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Chapter 1. - CCS and CCU: current state
and past experiences in Hungary
1. Description of relevant domestic economic sectors
1.1. Carbon-intensive sectors of the Hungarian economy

In 2019, total emissions of greenhouse gases in Hungary were 64.4 million tonnes carbon dioxide equivalent
(Mt CO2-eq) excluding the land use, land-use change and forestry (LULUCF) sector. Total emission volumes
grew after 2013 but have not changed in the last three years (2017-19). Considering the mostly carbon absorbing processes in the LULUCF sector, net emissions in Hungary were 58.8 Mt CO2-eq in 2019. At about 6
tonnes, Hungarian per capita CO2 emissions are below the European average.
Compared to the base year (average of 1985-87), 1990 and 2005, Hungary’s current emissions are lower by
42%, 32% and 16%, respectively.
By far the highest-emitting sector in Hungary was the energy sector, contributing 72% to the total GHG emission in 2019 (Table 1, Figure 1). Industrial processes and product use (IPPU) was the second and agriculture
was the third largest sector, contributing 12% and 11% of total emissions, respectively. The waste sector
contributed 5%. Compared to the base year, emissions were significantly reduced in the energy sector (42%), IPPU (-49%) and agriculture (-41%). In contrast, emissions in the waste sector have increased slightly
since 1985 (+7%). The LULUCF sector shows fluctuating behaviour. Looking at the more recent trends since
2005, emissions have significantly decreased in the energy and industrial processes sectors by 19% and 15%,
respectively. The agricultural sector seems to have recovered and showed an increase of 16% since 2005.
The previous rising trend was reversed in the waste sector (-18%).
The energy sector was responsible for 72% of total GHG emissions in 2019. The production and use of energy
generate most GHG emissions, mostly CO2. Currently, 16% of Hungary's domestic primary energy supply is
nuclear and 12% is renewable, which means that the remaining – overwhelming – share of primary energy
demand will be met by domestic fossil fuel use or energy imports. Natural gas accounts for the largest share
(44%) of combusted fossil fuels, followed by an increasing share of petroleum products (33%). Emissions have
been positively influenced by the fact that the share of coal has fallen from 30% to below 10% in the last 30
years, which is below the current share of biomass in fuel consumption (14%).
In recent years, the transport sector has become the largest emitter, not only within the energy sector (32%)
but also across all sectors (23% of total national emissions). Emissions from the road transport sector increased by 6% in 2019 and altogether by 46% since 2013.
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The share of energy industries (electricity production, heating and cooling) in total GHG emissions decreased
from 26% to 19% in 2005. Although domestic electricity production was 7% higher than in the previous year,
coal-based power production dropped by 13%, whereas natural gas fired power plants with more favourable
specific emission levels increased their production by 18%. Another welcome development is the significant
increase in the use of solar energy: 4% of gross electricity production now comes from solar energy. The
share of nuclear power generation has been stable at around 50% over the last few years, and the relatively
large share of electricity import decreased from 31% to 27%.

1. TABLE - TREND OF EMISSIONS AND REMOVALS BY SECTOR (INCLUDING LULUCF, MTCO2EQ). SOURCE: NATIONAL INVENTORY REPORT 19852019, HUNGARY

The industrial processes and product use sector (IPPU1) was the second largest sector (slightly overtaking the agricultural
sector), contributing 12% to total GHG emissions in 2019. The most important greenhouse gas was CO2, contributing
67% to total sectoral GHG emissions, followed by F-gases with 29%. In 2019, 32% of the emissions came from the chemical industry, followed by 28% from product uses such as ozone depleting substances (ODS) substitutes. The mineral
industry and the metal industry contributed 19% and 16% to sectoral GHG emissions, respectively. Other product uses
(containing sulphur hexafluoride and nitrous oxide) and non-energy products from fuels and solvent use have the smallest influence on the 2019 IPPU inventory (4% and 1%, respectively). IPPU decreased by 49% between the base year and
2019, and by 15% between 2005 and 2019.
GHG emissions from the iron and steel producing sector decreased by 10% since 2019 because of the decreasing production of pig iron. While production of ammonia and urea increased in 2019, emissions form the chemical industry
decreased by 1%. Production by the mineral industry shows an increasing trend from 2013, and GHG emissions from
this sector were 7% higher in 2019 than in 2018.
In 2019, agriculture accounted for 11% of total emissions. Emissions from agriculture include methane and nitrous oxide
(N2O) gases; 86% of total N2O emissions were generated in agriculture in 2019. Emissions from agriculture decreased
by 41% between 1985 and 2019. The bulk of this reduction occurred between 1985 and 1995, when agricultural

1

"IPPU" is the same as "Industry" in Table 1, and they are used interchangeably in the GHG statistics.
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production fell by more than 30%, and livestock numbers underwent a drastic decline. The contribution of agriculture
to total emissions was 11% in 2019, similar to the level in the base year (BY).
The LULUCF sector is a carbon sink because of the huge carbon uptake of forests, due to continuous afforestation efforts
and sustainable forest management. The complex dynamics of land use and land-use change leads to highly fluctuating
estimates of sectoral removals. Over the period from 1990 to 2019, estimates of 1. Table indicate an average annual 4.9
Mt net removal, CO2-eq net removals range from 0.7 Mt in 2000 to 7.3 million tonnes of CO 2 in 2008. In 2019, the
LULUCF sector accounted for 5.6 Mt of CO2 removal. The net removal of forests amounted to 5.568 Mt of CO 2.
The waste sector was responsible for 5% of total national GHG emissions in 2018. The largest category was solid waste
disposal on land, representing 85% in 2018, followed by wastewater treatment and discharge (9%), biological treatment
of solid waste (4%), and incineration of waste without energy recovery (1%). In contrast with other sectors, emissions
from the waste sector are 7% higher now than in the base year. However, the growth in emissions stopped in the last
decade, and a reduction of 18% could be observed between 2005 and 2019. The degradation process in solid waste
disposal sites is quite slow, which means that waste disposed many years earlier still has an influence on current emission levels. However, the amount of disposed waste had dropped significantly since 2005 (e.g. landfilled municipal waste
decreased by 50%), and consequently methane emissions have started to decrease as well. GHG emissions from
wastewater handling have a pronounced decreasing trend due to a growing number of dwellings connected to the
public sewage network.

1. FIGURE - CHANGE IN GREENHOUSE GAS EMISSIONS FROM BASE YEAR (BY, 1990-2019). SOURCE: NATIONAL INVENTORY REPORT 1985-2019,
HUNGARY
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1.2. Major CO2 emitters in Hungary
As mentioned earlier, the largest emitting sector is the energy sector (energy industry, transport, building-associated
energy consumption) contributing 72% to the total GHG emission in 2019. Figure 2 shows emissions of the energy sector
by subsector.

2. FIGURE - EMISSIONS OF THE HUNGARIAN ENERGY SECTOR BY SUBSECTOR IN 2019. SOURCE: NATIONAL INVENTORY REPORT 1985-2019, HUNGARY

1.2.1. E NERGY INDUSTRY : LARGE POWER PLANTS IN HUNGARY SUBJECT TO THE EU ETS

Lignite-fired power plants
The operating licence of Mátra Power Plant, the only lignite-fired power plant in Hungary, expires in 2025. Before that,
it was Hungary’s largest CO2 emitter for decades, with annual CO2 emissions of 5-6 Mt per year. After 2025, the plant
will start to convert to low-carbon technologies, maintaining its two lignite units in the best technical condition (they
will constitute strategic reserves).
As part of the low-carbon transition, a new 500 MW easy-to-control CCGT natural gas-fired unit will be built at the Mátra
Power Plant site, on the one hand to improve security of supply in Eastern Hungary and on the other hand because the
new 1200 MW units of the Paks-2 nuclear power plant would require an increase in spare capacity of at least 500 MW,
together with keeping the existing conventional power plants within the system. The new unit will be funded privately,
if possible, otherwise, for reasons of security of supply, with public funding.
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Natural gas-fired power plants
Table 2 provides information on the installed capacities of Hungarian natural gas-fired power plants, the validity of
generating licenses, their regulating ability according to MAVIR (Hungarian Independent Transmission Operator Company Ltd.) accreditation, their generating character and the estimated timespan for which they remain in operation.
BT2

Validity of elec-

Power plant control ca-

Production characteristics

Expectation by Capi-

(MW)

tricity produc-

pacity according to MA-

of power plant

tal consulting3

tion license (re-

VIR accreditation

maining life of
turbines)

Gyönyű Power
Plant

Subject to market prices,
433

408

Dunamenti
Power Plant G1 +
G2

386

Plant
Kelenföldi Power
Plant
Újpest Power
Plant
Kispest Power
Plant
Bakony Power
Plant

goal: baseload power
plant4

Dunamenti
Power Plant G3

Csepel Power

Primary and secondary

403

2031

Primary and secondary

2031

Primary, secondary and
tertiary

2020

Primary, secondary and
tertiary

178

pass smokestack in con-

Remains in opera-

Safety reserves for unit
G3

High risk (likely to
shut down soon)

District heating

District heating

struction, - tertiary)
105

113

102

2022

2034

2027

Secondary

District heating

Tertiary

District heating

Tertiary

tion until 2030

Most efficient asset management, keep costs at a
minimum

Primary, secondary (by2036

Remains in opera-

District heating, industrial

tion until 2030

Remains in operation until 2030
Remains in operation until 2030
Remains in operation until 2030
Remains in operation until 2030
High risk

heat, KÁT

2 Gross installed electric capacity
3 Capital Consulting is one of Hungary's leading expert analyst firms. Thanks to its role as a liaison between the market and the
government, it has comprehensive and objective knowledge of the Hungarian economy, based on data and facts. One of their main
area of expertise in energy.
4 Normally a CCGT is a secondary capacity power plant taking a lead role in grid frequency stability and upwards-downwards capacity
regulation in real-time. On the other hand, a nuclear power plant is a base load provider. In the new green energy system a CCGT will
be also a base load power plant.
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ISD Power Plant
Lőrinc Gas Turbine Power Plant

64,5

170

2025

2020

Industrial heat, district

-

heating

Tertiary

Sajószöged Gas
Turbine Power

120

2023

Tertiary

bine Power Plant
Bakony Gas Turbine Power Plant

120

116

2023

2031

Remains in opera-

Tertiary reserve

tion until 2030

Tertiary reserve and iner-

Remains in opera-

tia control

tion until 2030

Plant
Litér Gas Tur-

High risk

Tertiary

Tertiary reserve

Tertiary

Tertiary reserve

Remains in operation until 2030
Remains in operation until 2030

2. TABLE - NATURAL GAS-FIRED LARGE POWER PLANTS IN HUNGARY. SOURCE: CAPITAL CONSULTING. BT = GROSS INSTALLED ELECTRIC CAPACITY; KÁT = POWER PLANTS UNDER RENEWABLE BUSINESS SCHEME; TERTIARY RESERVE: IN CASE OF SUDDEN POWER SHIFT, THESE RESERVE CAPACITIES CAN BE MOBILIZED IN A SHORT TIME PERIOD; INERTIA CONTROL: POWER PLANT IS CAPABLE TO PROVIDE STABILITY IN HOLDING
PROPER INERTIA AND FREQUENCY.

Combined-cycle power plants using biomass only and biomass combined with other fuels
Power plants burning biomass only produce renewable energy, so their emissions are zero or close to zero depending
on the biomass supply chain. Their listing is interesting from a CCS perspective, because biomass-based energy production with CCS can achieve a negative carbon balance.
Power plant

Thermal output

Electricity output

Ajka Power Plant

360 MW

131,6 MW

Pécs Power Plant

300 MW

85 MW

Dorog Power Plant

118 MW

24,6 MW

0 MW

19,8 MW

Szakoly Power Plant
Komló Heating Power Plant

7,0 MW

Tatabánya Thermal Power Plant

21,0 MW

Oroszlány Thermal Power Plant

200 MW

3. TABLE - LIST OF COMBINED-CYCLE POWER PLANTS USING BIOMASS ONLY AND BIOMASS COMBINED WITH OTHER FUELS
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Biogas power plants
Table 4 includes biogas power plants in Hungary. There is no public information on which of these is currently in operation.

Nr

Settlement

Year of Commissioning

Organic waste used
('000 tons/year)

Electricity output (kW)

1

Abony

2008

50

n/a

2

Bicsérd

2013

39

640

3

Biharnagybajom

2010

n/a

630

4

Bonyhád

2010

32

628

5

Bugyi

2011

24

500

6

Csengersima

2009

n/a

537

7

Csomád

2011

n/a

250

8

Dombrád

2010

n/a

630

9

Dömsöd

2007

60

1400

10

Gyula

2011

27

490

11

Hajdúböszörmény

2011

n/a

640

12

Hajdúszovát

2009

100

625

13

Ikrény

2011

n/a

640

14

Kaposvár

2007

300

n/a

15

Kaposszekcső

2010

n/a

830

16

Kapuvár - Miklósmajor

2009

32,9

526

17

Kecskemét Kisfái

n/a

n/a

635

18

Kecskemét - Talfája

n/a

n/a

330

19

Kenderes

2007

42

1052

20

Kemenesmagasi

2009

30

625

21

Klárafalva

n/a

n/a

526

22

Kisbér

n/a

50

840

4. TABLE - BIOGAS POWER PLANTS IN HUNGARY

The Industrial Processes sector includes emissions generated by non-combustion processes related to industrial production (otherwise known as Industrial Processes and Production Use - or IPPU). Emissions from industrial processes
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are the second largest following the energy sector and slightly overtaking the agricultural sector. Figure 3 shows the
share of industrial subsectors in the total GHG emission of IPPU in Hungary.

3. FIGURE - GHG EMISSION OF INDUSTRY BY SECTORS IN 2019. SOURCE: NATIONAL INVENTORY REPORT 1985-2019, HUNGARY

Emissions from this category comprise the following subcategories.

Mineral products
Under Mineral Products, Hungary reports emissions from cement production (CO2), lime production (CO2), limestone
glass (CO2), and other mineral products including bricks and ceramics production, mineral wool production, waste gas
scrubbing and soda ash use (CO2).
Major emitters in the mineral products sector are shown in Table 5.
Name of facility

Verified Emission (2020)

Duna-Dráva Cement Kft. cement plant of Beremend (1909–)

391 234

Duna-Dráva Cement Kft. cement plant in Vác (1963–)

467 892

Hejőcsabai Cement Plant (1950–)
Királyegyházi Cement Plant - (2011–)
Nyergesújfalui Cement Plant (under construction)

no verified data
537 565
-

5. TABLE - MAJOR EMMITTERS IN MINERAL PRODUCTS SECTOR, HUNGARY AND THEIR VERIFIED EMISSIONS FOR 20205

5

Union Registry, 2021. Verified emissions for 2020
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Metal production
Within the metal production Industry, emissions from pig iron (emitter of CO2 and methane), steel (emitter of CO and
CH4), ferroalloys (emitter of CO2), and alloy production (emitter of CO2, tetrafluoromethane, hexafluoroethane) are
taken into account.
Major emitters in the metals sector are ISD Dunaferr and Ózdi Acélművek Kft.
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2. Assessment of the geological potential for CCS
Research on the geological potential for CO2 storage has been carried out by the Hungarian Mining and Geological
Survey (MBFSZ) for almost twenty years. The main finding of this research is that Hungary has very significant CO2 storage capacities. Using a conservative estimate, ~97 Mt of CO2 can be stored in depleted hydrocarbon reservoirs (Figure 4), to which potentially ~750 Mt of storage potential available in deep saline aquifers could be added (Figure 5).
Unmineable coal seams are not suited for CO2 storage in Hungary.

Hydrocarbon reservoirs potentially suitable for CO2 storage
Editor: Ágnes Szamosfalvi, 2013

4. FIGURE - CCS OPTIONS IN DEPLETED HYDROCARBON RESERVOIRS. SOURCE: MBFSZ

Brine reservoirs potentially suitable for CO2 storage
Editor: Ágnes Szamosfalvi, 2013

5. FIGURE - CCS OPTIONS IN DEEP BRINE AND NATURAL CO2 RESERVOIRS. SOURCE: MBFSZ
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As a result, Hungary could store underground its yearly net emissions (58.8 Mt CO2-eq in 2019), over more than 14
years. Of course, this is only a potential option and Hungary would likely not need all this storage capacity. Capturing,
storing or recycling 5-10 Mt of CO2 per year through CCS could make a decisive contribution towards climate neutrality.
Many Hungarian companies involved have already taken steps in this direction: MOL, for example, is no longer thinking
in terms of a pilot project as an experiment, but in terms of an industrial-scale application, with CCS playing a crucial
role in MOL's carbon neutrality. Other Hungarian entities may follow their example in the near future.

3. Description of implemented and planned projects
Hungary has been at the forefront of developing CCS technology in many respects. For example, Enhanced Oil Recovery
(EOR) based on CO2 and water recapture was first pioneered in Hungary in the 1960s, and Enhanced Gas Recovery (EGR)
based on CO2 injection was tested and applied from 1986. Despite this, no classic CCS project has been implemented to
date.
3.1. Private companies
Major oil company MOL plans to significantly reduce its carbon footprint by using CCS technology from its own resources
between 2026-2030, with its first major storage starting from 2026. If the economic environment is appropriate, it may
also consider CO2 storage on contract. Both the financial and geological conditions are good for this, as MOL owns a
major part of the potential CO2 storage sites. The envisaged CO2 storage is expected to be somewhere between 5 and
30 Mt. Feasibility studies are currently being prepared, as the 2026 starting date of the project is very close.
The MVM Group, a group of energy companies, is the fourth largest group of companies in Hungary and the 13th largest
in Central Europe. In their opinion, since they do not have their own CO2 storage capacities, they see a possibility for
CCS application in cooperation with MOL at the Tisza II power plant only if CO2 prices are high.
Siemens’ CCU innovation aims for the reuse of captured CO2 as a heat transfer medium in a geothermal power plant to
be built in the future.
As the only Hungarian nitrogen fertilizer producer with ammonia and fertilizer production capacities today, Pétfürdői
Nitrogénművek Zrt. aims to use CCU/CCS technologies to reduce CO 2 emissions and the costs associated with it. They
monitor potential CCU technologies with great interest, as 65-70% of their carbon dioxide emissions are high-purity
(99.8%) carbon dioxide, which can be an optimal base material for marketable products. For the time being, they are
waiting for regulation/definition at European level and for promising technologies and concepts that will pay off.
According to the company, CCS is a realistic prospect. In the case of CCU, they need to define qualifiable use cases for
captured CO2 such as adhesives, production of plastics, liquefaction, use in greenhouse and outdoor crops could be
promising.

3.2. Academic research projects
Hungarian participation in EU-funded research and development projects related to CCS
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Hungary has so far participated in three CCS projects directly funded by the EU: the GeoCapacity project (2002 -2006),
the CGS Europe project (2011-2013) and the CASTOR project (2004-2008). The Hungarian partner in first two cases was
MBFSZ through its predecessors. All projects aimed to assess the European CCS potential, mapping the barriers to
planned CCS projects, and trying to achieve results in order to increase the number of EU-level CCS projects, both at
R&D level and in the field of practical application. The CGS Europe project was also supported by a jointly developed
database of available best practices.
GeoCapacity project - 2002 to 20066
The EU GeoCapacity project (Research area: 6.1.3.2.4 Capture and sequestration of CO2, associated with cleaner fossil
fuel plants) was implemented with the participation of the Eötvös Loránd Geophysical Institute of Hungary (ELGI, predecessor of MBFSZ) with the aim to provide data on the CO 2 sequestration potential of Hungary and other European
countries.
The project was focusing on applying advanced evaluation techniques (DSS & GIS - Decision Support Systems & Geographic Information System) and complementing the datasets with emissions, infrastructure and storage site mapping,
as well as undertaking economic evaluations. This enabled source-to-sink matching across Europe. Site selection criteria,
standards and methodologies were created and applied in the project. Locating potential CO2 storage sites is essential
to the emergence of the hydrogen economy, which currently relies heavily on fossil fuels and will have to consider CO2
reduction strategies.
EU GeoCapacity also built towards a framework for international cooperation between the EU and China (later with
India and Russia). It focused on technology transfer enabling these countries to undertake similar studies, as these
countries perhaps face an even greater challenge to reduce CO2 emissions due to their rapidly growing energy demand.
Involvement of partners from the new EU member states and two of the accession countries is very prominent in the
project. This is a natural consequence of the geographical coverage of the project and will trough the close cooperation
expected, add to the European dimension of the project.

CO2 Geological Storage project (CGS Europe7) - 2010 to 2013
'Pan-European coordination action on CO2 geological storage' (CGS EUROPE) was an EU-funded initiative working to
combat climate change by facilitating CCS in Europe. It was carried out with the participation of the Hungarian Geographical and Geophysical Institute (Predecessor of MBFSZ), on behalf of Hungary as a partner country. The project
started in November 2010 and was funded within the 7th Framework Programme of the European Community for three
years.
CGS EUROPE promoted CCS deployment through networking and cooperation across various EU Member States and
four Associated Countries. Project partners also set up a user-friendly and easy-to-understand knowledge repository

6
7

EU GeoCapacity Project Summary - http://www.geology.cz/geocapacity/project
CGS Information Page
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database for CCS users. Three reports were drafted that provide information on monitoring CCS system performance,
storage site selection, operational and safety risks, and pertinent directives and regulations.
Thirty-four research institutes with extensive CO2 storage research experience and the European Network of Excellence
on the Geological Storage of CO2 (CO2GeoNet) were involved. Partners of CGS Europe comprised members of the
CO2GeoNet Association, and 22 other participants covering most of Europe, with 24 EU Member States plus Croatia,
Norway, Serbia and Turkey.
The project networked with CCS bodies and relevant organisations at national, European and international levels to
facilitate CGS and obtain external funding. Within the project, the established expert networks CO2GeoNet Association8,
CO2NET EAST9 and ENeRG10 joined forces and pooled their expertise to build a credible, independent, and representative pan-European scientific body of expertise on CO2 geological storage. The project also worked closely with the
CO2GeoNet task force to ensure that CGS activities continue beyond the scope of this project. Team members formed
partnerships with other CCS researchers to create databases of potential storage sites, specify storage infrastructure
requirements and support CGS pilot projects. CGS EUROPE also hosted number of workshops, seminars and short
courses for members of CO2GeoNet.
These efforts have narrowed the knowledge gap on CGS through widespread dissemination and networking. The project
outcomes will ensure significant reduction in CO2 levels through knowledge sharing between scientific bodies, as well
as financial and regulatory support.
Results in brief can be found at CORDIS.11
CASTOR project
Hungary participated in the EU funded CASTOR Project. 12 The general goal of CASTOR was to develop and validate all
the innovative technologies needed to capture and store CO2 in a safe way. As part of the CASTOR project, mission, and
storage data from Hungary (and seven other EU countries) were collected and integrated in a Geographic Information
System (GIS).
EU co-funded research and development projects related to CCS
No Hungarian research organisations have won any national or EU co-financed funding for CCS projects specifically.
However, several integrated proposals awarded by universities had a CCS-related sub-task.
Comprehensive developments at the University of Pécs for the implementation of smart specialisation 13
In January 2017, the University of Pécs launched a call for proposals for the expansion of research capacities and the
comprehensive development of research services. The project is being implemented within the framework of the Széchenyi 2020 programme with EU funding of HUF 3.379 billion. The project will start on 01 January 2017 and is expected
8

CO2GeoNet Association Information
CO2NETEAST Information
10
EneRG Information
11
Project Information and Final Report Summary of Pan-European coordination action on CO2 Geological Storage, 2010-2013
12
Integration of CO2 emission and geological storage data from Eastern Europe - CASTOR WP 1.2, 2006
13
EFOP-3.6.1.-16-2016-00004, 2019-1.3.1-KK Establishment of Competence Centres Research Infrastructure Development
9
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to be completed by 31 March 2022. The project includes research on the role of underground geological repositories in
the development of a circular economy at the Department of Geology of the University of Pécs. The reason for this
research is the increasing demand for these valuable storage sites (CCS, storage of other wastes, geothermal energy
recovery, deep water, mineral and hydrocarbon extraction and storage, seasonal hydrogen storage, etc.). Therefore,
the development of a waste hierarchy will require a similar approach to the development of a geological storage hierarchy14.
2019-1.3.1-KK Establishment of Competence Centres Research Infrastructure Development at the University of Miskolc
The University of Miskolc won the tender "2019-1.3.1-KK - Establishment of Competence Centres Research Infrastructure Development" announced by the National Research, Development and Innovation Office, and received funding for
the implementation of the "Geothermal Energy Competence Centre". The consortium formed by the University of Miskolc, EU-FIRE EGS Hungary Kft. and Ulyssys Kft. aims to establish the first domestic EGS15-based geothermal system. The
consortium is led by the University of Miskolc. The project includes the so-called CCS module, which explores the potential of carbon capture and storage.

4. Legislation and regulation relevant for CCS deployment
In the European Union, Directive 2009/31/EC on the geological storage of carbon dioxide aims to harmonise storage
conditions at EU level. Member States were obliged to integrate this Directive into their national legislation by June
2011. In Hungary this was done in May 2012, through Government Decree 145/2012 (VII. 3.) which is currently in force,
regulating the geological storage of carbon dioxide. 16
Since 2012, the Hungarian Mining and Geological Survey (MBFSZ) has been carrying out research in accordance with
the requirements set forth in the EU Directive. MBFSZ prepared its first report for the European Commission on
Hungary's carbon dioxide storage potential and the geographical location of potential storage sites In February 2013,
pursuant to Section 37(2) of Government Decree 145/2012 (VII. 3.) on the geological storage of carbon dioxide.

4.1. Summary of Government Decree 145/2012 (VII. 3.)
The Government Decree on the geological storage of carbon dioxide aims to create consistency between the Hungarian
regulations on mining, CO2 quota trading, environmental protection and waste management.
The following are the key regulatory requirements for the establishment of CO2 storage sites:

14

Mária Hámor-Vidó, Tamás Hámor, Lili Czirok; Underground space, the legal governance of a critical resource in circular economy, Resources Policy, Volume 73, 2021; https://doi.org/10.1016/j.resourpol.2021.102171
15
EGS - Enhanced Geothermal System
16
Government Decree 145/2012 (VII. 3.) on the geological storage of carbon dioxide, status of the legislation in force on
30.09.2021
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Storage capacities must be assessed every five years. The Mining Supervisory Authority must carry out a survey of
geological structures potentially suitable for the geological storage of carbon dioxide and their estimated capacities. A
list of geological structures potentially suitable for the geological storage of carbon dioxide on needs to be published.
An application for a geological prospecting license must be submitted in the correct form and content, including the
exploration work program and budget, exploration plan map and proposal for the amount of the exploration security.
The exploration work program must include the planned research tasks; description of technology; list of planned research facilities; description of the quantity, timing, planned duration, method, depth, technology, hazards anticipated
during the research; and a detailed budget for the exploration. The exploration plan map must comply with the safety
regulations on the scale and content of mine maps.
In the geological exploration permit related to the geological storage of CO2, the Mining Supervisory Authority shall
specify the permitted duration of the exploration, the conditions necessary for technical safety and property protection,
the name of the municipality and the parcel number of the properties concerned.
During the term of the exploration permit, the area delimited by the exploration area may not be used for any other
purpose than geological storage of CO2, and applications for a permit for such use shall be rejected.
The licensee shall prepare a final exploration report on the results of geological exploration related to the geological
storage of CO2, which shall be countersigned by a geological expert.
The final exploration report shall include the findings, the underlying research results and data on whether the geological formation under investigation, if used for the geological storage of CO 2, presents a significant risk of leakage, danger
to human health and damage to the environment.
A storage permit may be applied for only for an installation for which the operator holds a final environmental permit
or a final single environmental use permit.
It is prohibited to add waste or other substances to the CO 2 stream for the purpose of disposing of such waste or other
substances. The CO2 stream shall contain only inadvertently introduced materials from the emitting source, capture or
injection process and materials added to the CO2 stream for the purpose of monitoring and controlling carbon dioxide.
Access to the transport network must be ensured. When providing access, the operator and the transmission system
operator shall consider the storage and transport capacity available.
Storage sites must be checked. The inspection process for storage sites is twofold, with both the operator and the
Mining Inspectorate having regular inspection obligations.
The Mining Inspectorate shall carry out an extraordinary inspection if a leak or significant anomaly has been notified or
has come to their knowledge and shall investigate complaints relating to the environment or human health or in any
case where the Mining Inspectorate considers it appropriate to do so. Their report shall contain the findings as to
whether the operator is carrying out its activities in accordance with the requirements and whether any further action
is necessary.
In the event of a leakage or significant anomaly, the necessary corrective measures shall be taken based on the corrective measures plan approved in the storage permit.
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Finally, this Decree is intended to comply with Directive 2009/31/EC of the European Parliament and of the Council of
23 April 2009 on the geological storage of carbon dioxide and amending Council Directive 85/337/EEC, Directives
2000/60/EC, 2001/80/EC, 2004/35/EC, 2006/12/EC and 2008/1/EC of the European Parliament and of the Council and
Regulation (EC) No 1013/2006.
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Chapter 2. - Hungary's outlook for CCS
and CCU
1. Summary of stakeholder engagement
The overall reception of the " Building momentum for the long-term CCS deployment in the CEE region" (CCS4CEE)
project was uniformly positive from all stakeholders. KBA, the Hungarian subcontractor and the author of this report
was able to access all stakeholders on a short notice, and the general opinion was that a comprehensive discussion of
the current state of CCS and CCU in Hungary is necessary and important. All stakeholders agreed that it is important to
raise awareness of CCS in Hungary and any means of doing so are supported by them.

There are two well-differentiated group amongst stakeholders regarding the deployment of CCS and CCU:

•

Those stakeholders who have potential in capture and storage, or from the technological, geological or ownership side. This group is the strongest advocate of the propagation of CCS both
professionally believing in it, both having a strong business interest to spread the technology.
(e.g. MOL, Siemens)

•

Those stakeholders who are large emitters and are burdened by high carbon prices are generally
more skeptical about CCS technologies, mostly pointing out its premature implementation state,
potentially high cost and geographical inflexibility. These stakeholders are willing to monitor
CCS, but they are as keen on deploying on-site utilization technologies without storage, or simply
using technologies to avoid the carbon emission (e.g. CCGT-plants, cement factories).

2. Stakeholder positions on CCS
2.1. CCS potential on the user’s side
Based on their analysis on the CCS potentials for the Mátra Power Plant, a Hungarian think tank17 concluded that for
any major actions in CCS in Hungary, high carbon prices will be key.
According to industry stakeholders, the European petroleum refining, natural gas, cement, metallurgical and fertilizer
sectors look upon CCS/CCU as a short/medium term solution to reach climate targets. This could be the first step towards achieving significant reductions in carbon emissions. Unfortunately, no serious progress on CCS could be seen in
Central Europe so far. As for CCU, the European Commission still owes the industry a definition of what CO2 use will be

17

unnamed at their request
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recognized with such a "label". The topic cannot be found in a developed, well-defined form anywhere either in domestic administrative documents or in publications. This is clearly demonstrated by the current extraction of natural CO2 in
Hungary, which is the exact opposite of CCS. Despite the difficulties, the goal clearly is to reduce our carbon emissions
and the associated costs by using CCU/CCS technologies. To achieve emission reduction targets, stakeholders believe
that a combination of several solutions needs to be deployed.: in addition to the development of renewable energies
and increasing the production of nuclear and hydrogen, CCU/CCS should also receive an important role. Climate targets
cannot be achieved without their combined use. This is essential to maintain a competitive domestic industry.
However, the situation in the energy industry is controversial. We have previously reported that the operating license
of the only lignite-fired power plant currently in operation in Hungary – the Mátra Power Plant – will expire in 2025,
after which its two preserved units will be transferred to strategic reserve. Thereafter, system-level flexibility in the
Hungarian electricity system and the provision of the necessary reserves will depend almost exclusively on gas-fired
power plants. In natural gas-based electricity generation, however, no technological breakthrough has been made in
the applicability of CCU/CCS technologies in recent decades, and their use is therefore not in the focus of domestic
natural gas-fired power plants. If the price of CO2 quota is too high, they will simply quit and focus on the regulatory
market. However, this will have serious repercussions for the domestic district heating sector, where most heat-generating power plants are natural gas-fired. According to energy industry stakeholders, the rate of utilization of gas-fired
power plants will presumably decline, making the use of CCS technology in the domestic electricity sector unlikely to be
viable.

3. Stakeholder perceptions of the CCU/CCS landscape
3.1. Overall prospects for CCU/CCS in Hungary
In the opinion of academic stakeholders on whether there is a realistic chance of CCS being applied in Hungary, the
responses received were that only hydrocarbon reservoirs with high storage capacity and pressure balancing stations
and/or pipeline infrastructure, with proven gas storage capacity, are suitable for CCS in Hungary. Such sites are mainly
located in the vicinity of high emitting industrial polluting sources, possibly in the northern part of the Great Plain or in
Southern Hungary. Brown coal sites are not suitable due to their geological characteristics, small size, shallow settlement, and their connection to open hydrodynamic systems. The Mecsek black coal deposit is also unsuitable for carbon
storage because its porosity consists of more than 80 % micro- and meso-pores, most of its coal-bound gas content
(methane) is in solid phase solution, which cannot be moved even by carbon injection for layer cracking. 18 The complex
geological structure and strong tectonisation also preclude the storage of CO2 in coal seams or sequences of coal seams,
even if the other properties were adequate. Indeed, the fragmentation of the coal-containing assemblages increases
the occurrence of geological hazards, with migration of the stored gas, possibly into drinking water aquifers and to the
surface.
As for the biggest barriers to CCS projects today, academic stakeholders said that the lack of carbon capture from polluting industrial sources and the absence of suitable surface storage and transport systems could be barriers to CCS
deployment today. Experimental demonstration storage facilities are known, but transport to injection is not the main
18

Methane Master research report, 1991, Tóth & Lakatosné Szabó, 1989.
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activity promoted by the hydrocarbon industry. This would require even higher CO2 quota prices and/or specific incentives (government measures to promote CCS, incentives for private sector investment in CCS).
In addition, there is a conflict in the use of the subsurface for hydrocarbon production, commercial gas storage and
geothermal energy. The characteristics of the reservoir to be exploited for these purposes are similar, and business and
strategic considerations will determine which exploitation will be prioritized. Here too, an appropriate CCS strategy
would need to be developed.
After reaching out to six NGOs and think-tanks in Hungary, most stated that they don’t have enough knowledge on CCS
in Hungarian industrial policy, nor the global status of the issue, hence they cannot take a position. The only thinktank19 that has some experience with CC(U)S said that after analyzing the CCS potentials for the Mátra Power Plant,
they concluded that high carbon prices are the key for deployment. There is potential for CC(U)S in Hungary, but in the
power sector it is a distant future. They mentioned that negative emissions are important to achieve climate targets. In
general, there is not much attention paid to the subject of CC(U)S yet; like hydrogen, it is a hot topic from time to time.
The Hungarian power sector does not focus on CC(U)S lately, but it could work for smaller emitters, where it could be
produced in smaller quantities with suitable reservoirs. They highlighted that Nitrogénművek has a technology which
captures 99,99% CO2, but as there were no customers for it, it was released. With higher ETS prices, this may however
prove uneconomical. Their general opinion on CC(U)S, that Hungary still at an early stage compared to Northern and
Western European countries. There is no effort to shape public opinion, but it will need to be highlighted that negative
emissions will be needed - zero emission is not enough.

3.2. The role of CCU/CCS in sector integration
According to the stakeholders’ view, demand for energy will increase rather than decrease. Due to its inflexibility, renewable and nuclear energy cannot ensure security of supply without fossil natural gas, this can be guaranteed only via
sustainable carbon cycle management, with interoperability between sectors and infrastructures. This is going to be the
future, but the question is, how we are going to get there? At the moment, stakeholders think that the integration of
systems on a hydrogen basis is unrealistic in the short and medium term. In theory, existing hydrogen technologies – if
their emissions are reduced through CCS/CCU – could complement and prepare green hydrogen technologies in the
start-up and ramp-up phase, paving the way for users/potential users to begin their transition sooner. In practice, however, this is unrealistic for now. There are no noteworthy reserves in hydrogen production capacities: whoever produces
it, uses it, or sells it to users. So, there is no permanent surplus to provide an alternative for those who would like to
switch to pure hydrogen. The trivial condition for the above to be achieved is that the margins for hydrogen on the
market should be better than the margins for the producers' current products. The realistic condition is that a stable
regulatory environment should be established on the basis of which the construction of hydrocarbon-based hydrogen
plants with CCU/CCS could be considered against the potential of green technologies. According to stakeholders, this
would have serious advantages over green systems, but no one will want to invest in a technology that is politically
doomed to death.

19

Hungarian think-tank, unnamed at their request
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3.3. Awareness of EU policy and financial instruments for CCU/CCS
A prerequisite for implementation of CCU/CCS is the evolution of investment and emission costs, relative to operating
costs. Marketability is also an issue for CCU, as they involve higher investment and operating costs than a CCS solution,
so their use must result in valuable products over the long term. These factors have a fundamental impact on the industries affected by CCS. Economically, there is a need for the technology to be available at an affordable price or to be
subsidized to the extent so that it can be made available. In addition to the market relevance of the CCS technology and
the support schemes, the Carbon Contracts for Differences (CCFD) mechanism can also play an important role in the
decarbonization processes. However, the strong volatility experienced in ETS markets in recent years is a warning sign
for long-term planning at any rate, even if perspectives for the future may perhaps seem more stable.
In view of the scale of the projects, it is also to be expected that pre-financing will be necessary from the EU Innovation
Fund either in part or in whole. Considering the costs of the whole system (extraction, transport and storage), the prefinancing requirement should reach 50%, based on the estimates of the stakeholders. In the current market environment, support for OPEX is also necessary in addition to CAPEX. In addition to subsidies, stakeholders consider it important to ensure a level playing field in the market, which is a necessary condition for efficient operation and for raising
the equity needed for the investments.
The expectations and opinions on financial frameworks vary widely among the stakeholders. The common position was
that any financial support on national or EU level would be accepted. Stakeholders from both Institutional and private
sector will be more likely to invest in pilot projects rather than large-scale projects. But there are ongoing plans at
private sector participants for large-scale CCS projects as well, with own financial support.
3.4. Perceived deployment barriers and risks
Based on stakeholders' views, administrative barriers need to be removed. Industry stakeholders have highlighted the
lack of a user-friendly general licensing process; therefore a CCS project can be recognized at EU level on a case-by-case
basis. In the case of CCU, significant administrative facilitation will be needed for infrastructure (transport) development
and the deployment of geological formations in CCU if this technology is to be applied in the foreseeable future.

4. Stakeholder recommendations for CCS and CCU
4.1. Regulation
As the overall awareness of CCS/CCU is lower relative to other green technologies, there is no political motivation to
develop a vision – at least as perceived by industry stakeholders. But the situation is more complex than that. While the
National Energy Strategy 2030, adopted by Parliament in 2011, looked upon CCS as a strategic tool, the new National
Energy Strategy of 2020 and the National Energy and Climate Plan only deals with it in a single sentence, because a
technology that could potentially conserve the use of fossil fuels did not fit into the concept of strong solar energy
utilization (a major part of Hungary's energy strategy). But the loss of time is a competitive issue; several other EU
Member States (the Netherlands, Poland and Germany) have announced significant national subsidies to help them
meet their decarbonization targets, thus giving them competitive advantage in the technology change. However, the
situation has also changed in Hungary in the meantime: according to the working document of the National Clean Development Strategy looking ahead to 2050, climate neutrality will not be achievable without the widespread deployment of CCUS technologies. So, after many years of silence, there is political will there to revive thinking about the CCUS.
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Based on the above, the stakeholders' recommendations indicates that there should be a clear, transparent and predictable legal framework for the long term.

4.2. Technology
Stakeholders raised the question whether the new, lesser-known (or immature) technologies are the better ones. They
noted that new technologies are coming in for pilot projects both in Hungary and in the wider region, and they are open
to pilot projects in terms of capturing technology. However, there are concerns about unknown technologies, so using
what is already known might be better in the near future. It was noted that R&D in capture technology is behind, and
that new technologies might come in 10-20 years, which could bring a breakthrough in CCS. The overall conclusion by
industry stakeholders was that using mature capture technologies would be preferred in the coming years, and decades.

4.3. Infrastructure
According to the stakeholder's interviews, hydrocarbons will be essential in the future. Existing and future energy security and pollution problems cannot be solved only by wind and solar energy. In infrastructural developments, collaborations will be needed on regional, national, and international levels. As an example, interviewees raised the opportunity of building a large Steam Methane Reforming (SMR) unit on the site where CCS will be implemented and produce
hydrogen that can be transported to the point of use. At the same time, CO2, as a byproduct of the process, could be
also captured and stored.
As the development of major infrastructure developments are not the most important part of their near future vision,
no recommendations were added by stakeholders.

4.4. Financial frameworks
Industry stakeholders highlighted that project-based support (either governmental or EU funded) would facilitate CCS
projects. They noted that a guaranteed benefit or profit share agreement could have be encouraging, as return of investments are essential for industry actors.
4.6. Inter-sectoral and regional collaboration - Opportunities offered by industrial clusters
Point-based CCUS installations based on a single large emitter (large plant, industrial park) can be profitable (see MOL's
planned activities), but it is likely – and the development of CCUS technology points towards this – that centralized
atmospheric CO2 capture plants based on Direct Air Capture (DAC) will be the future, with the cooperation of interested
companies (Figure 6). Stakeholders highlighted that the importance and prospects of DAC, is demonstrated by the fact
that Elon Musk and Bill Gates are investing significant amounts of money, outdoing each other, in the development of
DAC technologies. One of the most expensive part of the technology is the regeneration of the reagent, i.e. the removal
of CO2, followed either by CO2 storage and petrification similar to CCS, or recycling similar to CCU. In the opinion of
stakeholders, only DAC can be built in logistically optimal locations close enough to potential storage sites, without
investing in huge CO2 transportation infrastructure.
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At a basic level, afforestation and tree planting also qualify as Direct Air Capture. It cannot be ruled out that companies
in industrial clusters may achieve their own carbon neutrality by financing afforestation projects. It is up to the relevant
and competent decision-makers to set the directions, but it is hoped that professional criteria will have a key role in
decision-making.

6. FIGURE - FEASIBLE FORMS AND DEVELOPMENT DIRECTIONS FOR CCS TECHNOLOGY: CCS/CCU – INDIVIDUAL CO2 CAPTURE TECHNOLOGY
BASED ON A LARGE EMITTER, DAC (DIRECT AIR CAPTURE) – ATMOSPHERIC CO2 CAPTURE PLANTS ESTABLISHED AND MAINTAINED IN COOPERATION WITH EMITTERS; BIO-CCS – AFFORESTATION PROJECTS FINANCED IN PARTNERSHIP WITH EMITTERS. SOURCE: TOLDI, O. „A CCS/CCU TECHNOLÓGIÁK JÖVŐJE MAGYARORSZÁGON A RELEVÁNS STRATÉGIÁK ALAPJÁN” [THE FUTURE OF CCS/CCU TECHNOLOGIES IN HUNGARY BASED ON
RELEVANT STRATEGIES]

4.7. Social aspects
Because of the low knowledge of the public about CCUS technologies, no consistent public perception of these technologies exists. The general belief in Hungarian public is that the current energy systems are not sustainable.
Based on stakeholders’ views, currently the public knowledge about CC(U)S is low, and there are no efforts to shape
public opinion. It was noted that it will be important to highlight to the public that zero emissions are no longer an
option, negative emission will be needed for a sustainable future.
Stakeholders also highlighted that the industry, the state and other actors must work together to shape public opinion,
providing the right information to help future projects gain acceptance, thus preventing a fate such as that of the Paks
2 nuclear power (see Chapter 3).
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Chapter 3. - CCS and CCU: Public acceptance in Hungary
1. Public perception on environmental issues and curbing carbon emissions
As Europe, like the rest of the planet, is experiencing warmer years, climate change is an increasingly important issue,
and is one of the most serious and dangerous global environmental problems. It affects all regions of the world, and
Hungary is no exception. Adapting to new challenges is a task for all countries, but also an opportunity for synergy
between nations. Achieving cooperation requires a continuous effort by all political, civil and business partners.
In 2020, Hungary, together with Poland, threatened to block the European Union's climate targets20, refusing to face
the fact that European countries that mostly rely on coal are on a path that is neither environmentally nor economically
sustainable.
The OECD's Environmental Performance Assessment of Hungary 21, published in 2018, evaluates the country's environmental performance for the period 2008-2018, based on fact-based analysis and provides 36 targeted recommendations to help the country improve its environmental performance and green its economy. It highlights the challenges
Hungary faces, including a heavy dependence on fossil fuels (around two-thirds of energy supply), low energy efficiency
in buildings (aging heating systems), an ageing vehicle fleet and low levels of environmental awareness among citizens.
The European Union's ambition is for its member countries to have a climate-neutral economy by 2050. Hungary, on
the other hand, is one of the EU's pro-nuclear Member States, and its climate and energy policy is based on a joint
position on nuclear energy with the Visegrád Group countries, which is based on the fixed principle that each Member
State is free to choose its own energy mix.
In November 2019, the Government launched a public consultation on the National Clean Development Strategy 2050 22.
The questionnaire was filled in by 200,000 people (with only a four-day period left to fill it out after it was published),
and 92% of them supported the statement that Hungary has to achieve climate neutrality by 2050. The main priorities
identified by respondents were the development and greening of the energy and transport sectors, which they believe
are the main contributors to domestic GHG emissions, and whose modernization would lead to drastic reductions.
What is clear is that the majority of the European Union and Hungary envisage a different way of "carbon neutrality".
This division between East and West is not new, dating back to the Cold War, when an iron curtain separated Eastern
and Western Europe, allowing the regions to develop at different rates, both economically and socially. This trend may
continue, only to be replaced by a 'nuclear curtain'. In terms of energy security priorities and perceptions, attitudes
differ between EU member countries. While the Western countries of Europe focus on the expansion of renewable
20

Polish, Hungarian veto of EU budget would also hit climate goals – diplomat by Gabriela Baczynska, Jan Strupczewski; December 3, 2020
21
OECD's Environmental Performance Assessment of Hungary, 2018
22
Public consultation on the National Clean Development Strategy 2050, December 5, 2019
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energy, some of the Eastern countries, including Hungary, prioritize reliable energy supply and do not consider renewable energy to be stable enough.
EU-wide cooperation in CCUS will be key in the coming years as we all face the impending global climate crisis together.
According to the findings of the 2021 Eurobarometer on Climate Change 23, only 8% of the Hungarian respondents consider climate change to be the most serious problem facing the world nowadays. The issue of climate change currently
ranks fourth in Hungary. On the other hand, 81% think that climate change is a very serious problem. 95% of the respondents in Hungary think it is important that both their national government and the European Union set ambitious
targets to increase the amount of renewable energy used by 2030. 96% of the respondents in Hungary agree that GHG
emissions should be reduced to a minimum while offsetting the remaining emissions to make the EU economy climateneutral by 2050.

2. Public perception of CCUS
The overall awareness of CCU/CCS is lower relative to other green technologies, even converging to zero. Therefore,
there is a large market niche for raising public awareness.24

3. Issues of social acceptance in national discourse and at local project level
The widespread thinking in Hungarian public is that the current energy systems are not working sustainably. One of the
main concerns is the low use of wind and solar energy in Hungary. Since the start of the Paks II nuclear power plant
expansion, the battle between nuclear and renewable energy has been constant topic in the media and public.
The Paks II nuclear power plant expansion is the energy project that has had the most public concern in recent times.
At the beginning of the project, several demonstrations were held against it. Greenpeace Hungary has commissioned a
public opinion poll in 2018 on the public perception of Paks II. 25 According to the results, a large majority of Hungarians
reject the project being implemented as planned by the government, primarily due to a fear of the risks it poses (it is
perceived to be dangerous). The second main argument against the plant expansion was the problem of radioactive
waste disposal. The third major counterargument was the confidentiality of contracts and the exclusion of the public
from the project.
Based on the above, some of the most important tasks that need to be handled during the implementation of CCS
projects are proper communication, available and public contracts/tenders, and public education.

23

Special Eurobarometer 513, Climate Change, Hungary, March-April 2021
Information based on discussions with stakeholders and an absence of CCU/CCS in public media.
25
Press note from Greenpeace Hungary; January 19, 2018
24
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4. Institutional positioning on CCU/CCS and coverage in the media
Besides the public acceptance and view, it is important to consider the positioning of Hungarian institutions. While the
National Energy Strategy 2030, adopted by Parliament in 2011, looked upon CCS as a strategic tool, the new National
Energy Strategy of 2020 and the National Energy and Climate Plan only deal with it in a single sentence because a
technology that could potentially conserve the use of fossil fuels did not fit into the concept of strong solar energy
utilization.
Besides the plans currently shaping the positioning on CCS, according to the working document of the National Clean
Development Strategy looking ahead to 2050, climate neutrality will not be achievable without the widespread deployment of CCU/CCS technologies26. This highlights that domestic non-conventional technology natural gas extraction
should also come to the fore in the near future, and the not yet market-ready solutions as biogas technologies or
CCS/CCU should also be promoted.
There was low media coverage of CCU/CCS in Hungary in the recent years. In the past few months the number of articles
and publications increased, but still don’t reach to a wide public. The reason behind this increase (which was perceived
globally on media level) might be the ‘Musk Effect’. Elon Musk has mentioned on Twitter 27 that he is offering $100
million to the person who comes up with the best carbon capture technology.
Most of the articles (Publication List – Table 1) highlight that there is simply no other solution than CCUS that can deliver
effective, visible results in the fight against climate change so quickly. Some of them note that governments must take
the decision to invest in large-scale air capture systems.

26
27

Publication

Year

Link

Carbon capture technology can be applied in Hungary

2010

https://alternativenergia.hu/a-szendioxid-levalasztas-technologiajamagyarorszagon-is-alkalmazhato/17904

The potential role of underground carbon storage in
domestic climate change mitigation

2011

https://energiaklub.hu/sites/default/files/ek_ccs_tanulmany_2011.pdf

Hungary is fighting a windmill battle

2012

https://www.napi.hu/magyar-gazdasag/szelmalomharcot-folytat-magyarorszag.516486.html

IEA welcomes Hungary's efforts to strengthen energy
security and reduce emissions

2017

https://www.iea.org/news/iea-welcomes-hungarys-efforts-to-

National Clean Development Strategy – Plan
https://twitter.com/elonmusk/status/1352392678177034242
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strengthen-energy-security-and-reduce-emissions
If we want to save the planet, it's time to invest in huge
carbon capture plants

2021

https://qubit.hu/2021/02/02/ha-megakarjuk-menteni-a-foldet-itt-az-idoberuhazni-az-oriasi-szen-dioxid-levalaszto-uzemek-epitesebe

ITM: second successful tender to support electricity
from renewable energy sources

2021

https://www.portfolio.hu/gazdasag/20210211/itm-masodszor-is-sikeres-volt-a-megujulo-energiaforrasbol-termelt-aram-tamogatasarakiirt-palyazat-469426

6. TABLE - PUBLICATION LIST – NATIONAL COVERAGE

5. Conclusion on the need for societal education
Despite positive assessments of the efficiency of CCS technologies, the number of existing projects is currently limited.
The Climate Policy Institute defines public awareness as a certain level of public knowledge concerning a particular
problem, phenomenon, or activity. Australian scientists propose the term “social license to operate” (SLO), which involves the social aspects for planning development of such technologies. Thus, the spread of CCU/CCS technologies
directly depends on public approval of these technologies. Community acceptance is as vital to success as the financial,
physical and infrastructure elements of any CCS project. Furthermore, the degree of public approval is determined by
the level of public awareness on this issue (Table 8).

7. TABLE - OVERVIEW OF RESEARCH RESULTS ON PUBLIC AWARENESS OF CARBON CAPTURE AND STORAGE TECHNOLOGIES. SOURCE:
YURII VASILEV ET AL. ENERGIES 2021, 14, 1408. HTTPS://DOI.ORG/10.3390/EN14051408
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To improve public awareness on CCS technologies in Hungary, it is necessary to provide a continuous flow of communications. Given the measurable public impact of newspapers, videos and social networks, the acceptance of CCS technologies could be significantly improved. Figure 7 shows a basic scheme for the improvement of public acceptance of
CCS.

7. FIGURE - SIMPLIFIED SCHEME FOR THE IMPROVEMENT OF THE CCS AWERENESS
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Annex A - Abbreviations, Figures and Tables
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CO2-eq
DAC
EGR
EOR
ETS
GHG emissions
GWP gases
IPPU sector
LULUCF sector
MBFSZ
MAVIR
MOL
MVM Csoport
ODS substitutes
OPEX

Carbon Capture by photosynthesis (e.g. forests, cultivated algae)
Base Year
Capital Expenditure
Carbon Contracts for Differences
Combined-Cycle Gas Turbine
Carbon Dioxide Equivalent
Direct Air Capture
Enhanced Gas Recovery
Enhanced Oil Recovery
EU Emissions Trading System
Greenhouse Gas emissions
gasses with Global Warming Potential
Industrial Processes and Product Use sector
Land Use, Land-Use Change and Forestry sector
Mining and Geological Survey of Hungary
MAVIR Hungarian Independent Transmission Operator Company Ltd.
MOL Hungarian Oil & Gas Company Plc.
Hungarian Electrical Works Private Limited Company
substitutes for Ozone-Depleting Substances
Operational Expenditure
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