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Introduction

Energy stands at the base of the evolution andl@g@vent of our society. It protects us from
the externalities of the environment and it hagssential role in the production of goods and
services, thus contributing to welfare. Through tils® of energy life standards can be
improved and poverty reduced. Being an input to tnpweduction processes, the cost of
energy plays an important role in the competitigsrievel of products and services. However
the access to energy sources is not easy andalvaws/ financial and environmental costs.
States and companies aim in attracting their emtiergesources at the lowest cost possible.
Energy can be analyzed from three dimensions: biétia through the availability of
resources for an economy, sustainability regarding impact upon environment and
competitiveness in relation with the cost of enerflgjus states and companies will aim to

have access at reliable, sustainable and compeéitiergetic resources.

Taking into account the importance of energy fanety and economy the present thesis aims
in highlighting the potential of a particular forof energy, nuclear energy to contribute to the

reliability, sustainability and competitivenesstioé European energetic sector.

Themotivation in selecting this study theme is to be found m fiict that nuclear energy is a
relative new and complex form of energy which gates controversies regarding its
development potential, risks, economic, social amdironmental costs. The paperwork
analyzes nuclear energy’s potential at the levahefEuropean Union which represents the
most important regional energy market with over 5@Q0lion consumers and the most
important energy importer (European Commission020Ihe European Units presents a low
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level of energetic reserves in contrast with itsistonption level. It has a high level of
energetic dependency especially for oil and gastest in which we considered that useful to
analyze the potential of nuclear energy in offereng alternative in contributing to the
energetic security f its member states. We aimegkaizing the analysis at the individual
level of Germany, France and Great Britain, coestrivhich use nuclear energy but show
different options regarding its future, but alsotla general level of the Organization for

Economic Co-operation and Development (OECD) area.

Within the European community we can find mixedagrof energetic sectors with policies,
resources, energetic mix and financial possibditel in search of obtaining a reliable,
competitive and sustainable source of energy. TBaiths in acting as single united entity in
order to maximize its potential on the internatiosr@ergy markets. For this purpose it needs
an energetic policy which takes into account thdiqdarities and needs of each state in
relation with three described dimensions. For tlm@nt the main instruments of its policy
are represented by the use of renewable enerpesnternalization of Green House Gasses
(GHG) emissions, energy efficiency and the intemarket. We can observe that the theme
of energy policy becomes a subject of competitmmrésponsibility between member states
and the European Commission. Also it is raisedqtestion regarding who should have the

responsibility of assuring one state energeticsigcthe states or the markets?

Taking into account EU’s energetic situation thretfhypothesis of the paperwork mentions
that the need at the European level of the presehaaesource which offers the perspective
of a high degree of physical control and favoraeleults regarding reliability, sustainability

and competitiveness. The second hypothesis staés$ important as the characteristics of
ones energy source is the way in which these ssunteract in the mix and they can be

compared.

In order to achieve the fundamental objective cé thesis regarding nuclear energy’s

potential to the EU energy policy, we aimed atdwaiing a number of objectives:

» To define sustainable development in the area efggn the concept of sustainable
development, the relation between energy, sust&rddyvelopment and environment,

the characteristics of developing the energetitoséa a sustainable manner;



* To analyze the different sources of energy: togmethe main energetic resources in
the global energy mix having into considerationirtimeain technical and economical

characteristics.

* To analyze the energetic situation at Europeanl:léaking into consideration the
international situation, current productions patserconsumption structure and energy

imports

* To analyze the EU’s energy policy: the objectivéshe energy policy and the main

instruments in order to achieve them

* To analyze from an economic perspective the diffetgpes of energy sources present
on the EU markets: from the perspective of theidpction costs, investments,

resource availability, economic attractiveness ted impact upon environment

In the area of methodology, methods and specittrtigues of the research process we
utilized the descriptive analysis in order to present a number of concepts suchaasal
resources, sustainable development, energy or eneigecurity. Through theomparative
analysis we aimed in highlighting the main features of theergy sources that were
approached within this paperworkhe historic method was used in order to highlight the
development of the energy sources in the energaticor to describe the evolution of the
sustainable development concept. A number of itdisasuch as the production level of
energy or the level of C{emissions per unit of energy were used in ordehtracterize the
different sources of energy or to highlight thereat energetic situation at the European
level. With the help of the INPRO (Internationalofect on Innovative Reactors and Fuel
Cycles) methodology which facilitates the comgami of the levelized cost of energy and net
present value themulation method was put into practice in order to compare the entos

of nuclear energy with the other alternatives foondthe energy markets. Three states were
taken analyzed, which are relevant for the EU dueheir consumption levels and their

nuclear energy sector.

In order to follow the research objectives, thespre thesis was structured into four chapters.
In the first part we aimed in highlighting the itenthat will be further used within the

paperwork. In consequence in the first chapter exdopmed an analyze at the level of the
sustainable development concept: what is its sagnte, how has the concept evolved, how

can it be applied in practice, which are the maitics found in the literature, what is the link
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between sustainability and energy, how relevantha concept for the EU policy. In the
second chapter we approached the energy themalmegats relevance for society, the main
concepts associated with it such as energetic isge@nd the evolution of these resources in
the global mix. We have also performed a techraoal economical overview of these sources
and highlighted the way in which these sourcegaate In the third chapter we approached in
the part the European energetic sector: its energex, how has it evolved, which resources
are produced and which are imported. In the segqamt of the chapter we performed and
review of the current European energetic policyatvtloes this policy represent, on what
basis was it developed, what are its objectiveschvinstruments does it use. Having taken
into consideration the main technical and econoimfeatures on the energy sources
approached and also EU’s strategy to redevelgnigsgetic sector towards the dimensions of
reliability, competitiveness and sustainability, fourth chapter of the thesis we aimed in
analyzing the economic potential of nuclear enetgyough the use of the INPRO
methodology which allows us to compare the levelizest of electricity. The analysis was
carried at the level for Germany, France and GBrdain but also for the OECD area to
contrast the way in which nuclear energy can helebbp the European energetic sector in a

reliable, safe and sustainable manner

Regardingthe limits of research these are associated mainly with the use of tHeR®M
methodology in the economic area and data availabiVe aimed in using real data, reported
by actual power plants operating in the three stAl¢here this data was not available, such as
the case of Great Britain we used industry estithdtga for the construction of power plants.
The studies available in the literature for thecakdtion of levelized energy costs present a
limited number of power plants from each countryclihave taken part at the questionnaire.
In the case of nuclear energy due to the partitylaf the economic tool, NEST (Nuclear
Economic System Tool), specific input data sucthasenrichment cost or the backend cost
of the nuclear fuel cycle were used for all simolag from a common study performed by the
Massachusetts Institute of Technology, MIT, in 20flwe are to compare the input date
from the two International Energy Agency/NucleaeEyy Agency (IEA/NEA) studies used
as database from 2005 and 2010 we can observdicagnidifferences at level of reported
costs although the time frame in which these studiere performed in not large. For the
wind energy analyzed within our case study we weieable to reflect the backup capacity
needed to compensate for the intermittency ofgbisrce. In spite of the setbacks the results

of our NEST simulations reflect a high degree addictability in contrast with the results



from the studies used as database. On the basiesd results we were able to perform a
sensitivity analysis for nuclear energy’s paransetait also for the other competing sources
in order to highlight the main weak points of naelenergy but also its opportunities for

development.

Regarding thelements of originality of this thesis, we can state that were represdntdithk
drawn between sustainable development, energy &ed way in which sustainable
development can be put into practice through the dbdrgy policy. Another element of
originality is represented by the analysis perfainie the case of nuclear energy which
consists in a SWOT analysis for all the sources ¢ha impact the performances of nuclear
energy and through the use of the INPRO methoddlieygloped by the IAEA at the level of

the most important European countries in area efggn
Summary of Chapter |: Sustainable Development

Our purpose within this chapter was to define trEnmtems related with the concept of
sustainable development, its practical applicaéind its relation with the energy domain. For
this we used the historic method in order to idgrtie time frames and the elements that
influenced the concept, namely the relation betwidenhuman being and the environment.
Thus, man develops himself within the environmeriticlv offers him the possibility to
harness its resources. Through wisdom, knowledge tmrssforms matter into goods and
services in order to improve its life standard abthin progress. Also through understanding
of what happens within the environment man can tattafis changes. For the human being
the environment represents a source of wealth Isot @anger. In consequence the idea of
human development can be associated with the nofigmedictability and evolution of the

environment.

Due to this relation between man and environmdrd, theme of resource availability has
attracted a great deal of attention in area of ecocs. We can find it at Thomas Malthus in
the relation between population level and food labdity or at Adam Smith who observes
that resource use in spite of expectations inceetisr availability. More recently in the 20
century we can notice a great of attention withaveloped states for the protection of the
environment in relation with the industrial actyitn the sixties at the level of these societies
we can observe that the public opinion increageawtareness regarding that fact that man is
part of the environment and the need to prote@iit.the other hand at the level of poor and



developing countries it is noticed the need of eocoic growth and improvement of life
standards. These developing states regard withicsuspthe orientation towards the
environment of the wealthy as a reason to limiirtdeveloping objectives. However for these
states experience has shown that mere replicatiotheo development models based on
industrialization and economic growth was not erouyg order obtain the targeted results.
Passing to the seventies we can remark the appeaddrnheLimits of Growthreport which
warns that current model of development will leachinot very distant future to the limiting
of economic growth due to the lack of resourcertter to avoid this outcome the authors of
the report, favor an alternative model of developimeithin the limits which contracts the
level of population and capital growth. The reppproaches the concept of natural resources
from a static standpoint by considering the knowwel of mineral reserves and annual
growth rates which with a help of a computerizeddeiareflect the collapse of economic
growth due to exponential growth. Pollution is tegh as a consequence of economic
development, thus its levels grow as society deeeitself. By using this kind of logic the
report highlights alarming conclusions such asdiagletion of oil in the nineteen’s, which did
not occurred in reality. However, being releasedhim seventies a period marked by the oil

crisis, theLimits enjoyed a lot of attention by the public opiniorddhe academics.

In this context it is observed on the internatiostge the need to develop an alternative
concept regarding development. Through the workMairld Commission on Environment
and Development from the United Nations and itsnBtland Report it is shaped the concept
of sustainable development with its most famousndein: the development that meets the
needs of the current generations without compramgishe ability of future generations in
meeting their needsTwo elements are of interest from this definitioeedsregarding the
needs of the world’s poor andnits in relation with the current level of technolodica
development and social organization. In order taimtsustainability technology and social
organization can be turned in a direction in oreachieve a new era of economic growth
(WCED, 1987).

Regarding the critics attracted by this conceptcam mention the difficulty in identifying the
needs of the future generations and thus categanzesave resources according to their
importance. A second aspect regards resource biligylaSustainable development implies
the need to limit resource use in order for futgemerations to benefit them as well. Thus

renewable resources are favored by sustainabldagewent in contrast with non-renewable



ones. However this kind of logic shows limits dwethe fact that resources are not static,
neither by volume or structure. They representpfugluct of human wisdom, knowledge to
transform matter through the help of capital inesrdo achieve wealth. They are not
discovered but developed. Most of what we knowatsml resources can not be used in the
absence of processing. Regarding their availaltiigy best characterized be the price they
have and by their physical inventory at a certaommant. As prices evolves the motivation to
find new ores, alternatives or technologies. Thesources are not physically depleted but

replaced do to the presence of the price mechanism.

The link between energy and sustainable developmatiserved due to the presence of three
factors: the importance of energy use within aetgciresource availability and the impact
upon environment. Energy represents an input tot mosduction processes facilitating
economic development. Due to the fact that our @veriergetic mix is dominated by fossil
fuels which are considered to be non-renewableréiges the question of their availability in
the future given the fact the world energy demaneipected to grow especially from the part
of the developing economies. Regarding environntleatrelation is represented by fears of
the effects in time of green house gasses emiss$ions the production and use of energy
which sustain climate change. They involve negagiffects such as floods or the occurrence
of extreme meteorological events. Thus sustairtglfdivors low green house gasses energy

sources such as renewable energies.
Summary of Chapter 11: Energy

The purpose of the second chapter is to preseavanview of the structure and evolution of
the world energetic mix, the main energetic resesifcom a technical and economical point
and to realize an SWOT analysis between the maiestyEnergy represents a central element
in society’s evolution and development due to thet fthat it offers protection from the
environment and helps in the production processlldiws to transform one material into

another thus opening the way to progress (Bradelydlmer, 2004).

From an economical perspective when we refer wesiden it in terms of availability and
costs. Attractive and stable energy prices helgtimulate the economy. Reduced energy
process increase households available income aldeeenterprises production costs (WEF,
2012)



In consequence states are interested in havingrat feliable energy sources at costs that can
be maintained over the long term. The concept efgnsecurity involves an economical and
physical dimension (WEC, 2008). But who should bsponsible for assuring energetic
security in a globalized world: the states or therkats? Their opinions that mention the fact
that energetic independence is a difficult and lgosbjective, more important being the
international trade of energetic resources (Pasdti&ind, 2010). It is considered for a
country to be vulnerable when its energetic denisiee dictated by economic factors outside
its control (WEC, 2008)

Energetic security as a concept involves a macramo@ component regarding the price of
energy and national security component due todbethe vast majority of energetic reserves
are geographically concentrated in a few instaloiipal regions (Pascual, Elkind, 2010).
This concentration is known as the strategic energdipse where we can find about 70% of
the known reserves of gas and oil covers the aseaeen the Arabic Peninsula and the west
of Siberia (Armaroli, Balzani, 2011)

Regarding the actors responsible for assuring etiergecurity we can say that free markets
and price formation drives investments in new formfienergy and reduces consumption.
However energy free markets are hampered in theweldpment by the geographical
concentration of energetic reserves. The main miaducountries do not function after the
principles of free market and they may use theetrath energetic resources for attaining
political objectives. Known examples involve théarisis and OPEC and in the seventies and

Russia actions towards Ukraine and Belarus nowadays

Given that fact that energy use has environmerffatcts, sustainability becomes a topic
related to energetic sector. Developed states winsie lowered over time their demand are
interested in using energetic resources with lowirenmental impact, while developing

states are interested in abundant energy sourcatirattive prices in order to meet their
growing demand. These two orientations affect te&tive competitiveness of their

enterprises as some must bare the costs of redGeiig emissions.

World’s gross energy consumption is leveled at al@000 Mtoe the main actors being
China, the US and the EU. They evolution will irghce the future of the world energetic
mix. If we analyze the evolution of energy consumptat global level we can observe an
ascending trend, being in 2011 with 30% as in 199%ere are divergent trends between
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developed and developing trends thus the US anBltthmise their energy consumption until
the middle of the last decade which then shows dirileg trend, while in the case of
developing energy demand grows is spite of the @oanndownturn form 2005-2011. Due to

these economies world energy demand is on the raise

In 1995, the US was the main energetic actor wittr 000Mtoe, the UE coming in second
position (1600Mtoe), China being the barely excegdiO0O0OMtoe. However until 2005 China
surpasses the EU and until 2010 becomes the warldia energy consumer. What we can
also notice in the present is the fact that traddl exporting regions such as the Middle East
are raising their energy needs. In this contexcae say that the race for attracting energetic

resources will intensify.

The current energetic mix is dominated by fossl$u80%), with oil representing over 30%.
Renewable energies have known an important asagedmiution within the last decade with
the help of sustaining measures such as the cabe &U. They represent 13% of the gross
consumption but over 77% from this category is espnted by biomass. The sources that
involve a technological component such wind turbie solar panels have a quite limited
impact, namely 0.5%. From the perspective of grogghsumption in the period 1995-2011
we can highlight the importance of gas (+53.81%) eoal (69.94%) (European Comission,
2014)

From a technical and economical standpoint of exi@rgesources we can say that oil is a

flexible fuel, easy to handle and with a high eeéimycontent. It dominates the transport

sector (over 90%) in spite of efforts to raise @duce its impact through biofuels or electric

vehicles. As resources are on a growth (+60.58%arperiod 1995-2012) we can not speak
of a depletion of oil. The main disadvantage igespnted by the geographic concentration.
Being a strategic resource its availability on iim@rket is not influenced by offer and demand

but also by political events. Its volatility canpresent a threat to economies such as the
United States. Unconventional resources explottaitmprove the perspectives of using this

resources in the long run and widen the geograptiisaibution.

Coal highlights a varied geographical distributtbat facilitates the prospects of assuring the
energetic security of a country through this reseuiThere is varied number of producing
countries and this resource can be shipped byaosethér continents in order to develop an
international market. It presents attractive eletyr generation costs which favor its use. The
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main problem is represented by the high GHG emssand the fears of climate change. The
use of coal can also represent a threat to humathhkeing associated with respiratory
diseases. In contrast to gas and oil it is a vahonrs fuel which reduces its maneuverability.
For some types of coal such as lignite it is ecanahto transport over large distances.
Current efforts within developed states to redumdan emissions can be seen as a threat to

coal use in the future.

Gas is a flexible resource which can be transparted long distances and has limited impact
upon the environment. The world stock of resergemian ascending trend. Gas power plants
can sustain the use of renewable energies beingteastart. Like oil it is geographically
concentrated, and can be used in political purpd®eassia being an example. Due to the fact
that it is transported by pipelines it increases thependence between suppliers and
consumers and the use of long term contacts thabadoreflect market evolutions. The
liquefaction of gas is an option only when it inve$ distances of over 3000km, but this can
help to diversify the supplies. The developmenttled unconventional sector in the US
showed how a technological development helpeddease the availability of this resource.
This helped to lower the energetic dependencyubstiute coal, reduce emissions and spot

prices. At global level it helps to diversify theadlability of resources.

The main advantage of renewable energies is thdlfatthey do not need the presence of a
fuel and can be locally produced thus improving e¢nergetic security of a country. In the

context of climate change they can help limit emiss. They are flexible and can be used by
enterprises and households for their own energeteds. For the moment as mentioned
before wind and solar sources have a limited impattie global energetic mix. They are also
more expensive than the traditional energy soumoesthey require public support. They need
backup capacities available and their results aver mainly bye the presence of intermittent
wind and solar sources. Due to the fact that thegtrbe used when available the limit and

influence the use of other base load energy sostags as coal.

Nuclear energy is an abundant and reliable souremergy. The capital component plays an
important role in the use of this source which ioyas the level of control upon this source.
Due to the fact the uranium is traded on the irggonal market the perspectives of supplying
nuclear power plants with uranium are improved. Tission reaction presents a high
energetic content in contrast with the other awédlasources. Nuclear electricity price is

influenced in a limited extent by the price of utan, which offers stability to this resource.
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Uranium resources are abundant and exploited rsliied number of countries. Once built,
they present low operating and maintenance cosisiiig period of time (60 years). They are
attractive for industries that require stable aaduced energy prices. Their impact upon
environment from the perspective of GHG emissieneduced, being a useful instrument in
the battle against climate change. In contrastheroenergy sources like gas or coal they are
not so flexible. They are built in a long periodtmhe (5-7 years) are complex technological
projects and require considerable amounts of daditey also require decommissioning at

the end of their life time and management of ractiva wastes.

They main threat to the use of this source is sgred by political orientation towards this

source of electricity. This attitude can change@ssequence of different events taking place
at the global level. For example due to the Fukushaccident the German government
decide to phase out nuclear energy although theatsuthat occurred in Japan can not be
replicated on the German mainland. Also the pricéossil fuels can be a threat to nuclear

power plants as it will affect its economic perfamee.

Summary of Chapter 111: Energy Policy in the European Union

EU represents the most important regional energkeban the world with over 500 million

consumer being also the most important energy itapgEuropean Commission, 2010). Its
energy products commercial deficit representedit?? 3.3% GDP or 421 billion Euros. This
represents a significant evolution in contrast vid004 when the deficit was at 150 billion

Euros (European Commission, 2014a). EU imports ingias and oil.

Regarding the link between fuel prices and thewdiat of economy we can notice that a IEA
study from 2004 estimated that a rise of the patéhe barrel of oil from 25% to 35% will
incur over the period of two years a 0.4% GDP ré&duadn the United States and 0.3% in the
Euro zone (WEC, 2008)

At global level EU represents 12.7% of the worlgiess energy consumption with a stable
and declining consumption. Divergent evolutiongha area of consumption are to be seen
between developed and developing states, Chinadraha being the main representatives.
Due to this evolution the position of EU at theemmational level has decreased from the

perspective of consumption and emissions.
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The EU stands out in the area of energy with a keghl of consumption in contrast with its
energetic reserves. Thus energy imports play awitapt role in the energetic security of the
Union. The EU holds 0.4% of the known reservesib$ufficient for 12 years of production
and 1.7 trillion cubic meters of gas or 0.9% of kmewn reserves sufficient to meet demand
for the same period (European Commission, 2014ér BP, 2013). Regarding coal there are
more optimistic estimations with 6.5% of the knovaserves that can meet demand for 97

years of production (European Commission, 2014b).

In production terms, EU represents 6.1% of the @l@iboduction, a reduced level in contrast
with China (18,4%), Middle East or the United S$a{@3.5%).Its production level is on a
descending trend from the beginning of the centlihe analysis of the European production
structure highlights the substantial reduction ofalcproduction from 270Mtoe at the
beginning of the nineties to 170Mtoe in 2012. Fas there is observed a similar evolution: a
growth in production until 2002 followed by contmuws reduction to 2012. In contrast
renewable energies have known an important evallgrowing by 54& from the beginning
of the century. Nuclear energy has not known imgrchanges but it is on a declining trend
due to the decision of Germany to phase out itdeanaeactors. However in spite of these
evolutions, nuclear energy remains the most impbsaurce of energy produced within the
EU (European C omission, 2014c). Due to low produst levels in contrast with
consumption, EU shows a high degree of energepentency of 53.4% in 2012 and on an
ascending trend in the period 1995-2012 (Europeamission, 2014)

The main importer countries are the representatoemomies of the EU such as Germany
(196.8Mtoe), Italy (133.8Mtoe) or France (125.3Mtaglong with Great Britain and Spain
they represent close to 70% of EU’s energy imp@tsopean Commission, 2014). If we are
analyze energy imports by their origin we obsehe importance of Russia: 34% oil, 32%
gas and 21% coal (European Commission, 2014 &y 2014). We can also observe the
limited diversification of imports in the case &g as three countries namely Russia, Norway
and Algeria represent 70% of the imports (Europ&ommission, 2014). This aspect
increases the vulnerability of the EU in the calsa supply disruption, which may come from

Russia as a recent Commission reports suggestsg&am Commission, 2014c).

From the perspective of sector consumption we daseme the high share of transports
(32%), followed by industry and households (26) aaedvices (13%).By analyzing the period

1990-2012 we can observe a decrease in area o$tigdenergy consumption (-23.79%)
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along side an increase at the level of service$.¢236) (European Commission, 2014c).

This evolution reflects the orientation towardsvgars with a lower energetic consumption.

Regarding GHG emissions and climate change EU septs 12% of the global emissions
being behind China and the US in this area. Thesgions are on the rise at global level with
a growth with over 40% in the period 1995-2011. Bt¢ decreased its emissions by 5% but
it could not compensate for the evolutions thattakéeng place in developing countries. Until
2010 China has surpassed the US and EU in aremiskiens being now the main source
(800 Mt CQ). China’s growth represented 50% of the globalgnowithin the time frame
analyzed (European Commission, 2014). Due to tdeseging trends and in the absence of a
global agreement regarding emission cuts the sffoftdeveloped economies will have a

reduced impact at global level and will affect doenpetitiveness of their enterprises.

Having into consideration its energy position, thegropean Commission aims through its
policy to direct its energetic sector towards there¢ dimensions of reliability,
competitiveness and sustainability. Its policyatribines elements related to climate change,
new sources of energy, energy efficiency, andrntermal market. Due to these developments,
energy has become a shared competence betweemnithrednd its member states. The policy
aims to transform the European energy’'s sector mesgdes into opportunities for growth.
With the help of a series of objectives in aimstramsform its energetic sector (European
Council, 2007):

e a target to reduce GHG emissions with 20% in comparwith 1990 levels by

2020 and 30% if developed countries commit to sinmheasures;

* atarget to obtain a 20% share of renewable enartgye primary consumption by
2020;

* atarget to obtain a 10% share of renewable enertpe area of transport;
* amandatory target to reduce primary energy consampith 20% by 2020;

* the commitment of the Union to help the buildingl@ power plants equipped with
carbon capture and storage technologies (CCS).

On the international stage the EU favors the deratnt of a global agreement regarding

GHG reductions with compulsory targets by 2020 @pean Commission, 2014). Given the
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fact that the EU supports the deployment and dewedémt of renewable in the case of the
emergence of a global agreement we can see thatwhié be opportunities to export these
technologies to states in need of low carbon telcignes. Also by decreasing its consumption

levels and the promotion of renewable energiegthavill reduce its energetic dependency.

In the area of instruments we can remark the E@ogaansaction System (ETS) for GHG
emissions through which they are limited and tradeder the form of certificates. This
system is used in order to limit GHG emissionshat liowest cost possible. Through this
system EU aims to generate investments in low cagoairrces. This kind of system modifies
the relative competitiveness of the energy soupresent on the market by favoring low
carbon sources. The main problem in this systeio islentify thecorrect priceof carbon
necessary to accelerate the rhythm emission reshsctDue to the fact that it is not a real
problem perceived by society it is difficult to ddop a functional market in order to reduce
emissions. There are opinions that are in favarsifig interventions mechanisms in order to
accelerate the rhythm. In spite of the use of th& Bt the European level in countries such as

Germany we can see the growth of coal use duemadsource and carbon prices.

A second point of interest in the area of policgtioments is represented by European
directive to use renewable energies. The directeegnizes the need of public involvement
in order to sustain these sources as the otheemres the market do not reflect completely
the social and environment costs (European Parign@muncil of European Union). In order

to raise their renewable energies share, membtasstan use feed in tariffs, premiums or
green certificates. Their role is to offer the gremnergy producer a higher price than that
present on the market so as to compensate for ighe dapital costs of these alternative
sources. The development of this sector is realmettanslating the costs to the electricity
consumers and the raise of the price of electriditye presence of different schemes in the
member states means that investors can orientatbetccountries with most rewarding

schemes. But this variety of schemes can provelgmadiic in the context of the EU’s aim to

complete the internal energy market. The main @mbbf these sources is not their public
support but the fact that they limit the functiogiof other energy sources thus affecting their

economic performance.

Summary of Chapter 1V: Nuclear Energy Rolein the Energetic System of EU. Case
Study: Germany, France and the United Kingdom.
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The objective of this thesis is to highlight thetgudial of nuclear energy to help to the
transformation of the European energetic sectoratdss reliability, competitiveness and
sustainability. Within the technical and economicadalysis of the energy sources we
observed the fact that nuclear energy facilitdtesassurance of energetic security but also the
GHG emissions reductions due to its characterisiegarding competitiveness within the
case study aimed to compare the costs and bepéfitsing nuclear energy with the ones of
the other sources available on the electricity mtski-or this research purpose we applied the
INPRO methodology. In order to have an overview gmaof the nuclear energy’s

competitiveness we applied the methodology alsbeatevel of the OECD area.

The analysis was carried out at the level of thetmmaportant countries from the EU from an
energetic standpoint: Germany, France and GreatiBriThese are the main European
consumption countries, representing 46.34% of tlessggenergy consumption. These states

also present a developed nuclear sector but h#feeetht strategies regarding its future.

In the first phase of the case study we performedaralysis at the level of the energetic
sectors from these countries from the perspectiven@rgy production, energetic mix,

consumption, import dependency and sector consompiithin the period 1990-2012.

Within the analysis we observed the role of fo$séls in the energetic systems of the
countries approached. In Germany oil (33.71%) i&grts the main component, followed by
coal (25.01%) and gas (21.74%). In this countryeveble energies contribution (10.30%) is
superior to one of nuclear energy (7.99%). In thsecof Great Britain we can see a balance
between the shares of oil (34.16%) and gas (32.9%hk)le coal has a more limited
contribution (19.30%). Nuclear energy represen®@%. of the countries energetic mix while
renewable energies have the lowest (share betvineethtee states taken into consideration.
There is an important difference in absolute teb@isveen renewable energy contribution in
Great Britain (8.39Mtoe) and the one in Germany.(8Bltoe)but also in the area of oil
consumption 68.75Mtoe versus 108.3Mtoe. For the ch$-rance we can remark the role of
nuclear energy, this being the main energy sourd¢be mix (41.85%). Here oil comes in the
second position (30.68%), followed by gas (14.58Rgnewable energies have a share of
8.09% and coal has limited contribution (4.37%)u3m the case of France we can observe a
different structure in the energetic mix in contragh Germany and Great Britain (European
Commission, 2014).
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Regarding energy production we observed a descgriceémd in case of Great Britain and
German. For the case of France there is constesittteroughout the analyzed period. Due to
this evolution France has surpassed the other bwatdes with a production of 134Mtoe in
2012. In the case of Great Britain an ascendinudtkgas observed for the production for gas
and oil was observed until the beginning of thetwan(277.6Mtoe) point from which the
energy production decreased for the whole consideeeiod. Finally in the case of Germany
production followed a descending trend for the whpériod. For all the three states taken
into account it was observed the orientation towaedlucing the contribution of coal and gas
in the mix on the one hand and to raise the shafre®urces with a lower environmental

impact such as gas or renewable energies(Europaamission, 2014).

In the area on energy policies we can say thahedle states aim for the development of a
reliable, competitive and sustainable energy secfdie German policy known as
Energiewendesupports the deployment of renewable energies &g should become the
main source of energy in this country by 2050. Géf@ssions should be reduced by this time
with 85-90% in comparison with 1990. Also the goweent aims to reduce primary energy
consumption with 20% by 2020 and 50% by 2050 in gamson with 2008 levels. Initially
for nuclear energy the strategy mentioned the sxtenof the lifetime of the reactors in
average with 12 years in order to facilitate tlensition to low carbon energetic system but
the Fukushima accident change the initial goverrirdeaqision to phase out nuclear energy by
2022 (OECDI/IEA, 2013)

For Great Britain we can notice the importance giteethe fight against climate change being
assumed unilateral emission reduction targets & until 2027 and 80% until 2050 in
contrast with 1990 levels. The government wantadb in the power sector through the
support of low carbon sources including nuclearrgyeand the development of CCS
technologies. In order to achieve its purpose is ¢buntry it is taking place a market reform
which includes measures such as a floor price dforaover the medium and long term and a
contract for difference (between market price andedain level) in order to stimulate

investment in low energies sources (OECD/IEA, 2012)

In France the energy policy mentions four prinagplsecurity of supply, competitiveness,
sustainability and equal access and quality ofiserto all citizens. In order to combat
climate change 75% cut in G@missions objective is assumed until 2050 in @sttwith

1990. Regarding energetic security, French poliapsato support the deployment of
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renewable sources, energy efficiency, diversifyirgas supplies, improving the
interconnection with neighboring countries and bh&lding of the new EPR reactors. The
main challenge is represented by the coexistencegoilated tariffs and market prices which
hamper the liberalization on the market and theedior investments. (OECD/IEA, 2010).

The INPRO methodology is a useful tool in orderstady the competitiveness of energy
sources as it allows the comparison through theofigalculation instrument (NEST) of the
levelized costs of electricity. Also it can helpayate the financial benefits of using different
sources by the calculation the net present valuge Teason behind the use of the
methodology at the level of Germany, France andaGBeitain for nuclear energy was to
compare it with the alternatives present, but &dsleighlight national differences between the

cost of exploitation of a certain resource.

In the case of Germany, for a discount rate r =1@&noticed that at first sight coal and gas
power plants are attractive sources of electrigéneration Nuclear energy comes behind
them with a cost of 50$/MWh and at a considerald¢gadce we can find the wind turbine
with over 90$/MWh. For a 5% discount rate, we cheesve a change in the hierarchy of the
sources from the point of view of levelized codtsthis case nuclear energy presents the
lowest levelized costs (34,10$/MWh), followed byatd34,84%/MWh). The cost of gas
electricity does not reduces in this case bellof/KWh.

For France, nuclear represents the cheapest gemneogtion slightly above 40$/MWh for a
10% discount rate in contrast with Germany’s cabera coal is the most attractive option
(r=10%). At a 5% discount rate the difference bemenuclear (25.83%/MWh), coal
(33.91$/MWh) and gas (39.87$/MWh) costs increaBegjarding the net present value for
nuclear it is closed to 8000$/kWe, while for gaddes not exceeds 5000$/kWe.

If we look at the NEST simulations that were parfed in the case of Great Britain with data
representing industry estimations for the consioacbf new power plants and fuel costs
represented by the average import price in the OB€da we observed that nuclear energy
presented the most reduced costs bellow 50$/MWAhl Gasts are close to those of nuclear,

while gas costs range above 70$/MWh.

In the last part of the study the analysis wasqueréd at the level of the OECD area, using
average costs in order to have an overview of angh®tential. At the level of electricity
costs for 10% discount rate the most favorablelrese obtained by coal (68.17$/MWh),
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followed by gas (84.83%/MWh) and nuclear (96.67$/MWn the conditions of a carbon tax
the three sources of electricity level at about/®B8h, but nuclear remains the most
expensive source. Wind energy is positioned at N20#h far away from the base load
sources. By using a 5% discount rate nuclear antpmsition themselves bellow 60$/MWh,
while gas remains at over 80$/MWh. For this ras® dhe economics of wind energy improve
the cost being reduced bellow 100$/MWh. By considealso carbon costs in this NEST
simulation we can observe a new hierarchy with earclbeing the cheapest option
(59.13%/MWh), while coal is close to 80$/MWh ands ds over 90$/MWh. In this case the
difference between gas and wind energy electransts is bellow 25$/MWh.

Regarding the effect of the discount rate upon dtmecture of generating costs we could
observe in the case of nuclear energy that forreti@an from 5% to 10% the capital costs
grow from 57% to 73%. In the case of coal they ne#&8% from 32% while for gas from they
evolve from 12% to 18%. This simulation confirme flact that nuclear and coal (at a lower
level) power plants are vulnerable to the variatdrcapital costs. On the other side we can
observe the reduced impact of fuel costs 15-22%fmtear in contrast with coal 47%-59%
and gas especially 79-85%. Regarding the sengitwialysis we aimed in the case of nuclear
energy to highlight the importance of the constarctperiod. Thus by reducing the
construction period from 7 to 4 years the levelizedtary electricity costs decreases from
96.67$/MWh to 87.35$/MWh, level comparable to thgas 84.83%3/MWh. A second aspect
studied with the sensitivity analysis was the iaflae of fuel prices in the economics of gas
power plants. Thus for a 15% growth of gas priced1.23%$/GJ the electricity generation
costs reach 94.95$/MWh from 84.83$/MWh.

Summary of Conclusions

In this section our aim is to draw a series of tasions regarding the main items studied in
within this thesis. Firstly thenergy theme was selected as topic of research due to the fact
that energy is fundamental aspect of our societfacilitates economic development and the
improvement of life standards. For developed coestthe functioning of societies can not be
imagined in the absence of energy while for devialpgountries the availability of energy
represents the key to progress. Energy representthe same time an element of
competitiveness at level of states and enterprigds. not facile to attract and it involves
financial and environmental costs. At global leweé can notice that the geographic
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concentration of gas and oil reserves hampers ¢velopment of a global market able to

assure the security of supply.

Due to these considerations the present paperwiar&dato analyze the main factors that
determine the availability and costs of energetsources for a society. From the
geographically standpoint the paperwork is pladetielevel of the European Union because
this entity distinguish itself through the variety energetic sectors and policies within its
member states, their aim to act as single entitgha area of energy and their reduced

energetic reserves. Thus assuring energetic sgcepitesents a challenge to the EU.

From the perspective of resource analyzed the presger is focused ie study of nuclear
energy. This represents a relative new source of enerdghirwthe global mix, which
distinguishes itself through the complexity of resl power plants and the fission reaction,
the destructive potential associated with the rarcbmmb and the risk associated the use of
this source. It is unique source of energy in @sttwith the traditional sources that focuses
on the use of science and material capital in otdeybtain abundant quantities of energy.
These are reasons from which we considered thesesarch in the area of costs and benefits
associated with the use of nuclear energy and ysoomparing it with other sources of

energy available would be useful.

In the first part of the paperwork we were inteedstn defining and analyzing the main
elements associated with the energetic field. R teason we focused dhe concept of
sustainable development which represents nowadays an omnipresent elenéhée devel of
decision factors and public opinion, which influeedhe development of sector policies. For
the EU, sustainability represents a central objegtresent in every policy, fact for which we

considered to useful to clarify its content andliegaion within the energy field.

Regarding the link between sustainable developrapdtenergy we can say that there two
elements of interest: resource availability and éhgironmental protection, the main theme
currently being represented by climate change. Thus energy source to be considered
sustainable it must present a high degree of resarailability and reduced GHG emissions.
For this reason renewable energies are seen giuthlee level as a sustainable source of

energy.

Traditionally the concept of energetic security was approached within two dimensions:
security of supply regarding the energetic resere#sthe states, their geographic

21



concentration in instable regions and the costxpfaiting these sources. A third dimension
has been added by the consideration of environmaspects and GHG emissions. We can
say that states will take into account these tltkngensions in the development of their
energetic sectors: security of supply through teeetbpment of local energetic resources or
their access from the international markets; competness in relation with the cost of
attracting these resources — if it is reduced dables it will sustain economic development;
sustainability with the need of protecting the eonment and reducing the emissions. Within
this triangle we aimed to analyze the potentiahwélear energy to contribute to the energetic

security of the EU.

A second field of interest in the analysis of cqisenecessary to elaborate this paperwork
was represented kenergy sources:. what to they represent, what is their positioemergetic
mix, how have they evolved, what are their mairhtécal and economical characteristics.
We considered that it was useful to approach thypsctof resources in order to understand
their strengths, weaknesses, opportunities for [dpueent, threats and also the way they

interact.

Having considered the main concepts and elemestciased with field of energy, in the
third part of the paperwork we orientated analyzing the European Union from the
perspective of its energy situation and its energetic policy. What we noticed is the fact that
the Union aims to develop an energy source whigdhalow it to reduce its dependency on
fossil fuels and reduce GHG emissions all at a aditipe cost. Within this context we
wanted to study the way in which nuclear energy i@present a solution to the European
energetic sector.

Through the analysis performed at the level of gnesources we observed that nuclear
energy has the potential of assuring ones entigygatic security due to the abundance and
diversity of uranium supplies while in the samedineducing the level of GHG emissions in

the context of climate change.

For the third dimension namelgompetitiveness we study it with the help of the INPRO

methodology which allowed us to compare differemérgy sources through the use of the
levelized cost of electricity. The analysis wasriear on at the level of France, Germany and
Great Britain due to the fact that these are mestasentative states in the EU area from the

point of view of energy consumption, productionesrergetic imports volumes. Also these
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states present developed nuclear energy sectorgbatdifferent orientations regarding their
future. For an overview image we also performedathaysis at level of the OECD area.

Following the analysis performed with the help #®onomic tool NEST of the INPRO
methodology we noticed that nuclear energy is apaditive and reliable source of energy. At
first sight after performing the NEST simulatiomsdountries such as Germany we observed
that nuclear energy can prove more expansive tbssilffuels but the sensitivity analysis
showed us by reducing the construction periodymatezing CQ costs or raising the price of
fossil fuels, nuclear becomes an attractive soaf@nergy. For France the long experience in
building and operating nuclear power plants praeelse valuable as this source presents the
most attractive costs of generating electricitye ifferent cost structure between fossil fuels
sources and nuclear energy is the main cause dfiffieeences between these energy sources.
By attracting the capital at a reduced cost, nudbeaomes the most attractive energy source
on the market as our NEST simulations have showlédr energy is vulnerable up until the
point of recovering its capital costs, from whicthvill generate electricity at stable costs for a
long period of time. This fact offers stability nifossil fuels such gas or coal offer volatility
to the energetic to the energetic system. In theest of developing an efficient electric
vehicle, nuclear energy might represent an oppiytua offer an alternative to oil in the
transport area. Regarding renewable energies alysas showed that they are positioned at a
considerable distance from the other sources presethe market from the perspective of
costs, confirming the need for subsidies. The depént of these sources at large scale will
require a tremendous effort from the EU in orderlitoit energy dependency and GHG
emissions. For these reasons nuclear energy reypsesih certitude a part of the answer the
energetic dilemmas of the European Union, which thes potential of offer reliability,

sustainability and competitiveness to the Eurogeagrgetic sector.
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