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Executive Summary

The most important anthropogenic greenhouse gases are carbon dioxide (CO2), methane (CH4), and nitrous oxide (N2O). Other greenhouse gases included in GHGs inventory are halogenated hydro​carbons (PFCs, HFCs) and SF6. Photochemical active gases such as carbon monoxide (CO), nitrogen oxides (NOx) and non-methane volatile organic hydrocarbons (NMVOCs) are not greenhouse gases, but they contribute indirectly to the greenhouse effect in the atmosphere. These are generally referred to as ozone precursors because they affect the creation and destruction of ozone in the troposphere. Precursors of sulphates - sulphur dioxide (SO2) and aerosol - reduce the greenhouse effect. 

This report presents the results of a greenhouse gas emission inventory in the Slovak Republic within the period 1990-2003 as well as summary results of NOx, CO, NMVOC and SO2 emissions. The reference year in view of the UN Framework Convention and the Kyoto Protocol for the Slovak Republic is the year 1990 for all GHGs. The inventory was developed in compliance with the methodology indicated in the IPCC Guidelines in 1996.  Detailed inventory results were submitted in CRF format to the UNFCCC by 16.April.2003
. 

Figure 1

Slovakian GHG emission trends BY/1990-2001 compared with Kyoto targets
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CO2 emissions contributed in 2001 by about 84 % to the total aggregated emission (expressed in Gg of the CO2 equivalent). CH4 emissions by about 9 %, emissions of N2O by 7 %. Emissions of F-gases in total account for less than 1 %. 

In 2000 total greenhouse gas emissions in Slovakia did not exceed the level of the year 1990 see Figure 1. In the case of ratification of the Kyoto Protocol, the Slovak Republic should reduce total emissions in the target period of the years 2008 to 2012 by 8 % against the year 1990. The national total emissions determined as of 15 April 2003 are shown in Table 1.

Table 1
 Total anthropogenic greenhouse gas emissions in Slovakia (1990 to 2001)

	 
	BY
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001

	
	CO2 equivalent [Tg=million tons]

	Greenhouse gas emissions 

(without LUCF)
	72.2
	72.2
	63.6
	58.5
	54.6
	51.7
	53.4
	53.2
	53.2
	51.6
	50.3
	47.9
	50.1

	CO2 (without LUCF)
	59.1
	59.1
	52.0
	48.3
	45.3
	42.4
	43.7
	44.2
	44.5
	43.5
	42.3
	40.1
	42.1

	CH4 (without LUCF)
	6.7
	6.7
	6.1
	5.6
	5.2
	5.1
	5.2
	5.3
	5.0
	4.7
	4.6
	4.5
	4.5

	N2O (without LUCF)
	6.1
	6.1
	5.2
	4.4
	3.9
	4.1
	4.2
	3.6
	3.6
	3.4
	3.2
	3.2
	3.4

	F-gases
	0.3
	0.3
	0.3
	0.2
	0.2
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1


INTRODUCTION

1.1 Background Information on GHGs and Climate Change

Framework Convention on Climate Change (UN FCCC)

Global climate change due to the anthropogenic emission of greenhouse gases is the most important environmental problem in the history of mankind. The framework Convention on Climate Change (UN FCCC
) - the basic international legal instrument to protect global climate was adopted at the UN conference on the environment and sustainable development (Rio de Janeiro 1992). The final goal of the Convention is to achieve stabilisation of greenhouse gas concen​trations in the atmosphere at a level that has not yet developed any dangerous inter​ference in the climate system. 

In the Slovak Republic, the Convention came into force on November 23, 1994 and in August 1995 it was ratified by parliament. Slovakia accepted all the commit​ments of the Convention, inclu​ding reduction of the greenhouse gas emissions by 2000 to the 1990 level. One of the commitments, resulting from the Convention, is to provide a regularly greenhouse gas emission inventory.

Kyoto protocol

At the conference of member states (COP Conference of Parties) in Kyoto, the so-called Kyoto protocol was adopted, by which further reduction of greenhouse gas emissions is demanded. Slovakia and most of the European countries should reduce the total emissions by 8% by 2008-2012 as compared to the base year (1990). The Slovak Republic signed the Kyoto protocol on February 26, 1999
.

Greenhouse effect of the atmosphere

The greenhouse effect of the atmosphere is a similar effect to that which may be observed in greenhouses, how​ever the function of glass in the atmosphere is taken over by the "greenhouse gases" (international abbreviation GHGs). Short wave solar radiation is transmitted freely through the greenhouse gases, falling to the earth's surface and heating it. Long wave (infrared) radiation, emitted by the earth's surface, is caught by these gases in a major way and partly reemitted towards the earth's surface. As a consequence of this effect, the average temperature of the surface atmosphere is 33°C warmer than it would be without the greenhouse gases. Finally, this enables the life on our planet.

Greenhouse gases

The most important greenhouse gas in the atmosphere is water vapour (H2O), which is respon​sible for approximately two thirds of the total greenhouse effect. Its content in the atmosphere is not di​rectly affected by human activity, in principle it is determined by the natural water cycle, expressed in a very simple way, as the difference between evaporation and precipitation. Carbon dioxide (CO2) contributes to the greenhouse effect 30%, methane (CH4), nitrous oxide (N2O) and ozone (O3), all three together 3%. The group of man-made (artificial) substances - chloro​fluoro​carbons (CFCs), their substitutes, hydrofluorocarbons (HCFCs, HFCs) and others such as fluoro​carbons (PFCs) and SF6, also belong to the greenhouse gases. There are other photochemical active gases as well, such as carbon monoxide (CO), oxides of nitrogen (NOx) and non-methane organic compounds (NMVOCs), which do not belong to the greenhouse gases, but contribute indirectly to the greenhouse effect of the atmosphere. They are registered together as the precur​sors of ozone in the atmosphere, as they influence the formation and disintegration of ozone in the atmosphere.

Whilst mentioning the emissions of greenhouse gases, we must also include CO2, CH4 N2O and “new gases”, as they are defined in the Kyoto protocol. Though they belong to natural com​ponents of the ambient air, their present content in the atmosphere is significantly affected by human activity. The growth in concentrations of greenhouse gases in the atmosphere (caused by anthropogenic emission) leads to the strengthening of the greenhouse gas effect and thus to the additional warming of the atmosphere.

Concentrations of greenhouse gases in the atmosphere are formed by the difference between their emission (release into the atmosphere) and sink. It follows then that the increase of their content in the atmosphere operates by two mechanisms: 

· emissions into the atmosphere

· weakening of natural sink mechanisms

Globally
, the annual anthropogenic emission of carbon dioxide ranges between 4-8 billion tons of carbon (about 4t of CO2 per capita in the globe). The most important source of "new" carbon dioxide is presented by the fossil fuel combustion and cement production. The CO2 is also released from the soil (deforestation, forest fires and conversion of grasslands into agricultural soil), but this contribution is more difficult to quantify. Carbon dioxide is very stable in the atmosphere, its residence time is tens of years (60-200) and is removed from the atmosphere by a complex of natural sink mechanisms. It is expected that 40% of carbon dioxide presently emitted is absorbed by the oceans. Photosynthesis by vegetation and sea plankton is a further important sink mechanism, though only a transitional one, because after the death (eating) of a plant, carbon dioxide is released again.

The level of methane in the ambient air is affected by human activity in more ways. Land transformation into an agricultural one (mainly rice fields), animal husbandry, coal mining, natural gas mining, its transport and use as well as the biomass burning are all anthropogenic activities. The natural methane sources have not yet been fully investigated and thus the role of methane in the climate change mechanism is not quite clear. As distinct from CO2, the disintegration of methane in the atmosphere is via chemical reactions (by OH radical). Residence time of methane in the atmosphere is 10-12 years. At present, the annual total anthropogenic methane emission is said to be approximately 0.4 billion tons, emission from natural sources is about 0.16 billion tons (IPCC
 1995).

PFCs, HCFCs, HFCs (perfluorocarbons, chloroflourocarbons, halons, bromocarbons, etc.) and SF6 are entering the atmosphere only because of human activity. They are used as carrier gases for sprays, fillings in cooling and extinguishing systems, as insulating substances, as solvents at the production of semiconductors, etc. Apart from the fact that they attack atmospheric ozone, they are very "high-powered" inert green​house gases having a residence time e.g. perfluoromethane (CF4) of 50 000 years. It means that even minor emissions have a great negative effect.

The ground level ozone concentrations are growing as a consequence of CO, NOx and NMVOC emissions. They have very important source in exhaust gases, fossil fuel combustion and as far as NMVOCs are considered, the use of solvents, as well. 

N2O enters the atmosphere from many small sources. The most important source does seem to be the emission from soil (nitrogen surpluses as a consequence of intensive fertilising and inconvenient agriculture-technical procedures). Fuel combustion, some industrial technologies, large-scale livestock breeding and sewage are the sources of N2O emissions. Global anthropogenic emission is estimated to be 3-7 million tons of nitrogen per year. Natural sources are approximately twice as large as anthropogenic ones. The N2O is disintegrated mainly photochemically in the stratosphere.

1.2 National Inventory System

Ministry of Environment of the Slovak Republic (MoE), Department of Air Protection is national focal point to the UNFCCC. MoE is granting and supervising development and maintenance of national emission inventories on annual bases. Slovak Hydrometeorological Institute (SHMU) is responsible for coordination and compilation of national inventories for all pollutants. SHMU also prepares inventories for international reporting to the UNFCCC and UNECE. 

Inventories are compiled on contractual bases, in cooperation with external consultants, NGOs, scientific institutes and universities (Agricultural University, Research Institute for Transport, Technical University, Research Institute for Forestry,….) .

SHMU is up to that developing and maintaining a database (REZZO/NEIS) of stationary sources to follow development of emissions of SO2, NOx, CO at regional level and to fulfil reporting commitments of EU directives.  NEIS database contains also technical information about sources like fuel consumption.

QA/QC procedures

Emission estimates elaborated for individual sectors by external consultants are controlled and recalculated by the emission unit at SHMU.  Activity data for big sources are compared with national statistics and with previous years data.  Energy balance from energy statistics is compared with summary fuel consumption reported by sources.  Fuel consumption in transport sector based on fuels sold is compared with model results.  External reviewers (from Czech republic) are regularly invited to comment the inventory results. 

Control procedures are continuously developed and built in to the system. 

2  Trends in GHG Emissions

This report presents the results of a greenhouse gas emission inventory in the Slovak Republic within the period 1990-2003. The reference year in view of the UN Framework Convention and the Kyoto Protocol for the Slovak Republic is the year 1990 for all GHGs. The inventory was developed in compliance with the methodology indicated in the IPCC Guidelines in 1996. 

CO2 emissions contributed in 2001 by about 84 % to the total aggregated emission (expressed in Gg of the CO2 equivalent). CH4 emissions by about 9 %, emissions of N2O by 7 %. Emissions of F-gases in total account for less than 1 %. 
The most important anthropogenic greenhouse gases are carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O). Other greenhouse gases included in inventory are halogenated hydrocarbons (PFCs, HFCs) and SF6. Photochemical active gases such as carbon monoxide (CO), nitrogen oxides (NOx) and non-methane volatile organic hydrocarbons (NMVOCs) are not greenhouse gases, but they contribute indirectly to the greenhouse effect in the atmosphere. These are generally referred to as ozone precursors because they affect the creation and destruction of ozone in the troposphere. Precursors of sulphates - sulphur dioxide (SO2) and aerosol - reduce the greenhouse effect. The report presents national emissions of CO2, CH4, N2O, CF4, C2F6 , NOx, CO, NMVOC and SO2 since 1990. 

In 2000 total greenhouse gas emissions in Slovakia did not exceed the level of the year 1990. In the case of ratification of the Kyoto Protocol, the Slovak Republic should reduce total emissions in the target period of the years 2008 to 2012 by 8 % against the year 1990. 

The national total emissions determined as of 15 April 2003 are shown in Table 2.

Table 2
 Total anthropogenic greenhouse gas emissions in Slovakia (1990 to 2001)

	 
	BY
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001

	
	CO2 equivalent [Tg=million tons]

	Greenhouse gas emissions 

(without LUCF)
	72.2
	72.2
	63.6
	58.5
	54.6
	51.7
	53.4
	53.2
	53.2
	51.6
	50.3
	47.9
	50.1

	CO2 (without LUCF)
	59.1
	59.1
	52.0
	48.3
	45.3
	42.4
	43.7
	44.2
	44.5
	43.5
	42.3
	40.1
	42.1

	CH4 (without LUCF)
	6.7
	6.7
	6.1
	5.6
	5.2
	5.1
	5.2
	5.3
	5.0
	4.7
	4.6
	4.5
	4.5

	N2O (without LUCF)
	6.1
	6.1
	5.2
	4.4
	3.9
	4.1
	4.2
	3.6
	3.6
	3.4
	3.2
	3.2
	3.4

	F-gases
	0.3
	0.3
	0.3
	0.2
	0.2
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1


Note: Emissions determined as of 15. 4. 2003. 

Figure 2

Slovakian GHG emission trends 1990-2001 compared with Kyoto targets
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All emissions are expressed in units of molecular weight (e. g. Gg CO2, not Gg C). The values of global warming potential (GWP) are used according to IPCC recommendations (Climate Change 1995, The Science of Climate Change CO2=1, CH4=21, N2O=310). 

2.1 CO2 emissions

Fossil fuel combustion is the most important anthropogenic source of CO2 emissions to the atmosphere. Changes in the utilisation of land use also effect the amount of CO2 in the atmosphere (e. g. afforestation – removals or deforestation – source of CO2). CO2 also occurs during some technological processes (cement, lime, magnesite, ammonium, aluminium, coke, iron and steel production, fermentation processes in the foodstuff industry etc.). Table 10 of CRF indicates total CO2 emissions and removals in Slovakia in the period of years 1990 to 2001. These data show that fossil fuel combustion contributes to total CO2 emissions in Slovakia by about 95%. 

Total balance of CO2 from fossil fuels combustion calculated in RA is based on energy statistics. The default IPCC 1996 value have been applied in other cases. The energy balance indicated in the Statistical Yearbook (top-down) is compared with data on fuel consumption taken from NEIS
 (bottom-up). These are two fully independent data sets, whereby obtained differences were small. The energy balance “bottom-up” was used to estimate sectoral emissions using the IPCC detail method Tier 2. Carbon emission factors were estimated from known fuel composition and average low heating value of most applied fuels. The difference between top down and bottom up of CO2 emission estimates was less than 2%.

· -quantities of fuels used in blast furnace (IPCC category 1.A.2.a) were excluded in energy balance

· -quantities of residual carbon from combustion witch stayed in products were excluded in energy balance (IPCC categories 1.A.2.c, 1.A.1.c)

Figure 3 
CO2 emissions in Slovakia between 1990-2001 [Gg]
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Since 1990 total fuel consumption decreased significantly and the share of natural gas increased. Emissions from mobile sources (road, railway, air and water transport) were also calculated using the COPERT method. This is based on the fuel balance calculated using a model on the basis of the type of vehicles, average speed and type of driving regime (city, countryside, highway, annual course).

Using the IPCC methodology the quantity of residual carbon from combustion which stayed in products (carbon fixed in tar and tar oils occurring by carbonisation and in petrochemical oil products such as polyethylene, polypropylene, asphalts, lubricants etc., carbon bound in fertilisers) was estimated. The total amount of carbon stored in products in 2000 was determined to 943 Gg C, which represents a decrease of 26% against the year 1990. The method of determination is not very exact, but the balanced item is less significant from the viewpoint of total balance. 

The most important industrial sources of carbon dioxide in Slovakia are cement, lime, magnesite production and limestone and dolomite use.  The food industry is a less important source. Activity data on production are taken from The Statistical Yearbook of the SR (1990, 1995 and 2001) and determined by professional estimate. Carbon dioxide occurring by coke and aluminium production, crude oil processing and metallurgy is included in the balance to CO2 emissions from fossil fuel combustion (RA).  Due to this, the share of the industrial sector on greenhouse gas generation seems to be low.

Forest land covers 41 % of the Slovak territory. Since the beginning of this century a part of agricultural land had been converted into forest land. In the period of years 1950 to 1991, the total quantity of carbon stored in Slovak forests increased by approximately 50 Tg.  This is the result of extension of afforested/reforestred area and the increase of wood mass stocks per hectare. 

The storage of carbon in the forest ecosystems of Slovakia was determined for the years 1990-2001 by the balance of carbon in the part of forest above ground (trees, plant cover, overlying humus) and below ground (roots, humus in soil), including the estimate of wood cutting and forest fires. The balance of carbon in land use change was also evaluated. Changes in the: forests, pastures, arable land, urbanised areas, and others were evaluated.  Inputs are based on data of the Green Report. Final annual removal of CO2 in the territory of Slovakia varies annually, depending on climatic conditions and fuel wood production. In the period of years 1990 to 2001, the calculated values ranged from 1 600 to 5 300 Gg/year, uncertainty of estimation is assumed about 30 %.

2.2 CH4 emissions

Table 3.2 shows CH4 emissions classified by sectors. The major sources of methane in the Slovak territory are agriculture, fuel production/transport and waste treatment/disposal. The estimation methods correspond to the IPCC 1996 Guidelines. In addition to these major sources, methane emissions occurring by fossil fuel combustion were determined. Rice is not cultivated in Slovakia. 

In the agriculture sector CH4 occurs as a direct product of the metabolism of herbivorous animals and as a product of organic degradation of animal excrements. The calculations of emissions for the Slovak Republic are based on data of the Green Report of the Slovak Republic for agriculture NEIS database [4] and The Statistical Yearbooks [5]. The IPCC default emission factors for livestock were modified depending on specific national circumstances (milk production). Between the years 1990 and 1993 a significant decrease in livestock farming was observed as a result of the transformation in the economy from a planned system to a market one, and this decrease continued until 2001 (with the exception of the number of poultry, which has been stable). This process was connected with a significant decrease of CH4 emissions from this source category. 

Emissions occurring by storage of municipal waste were determined in a special study based on the specific production of municipal solid waste per capita and on the estimated amount of degradable organic carbon in the waste. The IPCC 1996 methodology was applied to controlled and uncontrolled landfills. The amount of waste in landfills has been systematically monitored since 1995 only. 

Emissions from waste water treatment, including sludges, were determined using the IPCC methodology (based on the estimate of biologically degradable organic matter). More than 40 % of the Slovak population is not connected to the public sewage network. Therefore methane emissions occurring in septic tanks and sumps were also calculated.

Production and transport of fossil fuels is a relatively important methane source in our territory. The amount of methane released in brown coal and lignite production (underground mines) was estimated based on the extracted coal volume (The Statistical Yearbook 1995, 1999, 2000 The Energy Balance 1999,2000) and IPCC default emission factors. Emissions are probably a little overvalued. 

The distribution networks for natural gas belong among the most important CH4 sources. Methane emissions occurring by fossil fuel combustion are calculated on the basis of fuel consumption records (The Statistical Yearbook 1996, 1999, 2000 The Energy Balance 1998, 1999, 2000) using the IPCC method Tier 1, with the utilization of IPCC default emission factors. A larger amount of methane originates from sector Residential and from medium pollution sources. . In our circumstances this is however a less significant source. 

Emissions from mobile sources were determined using the COPERT method.

Figure 4 

CH4  emissions between 1990-2001 [Gg]
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2.3 N2O emissions

Unlike other greenhouse gases, the mechanism of nitrogen oxide emissions and removals develops from the circulation of nitrogen in the atmosphere and their quantification is rather complicated. Therefore the calculated emissions have a high degree of uncertainty.

Emissions in the energy sector were determined on the basis of total fossil fuel consumption (The Statistical Yearbook 1996 – 2000, The Energy Balance 98, 99,00) by application of default emission factors according to IPCC 1996 Tier 1. Emissions from mobile sources were determined using the COPERT method.

In the sector of agriculture the nitrogen balance was elaborated using the revised IPCC 1996 methodology. Direct N2O emissions from the utilization of agricultural land, emissions occurring by the utilization of animal waste as well as indirect N2O emissions from agriculture were determined, taking into account different types of soil – vegetation canopy and the application of mineral and organic fertilisers. N2O emissions are mainly caused by excessive deposits of mineral nitrogen in soil (the result of intensive fertilisation) and unfavourable air regime in soil (the utilization of heavy mechanisms for cultivation). Since the beginning of the nineties the average consumption of fertilisers decreased (92 kg N/ha in 1990, 30 kg N/ha in 1994 and 30 kg N/ha in 2000), as a consequence of the economic recession. 

In the sector of industrial processes N2O emissions occurring by nitric acid production were calculated. The significant reduction in emissions since 1996 is the result of modernisation of production. Adipic acid is not produced in the territory of the Slovak Republic. 

Nitrous monoxide emissions occurring in waste management by waste water disposal and industrial sewage treatment were determined using the ICI method on the basis of the amount of waste waters subject to anaerobic purification. This method reflects better national circumstances than the method described in IPCC 1996 Guidelines.

Figure 5

N2O emission by sector between 1990-2001 [Gg]
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2.4 Emissions of HFCs, PFCs and SF6 – new gases

The first inventory of these substances
 was executed in 1995. HFCs, PFCs and SF6 are not produced in Slovakia, data on consumption of these substances are used for estimation of emissions.  These so called new gases are used as coolants, slacks, puffers for PUR, in aerosol products and as insulating gases (SF6). The Statistical Office has not been monitoring their consumption, it is annually determined using questionnaires. Since 1995 consumption of HFCs and SF6 have tripled.  

Since 1990 emissions of C2F6 and CF4 occurring by aluminium production have been determined on the basis of frequency of anodic cycles. Method is described in inventory report from year 1996.  Following the year 1996, emissions of these substances decreased in average as a result of modernisation of technologies.

Actual as well as potential emissions were estimated.  Slovakia applies base year 1990 for F-gases.  

2.5 Other gases

Table 3 shows emissions of NOx, CO, NMVOC and SO2 since 1990. Emissions of NOx, CO and SO2 were taken from the national inventory of emissions REZZO for years 1990-1999 and from Neis for year 2000. Neis is the system of declaring, collecting, approving and reporting emission data produced by large and medium pollution sources located on the territory the Slovak Republic. This sources and their emissions were divided into IPCC categories according to CRF requirements.. The major source of SO2, NOx and CO emissions is power and heat generation. The contribution of transport to NOx and CO emissions is still growing. Metallurgy is an important source of CO emissions.

Emissions of NMVOC have been regularly estimated in the framework of the National Program of NMVOC Emission Reduction. The year 1990 was used as a starting point and updating was carried out for the years 1990, 1993 and 1996-2000. Emission inventory of NMVOC was refilled by IPCC sector Road paving with asphalt. The major sources of emissions come from the use of solvents, transport, refinery/storage and transport of crude oil, petrol and road paving with asphalt.

Table 3
 Anthropogenic emissions of NOx, CO, NMVOC and SO2 [Gg] in 1990-2000

	 
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	
	2000

	NOx
	215
	194
	181
	174
	165
	174
	132
	125
	130
	118
	 NOx
	106

	Energy/Industry
	146
	135
	127
	122
	112
	118
	77
	71
	74
	65
	Large sources 
	54

	Medium sources
	5
	5
	5
	5
	5
	5
	4
	4
	4
	4
	Medium sources
	8

	Small sources
	7
	5
	5
	4
	4
	5
	6
	5
	5
	5
	Residential
	 6

	Transport
	56
	47
	43
	42
	43
	45
	45
	44
	46
	43
	Transport
	38

	Forest fires 
	1
	1
	1
	1
	1
	1
	0
	1
	0
	0
	Forest fires
	0

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	

	CO
	533
	478
	426
	454
	413
	404
	348
	352
	318
	310
	CO
	290

	Energy/Industry
	162
	161
	133
	160
	169
	166
	129
	142
	119
	122
	Large sources
	120

	Medium sources
	27
	27
	27
	27
	11
	11
	12
	12
	12
	12
	Medium sources
	11

	Small sources
	144
	103
	79
	70
	47
	43
	51
	38
	38
	38
	Residential
	41

	Transport
	152
	140
	139
	149
	153
	150
	142
	144
	145
	132
	Transport
	112

	Forest fires 
	48
	48
	48
	48
	34
	34
	13
	16
	5
	5
	Forest fires
	6

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	

	NMVOC
	262
	NE
	NE
	151
	NE
	159
	161
	138
	132
	130
	NMVOC
	89

	Energy
	10
	
	
	6
	
	4
	4
	3
	3
	3
	Energy
	3

	Transport
	34
	
	
	31
	
	32
	32
	32
	33
	29
	Transport
	25

	Use of solvents
	48
	
	
	38
	
	41
	40
	30
	32
	29
	Use of solvents
	29

	Crude oil, products
	26
	
	
	21
	
	16
	16
	17
	14
	13
	Crude oil,products
	13

	Road paving with 
	127
	
	
	44
	
	59
	62
	48
	45
	51
	Road paving with 
	15

	Others
	17
	
	
	11
	
	7
	7
	7
	5
	5
	Others
	5

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	

	SO2
	542
	445
	380
	325
	238
	239
	227
	202
	179
	171
	SO2
	120

	Energy/Industry
	422
	347
	296
	246
	183
	189
	197
	177
	154
	147
	Large sources
	102

	Medium sources
	38
	38
	38
	38
	27
	27
	11
	11
	11
	11
	Medium sources
	8

	Small sources
	79
	57
	44
	39
	26
	21
	16
	12
	12
	12
	Residential
	9

	Transport
	3
	3
	2
	2
	2
	2
	3
	2
	3
	1
	Transport
	1


Aggregated Emission Trends

This chapter indicates emissions for the years 1990 to 2001 in aggregated form so as to allow comparison of the contribution of individual greenhouse gases and individual sectors to national total emissions (Figure 6). Emissions of individual greenhouse gases are expressed using GWP for the span of 100 years. 

Figure 6  Aggregated emissions of greenhouse gases in 1990-2001 [ Gg CO2 equivalent]
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When evaluating trends of greenhouse gas emissions, we have to take into account that during the examined period the statistical system
 in the Slovak Republic was modernised (harmonized with EU). In Slovakia emissions reached the maximum level at the end of the eighties. Following 1990 a slowing of economic activity started to show and in 1994 emissions decreased below the level of the 1987 values. In 1995 a moderate increase of emissions against the year 1994 was observed for some sources and since then the total greenhouse gas emissions have been more or less constant. Emissions of CO2 per capita are decreasing but they still amount to around the double of the worldwide average. A commitment arising for Slovakia under the UN Framework Convention (in 2000 not to exceed the level of greenhouse gases of the year 1990) was met. It is to expect the Slovakia can fulfil obligations arising from Kyoto Protocol, to limit emissions by 8% during commitment period. 

Contribution by gas

CO2 is the most important GHG with a share of almost 84 % in the total GHG emissions. CO2 emissions decreased by 29 % between 1990 and 2001. Emissions from energy industries and from transport declined by 33 % and 4 %, respectively. CO2 emissions from mineral products decreased by about 12 % between 1990-2001.

CH4 emissions contribute by 9 % to the total GHG emissions. CH4 emissions declined by 32 % between 1990 and 2001. Emissions from enteric fermentation dropped by 55 %, mainly due to a reduction of cattle numbers. CH4 emissions from solid waste disposal were only 9 % below 1990 levels in 2001.

N2O emissions contribute by 7 % to the total GHG emissions. N2O emissions decreased by 45 % between 1990 and 2001. Emissions from agricultural soils declined by 43 %. N2O emissions from chemical industry decreased by 64 %. The emission decline was achieved mainly due to improved technology of nitric acid production. N2O emissions from transport increased by about 154 % mainly due to the growing number of cars with catalytic converters.

The share of fluorinated gases of the total GHG emissions is less than 1 %. Fluorinated gas emissions decreased by 60 % between 1990 and 2001 as a result of modernised aluminium production.

Contribution by sector

The most important source category in 2001 was the combustion of fossil fuels (68 % stationary combustion, plus 10% transport). Agriculture (8 %), industrial processes (7 %), waste sector (4 %) and fugitive emissions (3 %) were less significant. Emissions in all sectors decreased between the base year and 2001. Removals of CO2 in forests and soil are variable in time and they average about 5 % of the total emissions. 

Slovakian greenhouse gas emissions by gas and sector (excl. LUCF) in 2001; % change BY-2001
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2.6 Recalculations

The greenhouse gas emissions since 1990 were generally updated in 2000 using the revised methodologies of IPCC 1996 Guidelines and Good Practice Guidance. The Statistical Office has revised data on solid fuels consumption in the year 1999. Emissions from mobile source (road transport) were recalculated using the Copert III. This way time series of date for the years 1990-2001 on applying of unified method, unified version of Copert software and unified criteria for input data processing by this software was obtained. Activity date and emissions factors in the sector of Industrial processes were revised since 1990 Quantity of magnezit produced was separated from quantity of limestone and dolomite used. As activity data on category Cement production was used quantity of clinker produced. Emission factor for lime production was estimated on the bases of average fraction of CaO in lime. In sector Land-use change and forestry changes of carbon in biomass in relation to afforestation activities were included in category 5.A-Changes in forest and other woody biomass stocks and changes of soil carbon within the afforested lands are included in category 5.C-CO2 emissions and removals from soil.

2.7 Uncertainty of emission estimation

Sectoral experts were invited to assess uncertainty of activity data and of emission estimates. Their assumptions are presented in Annexes. 

Uncertainty of estimation of CO2 emissions is mainly caused by uncertainty of statistical data on consumption. Another source of uncertainty is the applied emission factors. An additional error in calculation of the other greenhouse gas emissions may occur as a result of less exact methods and it cannot be estimated. Quantification of uncertainty according to the IPCC1996 method was not processed due to the lack of input data and resources. We suppose that uncertainty of estimation of CO2 emissions from fossil fuel combustion is lower than 2%. The accuracy of the CO2 balance (carbon cycle) in forests and soil was estimated at 30 %. Uncertainty of estimation for methane emissions for individual categories in general moves about 30 %. The calculated emissions of nitrous monoxide (especially from agricultural soil) show the highest degree of uncertainty, which has not been quantified yet.

2.8 Conclusions

Since 1994 greenhouse gas emissions have been estimated every year and the results in prescribed form are sent to the Secretariat of UN FCCC. (Sectoral emissions form 1990 to 1998 in IPCC software. Since 1999 emissions are reported in CRF format). In 2002 some emissions were recalculated (detail see in CRF tables) using the revised IPCC 1996 methodologies. Some emission factors and activity data were also reconsidered. For the next year studies to improve EFs for fugitive emissions are planed. 

In view of limited resources, it is impossible to apply the national emission factors in all sectors and estimate uncertainty according to IPCC Good Practice Guidance. 
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Annexes

A. Energy

B. Transport

C. Industry

D. F-gases

E. Agriculture

F. Waste

G. LUCF

H. Recalculation details

Revízie v inventúre GHG2001 (Submission 2003) oproti GHG2000 (Submission2002)
Energy:

Emisie, ktoré neboli k 15-1-2003 aktualizované, z dôvodu, že ŠÚ do 07.01.2003 neposkytol údaje o energetickej bilancii palív za rok 2001: 

· CO2, CH4, N2O – Energy – fuel combustion - RA 

· CH4 – Fugitive emisionns from fuel – solid fuel, 

· oil and natural gas – množstvo vyťaženého ZP a ropy, množstvo spracovanej ropy 

· CO2 emisie zo spaľovania biomasy

Priemysel – CO2: 

· Cement – do roku 2002 bol odborným riešiteľom nadsadený odhad (97%) množstva vyrobeného slinku z cementu. V roku 2002 bola táto hodnota na základe údajov o vyrobenom množstve cementu a slinku, získaných od prevádzkovateľov, zredukovaná na 75% a aktivity a emisie boli následne prepočítané od roku 1990. 

· Použitie dolomitu a vápenca – zmena v množstve použitého dolomitu a vápenca. Podľa odborného riešiteľa je údaj prezentovaný v roku 2002 reálny a je už odpočítané celé množstvo, ktoré sa používa pri výrobe cementu, vápna, karbidu vápnika a magnezitu. 

· Vápno – zmena Ef. (z 0.79 t/t na 0.761 t/t). Do roku 2002 bol používaný Ef, kde sa predpokladá priemerná koncentrácia CaCO3 vo vápne 100 %. Po prehodnotení odborný riešiteľ odporučil požívať priemernú koncentrácia CaCO3 vo vápne 97 %. 

Poľnohospodárstvo 

· Dopracovanie kategórie kozy pre všetky roky . 

· Prepočet Ef pre výpočet metánu z enterickej fermentácie podľa priemernej ročnej dojivosti podľa odborného riešiteľa.

· N2O: Revízia výsledkov – pre výpočet použitá metodika
 ktorá vychádza z detailnejšej kategorizácie zvierat . 

Lesy – N2O, CH4:

· Revízia výsledkov emisií z lesných požiarov a spaľovania ťažobných zvyškov za roky 1990-2000. 

Spišáková, 9-12-2002
Marečková, 7-1-2003
� CRF 2001 Submission 2003 and CRF 2000 Submission 2003


�	� HYPERLINK http://www.unfccc.de ��http://www.unfccc.de�


�	Kyoto protocol will come into force 90 days following the ratification by at least 55 countries, among them have to be included countries of ANNEX 1 contributing at least 55% to the total 1990 carbon dioxide emissions, as is listed in attachment to the report 25 of the Protocol.


�	Climate change 1995, The Science of Climate Change, Contribution of WGI to the 2nd Assessment Report.


�	Intergovernmental panel (IPCC - Intergovernmental panel on Climate Change http://www.ipcc.ch) was established in 1988 commonly by ECE (UNEP) and World Meteorological Organisation (WMO). Its task is to reach the autho�ritative international consensus in the scientific opinions on climate change. The working groups of IPCC (under the participation of the scientists from the whole world) prepare re�gu�lar updated information for COP (Congress of Parties), where the latest knowledge in association with the global warming is included


� NEIS – National Emission Inventory System 


� In Slovakia the utilization of freons (they are not covered by the UN Convention) is regulated in compliance with the Montreal Protocol and its appendices. Since 1986 the total consumption of controlled substances has been decreasing. Freons in cooling systems are successively being replaced by perfluorocarbons, so it can be assumed that consumption of these substances will increase several times following the year 1996 (The Copenhagen Amendment allows their utilization until 2030).


� Restructuring of energy statistics in 1993, transition to the categories of NACE (OKEČ) in 1997 to 1999, RISO – Register of Wastes since 1995.


� CORINAIR (do roku 2002 IPCC),






