019L0944

[14] Council, E. (2010). Directive 2010/31/EU of the European Parliament and of the
Council of 19 May, 2010 on the energy performance of buildings. O�cial Journal of
the European Union, 153, 13-35.

[15] A hydrogen strategy for a climate-neutral Europe. The commission to the European
parliament, the council, the European economic and social committee and the committee
of the regions
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52020DC0301

[16] A European Strategy for Low-Emission Mobility. The commission to the European
parliament, the council, the European economic and social committee and the committee
of the regions
https://eur-lex.europa.eu/legal-content/en/ALL/?uri=CELEX:52016DC0501

[17] A policy framework for climate and energy in the period from 2020 to 2030. The
commission to the European parliament, the council, the European economic and social
committee and the committee of the regions
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52014DC0015

[18] Lamperti, F., Dosi, G., Napoletano, M., Roventini, A., & Sapio, A. (2020). Climate
change and green transitions in an agent-based integrated assessment model. Techno-
logical Forecasting and Social Change, 153, 119806.

[19] Europea, C. (2019). EU Energy in Figures: Statistical Pocketbook 2019. Publications
O�ce of the European Union.

[20] Union, I. (2014). Communication from the Commission to the European Parliament,
the Council, the European Economic and Social Committee and the Committee of the
Regions. A new skills agenda for europe. Brussels.

[21] EU Commission. (2003). Directive 2003/87/EC of the European Parliament and of
the Council of 13 October 2003 establishing a scheme for greenhouse gas emission
allowance trading within the Community and amending Council Directive 96/61/EC.
O�cial Journal of the European Union, 46, 32-46.

[22] Parliament, E. U. (2018). Directive (EU) 2018/410 of the European Parliament and of
the Council of 14 March 2018 amending Directive 2003/87. EC to enhance cost-e�ective
emission reductions and low-carbon investments.

127

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32019R2088
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32019L0944
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52020DC0301
https://eur-lex.europa.eu/legal-content/en/ALL/?uri=CELEX:52016DC0501
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52014DC0015


[23] Directive, E. E. (2012). Directive 2012/27/EU of the European Parliament and of the
Council of 25 October 2012 on energy e�ciency, amending Directives 2009/125/EC
and 2010/30/EU and repealing Directives 2004/8/EC and 2006/32. O�cial Journal,
L, 315, 1-56.

[24] Union, E. (2009). Directive 2009/28/EC of the European Parliament and of the Coun-
cil of 23 April 2009 on the promotion of the use of energy from renewable sources and
amending and subsequently repealing Directives 2001/77/EC and 2003/30/EC. O�cial
Journal of the European Union, 5, 2009.

[25] Directive (EU) 2019/1161 of the European Parliament and of the Council on the
promotion of clean and energy-e�cient road transport vehicles European Parliament
and of the Council
https://eur-lex.europa.eu/eli/dir/2019/1161/oj

Alessio, D. A., Paleari, S., Maija, P., Ive, V., & Zoboli, R. (2019). Plastics waste trade
and the environment.

Benoit, K. (2011). Linear regression models with logarithmic transformations. London
School of Economics, London, 22(1), 23-36.

Botta, E., & Ko¹luk, T. (2014). Measuring environmental policy stringency in OECD
countries.

Chen, X., Ender, P., Mitchell, M. and Wells, C. (2003). Regression with Stata.

Cojoianu, T. F., Clark, G. L., Hoepner, A. G., Veneri, P., & Wójcik, D. (2020). En-
trepreneurs for a low carbon world: How environmental knowledge and policy shape the
creation and �nancing of green start-ups. Research Policy, 49 (6), 103988.

Djebbari, H., & Lopera, M. A. Impact evaluation using STATA.

Görlach, B. (2014). Emissions Trading in the Climate Policy Mix�Understanding and
Managing Interactions with other Policy Instruments. Energy & Environment, 25 (3-4),
733-749.

Stock, J. H., & Watson, M. W. (2015). Introduction to econometrics.

Tirpak, D., Gupta, S., Burger, N., Gupta, J., Höhne, N., Boncheva, A. I., ... & Murase,
S. (2007). Policies, instruments and co-operative arrangements. Climate change.

128

https://eur-lex.europa.eu/eli/dir/2019/1161/oj

	List of figures
	Terminology and acronyms
	Introduction to the problem of climate change
	United Nations legal instruments

	Climate policies and instruments applied at European and national level
	Market based and non market based instruments
	Market based instruments
	Non market based instruments

	Binding and Non-Binding objectives
	Binding targets
	Non binding targets

	Conclusions
	Attachments

	Europe 2020 Strategy 
	Background
	Agenda of the Europe 2020 strategy
	Reduction of at least 20% of GHG by 2020 compared to the 1990 levels
	Improvement of energy efficiency of at least 20% over the whole territory
	Increase of at least 20% of the share of renewable energy sources in the consumption of final energy

	Conclusions
	Attachments

	Impact analysis on small and medium-sized enterprises in the EU for the transportation sector
	The economic effects of climate change and related mitigation policies
	Transportation sector
	European policies on transportation

	Introduction to the model
	Economic variables
	Climate statistical variables

	Explanation of the multiple regression analysis output
	Operating revenue indicator
	Model construction
	Preliminary final model
	Regression diagnostics
	Final model

	Total asset indicator
	Model construction
	Preliminary final model
	Regression diagnostics
	Final model

	Current and non-current liabilities indicators
	Models construction
	Preliminary final models
	Regression diagnostics
	Final models

	Debt ratio indicator
	Conclusions
	Attachments

	Final conclusions
	Annexes
	Bibliography

