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Introduction

Threats, damages and the overall negative effect of climate change, ocean and drinking water are starting to be understood by wide segments of the Hungarian public, research and industry. It is now clear for most of the stakeholders, that actions must be taken. There is no univocal concept among these stakeholders, what the direction of the actions should be, but this is presumably because there is a lack of knowledge in the possible climate change mitigation options. 

Nevertheless, research has been going on in this field in Hungary for several years now. Meteorolgists are among the most active scientific groups that alerted the government and the general public about the reality of climate change. Their results show that he regional effects of the global climate change can be clearly seen on the Hungarian

observations. The annual averages of temperature in Hungary are very similar to the well-known wave of the global temperature since the beginning of the 20th century. The warming is 0.77°C for the period 1901-2006. (The an nual average of temperature is 9.96°C in Hungary for the standard normal period 19 61-1990). The largest warming is observed in summer. The growing rate is approximately 1°C in this season for the period 1901-2005. The average temperature of summers is 19.61°C in 1961-1990. Hungary experienced many hot summers in the last 15 years. According to the Hungarian heat stress warning levels, if the daily mean exceeds 25°C at least on three consecutive days, the medical risk rises by 15%, and if the daily mean is above 27°C at least on three consecutive days, the rising of the risk is 30%. Increasing tendency was found in all extreme warm index series from 1901. The number of summer days grew by 6, the number of tropical nights by 7 on the national average. Similar increase is observed in the occurrence of hot periods with 25°C average tempera ture. The heat waves with 27ºC temperature grew also by 3 days in the analysed years.
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Homogenized annual average temperature anomalies (°C) 1901-2006

relative to 1961-1990 in Hungary. The warming is 0,77°C by linear estimation for 106

years. (National Inventory Report 1985-2006 – Ministry of Environment and Water)
The National Allocation Plan assembled by the Ministry of Environment and Water has shown that by 1999, the GDP reached the pre-1990 level; however, emission levels remained significantly below the levels of the preceding years. Thus, the emissions per GDP are decreasing.
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Comparison od trends of GDP and GHG emissions (National Inventory Report 1985-2006 – Ministry of Environment and Water)
In summary the awareness of the public for climate change and the sensibility of people toward their environment has significantly increased in the last few years. CCS is also beginning to get known as a viable solution to mitigate the effects of climate change. The research and industrial SECTORS IN Hungary are preparing to start the deployment of CCS in the near future. The governmental side is lagging behind. The regulations, the financing strategy and the overall understanding of the role of CCS in climate change mitigation and its context in energy and energy safety is missing at the political level.

1 Background information

After the official announcement of Europe’s commitment to reduce GHG emissions with 20% by 2020 has put a clear pressure on the Government and industry sector in Hungary to seriously concern emission reduction options. The primary demand and strategic objective from the Governmental side is increasing efficiency in energy production and consumption. CCS is also part of the emission reduction portfolio, but only in the mid to long term (according to the climate strategy of the Ministry of Environment and Water, published in 2008) 

The idea of zero emission, connected with CCS, is much better known now among the stakeholders in Hungary and mostly among the emission intensive industry is accounted for as a viable option to achieve deep reductions in GHG emission.. The concept is communicated continuously at different levels by the Eötvös Loránd Geophysical Institute of Hungary (ELGI), the research institute of the Ministry of Economy and Transport in 2006. ELGI, representing Hungary, has participated in the CASTOR project and is now active in the EU GeoCapacity and CO2NET EAST projects. The Institute, according to our best knowledge is the only Hungarian member of the CO2NET and ENeRG. 

· Energy production: energy mix: present and future

The structure of Hungary’s energy production is very similar to many of the New Member states of the EU. It is largely based on the combustion of fossil fuel, in many cases with very low efficiency (lignite power plant with 30% efficiency). The role of natural gas in energy production has risen in the last decades. The energy mix of Hungary

(primary energy usage in 2006 was 1152 PJ). The components of primary energy usage were:

Natural gas: 


41.7 %

Oil and derivatives:

26.8 %

Coal:



11.6 %

Nuclear:


12.7 %

Imported electricity

  2.2 %

Renewable:


  4.7 %

Future energy mix, Recent – 2030, in the form of final usage (annual rate):

Natural gas: 


+ 0.8 – 1.6 % / annum

Oil and derivatives: 

+ 0.7 % / annum

Electricity:


+ 2.3 % / annum

Heat:



+ 0.8 % / annum

Renewables:


+ 4 .0 % / annum

· CO2 emissions: present and future

The CO2 emission quota system and emission permissions for the 2008 – 2012 period in Hungary has been allocated based on the 2003/87/EC Directive. 

The net CO2e emission in Hungary for the year 2006 was 78.6 Mt, compared to the reference period (1985-1987) emission of 120.4 Mt CO2e.

Distribution of CO2 emissions among different economic sectors in 2006:

Energy sector: 
76%

Agriculture: 

11%

Other industry: 
  8%

Waste: 

  5%
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Change in greenhouse gas gmissions from base year (1985-2006)

Note: BY=average of 1985-87 but 1995 for F-gases (NationalInventory report 1985-2006 – Ministry of Environment and Water)
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Shares of gases in 2006 (NationalInventory report 1985-2006 – Ministry of Environment and Water)
Emission predictions in tons for the industrial sectors in effect of emission trading scheme

	
	Emissions in 
2005
	Predicted CO2 emissions

	
	
	2008
	2009
	2010
	2011
	2012

	Electricity production
	15 381 246
	15 733 755
	14 904 432
	15 648 884
	15 273 359
	15 838 723

	Communal and heat
production
	1 637 822
	1 702 228
	1 702 228
	1 702 228
	1 702 228
	1 702 228

	Own combustion and 
industrial heat
	3 212 600
	3 501 329
	3 645 389
	3 800 357
	3 964 412
	4 132 024

	Sugar industry
	381 546
	425 004
	437 854
	437 854
	437 854
	437 854

	Natural gas transport
 and storage
	210 724
	346 315
	349 143
	360 630
	363 643
	363 456

	Bio-ethanol
	5 154
	194 206
	194 206
	194 206
	194 206
	194 206

	Crude oil refinery
	1 317 231
	1 415 231
	1 415 231
	1 415 231
	1 415 231
	1 415 231

	Carbonization
	184 815
	353 440
	353 440
	353 440
	353 440
	353 440

	Metallurgy, Iron
	1 713 792
	1 819 219
	1 819 219
	1 819 219
	1 819 219
	1 819 219

	Cement
	2 054 776
	2 381 617
	2 632 644
	2 838 587
	2 995 859
	3 091 028

	Lime
	381 552
	421 600
	441 973
	463 889
	487 090
	510 794

	Glass
	285 674
	310 328
	323 209
	336 996
	351 771
	367 626

	Building material
	651 959
	729 007
	747 052
	766 963
	788 932
	813 173

	Paper
	717 715
	276 677
	284 598
	293 118
	302 138
	311 353

	JI to be deducted
	
	171 590
	171 590
	171 590
	171 590
	171 590

	JI to be added
	
	514 930
	514 930
	514 930
	514 930
	514 930

	Sum
	
	30 124 886
	29 765 548
	30 946 532
	30 964 312
	31 865 284


The total average emission permission for the period is 30 733 313 tCO2
Comment: The European Commission concluded on 16.04.2007 the assessment of Hungary's national plan for allocating carbon dioxide (CO2) emission allowances for the 2008-2012 trading period of the EU Emissions Trading Scheme (EU ETS). The Commission accepted Hungary's national plan on condition that certain changes are made, including a reduction in the total number of emission allowances proposed. The cleared annual allocation is 26.9 million tons of CO2 allowances, 12.4% less than Hungary had proposed. Hungary's plan covers additional emissions in sectors which did not report emissions in 2005 of roughly 1.4 million tons of CO2. 
· Storage: possibilities with respect to underground storage

Hungary is a land-locked country. Similarly to many other countries it possesses 3 different types of geological formations that could be potentially used as CO2 storage sites. These are:



- (depleted) hydrocarbon fields



- unminable coal seams



- saline aquifers

Hydrocarbon fields

Hydrocarbon fields represent sites, that are potentially the first formations to be used for CO2 storage in Hungary, because 1) their geological, structural and dynamic characteristics are well known and have been studied for long, 2) there is a possibility to combine CO2 storage with enhanced oil (and gas) recovery, which could compensate the costs of CCS and 3) the regulatory framework in Hungary enables CO2 storage in hydrocarbon reservoirs. The estimated storage capacity of hydrocarbon fields in is about 400 Mt CO2. Realistically, this value should be kpt lower, because some of the largest fields are dedicated to strategic underground gas storage and will not be used for CO2 storage.

Unminable coal seams

The geological and engineering information about unminable coal seams is far less than that of HC-fields. Still, the level of knowledge about their geological, and structural characteristics and physical properties are reasonable. There are 2 important aspects of CO2 storage in Hungary: 1) large, coal-based power plants are very close to the potential coal storage sites, and 2) CO2 storage could be connected to methane exploitation, which would compensate cost of CCS . The estimated storage capacity of unminable coal seams in Hungary 60-600 Mt CO2.

Saline aquifers

Saline aquifers are not well studied in Hungary, however there are several potential formations that could be used for the storage of CO2. The preliminary estimates of  storage potential in the saline aquifers is 3000-5000 Mt CO2.. 

· Energy-related industry (names, not statistics)

	· main utilities 

AES Tisza Erőmű Kft.

	Bakonyi Erőmű Rt.

	Budapesti Erőmű Rt.

	Csepeli Áramtermelő Kft.

	Debreceni Kombinált Ciklusú Erőmű Kft.

	Dunamenti Erőmű Rt.

	EMA-POWER Energiatermelő és Szolgáltató Kft.

	Magyar Villamos Művek Rt.

	Mátrai Erőmű Rt.

	Pannon Hőerőmű Energiatermelő, Kereskedelmi és Szolgáltató Rt.

	Vértesi Erőmű  Rt.

	Győrhő Győri Hőszolgáltató Kft.

	Tatabánya Erőmű  Kft.


· main oil, gas, coal industries 

	Magyar Olaj- és Gázipari Rt.


· main energy-intensive industry

	BC-Erőmű Kft.

	Magyar Olaj- és Gázipari Földgáztároló Rt.

	TVK Erőmű Kft.

	DUNAFERR Dunai Vasmű Rt.

	Duna-Dráva Cement Kft.

	Holcim Hungária Cementipari Rt.

	Carmeuse Hungária Kft.

	Kalcinátor Kft.

	Calmit Hungária Mészművek Kft.

	Guardian Orosháza Üvegipari Kft.


· government: main ministries that deal with CCS

Literally, there are no ministries in Hungary that deal with CCS. The Ministry of Environment and Water deals with CO2 emission permitting and EU ETS. The ministry of Economics and Transport is responsible to form the Hungarian energy strategy. These documents do contain CCS as medium and long-term solution for the mitigation of climate change, however these documents only deal with the topic in a very general term. 

2 R&D

· which are the main industries with R&D-activities

· oil&gas, coal industries?

Magyar Olaj- és Gázipari Rt.
Terra Humana Kft

Mátrai Erőmű Rt.

· Utilities?

None

· equipment manufacturers? 

None

· What is the estimated size of private research (rough indication FTE, financial resources)

FTE = 5 (very rough estimate) / 100 000 Euro/year

· What is their focus, main topics of research

The main focus of private research in the Magyar Olaj- és Gázipari Rt. is to map, characterize and volumetrically estimate storage options in Hungary, to clarify technological requirements for transport and storage in Hungary.

The main focus of private research in the Terra Humana Kft. is to construct a pyrolysis furnace to form low rank coal to anthracite, thereby increasing the coal’s rank and the concentration of CO2 in the flue gas.
· public research

· main R&D-organizations and groups, number of researchers (FTE), director

Eötvös Loránd Geophysical Institute of Hungary, 5 (3), Dr. Tamás Fancsik

University of Miskolc, unknown number of researchers (?), Dr. János Földessy

Eötvös University, Budapest 1 (0.5), Dr. Csaba Szabó

· General government policy with respect to CCS/clean fossil

The general government policy with respect to CCS is similar to the overall European. CCS is nominated in the medium and long term energy strategy of the Ministry of Economy and Transport, however the financial resources from the government side for R&D are limited at the moment.

· Main R&D programmes, size of programmes, duration of programmes 

Strategic research to decrease CO2 emission in Hungary, 25 000 euros, 18 months

· Focus, topics of research

Assessment of geological storage options in Hungary, volumetric estimation of storage potential, cost-benefit analysis of case studies in Hungary.

3 Implementation

· Industry: 

· General attitude of industry towards ZEP

There is no official information about the general industry attitude towards ZEP. However, most of the industries are owned by larger European companies (e.g., RWE, E-ON, HOLCIM, etb…) and thereby the management of these industries get a direct view of ZEP from the owners. MOL, the Hungarian oil company has become recently involved in European CCS-related projects (e.g., ECCO)

· Which national ZEP-related projects/initiatives/demos have been announced? Which are expected to be announced?

At the moment there is no information about any ZEP-related project. The industry gets the information from the European owners. ELGI is also regularly distributing general CCS information.

· Short description of each initiative like in the dynamis overviews and source of information

Not available at the moment

· Reported national barriers to implementation

The most important barriers in Hungary are:

The strongest barrier in Hungary for deploying CCS is on the Governmental side. There is no clear opinion about CCS, or if it exists it is rather sceptic. This is most probably linked to the low level of understanding the CCS concept itself and its context in the energy/energy security issues.

4 Public acceptance

· Level of awareness with respect to CCS

The level of public awareness in Hungary has strongly improved in the last 2 years. Workshops at different levels, articles and regular occurrences in the media had and have a strong positive impact on the question. Scepticism still exists in the question, but people are becoming more sensible to environmental questions and most of them are convinced that CCS should be deployed. Of course with very strict precautions. The media is becoming a good partner to communicate that CCS is part of an action portfolio to mitigate climate change. 

· Which public organizations deal with public acceptance?

At the moment only the Eötvös Loránd Geophysical Institute of Hungary deals with dissemination of knowledge and increasing public awareness in the frame of the CO2NET EAST Coordination Action project, co-financed by the EC FP6

· Specific initiatives directed at public acceptance

The CO2NET EAST project has been designed to present the CO2 capture and storage technology to all important regional, national and local stakeholders, as well as to broader public, as a viable option of climate change mitigation. The results of the project will thus be aimed at the following user groups:

· policy makers (national level) – especially for accepting the CCS concept as a greenhouse gas sink, for encouraging support of CCS oriented research and development and for integrating the “zero-emission concept” to national energy policies

· power companies and other CO2 emission producers facing emission level regulations – for accepting the CCS concept as a solution of emission cuts and/or as an opportunity for emission trading, with possible development into pioneer demonstrations and/or pilot technical installations in new Member States and Associated Candidate Countries

· national oil & gas companies – for presenting CCS as an attractive option of enhanced oil/gas/coal-bed-methane recovery increasing the volume of producible hydrocarbons from their reservoirs

· R&D institutions, especially in the field of CO2 capture – for presenting them CCS as an opportunity contribute to a booming R&D area

· potential storage operators and providers of goods and services, looking for new markets for advanced products

· general public and NGOs – especially for accepting the CCS concept as a greenhouse gas sink

5 Government policy 

· Government policy on R&D in the field of CCS

The government policy in the issue of CCS is very general. As mentioned earlier, it does exist in a very general form in the medium and long range energy strategy and Climate Change Startegy of Hungary, but at the moment this is not backed by government-financed R&D programs. The only government-financed R&D project was coordinated by the Eötvös Loránd Geophysical Institute of Hungary (2006-2007) and mainly focused on the geological storage side of CCS.

· Government policy on implementation

· The investment phase: Tax incentives and subsidies, early mover incentives

There is no tax incentive directly for CCS, however companies may use part of their tax to finance R&D projects (in practically any topic) which is then refunded. This is used for R&D in the field of CCS by MOL.

· The operational phase

Does not exist at the moment 

· National CO2 allocation plan

National allocation plan in Hungary was accepted and is continuously updated on condition that certain changes are made, including a reduction in the total number of emission allowances proposed. 
Several aspects of Hungary’s NAP, like the question of emission permission are controlled by the Government. However, at the moment CCS is not included as an option to reduce country emissions only in the mid to long term.  
· Is there a policy directed at public acceptance?

There is no governmental policy directed at public acceptance. The Eötvös Loránd Geophysical Institute of Hungary is the only governmental body that deals with this question, in the frame of the CO2NET EAST project.

6 Lessons for ZEP

· What can we learn from this member state?

The governmental side is the slowest moving stakeholder in CCS. The communication of preliminary research results, showing relatively large (safe) potential has a very positive effect on most of the stakeholders. 

· What opportunities does this member state offer to ETP-ZEP? 

Hungary is a lnd-locked country. Nevertheless, the country seems to possess a relatively large CO2 storage potential. Together with decades of experience in underground CO2 technologies, Hungary could be a good example for safe on-land storage in Europe. 

· Which problems in this member state that need to be addressed by ETP-ZEP? 

Primarily the more active Governmental participation would be desirable. Communication on governemnetal level by proactive countries, like UK, Denmark, Norway, The Netherlands would be probably more effective.
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