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ABSTRACT

At the end of 2010, Hungarian authorities issue@tzonal action plan on the use of renewables
in the energy system, and a year later the Pariaiadopted a document entitled National Energy
Strategy 2030 (in Oct, 2011). Both documents prijndocus on the climate challenge, targeting
substantial reduction in current g@mission. Based on the statistical analysis ofonat and
international fuel consumption data, this papeds$sio summarize past trends and give projections on
the future perspectives of feasible decarbonisatjuions.

INTRODUCTION

Scientific research conducted on arctic ice corgsraarine deposit samples estimate the
original level of atmospheric CQ@ontent to have been between pgdn- 300ppmalong the
past 650 000 years. Since the industrial revolytiba amount of C@in the atmosphere has
increased from 28Ppmto about 38%pm and is still being at a constant rise. According
the International Energy Agency (IEA) database2010 cca. 30 billion tonnes of G@vas
emitted into the atmosphere. The values are appalli

As for methane concentration, the rise is even nuestic: the past few centuries
produced a shift from a natural level of 74Bb (parts per billion) to approximately 1 774
ppb. Considering the summed total concentration ofegineuse gases (GHG) in the
atmosphere, we get as much as ggb (expressed in carbon dioxide equivalent). Thisieal
exceeds the level of the pre-industrialized pebg@bout 60%.

Diversifying the above data by emissive sourcesvesis show that 41% of total GO
emission derives from electricity and heat genemat23% comes from transport, 20% and
6% is produced by the industrial and residentiatas, respectively. The most substantial
shares are attributable to carbon-based energyaereworldwide. Australia, China, India
and Poland for instance, still provide 70-90% @itllomestic electricity supply from coal-
fired plants. The prior emittants are the develgpoountries: first of all China, almost
directly followed by India and Russia. The Unitadt8s occupies the second place in the list.
While in 2008-2009, global GCemission dropped by about 2%, China's contribusilmme
rose by 5% and countries of the Middle East antemidil 4%. As compared, the European
Union managed to achieve a 7% cut ing@&ission that is remarkable.

GREENHOUSE GASES

Referential values of the respective gases areighdal in the 2008 IEA report (in
accordance with the Kyoto Protocol). As seerFigure 1, methane, nitrogen-oxides and
fluorous gases considerably contribute to negativeate effects, still, C@is responsible for
80% of the world's emission. Energy-related,Gfnissions (including from the industrial
sector) make approximately 65% of the total amairGHG gases and make an 80% share
in the total CQ amount.
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* Fluoruos gases include hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), sulfur-hexafluoride (SFg) which are basically
related to intensive industrial activity.

Figure 1.
Shares in the emission of distinctive greenhousegjéexpressed in GOnits) by sectors
Source: IEA, World Energy Outlook, 2008

The bulk of CQ emission relates to activities of the energy itidudasically electricity
and heat generation, as well as transport. Otharces of industrial C® include the
utilization of fossil energy resources for non-gyepurposes, the direct burning of fuels, and
other polluting by-products of applied technologipeocesses. Nitrogen-oxides are emitted
into the atmosphere primarily from agricultural andustrial waste. Methane, the second
most critical greenhouse gas, is being releasealyn&iom agricultural biomass (landfill
degradation) and leftovers of animal husbandryustiy-related methane emission derives
from coal mining, gas leakages and uncontrolledag® conditions. Organic waste also
contributes to methane emission. Reducing methame Waste depletion (both agricultural
and industrial) is a common preference for envirental protectionists and promoters of
energy efficiency. Proper legal regulations aready at hand, applicable technologies being
available, implementation now depends on governahelgicision-makers and financing.

CO2 EMISSION OF HUNGARY AND CENTRAL EUROPEAN COUNTRIES

Figure 2 shows CQ emission for the EU Member States. Each valueegesented
against the level of 1990 (taken as base valu®@%a). In 2000, some countries happened to
overrate the indicatory level however, most Mem8&tes achieved substantial reduction
over the first decade. The majority of the coustgentinued steady falling tendencies over
the second decade as well. Comparing these linéisatoof Hungary, massively declining
emission trends can be observed: to 81% by 200@and% by 2010.
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Figure 2.
CO, emission trends in EU Member States
Source: IEA, C@Emissions from Fuel Combustion Highlights, OECIN|R012
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Figure 3.
CO, emission from electricity generation
Source: IEA, CO2 Emissions from Fuel CombustiontHghts, OECD/IEA, 2012
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Figure 3represents the G@mission rates of EU states per unit volume aftetty. In
this respect, Hungary falls into the OECD EU averalp countries where electricity is
mostly supplied from hydroelectric plants or nuclpawer stations, the indicators are kept
very low. Whereas, in other countries that are Igalependent on coal-based electricity
generation, the indicators are extremely high. Tigare also shows that specific @O
emission from electricity generation has been reduo most countries over the past 20

years.
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Figure 4.

CO, emissions from electricity generation using cozafip
Source: IEA, CQEmissions from Fuel Combustion Highlights, OECI¥|R012

Considering coal-based fuel plants — as seefRigure 4 — no substantial emission
reduction is observable over the past 20 yearscatmls mostly exceed 10@0kWh in some
countries even 2009/kwh
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Figure 5.
CO, emissions from electricity generation using nalgas
Source: IEA, CQ Emissions from Fuel Combustion Highlights, OECIN|R012

As compared to the above data, specific, EQission rates are a lot more favorable for
gas plants. As shown iRigure 5 the indicators for most countries stay below §00Nh
and a falling tendency is observable.
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Figure 6.
Trends in C@emission, with reference to the 1990 base level
Source: IEA, CQ Emissions from Fuel Combustion Highlights, OECIN|R012
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Figure 6 represents COemission trends in Hungary and the neighbouringntrees
between 1990 and 2010. As seen, the EU-27 and r@kaee showing similar patterns as
Hungary, yet, the emission of these two countriegally overrated the level of 1990
between 1995 and 2010. The trends of Hungary amdalsla are alike in achieving
considerable reduction by 2010, in due accordanttethe EU-27. Romania is characterized
by a peculiar curve, reaching final decline fron®Q®@n.

To conclude, Hungary seems to have performed reabbrkvell in achieving substantial
CO, emission reductions between 1990 and 2010; refrksast, with great certainty, that
the country will be able to successfully accomptish Kyoto target. In the light of historical
data, reflecting a leveled precession over the gastides, the Kyoto mandate seems realistic.

On the basis of IEA database (IEA, 201R)gure 7 represents Hungary's annual £O
emission levels between 1971 and 2010. As cleagy $rom the graph, a period of intensive
increase up to the early 1980s was followed byasystecrease. Around 2000, £€mission
levels stayed constant then started falling again.
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Figure 7.
Hungary's CQ emission between 1971 and 2010
Source: IEA, C@Emissions from Fuel Combustion Highlights, OECIN|R012

As shown, Hungary's CCemission fell drastically in the 1980s. Rathemthasulting
from conscious energy policy measurements, thisdtrie basically attributable to heavy
setbacks in agricultural and industrial productamd to the decline of the formerly operating
energy system. Besides radical political changeghef time, Hungary's entire energy
infrastructure underwent basic transformations.idSaind fluid fossil fuels were being
gradually replaced by natural gas. The dominam oblheavy industry became underplayed
by light industry and effective low-carbon techrgiss were implemented. Developments in
the 2000s brought new types of energy demand,dgadiincreased levels of G@mission
once more.
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In the context of joint commitment by the Membert8s to the Kyoto Protocol,
Hungary has agreed to achieve a 6% reduction of @hh3sions over the period of 2008—
2012, as compared to the base levels of 1985-8%hdnpast two decades, Hungarian
economy and industry underwent fundamental strattuansformations leading into a more
efficient and competitive low-carbon energy systé&s.a result, the country's G@mission
stayed 43% below the Kyoto base level in 2009, ealowing for extended facilities of
emission allowance trading.

AIMSAND EFFORTSIN HUNGARY

The First Paragraph of Parliamentary Order No. 012 (X. 14) declares the
requirement of restructuring the entire energyeystinavoidable, entangling an increased
share of renewable resources in electricity geimrathe implementation of new, innovative
technologies, heating capacity extension usingrratere fuels or green power, the
deployment of biofuel vehicles and other low-carlpo@ans of transport. However, as clearly
reflected in the document, the current high shdreatural gas in the energy market is not
expected to be replaced by competitive alternatives other fossil fuels are likely to
become eliminable from the energy mix. Thus, thetdtle chance of experiencing rapid and
unprecedented drop in G@mission. Hungary has great potentials to ca@otestore Co
originating from combined heat and power plantsictvitan largely contribute to realizing
the Kyoto targets and making low-carbon energycsiine a feasible option.

Further initiatives are set to lower primary enempnsumption from 108peta joule
[PJ] (2010 level) by 2030, but not in the worst caseeex 1150PJ. 6-9% of primary energy
might be saved from refurbishing obsolete, ineéinti fuel-fired power plants, with the
additional result of reducing GQemission from today's level of 3YLO,/kWhto around
200gCO/kWh Modernization processes in the energy sectorldhmudelivered in a way to
facilitate a higher penetration of renewable enefide national energy mix is still likely to
include nuclear power, with respect to the contrdyu of Paks reactor, where new atomic
blocks are going to be installed. This capacity eegion will lead to successful
decarbonisation in the middle-term (up to 2030).weweer, the planned closure of the
currently operating four blocks of the nuclear plmtiowing 2032—2037, is likely to result in
substantial supply shortages, which will have topbevided from alternative low-carbon
sources. A possible scenario to compensate forcagidasses is the establishment of new,
fossil-based energy utilities, like gas combustients or coal-fired thermal power blocks.
Due to subsequent environmental effects, this apanly acceptable if supplemented with
mature CCS technologies. In an opposite casesthation would lead to drastic increase in
CO, emission, making extra G@mission quotes necessary for Hungary.

The decarbonisation of the energy industry is thestncrucial driving factor in the
European Committee's Energy Roadmap 2050. Duesgept knowledge, this objective only
seems feasible with a substantially increased stfarenewable energy sources and retain of
nuclear energy in the overall energy mix, amendel thie wide-scale commercialization of
CCS technologies. Considering the decarbonisatimeiple, CCS will play an essential role
in coal-based electricity generation and relatetustrial fields within the Community. The
European Parliament and of the Council extendedthbee of emission trade regulations to
CCS technologies from 2013. Economic viability @pling CCS technologies basically
depends on the market pricing of £€Meanwhile, the European Commission, in its
Directive 2009/31/EC on the geological storageasbon dioxide laid down all the principles
for regulating carbon capture and storage proce$sms site selection to monitoring and
environmental control.
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In the national scale, the legislative frameworls bhaen established by the Hungarian
Parliament via 2010 modification of Article No. XIV of 1993 (see Article No. XL of
2010). Subsequently, any kind of exploration, rfigtfor-purpose operation, maintenance and
closing up of underground geological formationsl&aple for industrial or energy-related
CO, storage fall under the effect of Mining Law. Paegah 22/C of the respective Article
lays down the rules for exploiting geological stures applicable for storing large volumes
of CQO, from the energy industry, and provides explicagufations for storing and handling
large volumes of C®in such underground formations. Reporting on tqgacity assessment
of industrial or geological formations in Hungamgtentially applicable for underground €O
storage were required to be accomplished by regerngovernmental authorities by 31 Dec
2011.

CCS-related storage capacity demands are estintatadhount to about 150 million
tonnes by 2018 (Kubus, 2009). In theory, availabteage capacities in Hungary are assessed
to be orders of magnitude larger, about 26 bilionnes (see data included in the pertinent
Parliamentary Order). The bulk of this volume (c2a.billion tonnes) would be covered by
deep saline aquifers (located min. 1060®elow sea level), supposing that proper geological
and safety management information will have beetaioed by the time actual operations
would start. Underground carbon layers/seams &edylito store about 717 million tonnes
CO,, whereas, depleted hydrocarbon fields might retgirmuch as 469 million tonnes, in
theory.

In 2007, Hungarian power plants emitted cca. 18ioniltonnes of CQ According to
MAVIR data, this amount is expected to abate tanillon tonnes by 2025. Taking the mean
average (16 million tonnes) and dividing it withetlpotential storage capacity demands
assessed up till 2018, it becomes clear, that miyreexplored underground storage
formations seem unable to keep up with CCS neetlgifong run (more than 9 years).

CONCLUSIONS

The analysis of C®emission trends in Hungary over the past four desaallow a
comparison of historical results with proactive gounental measurements and strategy
incentives (included in the National Energy Strgt2030) to achieve emission reduction by
2020-2030. Conclusions can be summarized as fallows
= The performance of Hungary to achieve substangduction in CQ emission
between 1990 and 2010 is remarkable, and it forgcagth great certainty, a
successful accomplishment of the Kyoto target.hia light of the data, reflecting
leveled precession over the decades, the Kyoto atarskems realistic. Hungary's
results are promising and mark the road to pursuéhé deployment of energy
strategy plans up to 2020.

= Reducing CQ@ emission within the power sector is cost-demandingestments are
not only required to modernize existing power pidn, but also to optimally
integrate renewable energies and resources inttriely generation. No EU-
conform emission reduction targets seems realizafileout installing new nuclear
power blocks. Since fossil fuels are likely to netdneir leading role in the diversified
energy supply portfolio, the application of new C@&hnologies will be an
imperative.

= The high renewable energy resources scenario saasudficient to deliver

substantial emission cuts. Assuming that globahate policies prescribe emission
reduction up to 90-95% in the power sector, fog®Hd plants will have to be
supplemented with mature and reliable CCS techmedod/ost of these projects are
still in the innovation phase and need further tgwaent to become cost-efficient.
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= Hungary has promising facilities to implement CG&hnologies: with proper
eligibility measures taken, assessed storage dagsam depleted hydrocarbon fields
will be enough to retain the current rate of ann@&h emission from the power
sector over a 9 year term. Yet, safety requirememts/iding secure and sustainable
storage conditions for centuries are still a caitissue.

The two paramount issues for making CCS technadogieonomically attractive for

investors and market participants in Hungary ammpmetitive carbon-dioxide prices and
scientifically proven evidence that deep undergdosaline aquifers will be applicable to
securely store C{for centuries.
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ABBREVIATIONS

CCS: Carbon Capture and Storage

GHG: greenhouse gases

MAVIR: Hungarian Independent Transmission Oper&ompany Ltd., MAVIR ZRt.
OECD: Organisation for Economic Co-operation angdd@ment
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