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Executive Summary

This report - National Inventory Report (NIR) - presents the results of the national emission inventory of greenhouse gases (GHGs) in Poland in 2003. The inventory covers the following GHGs: carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), hydrofluorocarbons -  HFCs (HFC-23, HFC-32, HFC-125, HFC-134a, HFC-143a, HFC-152a and HCF227ea), perfluorocarbons - PFCs (perfluoromethane (CF4), perfluoroethane (C2F6), perfluorobutane (C4F10), and sulfur hexafluoride (SF6).
The national inventory and accompanying tables of Common Reporting Format (CRF), have been prepared in accordance with the UN FCCC Reporting Guidelines on Annual Inventories. Methodologies used to calculate emissions and sinks of GHGs, are in accordance with methods recommended in two basic publications of Intergovernmental Panel on Climate Change - IPCC, namely Revised 1996 Guidelines for National Greenhouse Gas Inventories, and Good Practice Guidance and Uncertainty Management in National Greenhouse Gas Inventories. According to these guidelines country specific methods have been used where appropriate and give more accurate emission data. Although, national inventory reports in Polish have been compiled since early 1990s, the first Polish NIR, in English, was submitted to UN FCCC Secretariat in 2003. Here, we present and discuss the results of the GHG national inventory for the year 2003. 
Total national GHG emissions

The GHG emissions in the period 1988-2003, expressed as CO2 equivalents, are presented in table ES.1 In 2003 the total national emission of GHG were about 382.6 million tones of CO2-eq., excluding GHG emissions and sinks from category 5. (Land use change and forestry). Compared to the base year (1988), the 2003 emissions have decreased by 32.2%. The total emissions increased by 3.3% between 2002 and 2003. 

Table ES.1 National emissions of greenhouse gases for the years 1988-2003. [Mt CO2 eq.]
	Gas
	Year
	Change in %

	
	1988 (base)
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002
	2003
	(2003 –base)/base
	(2003 –2002)/ 2002

	CO2
	476.6
	380.7
	367
	371.6
	363.1
	371.6
	348.2
	372.5
	361.6
	337.4
	329.7
	314.8
	317.8
	308.3
	319.1
	-33.0
	3.5

	CH4
	66
	58.8
	54.4
	52
	51.1
	51.8
	51.6
	47.3
	47.8
	49
	47.3
	45.9
	38.8
	37.8
	37.7
	-42.9
	-0.3

	N2O
	21.8
	19.4
	16.1
	15.6
	15.4
	15.6
	16.7
	16.7
	16.7
	16
	23.3
	23.9
	23.9
	22.6
	23.9
	9.6
	5.8

	HFCs*
	0.02
	NE
	NE
	NE
	NE
	NE
	0.02
	0.07
	0.19
	0.22
	0.56
	0.89
	1.28
	1.26
	1.66
	8176.5
	31.7

	PFCs*
	0.82
	NE
	NE
	NE
	NE
	NE
	0.82
	0.77
	0.83
	0.81
	0.78
	0.72
	0.88
	0.27
	0.26
	-67.9
	-1.1

	SF6*
	0.002
	NE
	NE
	NE
	NE
	NE
	0.002
	0.001
	0.003
	0.01
	0.02
	0.02
	0.02
	0.02
	0.02
	686.4
	2.2

	Total
	565.2
	458.9
	437.5
	439.1
	429.6
	439.0
	417.4
	437.4
	427.2
	403.5
	401.6
	386.2
	382.8
	370.2
	382.6
	-32.2
	3.3


* 1995 is the base year for HFCs, PFCs and SF6
Note: Totals may not sum due to independent rounding.

Carbon dioxide emissions

The CO2 emissions in 2003 were estimated as 319.1 million tones. This is 3.5% higher than in 2002, and 33% lower than in the base year. CO2 accounted for 82.18% of total GHG emissions in Poland in 2003. The main CO2 emission source is Fuel Combustion (1.A) subcategory. This sector contributed to the total CO2 emission by 96% in 2003. The shares of the main subcategories were as follows: Energy industries - 57%, Manufacture Industries and Construction – 13.5%, Transport – 9.56% and Other Sectors – 15.32%. Industrial Processes contributed to the total CO2 emission by 3.6% in 2003. Mineral Products (especially Cement Production) is the main emission source in this sector. The CO2 removal in LUCF sector in 2003, was calculated to be approximately 25.9 million tones. It means that app. 8% of the total CO2 emissions are offset by CO2 uptake by forests. 

Carbon dioxide emissions have been generally decreasing during the period 1988-2003. However, in 2003 emissions grew by 3.5% compared to 2002. The year 2002 was the year of low economic growth and hence low energy production and use. This contributed to relatively low CO2 emission. In 2003, economy began grow again resulting with increased energy demand and supply and thus higher emissions mainly in the Energy sector. 

The most significant emissions drop occurred in the years 1988-1990. The emission decrease between 1988 and to 2003, is mainly a result of the drop in energy sector, particularly from coal combustion This reduction was mainly the result of decline in heavy industry and the resulting lower demand for energy. The reductions in the early 1990s years were caused by decrease of coal share in combusted fuels. The other causes include modernization and restructuring of various industries, which made the respective industry sectors more energy-efficient. 

Methane emissions 

The CH4 emission amounted to 1794.6 Gg in 2003 i.e. 37.7 million tones of CO2 equivalents.  The emission in 2003 was lower than in 2002 by 0.3%. This drop is mainly the result of a decrease of emission in the Waste sector (by 37 Gg; mainly in the category 6.A - solid waste disposal). Emission in Energy sector was higher by 17.6 Gg in 2003 compared to 2002. 

The contribution of CH4 to the national total GHG emission was 10.56% in 2003. Three of main CH4 emission sources include the following categories: Fugitive Emissions from Fuels, Waste and Agriculture. They contributed 44.3%, 27.5% and 24.6% to the national methane emission in 2003, respectively. The emission from the first mentioned sector was covered by emission from Underground Mines (app. 44% of total CH4 emission from 1.B. IPCC Category) and Natural Gas system (above 29% of emission from 1.B.). Waste disposal sites were identified as key sources of CH4 emission in 6. source category. They contributed to 80% of the methane emission from Waste. The emission from Enteric Fermentation dominated in Agriculture and amounted to app. 90% of methane emission in this sector in 2003. 

CH4 emission had decreased by app. 43% from base year to 2003. The reasons for that are as follow:

· the drop in emission from Enteric Fermentation by app. 51% due to decrease in livestock population

· the decrease in Fugitive Emission from Underground Mines by above 46% due to significant decline in hard coal mining 

· the decrease in emission from Waste by almost 53% due to variation in percentage composition of waste and changes of the landfill classification 

Nitrous oxide emissions 

The nitrous oxide emissions in 2003 were 77.2 Gg i.e. 21.8 million tonnes of CO2 equivalents. The emission was 4.2 Gg higher than in 2002 (by 5.9%), and app. 10% higher than the respective figure for the base year. The contribution of N2O to the national total GHG emission was 6.7% in 2003. The main N2O emission sources and its shares in total N2O emission in 2003 are as follow: Agricultural Soils – 44.2%, Manure Management – 24.4%,  Industrial Processes – 18.4%, Fuel Combustion – 9.7% and  Wastewater Handling – 3.3%.
The N2O remained fairly stable over the entire period 1988-2003. The significant increase in the last five inventoried years (1999-2003) is the result of the addition of the N2O emissions from Manure Management and from Wastewater Handling which had not been estimated for the proceeding years. In case of Manure Management, the N2O emissions had been estimated only for 1999-2003 and for 2000-2003 in case of human sewage. For that reason, recalculation of the emissions for previous years is necessary and is scheduled in 2006. 

Hydrofluorocarbons (HFCs) emissions 

The total emission of HFCs in 2003 was 1.66 million tones CO2 equivalents. The contribution of HFCs to the national total GHG emission in 2003 was relatively low and has been estimated at 0.46% in 2003. The emissions of HFCs-gases had increased 73 times between the base year (1995) and 2003. This significant growth in HFCs emission is mainly due to the increase of emission from refrigeration and air conditioning equipment. HFCs emissions in 2003 were by 31.7% higher than in 2002. 

Perfluorocarbons (PFCs) emissions 

The total emission of PFCs in 2003 was 0.26 million tonnes of CO2 equivalents. The contribution of  PFCs to the national total GHG emission in 2003 was 0.07%. The emission of PFCs had fluctuated to a limited extend, and followed the trends in aluminium production-its main source. PFCs emissions in 2003 were by app. 1.1% lower than in 2002. The emission decrease between 2002 and the preceding years was mainly caused by applying much lower emission factors for CF4 and C2F6 emission for primary aluminium production, from 2.0 and 0.2 kg/Mg to 0.61 and 0.061 kg/Mg, respectively. The previously used EFs were based on Revised 1996 IPCC Guidelines, while the newer ones are taken from GPG 2000. 

Sulfur hexafluoride emissions 

The total emission of SF6 in 2003 was 0.02 million tones of CO2 equivalents. The contribution of SF6 to the national total GHG emission is insignificant, and in 2003 amounted to app. 0.01%. SF6 emissions in 2003 were by 2.2% higher than in 2002 and by more than 7 times higher than in 1995. Leakage from Gas Insulation Systems used in aerial substations of high (higher than 110 kV) voltage power lines, is the main SF6 emission source. Insignificant emission of SF6 occurs during production of soundproof windows.
1. Introduction 

1.1 Background information on greenhouse gas inventories and climate change

This report - The National Inventory Report - has been prepared in order to fulfill Poland's obligations with respect to reporting greenhouse gas (GHG) emissions and their precursors to the United Nations Framework Convention on Climate Change - UN FCCC. The GHG dealt with in this report include: carbon dioxide - CO2, methane - CH4, nitrous oxide - N2O, hydrofluorocarbons - HFCs, perfluorocarbons - PFCs, sulfur hexafluoride - SF6. The GHG precursors, in turn, are: carbon monoxide - CO, nitrogen oxides (NO + NO2) - NOX, non-methane volatile organic compounds - NMVOC and sulfur dioxide - SO2. The GHG gases are believed to cause the so called greenhouse effect in earth's atmosphere. Rapidly increasing since the turn of the 20th century anthropogenic emissions of GHGs, enhance the natural greenhouse effect and lead to global warming or climate change. 

1.2 A description of institutional arrangement for inventory preparation

The estimates for emission values for carbon dioxide - CO2, methane - CH4, nitrous oxide - N2O, hydrofluorocarbons - HFCs, perfluorocarbons - PFCs, sulfur hexafluoride - SF6 and for the greenhouse gas precursors: carbon monoxide - CO, nitrogen oxides (NO + NO2) - NOX, non-methane volatile organic compounds - NMVOC and sulfur dioxide - SO2, have been compiled by the National Emission Centre - NEC, at the Institute of Environmental Protection in Warsaw. Since 2000, NEC has been commissioned by the Polish Ministry of Environment - MoE to carry out inventories for the GHGs and other air pollutants. When compiling the inventory, NEC have been collaborating with a number of individual experts as well as collaborating institutions. Among the latter are: Central Statistical Office (GUS), Institute of Ecology of Industrial Areas in Katowice (IETU), Institute of Automobile Transport (ITS) in Warsaw, Agency of Energy Market (ARE). 

1.3 Brief description of the process for inventory preparation 

The emission estimates are based on methodologies recommended by the UN FCCC, the Intergovernmental Panel on Climate Change (IPCC), and mainly in case of greenhouse gas precursors, developed by UN ECE/EMEP (IPCC 1997, EEA 2002). Wherever necessary and possible, national methodologies have been developed to reflect specific national conditions. The most important features of the inventory preparation and archiving can be briefly summarized in the following way:

· activity data are mostly taken from official public statistics (GUS) or when required data are not directly available, (commissioned) research reports or expert estimates are used instead, 

· emission factors for the main emission sources are mostly taken from reports on domestic research; IPCC default data are used in cases where the emission factors are highly uncertain (e.g. N2O emissions from animal waste in agriculture, and CH4 and N2O emission from stationary combustion), or when particular source category contribution to national total is insignificant,

· all activity data, emission factors and resulting emission data are stored at NEC database, which is constantly being updated and extended to meet the ever changing requirements for emission reporting, with respect to both UN FCCC and LRTAP Convention.

1.4 General description of methodologies and data sources used

The methods of emission estimation for GHG gases follow the Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories (called Revised 1996 in the following), and the IPCC Good Practice Guidance and Uncertainty Management (GPG). National methodologies have been used when they reflect better specific Polish conditions as recommended by GPG. The methodology, emission factors, activity data and measurements used in the Polish inventory are described in the following.  

The calculated emissions can be presented by various combinations of fuels, sources and sectors. The emissions from fuel combustion are calculated by combining the fuel consumption distributed among emission sources and economy sectors with fuel, source, sector and pollutant specific emission factors. The non-combustion emissions are estimated by combining activity data with emission factors. The emission factors are either estimated from measurements or taken from special investigations. If not available domestically, emission factors are taken from IPCC sources or other international publications. The emissions of non-CO2 gases are expressed in units of CO2 equivalents, based on Global Warming Potentials (GWP), calculated for a time horizon of 100 years (IPCC’s Second Assessment Report, 1995). 

One of the main steps of emission inventorying from the 1.A Energy category, is preparation of the energy budgets for each energy carrier. These budgets are prepared based on the national energy balances published by Central Statistical Office and Agency of Energy Market. The tables of the national energy balance include detailed information on the ins and outs of all the energy carriers used in Poland, as well as information on their conversions to other energy carriers and on their direct consumption. 

The data on international bunker are also available in the tables. The examples of the fuel budgets are presented in Annex 2. for: coking coal, brown coal (lignite), fuel oil, diesel oil, high-methane natural gas and nitrified natural gas.  

For each fuel, balance data are given both in natural units and in common (energy) units. The data on quantity of the fuel combusted in whole country in a given year are used for calculation of the average net calorific value of the fuel. This calculated calorific value provides then the basis for the estimation of country specific CO2 emission factor for the given fuel. The calculations of these CO2 emission factors for main fuels are based on empirical formulas that apply the relationship between net calorific values and elemental carbon content. The maximum (potential) CO2 emission from combustion of a given fuel is, in turn, calculated based on the estimated emission factor. It is one of the way of checking the CO2 emission value, estimated according to sectoral approach. 

Table 1.1  Steam coal consumption
	Evaluation of fuel consumption
	Steam coal

	in national combustion processes
	

	
	103 Mg
	TJ

	 In
	89003
	2031349

	From national sources
	86887
	1976550

	1) Indigenous production
	86726
	1973023

	2) Transformation output or return
	0
	0

	3) Stock decrease
	161
	3527

	Import
	2116
	54799

	 Out
	89004
	2031350

	National consumption
	69177
	1568822

	1) Transformation input
	52455
	1138174

	a) input for secondary fuel production
	0
	0

	b) fuel combustion
	52455
	1138174

	
	 
	 

	2) Direct consumption
	16722
	430648

	Non-energy use
	14
	485

	Combusted directly
	16708
	430163

	Combusted in Poland
	69163
	1568337

	Stock increase
	0
	0

	Export
	17409
	396052

	Losses and statistical differences
	2418
	66476

	Calorific values
	MJ/kg
	22.68

	CO2 Emission Factor
	kg/GJ
	94.52

	Maximum Emission of CO2
	Gg
	148237


Table 1.2 Conversion of steam coal to other energy carriers
	Input for secondary fuel production
	103 Mg
	TJ

	Coking plants
	0
	0

	Hard coal complete gasification plants
	0
	0

	Refineries
	0
	0

	Briquettes plants
	0
	0

	Blast furnaces
	0
	0

	Gas denitrification plants
	0
	0

	Gas decompression and blending plants
	0
	0

	Oil products blending plants
	0
	0

	Total
	0
	0

	Combustion
	
	

	Public thermal plants – electricity production
	34389.1
	736041.8

	Public thermal plants – heat production
	7865.6
	174281.9

	Autoproducing thermal plants – electricity production
	1278.3
	28972.0

	Autoproducing thermal plants – heat production
	2097.7
	45609.8

	Heat-only boilers in public thermal plants
	920.5
	20726.0

	Public heat plants
	5608.0
	125882.7

	Non-public heat plants
	295.3
	6659.7

	Biogas plants
	0
	0

	Total
	52454.5
	1138173.9


Table 1.3 Direct consumption of steam coal
	
	Direct
	

	Balance by sectors
	consumption
	input [TJ]

	
	[TJ]
	

	Industry
	170530
	1137259

	Transport
	2463
	16

	Construction
	829
	134

	Total
	172993
	1137275

	"C" "Mining and quarrying"
	16242
	62

	"D" "Manufacture"
	146055
	30598

	"E" „Electricity water and gas supply”
	8233
	1106599

	Total
	170530
	1137259

	Household
	198833
	0

	Agriculture
	35900
	0

	Other consumers
	22093
	0

	Total
	256826
	0

	
	 
	 

	Total
	429819
	1137275

	
	
	


The tables 1.4 and 1.5 present the detailed information on the sources of activity data used for estimation of GHG emissions for each IPCC category in the 2003 inventory. Energy Statistics published by Central Statistical Office (GUS; 2004) is the main source of activity data for Energy sector. The tables, which are included in the mentioned publication contain the detailed data concerning consumption of each energy carrier in each economy sector. These data are expressed both in energy units (e.g. J) and in natural units. The data on fuel consumption in Transport subcategory, including the fuel consumption data for various types of vehicles, are worked out routinely by experts from the Institute of Automobile Transport (ITS, 2004). The emission factors for Transport, are also estimated by experts from ITS and NEC. 

Basic information on activity data regarding other IPCC categories, are usually published in various GUS statistical yearbooks. The activity data that are not available in GUS publications, have been worked out by experts based on studies commissioned by the Ministry of Environment  specifically for the GHG emission inventory purposes. 

Table 1.6 shows the main sources for activity data and emission factors used in GHG inventory in 2003. The listed research reports have also been prepared by national experts for the needs of the GHG inventory. The reports emission contain country specific data and calculations concerning national emissions factors and emission estimates for the investigated subcategories.

Table 1.4 Data sources on fuel consumption for category 1.A Fuel Consumption
	IPCC code
	Category description
	Subcategory description
	Source of information

	1.A.
	Fuel combustion
	
	GUS 2004a

	1.A.1.a.ii.A.1.
	Public thermal plants
	Electricity generation
	Table 6(10)
	page 58

	1.A.1.a.ii.A.2.
	Public thermal plants
	Heat generation
	Table 7(11)
	page 59

	1.A.1.a.ii.B.1.
	Autoproducing thermal plants
	Electricity generation
	Table 8(12)
	page 60

	1.A.1.a.ii.B.2.
	Autoproducing thermal plants
	Heat generation
	Table 9(13)
	page 62

	1.A.1.a.iii.A.
	Public heat plants 
	
	Table 11(15)
	page 64

	1.A.1.a.iii.B.
	Non-public heat plants 
	
	Table 12(16)
	page 65

	1.A.1.a.iii.C.
	Heat - only boilers in public thermal plants 
	
	Table 10(14)
	page 63

	1.A.1.b.
	Petroleum refining
	
	Table 12(42)
	page 127

	1.A.1.c.i.
	Manufacture of solid fuels
	Manufacture of coke oven products
	Table 11(41)
	page 124

	1.A.1.c.ii.
	Other energy industries
	Mining and agglomeration of hard coal
	Table 2(27)
	page 82

	
	
	Mining and agglomeration of lignite
	Table 3(28)
	page 85

	
	
	Extraction of crude petroleum and natural gas
	Table 4(29)
	page 89

	
	
	Production and distribution of electricity
	Table 2(58)
	page 175

	
	
	Steam and hot water supply
	Table 4(60)
	page 181

	1.A.2.a.
	Iron and steel
	Manufacture of basic metals
	Table 16(46) 
	page 139

	1.A.2.b.
	Non-ferrous metals 
	
	ARE 2004

	1.A.2.c.i.
	Chemicals
	Manufacture of chemicals and chemical products
	Table 13(43)
	page 130

	1.A.2.c.ii.
	Chemicals
	Manufacture of rubber and plastic products
	Table 14(44)
	page 133

	1.A.2.d.i.
	Pulp, paper and print
	Manufacture of pulp, paper and paper products
	Table 8(38)
	page 115

	1.A.2.d.ii.
	Pulp, paper and print
	Publishing, printing and reproduction of record media
	Table 9(39)
	page 118

	1.A.2.e.
	Food processing, beverages and tobacco
	Manufacture of food products and beverages
	Table 2(32)
	page 97

	
	Food processing, beverages and tobacco
	Manufacture of tobacco products
	Table 3(33)
	page 100

	1.A.2.f.i.
	Other
	Mining of non-ferrous metal ores
	Table 5(30)
	page 91

	1.A.2.f.ii.A.1.
	
	Manufacture of textiles
	Table 4(34)
	page 103

	1.A.2.f.ii.A.2.
	
	Manufacture of clothes and fur products
	Table 5(35)
	page 106

	1.A.2.f.ii.A.3.
	
	Processing of leather and manufacture
	Table 6(36)
	page 109

	1.A.2.f.ii.B.1.
	
	Manufacture of wood and wood straw and wicker products
	Table 7(37)
	page 112

	1.A.2.f.ii.B.2.
	
	Manufacture of furniture
	Table 25(55)
	page 166

	1.A.2.f.ii.C
	
	Manufacture of other non-metallic products
	Table 15(45)
	page 136

	1.A.2.f.ii.D
	
	Manufacture of fabricated metal products, except machinery and equipment
	Table 17(47)
	page 142

	1.A.2.f.ii.E
	
	Manufacture of machinery and equipment
	Table 18(48)
	page 145

	
	
	Manufacture of office machinery and computers
	Table 19(49)
	page 148

	1.A.2.f.ii.F
	
	Manufacture of electrical machinery and apparatus
	Table 20(50)
	page 151

	
	
	Manufacture of radio, television and communication equipment and apparatus
	Table 21(51)
	page 154

	1.A.2.f.ii.G
	
	Manufacture of medical, precision and optical instruments, watches and clocks
	Table 22(52)
	page 157

	1.A.2.f.ii.H
	
	Manufacture of motor vehicles, trailers and semi-trailers
	Table 23(53)
	page 160

	
	
	Manufacture of other transport equipment
	Table 24(54)
	page 163

	1.A.2.f.ii.I
	
	Recycling
	Table 26(56)
	page 169

	1.A.2.f.iii.A
	
	Manufacture of gas, distribution of gaseous fuels though mains
	Table 3(59)
	page 178

	1.A.2.f.iii.B
	
	Collection, purification and distribution of water
	Table 5(61)
	page 184

	1.A.2.f.iv.
	
	Construction
	Table 2(24)
	page 73

	1.A.2.g.
	
	Off-road activities in industry
	ARE 2004, GUS 2004a, 

ITS 2004

	1.A.3.
	Transport
	
	GUS 2004a, ITS 2004

	1.A.3.b.
	
	Road transport: detailed categories
	ITS 2004

	1.A.4.a.
	Commercial/Institutional
	
	Table 1(62)
	page 187

	1.A.4.b.
	Residential
	
	Table 1(62)
	page 187

	1.A.4.c.i.
	Agriculture/Forestry 
	stationery sources
	Table 1(62)
	page 187

	1.A.4.c.ii.
	Agriculture/Forestry
	mobile sources
	Table 1(62)
	page 187

	1.A.4.c.iii.
	Fishery
	
	GUS 2004a,g

	1.A.5.
	Other (mobile)
	
	GUS 2004a,g


Table 1.5 Data sources on activities for IPCC categories: 1B and 2-6
	IPCC category
	Source of information

	1.B Fugitive emission from fuels

2. Industrial processes

4. Agriculture

 5. Land-use change and forestry

6. Waste
	Energy Statistics 2002-2003, GUS

Statistical Yearbook of Industry 2004, GUS; 

Statistical Yearbook of Poland 2004, GUS; 

Production of main industrial goods in 2003, GUS; (Kozakiewicz, Mąkosa 2005), Questionnaire/Report G-03, ARE 

Statistical Yearbook of Poland 2004, GUS

Forestry 2004, GUS; Environment 2004, GUS; Results of updated estimates of forestry areas and resources in state owned forests, BULiGL 2004

Environment 2004, GUS;

Statistical Yearbook of Poland 2004, GUS; 

Municipal infrastructure in 2003, GUS.


Table 1.6 Data sources on emission factors for main IPCC categories
	IPCC category
	Emission factors references

	1. Energy
	

	1.A. Fuel combustion
	CO2 – for main fuels calculations are based on empirical equations (Radwański 1995) and oxidation factors based on expert opinion and (IPCC 1997); 

1.A.3, (Transport) 1.A.4.c.i–iii (off road vehicles and other machinery in agriculture, 1.A.5.b (Other vehicles and machinery – (Radzimirski 2004) (for all gases); other factors for CO2 , CH4, N2O (Radwański 1995)

	1.B. Fugitive emission from fuels
	1.B.1 solid fuels - coal system (Gawlik 2001), 

1.B.2 oil and natural gas (Radwański 1995) 

	2. Industrial processes
	 (Radwański 1995), (IPCC 1997) 


	4. Agriculture
	4.A. (Enteric fermentation), 4.B (Manure Management) (Myczko 2001, Walczak 2002); 4.D. (Agricultural Soils) (Mercik 2001)

	5. Land-use change and forestry
	 (Kluz, Galiński 2005), (IPCC 1997)

	6. Waste
	 (Gworek 2003), (Bernacka 2003), (IPCC 1997) 


1.5 Brief description of key source methodologies 

The source categories in all sectors, are identified to be key sources on the basis of their contribution to the total level and/or trend uncertainty in accordance with IPCC Good Practice Guidance (IPCC 2000).

Twenty six source categories have been identify as key sources (level assessment) in GHG inventory for 2003 in Poland. The most important of them are: stationary combustion of fuels (hard and brown coal, fuel oils, natural gas) and mobile combustion – road vehicles. CO2 emissions from these sources made up over 68% of the total GHG emissions in Poland expressed in units of CO2 equivalents. Combustion of hard and brown in stationary sources alone, made up app. 53% of total Poland's GHG emissions. The base year for Poland is 1988 (1995 for F-gases). Some of the source categories that have been found to be key sources in 2003, were not included in the 1988 inventory (N2O emissions from manure management and waste water handling, CO2 emissions from stationary combustion - non-energy products). They need to be recalculated. For the purpose of trend assessment calculations, zero values have been assumed for 1988, for those cases.

The combustion of coal and road transport have been determined as the most important sources in trend assessment as well. They contributed over 52% to trend. 95% of the trend contribution is covered by 15 categories. The complete tables 7.A1 - 7.A3 of the IPCC Good Practice Guidance with level and trend assessment are given in Annex 1.
1.6 Information on the QA/QC plan including verification 

Poland has not yet implemented a formal QA/QC procedure, including verification plan, for the national emission inventory. However, several checks are routinely carried out to eliminate possible errors. The calculated emissions figures for a given year, are compared to the respective figures from previous years (time series), and outliers are scrutinized in more detail or in other words an extended QA/QC is carried out for doubtful figures. The first draft of the inventory in form of IPCC tables and draft CRF, is usually produced 12-14 months after the end of the given year depending primarily on the availability of required activity data. During the following several weeks, extensive checks are done in form of consultations with data providers. The consultations cover both correctness of data and their proper interpretation. Wherever possible various different datasets are used for comparison purposes. Here the most important institutional sources include: Central Statistical Office, Agency for Energy Market, and a number of collaborating individual experts and institutions. After the checking period is completed, the final CRF is prepared together with the accompanying report. 

1.7 General uncertainty evaluation, including data on the overall uncertainty for the      inventory totals
Uncertainty in the Polish GHG emission inventory was investigated quantitatively for the first time in 2000 for the 1998 inventory, Uncertainty for individual GHGs were estimated to be relatively low and amounted to 0.7% for CO2, 13.8% for CH4 and 6.5% for N2O respectively. In Annex 5., we include the estimate of emission uncertainty for the year 2003 using Tier I approach. The estimated total uncertainty for the three main GHG gases was found to be: 1.7% for CO2, 9.6% for CH4 and 12.6% for N2O, respectively. The uncertainty figures varied significantly among various source categories. Lower uncertainties were found generally for fuel combustion and larger ones for the remaining source categories. More details are included in Annexes 5. and 6.
1.8 General assessment of the completeness 

The Polish GHG emission inventory includes calculation of emissions from all relevant sources that we are aware of. However, there is a number of exceptions. All of them are expected to have a minor effect on the total national GHG emissions. These exceptions are: 

in Energy sector (Fugitive Emission from Fuels only):

· CO2 and CH4 from Solid Fuel Transformation
· CO2 from Coal Mining and Handling
· some individual processes in Oil and Natural Gas systems 

 in Industrial Processes:

· CO2 from Limestone and Dolomite Use
· CO2 from Asphalt Roofing
· CO2 from Road Paving with Asphalt

· CH4 from Ferroalloys Production

· CH4 from Aluminium Production
· CO2 from Food and Drink Production
· CO2 from Soda Ash Use

· CH4 from Sinter

· some minor gaps in estimation of the emissions of HFCs, PFCs, SF6
in Solvent and Other Product Use
· N2O from Paint Application
· N2O from Degreasing and Dry Cleaning
in Agriculture
· CH4 from Enteric Fermentation and Manure Management for Goats
· CH4 from Agriculture Soils
in LUCF
· N2O from Forest and Grassland Conversion
· CO2 from Decay
in Waste

· N2O from Industrial Wastewater
· N2O from Domestic and Commercial Wastewater except Humane Sewage
· N2O and CH4 from Waste Incineration
2. Trends in greenhouse gas emissions

2.1 Emission trends by for aggregated greenhouse gas emissions

2.1.1 Inventory results for 2003
The national GHG emission inventory for 2003 yielded the following results in natural units:
	CO2

	Emission (without LUCF)
	319 082.41
	Gg

	CO2

	Removals (LUCF)
	25 904.60
	Gg

	CO2

	Net emission 
	293 177.81
	Gg

	CH4

	Emission
	1 794.58
	Gg

	N2O

	Emission
	77.21
	Gg

	HFC

	Actual emission
	1 014.37
	Mg

	PFC

	Actual emission
	39.01
	Mg

	SF6

	Actual emission
	0.79
	Mg 


For carbon dioxide, net emission is calculated by subtracting from the total CO2 emission and removals from category 5. (Land Use Change and Forestry - LUCF). According to IPCC methodology, CO2 emissions are given with and without contributions from category 5. Also following IPCC, emission of CO2 from biomass – 18 247.19 Gg, is not included in the national total. For industrial gases, the actual emission is given i.e. emission estimated by applying detailed methods described in the IPCC methodology as Tier 2 and 3.
For non-CO2 gases, the inventory results can also be presented (table 2.1) in units of CO2 equivalents by applying values of the so called Global Warming Potentials - GWP. GWP for methane is 21, and for nitrous oxide 310. For industrial gases GWP varies between 650 for HFC-32 to 23 900 for SF6. Carbon dioxide is the main GHG in Poland with the 82.2% share (in 2003), while the methane contributes with 10.6% to the national total. Nitrous oxide contribution is 6.7% and all industrial GHG together contribute 0.54%.  

Table 2.1 Greenhouse gas emissions in 2003 in CO2 eq. 

	Pollutant
	Emission in CO2 eq. [Gg]
	Share [ %]

	CO2 – without LUCF
	319 082.41
	

	CO2 – net emission (with LUCF)
	293 177.81
	82.18

	CH4
	37 686.08
	10.56

	N2O
	23 936.30
	6.71

	HFCs
	1 655.31
	0.46

	PFCs
	263.06
	0.07

	SF6
	18.79
	0.01

	TOTAL
	356 737.35
	100
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Figure 2.1 Percentage share of greenhouse gases in national total emission total in 2003 

Emissions of main GHGs in 2003, disaggregated into main source sub-sectors, are given in table 2.2. Respective values for the industrial gases are presented in table 2.3. Discussion of these results is given in the following section.

Table 2.2  Emissions of CO2, CH4 and N2O in 2003 [Gg]
	
	CO2 
	CH4 
	N2O 

	Total
	293 177.81
	1 794.58
	77.21

	1. Energy
	307 099.78
	845.08
	7.49

	A. Fuel Combustion 
	306 887.05
	50.23
	7.49

	1.  Energy Industries
	182 213.32
	1.79
	2.58

	2.  Manufacturing Industries and Construction               
	43 188.92
	3.06
	0.92

	3.  Transport
	30 490.20
	4.60
	2.03

	4.  Other Sectors
	48 871.71
	40.71
	1.93

	5.  Other
	2 122.91
	0.07
	0.03

	B. Fugitive Emissions from Fuels
	212.73
	794.85
	

	1.  Solid Fuels
	
	563.96
	

	2.  Oil and Natural Gas
	212.73
	230.89
	

	2.  Industrial Processes
	11 479.75
	14.04
	14.20

	A.  Mineral Products
	8 492.42
	
	0.00

	B.  Chemical Industry
	2 353.55
	11.54
	14.20

	C.  Metal Production
	633.79
	2.50
	0.00

	D.  Other Production
	
	
	

	G.  Other
	
	
	

	3.  Solvent and Other Product Use
	473.76
	
	

	4.  Agriculture
	
	441.97
	52.96

	A.  Enteric Fermentation
	
	397.18
	

	B.  Manure Management
	
	43.72
	18.80

	D.  Agricultural Soils
	
	
	34.11

	F.  Field Burning of Agricultural Residues
	
	1.07
	0.05

	5.  Land-Use Change and Forestry
	-25 904.60
	0.11
	0.00

	A.  Changes in Forest and Other Woody Biomass Stocks
	-18 945.20
	
	

	B.  Forest and Grassland Conversion
	36.30
	0.11
	

	C.  Abandonment of Managed Lands
	
	
	

	D.  CO2 Emissions and Removals from Soil
	-6 995.70
	
	

	6.  Waste
	29.12
	493.38
	2.56

	A.  Solid Waste Disposal on Land
	
	392.65
	

	B.  Wastewater Handling
	
	100.73
	2.56

	C.  Waste Incineration
	29.12
	
	


Table 2.3  Emissions of industrial gases: HFCs, PFCs  and SF6  in 2003 [Gg]
	
	HFCs
	PFCs
	SF6

	Total
	1 655.31
	263.06
	18.79

	2. Industrial Processes
	1 655.31
	263.06
	18.79

	  C. Metal production 
	
	263.06
	

	       Aluminium production
	
	263.06
	

	  F. Consumption of Halocarbons and SF6
	1 655.31
	0
	18.79

	       Refrigeration and air conditioning equipment
	1 522.80
	
	

	       Foam blowing
	4.59
	
	

	       Fire extinguishers
	33.05
	
	

	       Aerosols/ metered dose inhalers
	94.86
	
	

	       Electrical equipment
	
	
	18.22

	       Other
	
	
	0.57


As a supplement to the tables 2.2 and 2.3, table 2.4 includes percentage contributions of main source sectors to the national totals in 2003 for CO2, CH4 and N2O. 

Table 2.4  Percentage shares of individual source sectors in 2003 emissions 
	
	Share [%]

	Percentage share of source sectors in 2003 emissions
	CO2 

(with LUCF)
	CO2
(without LUCF)
	H4
	N2O

	
	
	
	
	

	Total
	100
	100
	100
	100

	1. Energy
	104.75
	96.24
	47.09
	9.70

	A. Fuel Combustion 
	104.68
	96.18
	2.80
	9.70

	1.  Energy Industries
	62.15
	57.11
	0.10
	3.34

	2.  Manufacturing Industries and  Construction                          
	14.73
	13.54
	0.17
	1.19

	3.  Transport
	10.40
	9.56
	0.26
	2.63

	4.  Other Sectors
	16.67
	15.32
	2.27
	2.50

	5.  Other
	0.72
	0.67
	0.00
	0.04

	B. Fugitive Emissions from Fuels
	0.07
	0.07
	44.29
	 

	1.  Solid Fuels
	 
	 
	31.43
	 

	2.  Oil and Natural Gas
	0.07
	0.07
	12.87
	 

	2.  Industrial Processes
	3.92
	3.60
	0.78
	18.39

	A.  Mineral Products
	2.90
	2.66
	 
	 

	B.  Chemical Industry
	0.80
	0.74
	0.64
	18.39

	C.  Metal Production
	0.22
	0.20
	0.14
	 

	D.  Other Production
	 
	 
	 
	 

	G.  Other
	 
	 
	 
	 

	3.  Solvent and Other Product Use
	0.16
	0.15
	 
	 

	4.  Agriculture
	 
	 
	24.63
	68.59

	A.  Enteric Fermentation
	 
	 
	22.13
	 

	B.  Manure Management
	 
	 
	2.44
	24.35

	D.  Agricultural Soils
	 
	 
	 
	44.18

	F.  Field Burning of Agricultural Residues
	 
	 
	0.06
	0.06

	5.  Land-Use Change and Forestry
	-8.84
	-8.12
	0.01
	 

	A.  Changes in Forest and Other Woody Biomass Stocks
	-6.46
	-5.94
	 
	 

	B.  Forest and Grassland Conversion
	0.01
	0.01
	0.01
	 

	C.  Abandonment of Managed Lands
	 
	 
	 
	 

	D.  CO2 Emissions and Removals from Soil
	-2.39
	-2.19
	 
	 

	6.  Waste
	0.01
	0.01
	27.49
	3.32

	A.  Solid Waste Disposal on Land
	 
	 
	21.88
	 

	B.  Wastewater Handling
	 
	 
	5.61
	3.32

	C.  Waste Incineration
	0.01
	0.01
	 
	 


2.1.2 Comparison to base year 1988

Emission and sink values of main GHGs in 2003, when compared to the respective values of  the base year 1988 yield the following percentage changes: 
CO2 net emission 


- decrease emission to
      72.2 % of the base year value

CO2 emission without LUCF CO2
- increase of sinks to  
      74.6 %
    

CH4




- decrease of emission to  57.1 %
      

N2O




- increase of emission to 109.6 %

The data for the other GHGs and for the national total GHG emission are given in table 2.5. 

Table 2.5  Changes of greenhouse gas emissions in 2003 with respect to base year 1988 
	GHG emission change according 

to base year 1988
	1988
emission in CO2
[Gg]
	2003
emission in CO2
[Gg]
	2003/1988
[%]

	CO2 net emission (with LUCF)
	441 879.00
	319 082.41
	72.21

	CO2 emission without LUCF
	476 625.00
	293 177.81
	61.51

	CH4
	65 954.49
	37 686.08
	57.14

	N2O
	21 839.50
	23 936.30
	109.60

	HFCs
	22.46*
	1 655.31
	7370.04

	PFCs
	820.39*
	263.06
	32.07

	SF6
	2.39*
	18.79
	786.19

	Total emission (net emission CO2 with LUCF)
	529 672.99
	356 737.35
	67.35

	Total emission (without CO2 from LUCF)
	564 418.99
	382 641.95
	67.79


* data for 1995 (base year for industrial gases: HFC, PFC and SF6 )

Carbon dioxide

The main reason for the emission decrease is the use of chemical energy of fuels in 2003 constituted merely 74% of the respective figure in 1988. At the same time the following changes took place in the structure of fuel use:

· share of coal fuels decreased from 78.7% in 1988 to 62.4% in 2003
· share of liquid fuels increased from 12.5% (1988) to 20.1% (2003)

· share of gaseous fuels increased from 7.5% (1988) to 7.6% (2003)

· share of all hydrocarbon fuels increased from 20.0% to 31.6%,

· biomass share increased from 1.3% do 6.2%.

The increase of the share of hydrocarbon fuels of significantly lower emission factors, compared to coal fuels, had an additional effect - along with the global fuel use reduction -  upon the decrease of CO2 emission in 2003 compared to the base year 1988. 

Methane

CH4 emission had decreased by app. 43% from the base year to 2003. The reasons for that are as follow:

· the drop in emission from Enteric Fermentation by app. 51% due to decrease in livestock population

· the decrease in Fugitive Emission from Underground Mines by above 46% due to significant decline in hard coal mining 

· the decrease in emission from Waste by almost 53% due to variation in percentage composition of waste and changes of the landfill classification 
This drop is mainly the result of a significant change in the assumed percentage composition of waste used for DOC calculation. The new values are based on national research. In the calculation for the year 2000 and the proceeding years, IPCC default values with respect to waste composition were used instead. It seems that those earlier years needs to be recalculated.
The CH4 emission from Waste category decreased by 7% from 2002 to 2003. This reduction is mainly the result of the drop in the emission in category Solid Waste Disposal on Land. The CH4 emission from Solid Waste Disposal on Land decreased by 7.8% from 2002 to 2003. This drop is mainly the result of a decrease in activity data. Insignificant change in emission was caused by increase in recovery methane from Solid Waste Disposal Sites.
Nitrous oxide

The nitrous oxide emissions in 2003 were app. 9.8% higher than the respective figure for the base year. The N2O emissions remained fairly stable over the entire period 1988-2003. The significant increase in the last five inventoried years (1999-2003) is the result of the addition of the N2O emissions from Manure Management and from Wastewater Handling which had not been estimated for the years 1988-2000. In case of Manure Management, the N2O emissions had been estimated only for 1999-2003, and for 2000-2003 in case of human sewage. For that reason, recalculation of the emissions for previous years is necessary and is scheduled in 2006. 

Industrial gases: HFCs, PFCs and SF6 

HFCs emissions in 2003 were 74 times higher than in 1995. This significant growth in HFCs emission is mainly due to the increase in emission from refrigeration and air conditioning equipment. 

PFCs emissions in 2003 were 68% lower than in base year (1995). The emission of PFCs had fluctuated to a limited extend, and followed the trends in aluminium production - its main source. PFCs emissions in 2003 were by app. 1.1% lower than in 2002. The emission decrease was also caused by applying – beginning with the 2002 inventory - much lower emission factors for CF4 and C2F6 emission for primary aluminium production, from 2.0 and 0.2 kg/Mg to 0.61 and 0.061 kg/Mg, respectively. The previously used EFs were based on Revised 1996 IPCC Guidelines, while the newer ones are taken from GPG2000. 

SF6 emissions in 2003 were more than 7 times higher than in 1995. Leakage from gas insulation systems used in aerial substations in high voltage (above 110 kV) power line systems remains the main source of SF6 emission. 

Large percentage increase of industrial gases emissions, compared to the base year, does not influence significantly the national total GHG emission trend, because all the industrial gases together contribute merely app. 0.54% to the national total in 2003.
Emissions of greenhouse gases in 1988 in CO2 equivalent 

Shares of individual GHGs to national total in 1988 are presented in Table 2.6 and Figure2.2. Compared to 1988, the percentage share of CO2 in 2003 decreased from 83.4% to 82.2%, mainly at the expense of increased N2O emission, and also due to addition of industrial gases to national total. There were no emission estimates for the industrial gases in the 1988 inventory.
Table 2.6  Emissions of greenhouse gases in 1988 in CO2 equivalent
	Pollutant
	Emission in CO2 eq. [Gg]
	Share in %

	CO2 – only emissions (with LUCF)
	477 584.00
	

	CO2 – without emission and removal from LUCF
	476 625.00
	

	CO2 – net emission (with LUCF)
	441 879.00
	83.4

	CH4
	65 954.49
	12.5

	N2O
	21 839.50
	4.1

	HFCs
	
	0.0

	PFCs
	
	0.0

	SF6
	
	0.0

	Total
	529 672.99
	100
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Figure 2.2  Percentage share of national greenhouse gas emissions in 1988

According to the Kyoto Protocol, Poland is committed to decrease its emissions of greenhouse gases by 6 per cent (as CO2 eq.) in the period 2008-2012, compared to the base year of 1988 (1995 for industrial gases).  Table 2.7 shows the trend of GHG emission over the 1988-2003 period.

Table 2.7. Total emission of greenhouse gases in 1988-2003 in CO2 equivalents
	Gas
	Year
	Change in %

	
	1988 (base)
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002
	2003
	(2003 –base)/base
	(2003 –2002)/ 2002

	CO2
	476.6
	380.7
	367
	371.6
	363.1
	371.6
	348.2
	372.5
	361.6
	337.4
	329.7
	314.8
	317.8
	308.3
	319.1
	-33.0
	3.5

	CH4
	66
	58.8
	54.4
	52
	51.1
	51.8
	51.6
	47.3
	47.8
	49
	47.3
	45.9
	38.8
	37.8
	37.7
	-42.9
	-0.3

	N2O
	21.8
	19.4
	16.1
	15.6
	15.4
	15.6
	16.7
	16.7
	16.7
	16
	23.3
	23.9
	23.9
	22.6
	23.9
	9.6
	5.8

	HFC-23
	NE
	NE
	NE
	NE
	NE
	NE
	NE
	NE
	NE
	NE
	0.002
	0.002
	0.002
	0.002
	0.003
	NE
	2.3

	HFC-32
	NE
	NE
	NE
	NE
	NE
	NE
	NE
	NE
	NE
	NE
	0.001
	0.001
	0.001
	0.002
	0.004
	NE
	101.0

	HFC-125
	NE
	NE
	NE
	NE
	NE
	NE
	NE
	NE
	NE
	NE
	0.05
	0.08
	0.13
	0.17
	0.24
	NE
	40.5

	HFC-134a
	0.02
	NE
	NE
	NE
	NE
	NE
	0.02
	0.07
	0.19
	0.22
	0.43
	0.70
	0.96
	0.84
	1.06
	4617.4
	25.6

	HFC-152a
	NE
	NE
	NE
	NE
	NE
	NE
	NE
	NE
	NE
	NE
	0.001
	0.001
	0.001
	0.001
	0.002
	NE
	26.9

	HFC-143a
	NE
	NE
	NE
	NE
	NE
	NE
	NE
	NE
	NE
	NE
	0.06
	0.10
	0.17
	0.24
	0.31
	NE
	33.3

	HFC-227ea
	NE
	NE
	NE
	NE
	NE
	NE
	NE
	NE
	NE
	NE
	0.01
	0.00
	0.01
	0.00
	0.04
	NE
	924.3

	HFCs*
	0.02
	NE
	NE
	NE
	NE
	NE
	0.02
	0.07
	0.19
	0.22
	0.56
	0.89
	1.28
	1.26
	1.66
	8176.5
	31.7

	CF4
	0.72
	NE
	NE
	NE
	NE
	NE
	0.72
	0.68
	0.70
	0.70
	0.66
	0.61
	0.71
	0.23
	0.23
	-67.9
	-0.9

	C2F6
	0.10
	NE
	NE
	NE
	NE
	NE
	0.10
	0.10
	0.10
	0.10
	0.09
	0.09
	0.10
	0.03
	0.03
	-68.4
	-2.5

	C4F10
	NE
	NE
	NE
	NE
	NE
	NE
	0.00
	0.00
	0.03
	0.01
	0.02
	0.02
	0.07
	0.00
	0.00
	NE
	NE

	PFCs*
	0.82
	NE
	NE
	NE
	NE
	NE
	0.82
	0.77
	0.83
	0.81
	0.78
	0.72
	0.88
	0.27
	0.26
	-67.9
	-1.1

	SF6
	0.002
	NE
	NE
	NE
	NE
	NE
	0.002
	0.001
	0.003
	0.01
	0.02
	0.02
	0.02
	0.02
	0.02
	686.4
	2.2

	Total
	565.2
	458.9
	437.5
	439.1
	429.6
	439.0
	417.4
	437.4
	427.2
	403.5
	401.6
	386.2
	382.8
	370.2
	382.6
	-32.2
	3.3


* 1995 is the base year for HFCs, PFCs and SF6

Note: Totals may not sum due to independent rounding.

2.2  Emission trends by gas

Comparison of greenhouse gas emissions 2003 and 2002 

Changes of national emissions and sinks of GHGs in 2003 compared to 2002 were:

	CO2
	- net emission rise to 
	 113.8 %

	CH4
	- emission fall to
	 99.7 %

	N2O
	- emission rise to
	 105.8 %

	HFC
	- actual emission rise to
	131.9 %

	PFC
	- actual emission fall to
	98.9 %

	SF6
	- actual emission rise to
	102.2 %


Below results are discussed separately for each greenhouse gas with respect to 2003 emissions, change between 2003 and 2002 and the emission trends over the period 1988-2003.
Carbon dioxide (CO2)

In 2003, the net CO2 emissions (with LULUCF) were estimated as 293.2 million tonnes, while when sector 5. LUCF is excluded the figure reaches 319.1 million tones (figure 2.3 and table 2.8). The latter figure is 3.5% higher than in 2002. The main CO2 emission source is Fuel Combustion (1.A) subcategory. This sector contributed to the total CO2 emission by 96.2% in 2003. The shares of the main subcategories in 1.A were as follows: Energy industries - 57.1%, Manufacture Industries and Construction – 13.5%, Transport – 9.6% and Other Sectors – 15.3%. Sector 2. Industrial Processes contributed to the total CO2 emission by 3.6% in 2003. Mineral Products (especially Cement Production) is the main emission source in this sector. The CO2 emission/removal in LULUCF sector in 2003, was calculated to be approximately 25.9 million tones. It means that app. 8% of the total CO2 emissions are offset by CO2 uptake by forests. 

Generally, CO2 emissions have been decreasing during the period 1988, 1990-2003, mainly due to the drop of emission from Energy sector, particularly from coal combustion (figure 2.4). The most important CO2 emissions drop occurred in the years 1988-1990. This reduction was mainly the result of a decline in heavy industry. The reductions in next years were caused by decrease of coal share among combusted fuels. The other causes include modernization and restructuring of various industries,  which made the respective industry sectors be more energy-efficient.
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Figure 2.3 Carbon dioxide emission in 2003 by sector 

Emission from municipal waste incineration was estimated for the first time in the inventory for the year 2002. The estimation was based on the Background Paper from  – IPCC Expert Meeting on Good Practice Guidance and Uncertainty in National Greenhouse Gas Inventories, IPCC 2002. However, the share of this sub-sector in the total CO2 emission is insignificant (app. 0.004% in 2002). 

Table 2.8. Comparison of carbon dioxide emission in 2002 and 2003
	
	CO2 [Gg]
	2003/2002 in %

	Year
	2002
	2003
	

	TOTAL
	257 577
	293 178
	113.8

	1. Energy
	298 834
	307 100
	102.8

	A. Fuel Combustion 
	298 630
	306 887
	102.8

	1.  Energy Industries
	175 250
	182 213
	104.0

	2.  Manufacturing Industries and  Construction                          
	44 577
	43 189
	96.9

	3.  Transport
	29 553
	30 490
	103.2

	4.  Other Sectors
	48 263
	48 872
	101.3

	5.  Other
	988
	2 123
	214.9

	B. Fugitive Emissions from Fuels
	205
	213
	103.9

	1.  Solid Fuels
	0
	0 
	 

	2.  Oil and Natural Gas
	205
	213
	103.9

	2.  Industrial Processes
	9 432
	11 480
	121.7

	A.  Mineral Products
	8 218
	8 492
	103.3

	B.  Chemical Industry
	790
	2 354
	298.0

	C.  Metal Production
	424
	634
	149.5

	D.  Other Production
	
	 
	 

	G.  Other
	
	 
	 

	3.  Solvent and Other Product Use
	
	474
	 

	4.  Agriculture
	
	 
	 

	A.  Enteric Fermentation
	
	 
	 

	B.  Manure Management
	
	 
	 

	D.  Agricultural Soils
	
	 
	 

	F.  Field Burning of Agricultural Residues
	
	 
	 

	5.  Land-Use Change and Forestry
	-50 700
	-25 905
	51.1

	A.  Changes in Forest and Other Woody Biomass Stocks
	-45 582
	-18 945
	41.6

	B.  Forest and Grassland Conversion
	57
	36
	63.2

	C.  Abandonment of Managed Lands
	
	 
	 

	D.  CO2 Emissions and Removals from Soil
	-5 174
	-6 996
	135.2

	6.  Waste
	11
	29
	263.6

	A.  Solid Waste Disposal on Land
	
	 
	 

	B.  Wastewater Handling
	
	 
	 

	C.  Waste Incineration
	11
	29
	263.6
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Figure 2.4 Carbon dioxide emissions 1988, 1990-2003
Methane (CH4)

The CH4 emission amounted to 1794 Gg i.e. 37.7 million tones of CO2 equivalents in 2003 (figure 2.3 and table 2.9). Three of main CH4 emission sources include the following categories: Fugitive Emissions from Fuels, Waste and Agriculture. They contributed to 44.3%, 27.5% and 24.6% of the national methane emission in 2003 respectively. The emission from the first mentioned sector was covered by emission from Underground Mines (app.44% of total CH4 emission from 1.B. IPCC Category) and Natural Gas system (above 29% of emission from 1.B.). Disposal sites were identified as  key sources of CH4 emission in 6. source category. They contributed to 70% of the methane emission from Waste. The emission from Enteric Fermentation dominated in Agriculture and amounted to app. 90% of methane emission in this sector in 2003. 

The emission in 2003 was lower than in 2002 by 0.3%. This reduction is mainly the result of the drop by 7% in Waste category resulting from the decrease of the amount of solid waste deposited (by 7.8%). Methane emission from Agriculture has increased by 1.5% from 2002 to 2003, due to increased poultry population (now chicken younger than 6 months are also included in statistics). Fugitive emission in Energy sector was lower by 2.3% in 2003 compared to 2002. 

CH4 emission had decreased by app. 43% from base year to 2003. The reasons for that are as follow:

· the drop in emission from Enteric Fermentation by app. 51% due to decrease in livestock population

· the decrease in Fugitive Emission from Underground Mines by above 46% due to significant decline in hard coal mining 

· the decrease in emission from Waste by almost 53% due to variation in percentage composition of waste and changes of the landfill classification 
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Figure 2.5 Methane emission in 2003 by sector

Table 2.9 Comparison of methane emission in 2002 and 2003
	
	CH4 [Gg]
	2003/2002 in %

	Year
	2002
	2003
	

	TOTAL
	1 799.59
	1 794.58
	99.7

	1. Energy
	827.50
	845.08
	102.1

	A. Fuel Combustion 
	50.65
	50.23
	99.2

	1.  Energy Industries
	1.75
	1.79
	102.2

	2.  Manufacturing Industries and  Construction                          
	3.01
	3.06
	101.7

	3.  Transport
	4.80
	4.60
	95.8

	4.  Other Sectors
	41.06
	40.71
	99.1

	5.  Other
	0.03
	0.07
	255.2

	B. Fugitive Emissions from Fuels
	776.85
	794.85
	102.3

	1.  Solid Fuels
	568.48
	563.96
	99.2

	2.  Oil and Natural Gas
	208.37
	230.89
	110.8

	2.  Industrial Processes
	6.01
	14.04
	233.6

	A.  Mineral Products
	0.00
	0.00
	 

	B.  Chemical Industry
	3.87
	11.54
	298.0

	C.  Metal Production
	2.14
	2.50
	116.9

	D.  Other Production
	
	
	

	G.  Other
	
	
	

	3.  Solvent and Other Product Use
	
	
	

	4.  Agriculture
	435.27
	441.97
	101.5

	A.  Enteric Fermentation
	397.62
	397.18
	99.9

	B.  Manure Management
	36.49
	43.72
	119.8

	D.  Agricultural Soils
	
	
	

	F.  Field Burning of Agricultural Residues
	1.15
	1.07
	92.6

	5.  Land-Use Change and Forestry
	0.19
	0.11
	55.7

	A.  Changes in Forest and Other Woody Biomass Stocks
	
	
	

	B.  Forest and Grassland Conversion
	0.19
	0.11
	55.7

	C.  Abandonment of Managed Lands
	
	
	

	D.  CO2 Emissions and Removals from Soil
	
	
	

	6.  Waste
	530.61
	493.38
	93.0

	A.  Solid Waste Disposal on Land
	425.72
	392.65
	92.2

	B.  Wastewater Handling
	104.89
	100.73
	96.0

	C.  Waste Incineration
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Figure 2.6 Methane emissions 1988, 1990-2003
Nitrous oxide (N2O)

The nitrous oxide emissions in 2003 were 77.2.0 Gg i.e. 23.9 million tonnes of CO2 equivalents (figure 2.7 and table 2.10). The main N2O emission sources and its shares in total N2O emission in 2003 are: Agricultural Soils – 44.2%, Manure Management – 24.3%,  Industrial Processes – 18.4%, Fuel Combustion – 9.7% and  Wastewater Handling – 3.3%. The emission was higher than in 2002 (by 5.9%). This was caused primarily by 18.3% growth in sector 2.B Chemical Industry and 3.6% in Agriculture sector (animal waste).

The N2O remained fairly stable over the entire period 1988-2003 (figure 2.8). The significant increase in the last five inventoried years (1999-2003), is the result of the addition of the N2O emissions from Manure Management and from Wastewater Handling, which had not been estimated for the proceeding years. In case of Manure Management, the N2O emissions had been estimated only for 1999-2003 and for 2000-2003 in case of human sewage. For that reason, recalculation of the emissions for previous years is necessary, and is scheduled in  2006. 
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Figure 2.7  Nitrous oxide emission in 2003 by sector

Table 2.10. Comparison of nitrous oxide emission in 2002 and 2003
	
	N2O [Gg]
	2003/2002 in %

	Year
	2002
	2003
	

	TOTAL
	73.01
	77.21
	105.8

	1. Energy
	7.35
	7.49
	101.9

	A. Fuel Combustion 
	7.35
	7.49
	101.9

	1.  Energy Industries
	2.50
	2.58
	103.2

	2.  Manufacturing Industries and  Construction                          
	0.96
	0.92
	95.8

	3.  Transport
	1.96
	2.03
	103.6

	4.  Other Sectors
	1.92
	1.93
	100.5

	5.  Other
	0.01
	0.03
	300.0

	B. Fugitive Emissions from Fuels
	
	 
	 

	1.  Solid Fuels
	
	 
	 

	2.  Oil and Natural Gas
	
	 
	 

	2.  Industrial Processes
	12.00
	14.2
	118.3

	A.  Mineral Products
	
	
	 

	B.  Chemical Industry
	12.00
	14.2
	118.3

	C.  Metal Production
	
	
	 

	D.  Other Production
	
	 
	 

	G.  Other
	
	 
	 

	3.  Solvent and Other Product Use
	
	 
	 

	4.  Agriculture
	51.10
	52.96
	 

	A.  Enteric Fermentation
	
	 
	 

	B.  Manure Management
	17.43
	18.80
	 

	D.  Agricultural Soils
	33.61
	34.11
	 

	F.  Field Burning of Agricultural Residues
	0.06
	0.05
	 

	5.  Land-Use Change and Forestry
	
	
	 

	A.  Changes in Forest and Other Woody Biomass Stocks
	
	 
	 

	B.  Forest and Grassland Conversion
	
	 
	 

	C.  Abandonment of Managed Lands
	
	 
	 

	D.  CO2 Emissions and Removals from Soil
	
	 
	 

	6.  Waste
	2.56
	2.56
	100.0

	A.  Solid Waste Disposal on Land
	
	 
	 

	B.  Wastewater Handling
	2.56
	2.56
	 100.0

	C.  Waste Incineration
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Figure 2.8 Nitrous oxide emissions 1988, 1990-2003
Industrial gases

The total emission of HFCs in 2003 was 1.66 million tonnes of CO2 equivalents. HFCs emissions in 2003 were by 31.7% higher than in 2002. The emissions of HFCs-gases had increased 74 times between the base year (1995) and 2003 (figure 2.9). This significant growth of HFCs emission in recent years is mainly due to the increase of emission from refrigeration and air conditioning equipment. 

The total emission of PFCs in 2003 was 0.26 million tonnes of CO2 equivalents. PFCs emissions in 2003 were by app. 1.1% lower than in 2002. The emission decrease was caused by applying (beginning with 2002 inventory) much lower emission factors for CF4 and C2F6 emission for primary aluminium production, from 2.0 and 0.2 kg/Mg to 0.61 and 0.061 kg/Mg, respectively. The previously used EFs were based on Revised 1996 IPCC Guidelines, while the newer ones are taken from GPG2000. The emissions of PFCs-gases had decreased by 68% between the base year (1995) and 2003 (figure 2.9). It is due to the growth in aluminium production and in the use of C4H10 for manufacturing of fire extinguishers. The emission of PFCs had fluctuated to a limited extend in recent years, and basically followed the trends in aluminium production - its main source.
The total emission of SF6 in 2003 was 0.02 million tones of CO2 equivalents. SF6 emissions in 2003 were by 2.2% higher than in 2002 and more than 7 time higher than in 1995. Leakage from Gas Insulation Systems used in aerial substations of high (higher than 110 kV) voltage power lines, is the main SF6 emission source. Insignificant emission of SF6 occurs during production of soundproof windows.

Large percentage increase of industrial F-gas emissions, compared to the base year, does not influence significantly the national total GHG emission trend, because all the industrial gases together contributed merely less than 0.6% to national total in 2003.
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Figure 2.9 HFCs, PFCs and SF6 emissions in 1988, 1990-2003
2.3 Emission trends by source

Table 2.11  Total emissions of greenhouse gases by sources and CO2 removals for the years 
       1988-2003 [Mt of CO2 equivalents]
	GHG emission and sink categories
	1988
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002
	2003

	Energy
	492.5
	394.9
	379.7
	380.0
	375.5
	384.1
	360.8
	386.8
	374.0
	347.6
	338.8
	321.9
	327.2
	318.5
	327.2

	Industrial Processes
	20.1
	14.5
	13.5
	14.8
	13.5
	14.1
	16.1
	15.0
	16.8
	15.7
	16.1
	18.5
	17.3
	14.8
	18.1

	Solvent and Other Product Use
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.5

	Agriculture
	31.5
	30.5
	26.3
	24.5
	23.1
	22.8
	22.7
	21.9
	22.2
	21.9
	27.9
	26.4
	25.8
	25.0
	25.7

	Land-Use Change and Forestry (7)
	-34.7
	-44.7
	-42.8
	-40.8
	-40.2
	-41.9
	-42.9
	-42.6
	-40.5
	-29.8
	-43.5
	-43.1
	-53.6
	-50.7
	-25.9

	Waste
	20.3
	19.0
	17.9
	19.8
	17.5
	18.0
	17.8
	13.7
	14.2
	18.3
	19.0
	19.4
	12.4
	11.9
	11.2


Energy

The emission of GHGs from Energy sector in 2003 was lower by 34% than in base year and higher by almost 3% than in 2002. The contribution of this sector  to the total GHG emission in 2003 amounted to app. 86%. CO2 emission made app. 94% of the total GHG emissions from Energy sector in 2003. The coal combustion has dominated in GHG emissions from Energy. The percentage share of CO2 emission only from this process has been assessed at 62% in total GHG emission from Energy sector in 2003 (it means above 50% in total national GHG emission). The detailed information on GHG emission in Energy sector in 2003 is shown in table 2.12. The shares of the given subcategories in Energy sector GHG emissions were as follow: Fuel Combustion Activities – 95% (Energy Industry – 56%, Manufacturing Industry and Construction – 13%, Transport – 10%, Other Sectors – 15%), and Fugitive Emission from Fuels – 5% (Solid Fuels – 4% , Oil and Natural Gas – 2%). 

Generally, GHG emissions have decreased in period 1988-2003. The most important emissions drop has occurred in 1988-1990. This reduction is mainly the result of decline in industry. The reductions in next years have been achieved by coal share decrease in combusted fuels. The other causes of them are as follow: modernization and restructuring of industry, which made industry sectors more energy-efficient. 

Table 2.12  GHG emissions from sub-sectors in category Energy in 2003
	GHG emission categories
	GHG

Emission
[Tg CO2-eq]
	% Share
in the total
emission
from Energy
	% Share in total GHG emission from a given 
sub-sector

	
	
	
	CO2
	CH4
	N2O

	Total Energy
	327.2
	100
	94
	5
	1

	A. Fuel Combustion Activities 
	310.3
	95
	99
	0
	1

	1. Energy Industries
	183.0
	56
	100
	0
	0

	a.  Public Electricity and Heat Production
	171.6
	52
	100
	0
	0

	b.  Petroleum Refining
	5.2
	2
	100
	0
	0

	c.  Manufacture of Solid Fuels and Other 
Energy Industries
	6.3
	2
	100
	0
	0

	2. Manufacturing Industries and Construction
	43.5
	13
	99
	0
	1

	a.  Iron and Steel
	14.8
	5
	99
	0
	1

	b.  Non-Ferrous Metals
	1.4
	0
	99
	0
	1

	c.  Chemicals
	4.8
	1
	99
	0
	1

	d.  Pulp. Paper and Print
	1.7
	1
	97
	1
	2

	e.  Food Processing. Beverages and Tobacco
	6.1
	2
	99
	0
	1

	f.  Other 
	14.9
	5
	99
	0
	1

	3. Transport
	31.2
	10
	98
	0
	2

	a.  Civil Aviation
	0.0
	0
	98
	0
	1

	b.  Road Transportation
	29.7
	9
	98
	0
	2

	c.  Railways
	0.5
	0
	98
	0
	2

	d.  Navigation
	0.5
	0
	98
	0
	2

	e.  Other Transportation 
	0.5
	0
	97
	1
	2

	4. Other Sectors
	50.3
	15
	97
	2
	1

	a.  Commercial/Institutional
	8.4
	3
	99
	0
	1

	b.  Residential
	30.4
	9
	97
	2
	1

	c.  Agriculture/Forestry/Fisheries
	11.5
	4
	97
	1
	1

	5. Other 
	2.1
	1
	100
	0
	0

	B. Fugitive Emissions from Fuels
	16.9
	5
	1
	99
	0

	1.  Solid Fuels
	11.8
	4
	0
	100
	0

	a.  Coal Mining
	11.8
	4
	0
	100
	NE

	b.  Solid Fuel Transformation
	 NE
	NE
	NE 
	NE 
	NE

	c.  Other 
	0.0
	0
	0
	0
	0

	2. Oil and Natural Gas
	5.1
	2
	4
	96
	0

	a.  Oil
	0.2
	0
	83
	17
	NO

	b.  Natural Gas
	4.8
	1
	0
	100
	NO

	c.  Venting and Flaring
	0
	0
	0
	0
	 0

	Venting
	0
	0
	0
	0
	 NO

	Flaring
	0
	0
	0
	0
	 0

	d. Other
	0
	0
	0
	0
	 0


Industrial Processes

Table 2.13 shows detailed information on emissions of CO2, CH4 and N2O in Industrial Processes sector in 2003. The emission of GHG from Industrial Processes sector in 2003 was lower by 10% than in base year, and higher by 22% than in 2002. The contribution of this sector to the total GHG emission in 2003 has been estimated as app. 4%. The main GHG emission sources in this category were: production processes of cement, nitric acid and lime. The emissions of HFCs, PFCs and SF6 were relatively low (all together 1.9 Tg CO2-eq). Their share have been estimated as 12% in total GHG emissions from Industrial Processes in 2003.

Table 2.13  The emissions of CO2, CH4 and N2O from sub-sectors in category Industrial 
        Processes in 2003
	GHG emission categories 
	GHG

Emission
[Tg CO2-eq]
	% share
in the total
emission
from Industrial Processes
	% share in total GHG emission from a given
 sub-sector

	
	
	
	CO2
	CH4
	N2O

	Total Industrial Processes
	16.2
	100
	71
	2
	27

	A.  Mineral Products
	8.5
	53
	100
	NO
	NO

	1.  Cement Production
	5.8
	36
	100
	NO
	NO

	2.  Lime Production
	1.6
	10
	100
	NO
	NO

	3.  Limestone and Dolomite Use
	 NE
	NE
	NE
	NO
	NO

	4.  Soda Ash Production and Use
	0.4
	2
	100
	NO
	NO

	5.  Asphalt Roofing
	 NE
	NE
	NE 
	NO
	NO

	6.  Road Paving with Asphalt
	 NE
	NE
	NE 
	NO
	NO

	7.  Other 
	0.7
	4
	100
	0
	0

	B.  Chemical Industry
	7.0
	43
	34
	3
	63

	1.  Ammonia Production
	2.6
	16
	91
	9
	NO

	2.  Nitric Acid Production 
	4.1
	25
	NO
	NO
	100

	3.  Adipic Acid Production
	 NO
	NO
	NO 
	NO 
	NO

	4.  Carbide Production
	0.0
	0
	100
	0
	NO

	5.  Other 
	0.4
	2
	0
	1
	98

	C.  Metal Production
	0.7
	4
	92
	8
	0

	1.  Iron and Steel Production
	0.2
	1
	76
	24
	NO

	2.  Ferroalloys Production
	0.4
	2
	100
	NE
	NO

	3.  Aluminium Production
	0.1
	1
	100
	NE
	NO

	4.  SF6 Used in Aluminium and Magnesium 
Foundries
	NO
	NO
	NO
	NO 
	NO 

	5.  Other 
	0.0
	0
	0
	0
	0

	D.  Other Production
	 NE
	 NE
	 NE
	NO
	NO

	1.  Pulp and Paper
	NO
	NO
	NO
	NO
	NO

	2.  Food and Drink
	NE
	NE
	NE
	NO
	NO

	G.  Other 
	0
	0
	0
	0
	0


Solvent and Other Use 

The emissions of GHG from Solvent and Other Use sector were only calculated for year 2003. Recalculation for other years is planned later in 2005. The contribution of this sector to the total GHG emission of CO2 in 2003 has been estimated as app. 0.16%. The main sources of GHG in Solvent and Other Use were Paint Application (50%) and Other (34%). No calculations for emissions of N2O were made in year 2003.

CO2 emission was calculated from the amount of NMVOC, assuming that quantity of carbon in NMVOC is 85%. The amount of carbon (0.85) was stoichiometric calculated to CO2 (0.85*44/12). The following equation is applied:

CO2 emission = 0,85 * 44/12 * NMVOC emission.
Table 2.14  GHG emissions from sub- sectors in Solvent and Other Use category in 2003
	GHG emission categories 
	GHG

Emission
[Tg CO2-eq]
	% share
in the total
emission
from Solvent and Other Product Use
	% share in total GHG emission from a given sub- sector

	
	
	
	CO2
	N2O

	Total Solvent and Other Product Use
	0.5
	100
	100
	0

	A.  Paint Application
	0.2
	50
	100
	NE

	B.  Degreasing and Dry Cleaning
	0.1
	16
	100
	NE

	C.  Chemical Products. Manufacture and Processing
	NO
	NO
	NO
	NO

	D.  Other (please specify)
	0.2
	34
	100
	NE


Agriculture

The emission of GHG from Agriculture sector in 2003 was lower by 18% than in base year and higher by 3% than in 2002 (table 2.15). The contribution of this sector to the total GHG emission in 2003 has been estimated as app. 6.7%. N2O emission share was largest in total GHG emission from Agriculture in 2003. The main sources of GHG in Agriculture were: Agricultural Soils, Enteric Fermentation and Manure Management. GHG emission from Agriculture has increased from 2002 to 2003, mainly due to increased poultry population (now chicken younger than 6 months are also included in statistics). The significant growth of GHG emission in Agriculture sector in 1999, is the result of addition of the N2O emission from Manure Management to the total sectoral emission. Since N2O emission from the mentioned category has been estimated only for 1999-2003, the recalculation of the emissions for previous years is necessary. This task is scheduled in 2006.
Table 2.15  GHG emissions from sub- sectors in Agriculture category in 2003
	GHG emission categories 
	GHG

Emission
[Tg CO2-eq]
	% share
in the total
emission
from Agriculture
	% share in total GHG emission from a given sub- sector

	
	
	
	CH4
	N2O

	Total Agriculture
	25.7
	100
	36
	64

	A.  Enteric Fermentation
	8.3
	32
	100
	NO

	B.  Manure Management
	6.7
	26
	14
	86

	C.  Rice Cultivation
	0
	0
	0
	NO

	D.  Agricultural Soils 
	10.6
	41
	0
	100

	E.  Prescribed Burning of Savannas
	NO
	NO
	NO
	NO

	F.  Field Burning of Agricultural Residues 
	0.0
	0
	57
	43

	G.  Other 
	0.0
	0
	0
	0


Waste

The emission of GHG from Waste sector in 2003 was lower by 45% than in 1988 and by 6% than in 2002. The contribution of this sector to the total GHG emission in 2003 amounted to 3.3%. As it can be seen in table 2.16, the emission of CH4 dominated in this sector in 2003. The main part of GHG emissions came from Solid Waste Disposal on Land. The significant changes in the GHG emission values from Waste, are mainly due to decrease in activity data in sector Solid Waste Disposal on Land. The N2O emissions from the Humane Sewage have been estimated only for the period 1999-2003. For the reasons mentioned above, recalculations of the emissions for previous years are necessary.

Table 2.16 GHG emissions from sub-sectors in Waste category in 2003
	GHG emission categories 
	GHG

Emission
[Tg CO2-eq]
	% share
in the total
emission
from Waste
	% share in total GHG emission from a given sub-sector

	
	
	
	CO2
	CH4
	N2O

	Total Waste 
	11.2
	100
	<0.3
	93
	7

	A.  Solid Waste Disposal on Land
	8.2
	74
	0
	100
	NO

	1.  Managed Waste Disposal on Land
	1.0
	9
	 NE
	100
	NO

	2.  Unmanaged Waste Disposal Sites
	7.3
	65
	0
	100
	NO

	3.  Other 
	0.0
	0
	0
	0 
	NO

	B.  Wastewater Handling
	2.9
	26
	NO
	73
	27

	1.  Industrial Wastewater
	1.2
	11
	NO
	100
	 NE

	2.  Domestic and Commercial Wastewater
	1.7
	16
	NO
	54
	46

	3.  Other 
	0.0
	0
	NO
	0
	0 

	C.  Waste Incineration 
	0.0
	0
	100
	0
	0

	D.  Other 
	0.0
	0
	0
	0
	0


2.4 Emission trends for indirect greenhouse gases (CO, NOx and NMVOC) and SO2 

Precursors of greenhouse gases e.g. NOx, CO and non-methane volatile organic compounds - NMVOC, through their influence on the greenhouse gases, have an indirect effect on climate. The presence of SO2 in the atmosphere influences the climate by increasing the number of secondary aerosols, which have been found to have a cooling effect. Figure 2.10 shows trends of emissions of SO2, NOx, NMVOC (1980-2003) and CO (1990-2003). Emissions of SO2 decreased by 66% between 1980 and 2003, and 57% between 1990 and 2003. Most of the reductions were caused by the decline of the heavy industry in the late 1980s and early 1990s. In late 1990s the emissions declined because of the diminished share of coal (hard and brown) among fuels used for power and heat generation. 

Emissions of NOX decreased by 34.2% between 1980 and 2003, and 36.8% between 1990 and 2003. Similar to sulfur dioxide, most of the reductions were caused by the decline of the heavy industry and lower share of coal in the late 1980s and early 1990s. Increasing emissions from road traffic contribute to the national total, and cause comparatively lower emission  reductions than in case of SO2. Emissions of NMVOC decreased by 43.5% between 1980 and 2002, and 29.5% between 1990 and 2003. In 1981, there was a drop of NMVOC emission compared to 1980, but already in 1983 emissions began to grow and reached the maximum in 1988 - 1989. In 1990, there was a significant decrease of emissions, followed by a period of fairly stable emissions until 1997. Then the emissions began to fall again until the year 2001. From 1990 to 2000 the emissions of CO have decreased by 52 per cent, mainly because of the same reasons as the described above decline in emissions of SO2 and NOx. 

Figure 2.10  Emissions of SOX, NOX, NMVOC (1980-2003), and CO (1990-2003).
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3. Recalculations 

No recalculations have been performed yet. However, several new source categories were included into the GHG inventory that had not been accounted for earlier. For these source categories backward calculations will be necessary for the years between 1988 until 1998/1999/2000. These source categories include, in particular:

· N2O emission from animal manure management (Agriculture); only 1999-2003 data available so far in CRF format
· CH4 emission from solid waste disposal on land (Waste); only 2001-2003 data based on domestic research available
· N2O emission from human sewage (Waste); only 2000-2003 data available
Also, the time series (1995-2001) will have to be recalculated due to introduction of newer EFs in case of:

· PFCs emission from aluminium production and 
· HFCs emission from production and use of mobile ACs.
Moreover, the entire inventory for the base year (1988) is going to be reviewed and updated. The new updated version of the 1988 inventory will be based on the Revised IPPC Guidelines (IPCC 1997). The current estimates for 1988 were made based on Draft IPCC guidelines from 1996.
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