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PREFACE

The Environmental Agency of the Republic of Slovenia is in accordance with the Slovenian legislation charged with both the overall coordinating of activities that are necessary for the development of emission inventories, as well as with implementing inventories for the purposes of reporting to the United Framework Convention on Climate Change (UNFCCC) and to the European Commission. The Republic of Slovenia is as a party to the convention obligated to make annual GHG emission inventories and to report them.

In 2004, Slovenia has established a uniform and sustainable system for making inventories that will enable a timely fulfilment of reporting duties, including the filling in of CRF tables as well as making the reports. Thus in 2004, the Republic of Slovenia has for the first time submitted data on emissions in the laid-down format (CRF) to the Secretariat, and in calculating emissions, all remarks of the UNFCCC review processes given so far, have been taken into account. This NIR is therefore the second after 1996, which both in terms of its contents and its form is harmonized with the recommendations of the Secretariat.

Notwithstanding the efforts made so far to improve the inventories, we are aware that there are areas that will call for upgrading and improving in the future. In order to improve the process of developing inventories, in 2005, a QA/QC plan and a Manual of Procedures have been prepared. Within the framework of preparing inventories for 2003, we have already marked both activity data and emission factors that will have to be completed and upgraded in the future and actions to this effect are already under way. 

For the support and completion of this National Inventory Report we would also like to thank to the GEF Project “Capacity Building for Improving GHG Inventories”   

This project has been lead by:

Matej Gasperič 

Specific responsibilities for the NIR 2003 have been as follows:

Executive Summary


Matej Gasperič
Introduction



Matej Gasperič

Trends in greenhouse emissions
Matej Gasperič

Energy




Matej Gasperič
Industrial processes


Tajda Mekinda Majaron

Solvent use



Tajda Mekinda Majaron

Agriculture



Tajda Mekinda Majaron

LUCF




Primož Simončič

Waste




Tajda Mekinda Majaron

Recalculation and Annexes

Matej Gasperič
CFR Tables



Matej Gasperič, Tajda Mekinda Majaron



TABLE OF CONTENTS

6EXECUTIVE SUMMARY


6ES.1. Background information on greenhouse gas inventories and climate change


7ES.2. Summary of national emissions and removal related trends


9ES.3. Overview of source and sink category emission estimates and trends


11ES.4. Overview of Emission Estimates and Trends of Indirect GHGs and SO2


12INTRODUCTION


121.1
Background information on greenhouse gas inventories and climate


141.2
A description of the institutional arrangement for inventory preparation


161.3
Brief description of the process of inventory preparation


171.4
Brief general description of methodologies and data sources used


211.5
Brief description of key source categories


231.6
Information on the QA/QC plan including verification and treatment of confidentiality issues where relevant


231.7
General uncertainty evaluation, including data on the overall uncertainty for the inventory totals


231.8
General assessment of the completeness


252
TRENDS IN GREENHOUSE GAS EMISSIONS


252.1
Description and interpretation of emission trends for aggregated greenhouse gas emissions


262.2
Description and interpretation of emission trends by gas


282.3
Description and interpretation of emission trends by source


302.4
Description and interpretation of emission trends for indirect greenhouse gases and SO2


313
ENERGY (CRF sector 1))


313.1
Overview of sector


323.2
Fuel combustion (CRF 1.A)


323.2.1
Comparison of the sectoral approach with the reference approach


333.2.2
International bunker fuels


333.2.3
Feedstocks and non-energy use of fuels


353.2.4
CO2 capture from flue gases and subsequent CO2 storage


353.2.5
Country-specific issues


353.2.6
Energy Industries


663.2.7
Transport (IPCC: I A 3)


743.2.8
Other sector (IPCC: I A 4)


893.3
Fugitive emissions from solid fuels and oil and natural gas (CRF 1.B)


893.3.1
Solid Fuels (IPCC: I B I)


923.3.2
Oil and Natural Gas (IPCC: I B 2)


974
INDUSTRIAL PROCESSES (CRF sector 2)


984.1
Cement Production


984.1.1
Source category


984.1.2
Methodological issues


1004.1.3
Uncertainties and time-series consistency


1004.1.4
Source specific recalculations


1004.2
Lime Production


1004.2.1
Source category description


1004.2.2
Methodological issues


1014.2.3
Uncertainties and time-series consistency


1014.2.4
Source-specific planned improvements


1024.3
Limestone and Dolomite Use


1024.3.1
Source category description


1024.3.2
Methodological issues


1024.3.3
Uncertainties and time-series consistency


1024.3.4
Source-specific planned improvements


1024.4
Soda ash production and use


1024.4.1
Source category description


1034.4.2
Methodological issues


1034.4.3
Uncertainties and time-series consistency


1034.5
Production and use of Miscellaneous Mineral Products


1034.5.1
Source category description


1034.5.2
Methodological issues


1044.5.3
Uncertainties and time-series consistency


1044.6
Nitric acid Production


1044.6.1
Source category description


1044.6.2
Methodological issues


1044.7
Carbide Production


1044.7.1
Source category description


1054.7.2
Methodological issues


1064.7.3
Uncertainties and time-series consistency


1064.7.4
Source specific recalculations


1064.8
Production of Other Chemicals


1064.8.1
Source category description


1064.8.2
Methodological issues


1074.8.3
Uncertainties and time-series consistency


1074.9
Iron and Steel Production


1074.9.1
Source category description


1084.9.2
Methodological issues


1094.9.3
Uncertainties and time-series consistency


1094.9.4
Source specific recalculations


1104.10
Ferroalloys Production


1104.10.1
Source category description


1104.10.2
Methodological issues


1114.10.3
Uncertainties and time-series consistency


1114.11
Aluminium Production


1114.11.1
Source category description


1124.11.2
Methodological issues


1134.11.3
Uncertainties and time-series consistency


1134.12
Other Metal Production (IPCC: 2 C 5)


1144.13
Pulp and Paper Industries


1144.13.1
Source category description


1144.13.2
Methodological issues


1144.14
Food and Drink


1144.14.1
Source category description


1144.14.2
Methodological issues


1144.14.3
Uncertainties and time-series consistency


1144.15
Emissions Related to Consumption of Halocarbons and Sulphur Hexafluoride


1154.15.1
Source category description


1174.15.2
Methodological issues


1214.15.3
Source-specific planned improvements


1225
SOLVENT AND OTHER PRODUCT USE (CRF sector 3)


1225.1
Solvent use


1225.1.1
Source category description


1225.1.2
Methodological issues


1245.2
Other products use


1255.2.1
Uncertainties and time-series consistency


1255.2.2
Source-specific planned improvements


1266
AGRICULTURE (CRF sector 4)


1266.1
CH4 Emissions from Enteric Fermentation


1266.1.1
Source category description


1276.1.2
Activity data and methodological issues


1336.1.3
Uncertainties and time-series consistency


1336.1.4
Source-specific recalculations


1336.2
CH4 Emissions from Manure Management


1336.2.1
Source category description


1356.2.2
Methodological issues


1376.2.3
Uncertainties and time-series consistency


1376.2.4
Source-specific recalculations


1386.3
N2O Emissions from Manure Management


1386.3.1
Source category description


1386.3.2
Methodological issues


1396.3.3
Uncertainties and time-series consistency


1396.3.4
Source-specific recalculations


1406.4
Emissions from Agricultural Soils


1406.4.1
Direct N2O Emissions from Agricultural Soil


1436.4.2
Nitrous oxide emissions from grazing animals


1446.4.3
Indirect N2O emissions from Agricultural Soil


1467
LUCF (CRF sector 5)


1467.1
Source category description


1477.2
Methodological issues


1477.2.1
Changes in Forest and Other Woody Biomass Stocks


1507.2.2
Regrowth of Abandoned Managed Lands


1517.2.3
CO2 Emission Due to Land-use Change


1537.3
Uncertainties and time-series consistency


1537.4
Source-specific planned improvements


1548
WASTE (CRF sector 6)


1548.1
CH4 Emissions from Solid Waste Disposal sites


1548.1.1
Source category description


1548.1.2
Methodological issues


1608.1.3
Uncertainties and time-series consistency


1608.1.4
Source specific recalculations


1608.2
Emissions from Wastewater Handling


1608.2.1
Source category description


1618.2.2
Methodological issues


1688.2.3
Uncertainties and time-series consistency


1688.2.4
Source-specific recalculations


1688.2.5
Source-specific planned improvements


1699
RECALCULATIONS AND IMPROVEMENTS


1699.1
Explanations and justifications for recalculations


1699.2
Implications for emission levels


1709.3
Implications for emission trends


17110
SOURCES AND LITERATURE




Annex 1
Annex 3

Annex 5

Annex 7

CRF Tables 2003
EXECUTIVE SUMMARY

ES.1. Background information on greenhouse gas inventories and climate change 

The methodology for the calculation of greenhouse gases kept developing all the time and is even today a project under development. In the IPCC inventory of greenhouse gases for Slovenia, the 1996 version was applied (Intergovernmental Panel on Climate Change: Greenhouse Gas Inventory - Reference manual, UNEP-OECD-IEA-IPCC, Bracknell 1996), which in some parts also takes into account the emissions of direct greenhouse gases that have been encompassed by the Kyoto Protocol (CF4, C2F6, PFCs, HFCs and SF6).

The guidelines for the implementation of the inventory of greenhouse gases contain prescribed methods for calculation of emissions, providing a unified framework for reporting and documenting sources for all inventories. One of the main aims of this method is to ensure comparability of data gathered in individual states and that calls for a definition of at least a minimum scope of equal methods, criteria, and estimating procedures. These guidelines come in three volumes, which together are a complete set of recommended methods for estimating emissions. 

With regard to the activities that are sources of pollution, the guidelines are divided into 6 areas: 

· Energy

· Industrial processes 

· Solvent and other product use

· Agriculture

· Forestry and land-use change

· Waste.

The degree of completion of IPCC guidelines for the calculation of emissions varies for individual gases. Guidelines for the calculation of emissions of CO2 have been laid down for almost all activities, while for other gases methods have been laid down only for major sources. This is a sign of the global nature of IPCC methodology – including particularly those gases and methods, which are major polluters on a global level – inventories that are important on a national level should be constructed by individual states themselves. 

ABBREVIATIONS USED: 

CORINAIR- the Atmospheric Emission Inventory for Europe

DEE – National Emission Inventories 

DGP – Working Materials of the Statistical Office of the Republic of Slovenia 

EMEP - Co-operative Programme for Monitoring and Evaluation of the Long Range Transmission of Air Pollutants in Europe

EC – EMEP-CORINAIR (jointly published publication)

HMZ – Hydrometeorological Institute of the Republic of Slovenia

IEA – International Energy Agency

IPCC - Intergovernmental Panel on Climate Change

LEG – Annual Energy Statistics of the Energy Sector of the Republic of Slovenia

LPI – Annual Industry Survey

MOP – Ministry of the Environment and Physical Planning

OECD – Organisation for Economic Co-operation and Development

SL – Statistical Yearbook of the Republic of Slovenia

UNEP – United Nations Environmental Programme

ES.2. Summary of national emissions and removal related trends

In 2003, total GHG emissions accounted for 19.80 Tg CO2 equ. (1.9% below base year 1986). The biggest fraction among gases belongs to CO2 (81.3%), followed by CH4 with 10.0%, N2O with 7.6% and F–gases with 1.1% of GHG emissions. The largest fraction in emissions among the sectors belongs to the energy sector (79.7%), agriculture accounts for 9.9% of total GHG emissions, industrial processes for 5.9%,  waste for 4.1% and solvent and other product use for 0.4%. The most important emission source in energy sector with 97.8% of emissions is the fuel combustion sub-sector, which is split further into energy supply (40.1%), transport (26.6%), Other
 (18.7%), and Industry and Construction sectors (14.5%). CO2 emission sinks due to the Land Use Change and Forestry are assumed to amount to 5.6 Tg.

Compared to the base year, the greatest fraction increase has been that of CO2 emissions, namely from 79.2% in 1986 to 81.3% in 2003.

As a result of the restructuring of economy and the process of gaining independence, the lowest emission level was reached in 1992. The first peak was reached in 1997 because of low fuel prices in Slovenia, which increased motor fuel purchases by foreigners, while the second peak was reached in 2002, due to lower electricity production in hydroelectric power plants, which was made up for by increased electricity production in thermal power plants. In 2003, GHG emissions were 1.9% below the emissions in 1986.
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Figure 0.1: GHG emissions in Slovenia in 1986, 1990-2003

*Note: Values between 1986 and 1990 are interpolated

Table 0.1: Slovenian GHG emissions and removals by gas

	GREENHOUSE GAS EMISSIONS
	1986
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002
	2003
	INDEX 03/86

	
	CO2 equivalent (Gg)
	

	Net CO2 emissions/removals 
	13.0445
	10.288
	8.841
	8.431
	8.828
	8.612
	9.111
	10.040
	10.490
	10.240
	9.594
	9.678
	10.661
	10.730
	10.542
	-19,2%

	CO2 emissions (without LUCF) (6)
	15.995
	14.626
	13.592
	13.519
	14.003
	13.945
	14.787
	15.601
	16.052
	15.801
	15.155
	15.239
	16.223
	16.292
	16.103
	0,7%

	CH4
	2.247
	2.173
	2.074
	2.147
	2.050
	2.040
	2.028
	1.967
	1.978
	1.994
	2.002
	2.041
	1.969
	2.011
	1.974
	-12,2%

	N2O
	1.659
	1.502
	1.372
	1.528
	1.405
	1.420
	1.441
	1.432
	1.442
	1.461
	1.512
	1.532
	1.523
	1.544
	1.503
	-9,4%

	HFCs
	0,00
	0
	0
	0
	0
	0
	31
	30
	38
	34
	34
	45
	56
	69
	83
	-

	PFCs
	276
	257
	303
	243
	251
	282
	286
	240
	194
	149
	106
	106
	106
	116
	119
	-56,9%

	SF6
	7
	7
	7
	7
	7
	7
	25
	22
	21
	21
	21
	21
	21
	21
	21
	193,3%

	Total (with net CO2 emissions/removals)
	17.235
	14.227
	12.596
	12.356
	12.541
	12.361
	12.923
	13.730
	14.162
	13.899
	13.269
	13.422
	14.336
	14.491
	14.241
	-17,4%

	Total (without CO2 from LUCF) (6) (8)
	20.185
	18.566
	17.347
	17.444
	17.716
	17.694
	18.598
	19.291
	19.724
	19.460
	18.830
	18.983
	19.898
	20.053
	19.803
	-1,9%


ES.3. Overview of source and sink category emission estimates and trends

In accordance with UNFCCC Reporting Guidelines, inventories are grouped into six emission categories: Energy, Industrial Processes, Solvent use, Agriculture, Land-Use Change and Forestry, and Waste.

Of all sectors, the most important sector is Energy with a lion’s share of 79.7% of all emissions of GHG. Within this sector, the biggest fractions are Electricity and Heat Production with 40.1%, and Traffic with 26.6%, where road traffic accounts for 98.9% of all traffic emissions, followed by Households and Other Commercial Usage with 17.0%, and Industry and Construction with 14.5%. The remainder (1.7%) was consumption of fuels in agriculture and forestry as well as fugitive emissions.

The Energy sector shows a growing trend, however, emissions have fallen compared to the previous year by 1.5%, while in the 1999-2002 period they have risen by as much as 7.5%, which is chiefly a consequence of increased consumption of fuels in thermal power plants and cogeneration plants by 22.8% and an increase in the consumption of liquid fuels in traffic by 9%.

The strong increase of emission in the Electricity and Heat Production is an indication of the dependence of the production of electrical energy on fossil energy sources (in the Republic of Slovenia particularly from coal). 

Traffic emissions have since 1986 increased already by 97.5%, mainly due to a large increase of the vehicle stock as a consequence of a rise in purchasing power of the population, and an increased need for transportation of goods as a consequence of permanent economic growth in the period 1991-2003. The growth trend in 2002  levelled off, as GHG emissions, compared to the previous year 2001, have risen only by 0.6%. However, GHG emissions have risen in 2003 by 3.6% and a similar increase is expected for 2004 when Slovenia joined the EU. 

Emissions from Households and Other Commercial Use are stable. The 1990-2003 is characterized in particular by the growth of consumption of primary energy and substitution of solid fuels with natural gas. This substitution process is finished, since the quantities of solid fossil fuels consumed in this sector in year 2003 were negligent. 

Emissions from Industrial Processes which represent 5.9% of total emissions have in the last year grown by 7.5%. This growth was mostly due to the emissions from the sector of Consumption of Halocarbons and SF6 (main emissions driver is the Air Conditioning Equipment subsector) , which have increased by 17.1%. The consumption of solvents in the Republic of Slovenia represents a mere 0.4% of total GHG emissions and has shown practically no change over the years. Considering their negligible fraction, these emissions have been estimated in a very rough manner and with a considerable uncertainty. 

Emissions from agriculture represent 9.9% of total GHG emissions and 39.0% of methane emissions in the Republic of Slovenia. Emissions from agriculture have, compared to the base year, diminished by 16.9%.

Emissions from waste have in the 1986-2003 period increased by 12.2%, but since 2002, they have been gradually diminishing (in 2003 by 0.4% compared to 2002), which is a consequence of the reduction of industrial wastewater as well as increasing the use of landfill gas for energy purposes at solid waste disposal sites. 

The sink in Land-Use Change and Forestry sector has been estimated for the last time in 1996. According to the estimates, the sink amounted to 5.6 Mton of CO2, which is considerably more than the amount allocated to Slovenia (1.32 Mton). The next estimation of the sink is foreseen for the next NIR. 
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 Figure 0.2: GHG Emissions in Slovenia by sector: 1986-2003
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Figure 0.3: GHG Emissions split by sectors in Slovenia in 1986
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Figure 0.4: GHG Emissions split by sectors in Slovenia in 2003

ES.4. Overview of Emission Estimates and Trends of Indirect GHGs and SO2
The Republic of Slovenia has in 1992 ratified the Convention on Long-Range Transboundary Air Pollution in Europe, within the framework of which, parties undertake to reduce emissions of carbon monoxide (CO), nitrogen oxides (NOx), non-methane volatile organic compounds (NMVOCs), and sulphur dioxide (SO2). Slovenia has in 2004 also ratified the Gothenburg Protocol and has committed itself to significantly reduce emissions of above-enumerated pollutants and, consequently, contribute to reduce the formation of tropospheric ozone.

Table 0.2: Emission of pollutants under CRLTAP Convention in period 1990-2003

	
	1990
	1995
	2000
	2001
	2002
	2003

	CO
	80565
	91427
	99014
	93208
	87651
	80776

	NOx
	63432
	66591
	59673
	59095
	58222
	55997

	NMVOC
	43652
	44337
	50772
	48830
	47962
	45871

	SOx
	196266
	124730
	98738
	68312
	71003
	65612


The main sources of NOx emissions are traffic and thermal power plants. NOx emissions in the Republic of Slovenia are diminishing at a slower rate than expected, particularly because of the ever increasing fraction of diesel-fuelled motor vehicles and, in part, because of the deviation of real life emissions from laid-down emissions of heavy-duty trucks. Recently, even a slight rise has been recorded, which is chiefly a consequence of increased production of electric energy from fossil fuels. 

SO2 emissions in Slovenia have since 1990 diminished by as much as 67% compared to 1990. This reduction was achieved in part through flue gas desulphurisation and in part also by substituting domestic coal for imported coal with low sulphur content.

Further reduction of SO2 is expected in 2005 when the new wet flue gas desulphurisation unit installed at TE Trbovlje will be operational. 

Reducing SO2 emissions has significantly improved air quality in Slovenia. Beside the improvement of the quality of solid fuels, in this period there was a crucial reduction of the permitted contents of sulphur in liquid fuels, in residual fuel oil, extra light fuel oil, as well as in diesel oil. The chief remaining source, after improving the quality of liquid fuels, is actually the domestic coal. 

NMVOC emissions, encompassing more than a hundred organic components, are emitted chiefly in traffic, solvent use, and technological processes. A great fraction of NMVOCs are emissions due to the consumption of woody biomass in households. Compared to 2000, emissions in 2003 diminished by 9.7%. 

Chief sectors for CO emissions are particularly commercial, institutional, and residential boilers as well as traffic. CO emissions from traffic are diminishing mainly because of modernising the vehicle stock and the diminishing fraction of gasoline-fuelled vehicles.

NMVOC and CO inventories have been in 2000 complemented by emissions of NMVOC and CO from the consumption of woody biomass in households. Since the recalculation for the previous period has not been performed yet, a direct comparison of emission prior to and after 2000 is not possible.

INTRODUCTION 

1.1 Background information on greenhouse gas inventories and climate 

At the Second World Climate Conference in Geneva in October and November 1990, a clear need was expressed for standard methodology for monitoring emissions of greenhouse gases, which was to enable comparing and enhancing inventories in individual countries. Under the auspices of OECD and International Energy Agency and with the support of the United States of America, United Kingdom, and Norway, a draft methodology was set up. That document comprised six direct and indirect greenhouse gases: carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), nitrogen oxides (NOx), carbon monoxide (CO), and non-methane volatile organic compounds (NMVOCs). The methodology was adopted in Paris in March 1991 at the Fifth Session of the Intergovernmental Panel on Climate Change (IPCC) and it became the starting point for individual states in creating their national inventories of greenhouse gases.

The methodology for the calculation of greenhouse gases kept developing all the time and is even today a project under development. In the IPCC inventory of greenhouse gases for Slovenia, the 1996 version was applied (Intergovernmental Panel on Climate Change: Greenhouse Gas Inventory - Reference manual, UNEP-OECD-IEA-IPCC, Bracknell 1996), which in some parts also takes into account the emissions of direct greenhouse gases that have been encompassed by the Kyoto Protocol (CF4, C2F6, PFCs, HFCs and SF6).

The guidelines for the implementation of the inventory of greenhouse gases contain prescribed methods for calculation of emissions, providing a unified framework for reporting and documenting sources for all inventories. One of the main aims of this method is to ensure comparability of data gathered in individual states and that calls for a definition of at least a minimum scope of equal methods, criteria, and estimating procedures. These guidelines come in three volumes, which together form a complete set of recommended methods for estimating emissions.

The report presents estimates for the 6 gaseous air pollutants included in Annex A to the Kyoto Protocol: carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs) and sulphur hexafluoride (SF6), as well as estimates for indirect GHGs, including carbon monoxide (CO), nitrogen oxides (NOx), and non-methane volatile organic compounds (NMVOC). Data are also reported for sulphur oxides (SOx). 

Global warming potential

The GWP of a greenhouse gas is defined as the ratio of the time-integrated radiative forcing from the instantaneous release of 1 kg of a trace substance relative to that of 1 kg of a reference gas (IPCC 2001). Direct radiative effects occur when the gas itself is a greenhouse gas. The reference gas used is CO2, and therefore GWP-weighted emissions are measured in teragrams of CO2 equivalents (Tg CO2 equ.). 9 All gases in this executive summary are presented in units of Tg CO2 equivalent. 

While any time period may be selected, this report uses the 100-year GWPs recommended by the IPCC, and adopted by the UNFCCC for reporting purposes (IPCC 1996). GWP values are listed below in Table ES-6.

Table 0.3: Global Warming Potentials (100 Year Time Horizon) Used in this Report

Gas 


GWP

Carbon dioxide (CO2)
 1

Methane (CH4)*
 21

Nitrous oxide (N2O) 
310

HFC-23 

11,700

HFC-32 

650

HFC-125 

2,800

HFC-134a 

1,300

HFC-143a 

3,800

HFC-152a 

140

HFC-227ea 

2,900

HFC-236fa 

6,300

HFC-4310mee 
1,300

CF4 


6,500

C2F6 


9,200

C4F10 


7,000

C6F14 


7,400

SF6 


23,900

Source: IPCC (1996)

* The methane GWP includes the direct effects and those indirect effects due to the production of tropospheric ozone and stratospheric water vapour. The indirect effect due to the production of CO2 is not included. Global warming potentials are not provided for CO, NOx, NMVOCs, SO2 or aerosols because there is no agreed upon method to estimate the contribution of gases that are short-lived in the atmosphere, spatially variable, and have only indirect effects on radiative forcing (IPCC 1996).

1.2 A description of the institutional arrangement for inventory preparation

In the Republic of Slovenia, the institution charged with the responsibility for making GHG inventories is the Environmental Agency of the Republic of Slovenia. In accordance with its tasks and obligations to international institutions, the Environmental Agency is charged with making inventories of GHG emissions as well as emissions that are defined in the Convention on Long Range Transboundary Air Pollution within the laid-down time-limit. To this effect, the Environmental Agency has increased the number of its staff. In making the inventories, the Environmental Agency cooperates with numerous other institutions and administrative bodies which relay the necessary activity data and other necessary data for making the inventories.

The chief sources of data are the Statistical Office of the Republic of Slovenia and the Ministry of Environment, Spatial Planning and Energy; however, the Environmental Agency obtains much of its data through other activities, which it performs under the Environmental Protection Act. Emissions from two sectors are calculated by two external institutions: emissions from Agriculture are calculated by the Slovenian Agriculture Institute, sinks in the Land Use Change and Forestry sector by the Slovenian Forestry Institute. 

Slovenia has to comply with the following obligations:

Slovenia's annual obligation under the UNECE Convention on Long-range Transboundary Air Pollution (CLRTAP) and its Protocols (1979), comprising the annual reporting of national emission data on SO2, NOX, NMVOCs, NH3, CO, TSP, PM10, and PM2,5 as well as on the heavy metals Pb, Cd and Hg and persistent organic hydrocarbons (PAHs), dioxins and furans and hexachlorbenzene (HCB).

Slovenia's annual obligation under the European Council Decision 1993/389/EEC of June 24th 1993 for a Monitoring Mechanism of Community CO2 and other Greenhouse Gas Emissions as amended by Council Decision 1999/296/EC.

Slovenia’s obligation under the United Nations Framework Convention on Climate Change (UNFCCC, 1992). 

Relevant COP Decisions and Guidelines are:

· Decision 3/CP.5 Guidelines for the Preparation of National Communications by Parties included in Annex I to the Convention, Part I: UNFCCC Reporting Guidelines on Annual Inventories (referring to Document FCCC/CP/1999/7).

· Decision 4/CP.5 Guidelines for the Preparation of National Communications by Parties included in Annex I to the Convention, Part II: UNFCCC Reporting Guidelines on National Communications (referring to Document FCCC/CP/1999/7).

· Document FCCC/CP/1999/7 Review of the Implementation of Commitments and of other Provisions of the Convention – UNFCCC Guidelines on Reporting and Review.

· Decision 11/CP.4 National communications from Parties included in Annex I to the Convention.

· Document FCCC/CP/2001/13/Add.3 Report of the Conference of the Parties on its seventh session, held at Marrakech from 29 October to 10 November 2001, Addendum, Part two: Action taken by the Conference of the Parties, Volume III (Decision 20/CP.7: Guidelines for national systems under Article 5, paragraph 1, of the Kyoto Protocol; Decision 21/CP.7: Good Practice Guidance and Adjustments under Article 5, paragraph 2, of the Kyoto Protocol; Decision 22/C.7: Guidance for the preparation of the information required under Article 7 of the Kyoto Protocol; Decision 23/CP.7: Guidelines for review under Article 8 of the Kyoto Protocol).

Slovenia's obligation according to Article 15 of the European IPPC Directive 1996/61/EC is to implement a European Pollutant Emission Register (EPER). Article 15 of the IPPC Directive can be associated with Article 6 of the Aarhus Convention (United Nations: Aarhus, 1998), which refers to the right of the public to access environmental information and to participate in the decision-making process of environmental issues.

Table 0.4: Inventory Institutional Arrangements and Data Sources
	IPCC category
	IPCC sub-category
	Sources of data

	CRF 1 A – Energy. Fuel Combustion
	CRF 1A1 - Energy Industry
	( Large Combustion Plants (LCP)

( Ministry of Environment, Spatial

 Planning and Energy, Directorate of 

 Energy (DGE): annual energy statistics

( Energy Agency 

( Statistical Office of the Republic of

 Slovenia: Joint Questionnaires, Energy

 Balances

	
	CRF 1A2 - Manufacturing Industries and Construction
	( Statistical Office of the Republic of Slovenia: 

( Environmental Agency of the Republic of Slovenia

	
	CRF 1A3 – Transport
	( Statistical Office of the Republic of Slovenia: Joint Questionnaires, Energy balances

( Ministry of Transport, Directorate for National Roads (DRSC)

( Ministry of Internal affairs (vehicle stock)

	
	CRF 1A4 – Other Sectors
	( Statistical Office of the Republic of Slovenia: 

	CRF 1 B – Fugitive Emissions from Fuels
	
	( Ministry of Environment, Spatial Planning and Energy, Directorate of Energy (DGE), 

( Agency of Energy

( Statistical Office of the Republic of Slovenia:

	CRF 2 – Industrial Processes
	CRF 2A – Mineral Products
	( Statistical Office of the Republic of Slovenia:

( Environmental Agency of the Republic of Slovenia

	
	CRF 2B – Chemical Industry
	( Statistical Office of the Republic of Slovenia:

( Environmental Agency of the Republic of Slovenia

	
	CRF 2C – Metal Production
	( Statistical Office of the Republic of Slovenia:

( Environmental Agency of the Republic of Slovenia

	
	CRF 2D – Other Production
	( Statistical Office of the Republic of Slovenia:

( Environmental Agency of the Republic of Slovenia

	
	CRF 2F – Consumption of Halocarbons and SF6
	( Environmental Agency of the Republic of Slovenia

	CRF 3 – Solvent and Other Product Use
	
	( Statistical Office of the Republic of Slovenia

( Environmental Agency of the Republic of Slovenia

	CRF 4 – Agriculture
	
	( Agricultural Institute of Slovenia

( Statistical Office of the Republic of Slovenia 

	CRF 5 – Land Use Change and Forestry
	
	( Slovenian Forestry Institute

( Statistical Office of the Republic of Slovenia

	CRF 6 – Waste
	CRF 6A – Solid Waste Disposal on Land
	( Environmental Agency of the Republic of Slovenia 

	
	CRF 6B – Wastewater Handling
	( Environmental Agency of the Republic of Slovenia


1.3 Brief description of the process of inventory preparation

Owing to the ever increasing obligations of the Republic of Slovenia with regard to reporting, the Environmental Agency of the Republic of Slovenia has decided to implement a unified system of collecting data for the purposes of making inventories, has managed to increase the number of its staff, as well as secure reliable financing in accordance with the annual program of its work. The ability to fulfil its obligations with regard to reporting was also improved by the participation of Environmental Agency in the GEF project “Capacity building for improving GHG inventories”, and thus the Republic of Slovenia has in due time made the inventories and sent them in the required form to the UNFCCC Secretariat.

A Memorandum of Understanding has been concluded with institutions that participate in the preparation, binding these institutions to submit quality and verified data to the Environmental Agency in due time, because the time limits for making inventories and the NIR have shortened with the entry of Slovenia into EU, since inventories and NIR for the year before last must be made until 15 January. In view of this, an agreement has been reached with the participating institutions for them to shorten the time limits for submitting data. For reasons of complexity, attention was mostly focused on Joint Questionnaires of the Statistical Office of the Republic of Slovenia, on the basis of which the Statistical Office produces the energy balance of the Republic of Slovenia, wherein the most important date on energy sector are to be found. 

The year 2003 saw the end of the process of harmonisation of data collection among the Directorate of Energy, Ministry of Environment, Spatial Planning and Energy, and the Statistical Office of the Republic of Slovenia. An end was put to previous parallel double collecting of data. The competence of collecting data has in accordance with the law passed to the Statistical Office of the Republic of Slovenia, which checks the data and eliminates potential reporting errors, and submits consolidated data to the Directorate of Energy, which publishes data annually in its Energy Yearbook of the Republic of Slovenia. In terms of its contents, data are identical as those submitted in Joint Questionnaires to the IEA. 


[image: image5]
Figure 0.5: Data flow of Slovenian Inventory System

Calculations of emissions and all other calculations are for the last time done in MS Excel and Visual Basic macros, except for traffic emissions, where due to its extensiveness, the database is already stored in MS Access.

In 2005, Slovenia is moving from sheet oriented emissions calculations to more robust (MS Access, Oracle) database and reporting system.

All data from external institutions are submitted in the same form. Data are stored on a network server. Access to files is limited in accordance with the security policy. Backup copies on server are done at regular intervals in accordance with the requirements of the information system. The archive is stored at several locations and on several types of media. All support research projects are stored both in digital form as well as in hard-copy form.

Subsequent to the making of an inventory, all support files are frozen so that they may not be changed anymore. CRF tables are stored both in digital form as well as a hard copy. 

For submitting reports to different institutions, various report formats have been made, since the database is used to report to UNFCCC, as well to EEA, EC, and CLRTAP. All external reports of the Environmental Agency of the Republic of Slovenia are conducted in accordance with ISO 9001 via the Agency's reporting service, which keeps inventories of reports. Parallel to that, emission data are submitted to the Statistical Office of the Republic of Slovenia, which publishes emission data in its publications and submits them to EUROSTAT and IEA. Establishing a single reporting system in 2003 has ensured above all the uniformity and traceability of reporting. 

1.4 Brief general description of methodologies and data sources used

Inventories of GHG emissions were presented on the basis of the IPCC (IPCC 1997) methodology for all the gases and sectors, except in a few cases where they were presented separately. Some emission sources that were registered and assessed were not covered by the IPCC methodology. Due to the importance of the source and accessible data, different approaches (tiers) from within the IPCC methodology were used. National emission factors were used for assessment of emissions from domestic coal (Tier 2), while for other fuels, mainly default IPCC emission factors were used.

The quantities of fuels and consumed fuel energy values were taken from energy annual inventories, prepared by Ministry of Environment, Spatial Planning and Energy, based on the data of the Statistical Office of the Republic of Slovenia. Additional data on the energy use of some types of waste (waste tyres, oils and solvents) were acquired. Data on the fuel consumption in agriculture and forestry refer to mobile sources only, while the rest of the fuel consumption of those sub-sectors is included in the public and service sub-sector. Default IPCC emission factors and oxidation fractions were used for energy consumption of liquid fossil fuels. Due to the greater fraction of methane in natural gas used in Slovenia, the more appropriate, slightly lower CO2 emission factor than the default emission factor was used for the whole period. CH4 and N2O emissions in road transport were determined according to a more specific methodology and CORINAIR emission factors. From the potential emissions for diesel-fuelled vehicles, we subtracted carbon that was included in emitted solid parts, while for gasoline vehicles a 100% fuel oxidation was assumed. Under CO2 fugitive emissions in the Energy sector, those emissions were considered that were released during flue gas desulphurisation in thermal power plants and were calculated on the basis of data on the consumption of calcium carbonate. CO2 emissions in post-mining activities were not assessed due to the lack of data on desorption. However, they appeared greater than those that were released directly during coal excavation. Emission factors for fugitive emissions of CH4 in mining activities were determined on the basis of measurements of methane concentrations in ventilation shafts in mines and estimated quantities of released methane. The emission factor that was determined in this manner was lower than the default IPCC emission factor. The regional default IPCC emission factor for transmission and distribution of natural gas does not correspond to the conditions in Slovenia; consequently, in calculating CH4 emissions due to the distribution of natural gas, data of the company that manages the distribution network were used. Distribution losses were estimated according to the length of individual types of transmission pipelines with regard to the pipe type, applying specific losses per unit of length, as presented in the German National Communication Report to the UNFCCC, and this appears a sensible solution considering the level of maintenance and low average age of the distribution network. 

Emissions from industrial processes were mostly determined on the basis of statistical data on production and consumption of raw materials and by applying the laid-down emission factors. After 1997, the Statistical Office of the Republic of Slovenia partly changed the manner of collecting and presenting these data, and therefore some data were obtained from individual companies. The consumption of anodes and other reducing agents was taken into account for the production of metals. Therefore, the consumption of coke was also included in the steel and iron production since 1997, while for the production of ferroalloys, the consumptions of coke and petrol coke were used. Emissions from primary aluminium production were estimated from anode consumption and from PFC emissions, which were determined on the basis of the number and duration of anode effects. When determining the actual emissions caused by the use of HFC, data were obtained from companies that use those materials, as well as data on the export and import of refrigerators. For SF6 emissions, the release of this gas from soundproof windows and gas insulated switchgear in the Energy sector was assessed. 

NMVOC emissions from the consumption of solvents and diluents were estimated mostly on the basis of the CORINAIR methodology. In accordance with the principle on intentional double counting, appropriate CO2 emissions were added up to NMVOC emissions from fossil sources, since NMVOCs convert into CO2 after being in the atmosphere for several months. 

In agriculture, methane emissions from enteric fermentation in bovine animals were elaborated in great detail and the Tier 2 approach was upgraded by disaggregating livestock into 18 categories according to the intensity of breeding. For emissions from manure management, the Tier 2 approach was used for pig production and bovine animal production. The Tier 1 approach was used for other animals that represent a smaller fraction in methane emissions. Input data for N2O emissions from manure handling and from indirect emissions from fertilisation with animal fertilisers were obtained in the process of estimating methane emissions. For N2O emissions, default IPCC factors, determining the conversion of nitrogen into N2O, were used.

Methane emissions from solid waste handling were determined by means of the default IPCC methodology, which does not take into account the time dynamics of methane release. Emissions of N2O from wastewater were determined according to the consumption of proteins in human nutrition, which according to the assessment underwent no changes in the period in question. 
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(1) Use the following notation keys to specify the method applied: D (IPCC default), RA (Reference Approach), T1 (IPCC Tier 1), T1a, T1b, T1c (IPCC Tier 1a, Tier 1b and Tier 1c, respectively), T2 (IPCC Tier 2), 

T3 (IPCC Tier 3), C (CORINAIR), CS (Country Specific), M (Model). If using more than one method, enumerate the relevant methods. Explanations of any modifications to the default IPCC methods, as well as information on the proper use of methods per source category where more than one method is indicated, and explanations on the country specific methods, should be provided in the documentation box of the relevant Sectoral background data table. 

(2) Use the following notation keys to specify the emission factor used: D (IPCC default), C (CORINAIR), CS (Country Specific), PS (Plant Specific), M (Model). Where a mix of emission factors has been used, use different notations in one and the same cells with further explanation in the documentation box of the relevant Sectoral background data table. 

1.5 Brief description of key source categories

The analysis of key source categories has been done on the basis of the sectoral distribution and using the Tier 2 approach. This approach has been used both for the base year and for the year 2003. Compared to Tier 1, this was a benefit mostly for the sectors with high uncertainty of activity data and emission factors. Most key source categories belong to this category both according to Level Assessment (Tier 2) as well as according to Trend Assessment (Tier 2). Level assessment was undertaken for years 1986 and 2003. Trend assessment was performed for year 2003.

On the basis of the analysis, from among 198 categories, 41 were selected, which represent 95.2% of emissions according to Key source Level Assessment (Tier 2) and 93.9% of Total emissions for year 2003. 

Table 0.5 Brief description of IPCC Source Categories
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Activity

Gas

Base Year

Key Source Level 

Assessment (T2)

Key Source Level 

Assessment (T2)-CUM

GHG Emissions in 

2003 (Gg CO2eq.)

4.D.1. Direct Soil Emissions

Input to soils

N20

Level (T1)&Level (T2)

Level (T1)&Level (T2)

Trend (T1)&Trend (T2)

45,12%

45,12%

456,8

4.D.3. Indirect Emissions

Input to soils

N20

Level (T1)&Level (T2)

Level (T1)&Level (T2)

 Trend (T2)

6,78%

51,90%

398,8

6.A.1. Managed Waste Disposal on Land

Municipal Waste Disposal

CH4

Level (T1)&Level (T2)

Level (T1)&Level (T2)

Trend (T1)&Trend (T2)

5,77%

57,66%

584,1

4.B.12. Solid Storage and Dry Lot

Animal Excretion

N20

Level (T1)&Level (T2)

Level (T1)&Level (T2)

Trend (T1)&Trend (T2)

5,07%

62,73%

229,4

1.A.1.a. Public Electricity and Heat Production

Solid Fuels

CO2

Level (T1)&Level (T2)

Level (T1)&Level (T2)

Trend (T1)&Trend (T2)

4,07%

66,80%

5825,8

2.A.1. Cement Production

Production Quantities

CO2

Level (T1)&Level (T2)

Level (T1)&Level (T2)

Trend (T1)&Trend (T2)

2,58%

69,38%

461,9

1.A.4.b Residential

Liquid Fuels

CO2

Level (T1)&Level (T2)

Level (T1)&Level (T2)

Trend (T1)&Trend (T2)

1,67%

71,04%

1446,2

1.A.3.b. Road Transportation

Gasoline

CO2

Level (T1)&Level (T2)

Level (T1)&Level (T2)

Trend (T1)&Trend (T2)

1,65%

72,69%

2318,7

4.A.1. Dairy Cattle

Population size

CH4

Level (T1)&Level (T2)

Level (T1)&Level (T2)

Trend (T1)&Trend (T2)

1,55%

74,25%

352,1

1.A.4.c. Road Transportation

Liquid Fuels

CO2

Level (T1)&Level (T2)

Level (T1)&Level (T2)

Trend (T1)&Trend (T2)

1,46%

75,71%

234,6

4.D.2. Animal Production (2)

Production Quantities

N20

 Level (T2)

 Level (T2)

 Trend (T2)

1,33%

77,04%

60,1

1.A.3.b. Road Transportation

Diesel Oil

CO2

Level (T1)&Level (T2)

Level (T1)&Level (T2)

Trend (T1)&Trend (T2)

1,13%

78,17%

1583,1

1.B.1.a. Coal Mining and Handling

Mining Activities

CH4

Level (T1)&Level (T2)

Level (T1)&Level (T2)

Trend (T1)&Trend (T2)

1,12%

79,29%

186,8

4.A.1. Non-Dairy Cattle

Population size

CH4

Level (T1)&Level (T2)

Level (T1)&Level (T2)

Trend (T1)&Trend (T2)

1,10%

80,39%

249,5

1.A.2.f. Other (please specify )

Liquid Fuels

CO2

Level (T1)&Level (T2)

Level (T1)&Level (T2)

Trend (T1)&Trend (T2)

1,04%

81,44%

256,5

1.A.4.b Residential

Biomass

CH4

Level (T1)&Level (T2)

Level (T1)&Level (T2)

 

0,98%

82,42%

85,5

2.A.1. Refrigeration and Air Conditioning Equipment 

Use of HFC

HFC

 

Level (T1)&Level (T2)

Trend (T1)&Trend (T2)

0,95%

83,37%

82,8

1.A.2.f. Other (please specify )

Gaseous Fuels

CO2

Level (T1)&Level (T2)

Level (T1)&Level (T2)

 

0,93%

84,30%

419,8

1.A.4.a. Commercial/Institutional

Liquid Fuels

CO2

Level (T1)

Level (T1)&Level (T2)

Trend (T1)&Trend (T2)

0,82%

85,12%

713,6

1.A.3.b. Road Transportation

Gasoline

N20

 

Level (T1)&Level (T2)

Trend (T1)&Trend (T2)

0,74%

85,86%

104,1

3.A. Paint Application

Consumption Quantities

CO2

 Level (T2)

 Level (T2)

 Trend (T2)

0,63%

86,49%

37,1

1.A.4.b Residential

Gaseous Fuels

CO2

 

Level (T1)&Level (T2)

Trend (T1)&Trend (T2)

0,60%

87,08%

213,3

1.A.2.a Iron and Steel

Gaseous Fuels

CO2

Level (T1)&Level (T2)

Level (T1)&Level (T2)

Trend (T1)&Trend (T2)

0,58%

87,66%

260,9

2.C.3. Aluminium Production

Production Quantities

CO2

Level (T1)

Level (T1)&Level (T2)

Trend (T1)&Trend (T2)

0,57%

88,23%

204,6

3.D. Other

Use of Anestetics

N20

Level (T1)&Level (T2)

 Level (T2)

Trend (T1)&Trend (T2)

0,56%

88,79%

33,3

1.A.2.f Other (please specify )

Solid Fuels

CO2

Level (T1)&Level (T2)

Level (T1)&Level (T2)

 

0,54%

89,34%

245,1

1.A.2.d Pulp, Paper and Print

Gaseous Fuels

CO2

Level (T1)&Level (T2)

Level (T1)&Level (T2)

Trend (T1)

0,53%

89,86%

239,3

2.A.2. Lime Production

Production Quantities

CO2

Level (T1)&Level (T2)

Level (T1)&Level (T2)

Trend (T1)&Trend (T2)

0,52%

90,39%

93,6

1. B. 1.a. Coal Mining and Handling

Post-Mining Activities

CH4

Level (T1)&Level (T2)

Level (T1)&Level (T2)

Trend (T1)&Trend (T2)

0,51%

90,90%

85,1

6.B.1. Industrial Wastewater

Wastewater

CH4

Level (T1)&Level (T2)

Level (T1)&Level (T2)

 

0,48%

91,38%

76,9

4.B.8.  Swine

Population size

CH4

Level (T1)&Level (T2)

Level (T1)&Level (T2)

Trend (T1)&Trend (T2)

0,45%

91,83%

71,9

6.B.  Wastewater Handling

Domestic and Commercial Wastewater

CH4

Level (T1)&Level (T2)

Level (T1)&Level (T2)

 

0,42%

92,25%

95,2

1.A.2.e Food Processing, Beverages and Tobacco

Liquid Fuels

CO2

Level (T1)&Level (T2)

Level (T1)&Level (T2)

Trend (T1)&Trend (T2)

0,41%

92,66%

101,6

1.A.2.d Pulp, Paper and Print

Solid Fuels

CO2

Level (T1)&Level (T2)

Level (T1)&Level (T2)

Trend (T1)

0,36%

93,03%

165,1

1.A.2.c Chemicals

Gaseous Fuels

CO2

 

Level (T1)&Level (T2)

Trend (T1)&Trend (T2)

0,35%

93,38%

158,7

2.C.3. Aluminium Production

Production Quantities

PFC

Level (T1)&Level (T2)

Level (T1)&Level (T2)

Trend (T1)&Trend (T2)

0,33%

93,71%

119,0

1.A.4.c. Agriculture/Forestry/Fisheries

Liquid Fuels

N20

 Level (T2)

 Level (T2)

 Trend (T2)

0,33%

94,03%

28,2

1.A.3.b. Road Transportation

Diesel Oil

N20

 

 Level (T2)

 Trend (T2)

0,32%

94,35%

45,0

4.B.1.  Diary Cattle 

Population size

CH4

 

 Level (T2)

 

0,30%

94,66%

48,3

1.A.4.a. Commercial/Institutional

Gaseous Fuels

CO2

 

Level (T1)&Level (T2)

Trend (T1)&Trend (T2)

0,29%

94,95%

104,9

1.A.2.e.  Food Processing, Beverages and Tobacco

Gaseous Fuels

CO2

 

Level (T1)&Level (T2)

Trend (T1)&Trend (T2)

0,27%

95,22%

121,2

Key Source in 2003


1.6 Information on the QA/QC plan including verification and treatment of confidentiality issues where relevant

The Republic of Slovenia has not yet fully developed a formal Quality Assurance and Quality Control plan as recommended by IPCC Good Practice Guidelines (IPCC 2000). Activities for developing the plan are under way, however  a Manual of Procedures has already been elaborated and used for the 2005 submission.

In spite of the missing QA/QC plan, certain data control procedures covered by the Manual of Procedures are already in use in developing inventories. The items verified are input data at the level of sectoral activity data, the appropriateness of chosen emission factors, the applied methodology as well as intermediate and final calculations of emissions where deviations between real life emission factors and factors as calculated from the CRF table are reviewed, too. 

1.7 General uncertainty evaluation, including data on the overall uncertainty for the inventory totals

In 2003, the uncertainties of activity data and emission factors in sector 1.A.1.a Public Electricity and Heat Production have been reduced. In this sector, because of the introduction of CO2 emission trading within the EU, we have re-verified the input data and the procedure of determining the consumption of fuels. In calculating emissions from this sector, the national emission factors based on coal sampling and ascertaining the carbon contents have also been applied. All analyses have been done in the accredited laboratory in accordance with the EN ISO 17025 (“General requirements for the competence of testing and calibration laboratories”). Public power plants have presented their plan of measures to ensure that fuel consumption will be measured without intermediate storage before combustion in the installation applying measuring devices resulting in a maximum permissible uncertainty of less than +/- 2.5% for the measuring process.

The combined uncertainty was derived from Tier 1 method. The uncertainties of individual activity data and emission factors are mostly based on expert judgment. Since expert judgments of individual experts are at variance, the highest individual uncertainties have been taken into account. The total uncertainties have been derived both for Level Uncertainty as well as for Trend Uncertainty.

More detail uncertainty analyses is available in Annex 7.

Table 0.6: Combined Uncertainty of GHG inventories

	
	1986
	2002
	2003

	Level Assessment
	16.0%
	13.1%
	12.0%

	Trend Assessment
	-
	4.0%
	3.0%


1.8 General assessment of the completeness

CRF–Table 9 (Completeness) has been used in order to describe this issue. This chapter includes some additional useful information. An assessment of completeness for each sector may be found in the Sector Overview part of the corresponding subchapters.

Sources and sinks

All sources and sinks included in the IPCC Guidelines are covered except the Degreasing and Cleaning and Solvent Use sectors, because relevant activity data are not available yet. However, emissions from this sector are not expected to be significant.

Gases

The direct GHGs as well as the postulated precursor gases are covered by the Slovenian inventory.

Geographic coverage

The geographic coverage is complete. No territory in Slovenia has been left uncovered by the inventory.

Notation keys

IE (included elsewhere):

For detailed explanations, see table 9. The consumption of fuel in water-borne navigation has not been estimated at the state level, due to its small size. Data on fuel consumption for water-borne navigation are neither collected nor published in national statistics, since these data, due to the small number of reporting units, would be of confidential nature. To avoid double counting, LUCF Forest and Grassland Conversion is in inventories allocated to  Aband. of Managed Lands.

NE (not estimated):

For detailed explanations, see CRF- table 9. Emissions from Degreasing and Cleaning and Solvent Use sectors have not estimated because relevant activity data have not available yet. However, it is not expected that emissions from this sector will contribute significantly to overall GHG emissions. For those emissions by sources and removals by sinks of greenhouse gases marked “NE”, there are checkups in progress to see if they actually are “NO” (not occurring). As a part of the program to improve the inventory, it is planned that those sources or sinks be either estimated or allocated as “NO”.

NA (not applicable):

The increase of this number is due to improved completeness of the CRF- tables.

NO (not occurring)

The highest number of source categories marked with NO is found in agriculture, but there are some in industrial processes and energy industries.

TRENDS IN GREENHOUSE GAS EMISSIONS

1.9 Description and interpretation of emission trends for aggregated greenhouse gas emissions

The total emissions of GHG in 2003, sinks not considered, amounted to 19.803 Mton CO2 equ, which represents a 1.9% reduction of emissions compared to 1986 base year. In the period 1986-1991, a reduction of emissions was recorded due to the economic conditions at that time and the Republic of Slovenia gaining its independence. In the period 1992-1997, a strong increase of emissions was recorded, which was a consequence of increasing economic growth and revival of industrial production. In the second half of that period, the increased emissions were a consequence of “gasoline tourism” (25% of the total sale of motor fuels in the Republic of Slovenia), since the prices of motor fuels in the Republic of Slovenia were appreciably lower than in the neighbouring countries. 

In the period 1998-1999, emission decreased due to the measures undertaken by the neighbouring countries to curb the ”gasoline tourism” and due to the increased supply of electrical energy from the Krško Nuclear Power Plant. In the 2000-2002 period, emission kept increasing again due to the increased obligatory export of electrical energy from the Krško Nuclear Power Plant to the Republic of Croatia. Simultaneously, due to very dry and hot summers the consumption of electrical energy increased and the production of electrical energy in hydroelectric power stations in the Republic of Slovenia decreased. Consequently, the thermal power plants had to make up for both the deficit in the production of electrical energy in hydroelectric power plants as well as the increased consumption of electrical energy, however, in 2003, the situation stabilised and more electricity was produced from hydro power plants. 
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Figure 2.1: Slovenian GHG emission trend and gap to the linear target path 

1.10 Description and interpretation of emission trends by gas

CO2 emissions in 2003 represented 81.3% of overall emissions of greenhouse gases. CO2 emissions followed the consumption of energy and with regard to their fraction exerted a major influence on total emissions. Compared to 1986, in 2003 they increased by 0.7%. CH4 emissions represented 10.0% of total emissions in 2003 (11.1% in 1986) and were lower than in 1986 by 12.2%. Compared to the previous year, N2O emissions have decreased by 2,7% and represented 7.6% of total emissions, but were nevertheless lower than in 1986 by 7%. 

Fluorinated gases in the Republic of Slovenia represent only 1.1% of total emissions and some of them (HFC and SF6) have shown significant increase since 1986. 

Table 2.1:GHG emission trends by gas

	GREENHOUSE GAS EMISSIONS
	Base year(1)
	1990
	2000
	2001
	2002
	2003

	
	CO2 equivalent (Gg)

	Net CO2 emissions/removals 
	13.045
	10.288
	9.678
	10.661
	10.730
	10.542

	CO2 emissions (without LUCF) (6)
	15.995
	14.626
	15.239
	16.223
	16.292
	16.103

	CH4
	2.247
	2.173
	2.041
	1.969
	2.011
	1.974

	N2O
	1.659
	1.502
	1.532
	1.523
	1.544
	1.503

	HFCs
	0
	0
	45
	56
	69
	83

	PFCs
	276
	257
	106
	106
	116
	119

	SF6
	7
	7
	21
	21
	21
	21

	Total (with net CO2 emissions/removals)
	17.235
	14.227
	13.422
	14.336
	14.491
	14.241

	Total (without CO2 from LUCF) (6) (8)
	20.185
	18.566
	18.983
	19.898
	20.053
	19.803


Carbon dioxside – CO2
CO2 emissions in the period 1986-2003 may be split into five segments. In the first segment, 1986-1991, emissions diminished due to reduction of industrial production and the war for independence in 1991. Emissions rose strongly in the 1991-1997 period, when emissions increased also due to gasoline tourism. Then came a short period of emission reduction as a consequence of the reduction of gasoline tourism and decreased consumption of fossil fuels for the production of electrical energy. After 1999, emissions have risen again, mainly as a consequence of the production of electrical energy. CO2 emissions in 2002 thus amounted to 16.29 Mton of CO2, which is 2.2% more than in the 1986 base year. However, in 2003, emission of CO2 decreased by 1.2%, which was mainly due to lower emission from Energy Industries. 

In that entire period of time, the strongest increase of CO2 emissions was in traffic emissions, namely by as much as 100%, from 1.97 Mton CO2in year 1986 to 3.94 Mton CO2 in 2003

Methan – CH4
Methane emissions have in the 1986-2003 period constantly kept diminishing from 2.25 Mt CO2 equ. in 1986 to 1.97 Mt CO2 equ. CH4 emissions have diminished by 12,2% in spite of the increase of emissions from waste by 13,3%, compared to the base year. This reduction was mainly due to Agriculture (-20,4%) and Energy sector (-28,1%) 

Nitrous oxside - N2O

N2O emissions have been reduced from 1.78 Mt CO2 equ. in 1986 to 1.58 Mt CO2 equ. in 2003. In agriculture, which is the main source of N2O emissions, emissions diminished chiefly due to reduced number of animals and the reduced extent of arable crop production, particularly papilionaceous plants. Partly, this reduction is due to the changed manner of manure storage, since the fraction of straw based systems is diminishing on account of the increasing fraction of accommodation on slatted floor. Recently, an increase of the fraction of traffic in total N2O emissions has been observed, this fraction rising from 1.4% in 1986 to 9.8% in 2003. 

Hydrofluorocarbons - HFC
HFC emissions keep growing from year to year. In 2003, emissions increased by 21% compared to the previous year, which is mostly the consequence of increasing fraction of air conditioners in motor vehicles.

Perfluorocarbons - PFC
The only source of PFC in the Republic of Slovenia is the primary production of aluminium. Improving the technology in the production of aluminium since 1995 almost halved the then emissions, which diminished from 286 kton CO2 equ. to 119 kton CO2 equ. A more detailed description of the reduction of emissions is given in chapter 4.11, Aluminium Production

Sulphurhexafluoride - SF6
The main source of SF6 emissions is high-voltage gas insulated switchgear and circuit breakers. SF6 emissions represent only 1% of total GHG emissions. After 1997, no new estimates have been elaborated, therefore values for 2003 have remained unchanged.

Figure 2.2: GHG Emissions in Slovenia by gas
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Note: Values between 1986 and 1990 were interpolated.

1.11 Description and interpretation of emission trends by source

According to the UNFCCC Reporting Guidelines, emissions estimates are grouped into six IPCC categories: Energy, Industrial Processes, Solvent use, Agriculture, Land-Use Change and Forestry, and Waste.

Table 2.2: GHG emissions and removals in Slovenia by sector: 1986-2003

	GHG  SOURCE AND SINK CATEGORIES
	1986
	1990
	1995
	2000
	2001
	2002
	2003
	Index

86/03

	
	CO2 equivalent (Gg)
	

	1. Energy 
	15658
	14156
	14553
	14983
	15913
	16029
	15787
	0,8%

	2. Industrial Processes
	1306
	1309
	1142
	1017
	1068
	1083
	1164
	-10,9%

	3. Solvent and Other Product Use 
	128
	81
	48
	79
	73
	73
	70
	-45,0%

	4. Agriculture
	2367
	2255
	2122
	2092
	2030
	2050
	1967
	-16,9%

	5. Land-Use Change and Forestry
	-2950
	-4339
	-5675
	-5561
	-5561
	-5561
	-5561
	88,5%

	6. Waste
	726
	765
	733
	812
	815
	818
	814
	12,2%

	7. Other
	
	
	
	
	
	
	
	-

	GHGs emissions
	20185
	18566
	18598
	18983
	19898
	20053
	19803
	-1,9%


By far the most important sector is Energy, which in 2003 accounted for 79,7% of the total GHG emissions. Emissions in this sector have increased by 0,8%, compared to the base year. Within this sector, in the 1986-2003 period, GHG emissions from Public Electricity and Heat Production, as the biggest sub-sector, have been reduced by 8%. In the most recent period, 2000-2003, steep growth (+12.3%) has been recorded which is due to the increased consumption of electrical energy. Undoubtedly, the highest increase of GHG emissions has been in traffic sector, by as much as 104.6%, due to an increase in road transportation, while emissions from other kinds of traffic have been slightly reduced. Increased emissions have been recorded also in general consumption (Other Sectors), namely by 22.2%. There was an appreciable reduction of GHG from industry in 1986-2000 period (-4%). In the time after 2000, a stabilisation of emission has been observed. 

GHG emissions from industrial processes have since 1986 at first been falling sharply to reach their lowest value in 1993, but then started to rise again, yet remaining all the time below the base year, in 2003 by 10.9%. The most important GHG of this sector was carbon dioxide with 80.3% of emissions from this category, followed by PFCs with 10.2%, HFC with 7.2%, SF6 with 1.8%, and CH4 with 0.5%. N2O emissions in this sector have been negligible.

The main source is Mineral Production, of which the production of cement and lime alone contribute almost half of emissions in this sector.

The Solvent and other Product Use sector represents 0.36% of total emissions. Emissions in this sector keep diminishing, since the Republic of Slovenia has ceased to have any production in which GHG emissions could arise. Thus, GHG emissions have been reduced from 128 kton CO2 equ. to 70 kton CO2 equ, nearly half of which is emissions from N2O.

In Agriculture as the second most important sector, emissions in 2003 amounted to 1966.8 Gg, which represented 9.9% of all emissions. Agriculture represents the main source of methane and N2O emissions, namely 41.0% of all methane emissions and 76.9% of all N2O emissions. Within the agricultural sector, N2O emissions account for 58.9% of emissions, CH4 emissions account for 41.2% of emissions.

GHG Emissions from agriculture show small oscillations for individual years, but the general trend is on the decrease. In 2003, emissions were 16.9% below the base year.

The most important sub-sector are emissions from agricultural soils, which contribute 46.6% of all emissions from agriculture, followed by emissions from enteric fermentation with 33.1%, the rest is contributed by emissions of methane and N2O from animal manure.

Emissions from waste

Methane emissions from the Waste sector are the second largest source of methane and represent 38.3% of all emissions of methane in Slovenia. The fraction of methane emissions in this sector amounts to 92.8%, the remaining part representing N2O. Solid-waste handling contributes 71.7% to the total emissions from this sector, municipal wastewater 18.8%, and industrial wastewater 9.4%.

Compared to the base year, emissions have risen by 12.2%, which is mostly due to emissions from SWDS that show an increase of 27.3%. The increase of emissions from this source is a consequence of the increase in the amount of disposed municipal waste and the application of FOD method for calculating emissions. Emissions from wastewaters are lower than in the base year by 13.8%, which is mostly due to the recovery of gas in wastewater treatment plants and the decrease of industrial production. 
1.12 Description and interpretation of emission trends for indirect greenhouse gases and SO2
The highest contribution to the total emission of SO2 is that of thermal power plants and power cogeneration plants, namely 83.6% in 2003. In 1995, SO2 emission was reduced considerably, mostly because of the operation of the device for desulphurisation of flue gases on unit 4 of the Šoštanj Thermal Power Plant, as well as due to lower sulphur contents in liquid fuels, as set by the Directive on the Quality of Liquid Fuels with regard to the contents of sulphur, lead, and benzene. A further considerable reduction was noticeable after 2000, when the device for desulphurisation of flue gases on unit 5 of the Šoštanj Thermal Power Plant was put into operation. In the last year, emissions have risen slightly due to increased consumption of domestic coal for the production of electrical energy. Further considerable decrease of SO2 is expected in 2006 due to operation of wet flue gas desulphurisation in TE Trbovlje.

The biggest contribution to the overall NOx emissions is that of mobile sources (road traffic), namely 57% in 2003. After 1992, NOx emissions began to grow, mainly because of the ever-increasing traffic density; the growth has been extremely strong, despite of ever-greater number of vehicles with catalytic converters. After 1997, NOx emissions declined markedly, due to decreased consumption of fuels in the Road Traffic sector and increased fraction of vehicles with catalytic converters.

Road traffic accounts for over 44% of total NMVOC emissions, but overall emissions from traffic keep diminishing and have from 1986 to 2003 been reduced by 35,6%. This reduction is a consequence of the modernization of the vehicle stock and a growing fraction of diesel-fuelled motor vehicles. 

Table 0.1: Emissions of CO, NOx, SO2 and NMVOC in Slovenia (ton)

	
	1990
	1995
	2000
	2001
	2002
	2003

	CO
	80565
	91427
	99014
	93208
	87651
	80776

	NOx
	63432
	66591
	59673
	59095
	58222
	55997

	NMVOC
	43652
	44337
	50772
	48830
	47962
	45871

	SO2
	196266
	124730
	98738
	68312
	71003
	65612


NMVOC and CO inventories have been in 2000 complemented with emissions of NMVOC and CO from the consumption of woody biomass in households. Since the recalculation for the previous period has not been performed yet, a direct comparison of emissions prior to and after year 2000 is not possible.

ENERGY (CRF sector 1))

1.13  Overview of sector 

The energy sector is the most important sector of GHG emissions in the Republic of Slovenia, since it accounts for 79.7% of overall CO2 equ emissions (w/o considering LUCF). Emissions from this sector arise from fuel combustion, accounting for 97.8% emissions from the energy sector, and as fugitive emissions from fuels, accounting for 2.2% of emissions.
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Figure 3.1: Emissions of GHG in Energy Sector by sectors in 2003

Table 3.1: Emissions from Energy sector by sources
	GREENHOUSE GAS SOURCE AND SINK CATEGORIES
	1986
	1990
	2000
	2001
	2002
	2003

	
	CO2 equivalent (Gg)

	1. Total Energy 
	15.658
	14.156
	14.983
	15.913
	16.029
	15.787

	A.Fuel combustion
	15.273
	13.841
	14.680
	15.605
	15.693
	15.432

	1.Energy Industries
	6.729
	6.265
	5.512
	6.260
	6.432
	6.188

	2. Manufacturing Industries and Construction 
	4.171
	3.060
	2.328
	2.286
	2.320
	2.245

	  - Manufacturing Industries 
	3.899
	2.867
	2.156
	2.142
	2.189
	2.125

	  - Construction 
	272
	192
	172
	144
	131
	120

	3.  Transport
	2.008
	2.708
	3.791
	3.939
	3.965
	4.108

	4.  Other Sectors
	2.366
	1.809
	3.049
	3.120
	2.976
	2.891

	  - Households
	1.256
	924
	1.868
	1.930
	1.850
	1.800

	  - Commercial
	632
	515
	921
	929
	868
	828

	  - Agriculture
	478
	370
	260
	261
	258
	263

	5.  Other
	0
	0
	0
	0
	0
	0

	B. Fugitive Emissions from Fuels
	384
	315
	303
	307
	336
	355


GHG emissions from fuel combustion have, compared to 2002, increased by 1.7% and were thus 1.0% higher than in the 1986 base year. The most important sub-sector is Energy Industries with 40% of emission of CO2 equ, followed by Traffic with 26.6%. For traffic, virtually all emissions are accounted for by road traffic and within that category particularly noticeable is the growth of the fraction of emissions from goods transport, since the goods transport in transit through Slovenia is since 2000, annually increasing by more than 10%.

In the sector Other consumption, which accounts for 18.7% of emissions, Commercial and Residential sectors prevail. The strongest reduction of emissions was recorded in Manufacturing Industries and Construction, which accounted for 14.5% of emissions. Emissions in this sector have, chiefly due to substitution of coal and liquid fuels, diminished by as much as 46.2% since 1986.

Emissions from the production of electrical energy and heat (IPCC 1.A.1.a) vary in accordance with the production of electrical energy. It has to be taken into consideration that in the Republic of Slovenia in 2003, 2.9 TWh (i.e. 21.0%) of electrical energy was produced in public hydroelectric power plants, 5.2 TWh (i.e. 37,7%) in the Krško Nuclear Power Plant, and 5.3 TWh in public thermal power plants (i.e. 38.5%), while the remaining 0.4 TWh (i.e. 2.8%) was produced by autoproducers. The structure changes slightly from year to year, depending mostly on the changes in the hydrology of the Slovenian rivers.

Fugitive emissions in the Republic of Slovenia are of minor importance. The biggest fraction in the structure of these emissions of methane is coal mining in underground mines, yet emissions keep constantly diminishing due to ever-smaller excavation of coal. In inventories, CO2 emissions from flue gas desulphurisation (SO2 scrubbing) are entered as Fugitive Emissions from solid fuels, i.e. under 1.B.1.c Other, where it is indicated that these emissions are emissions from flue gas desulphurisation.

Based on the in-country review and recommendations, Slovenia will develop country-specific emission factors for fugitive emissions from transport and distribution of natural gas. Preliminary results from the study are expected in 2006. 

CO2 emissions from biomass have been computed as well, but have not been included in the calculation; however, all other greenhouse gases (CH4, N2O) have been included in accordance with the methodology.

1.14  Fuel combustion (CRF 1.A)

1.14.1 Comparison of the sectoral approach with the reference approach

The total difference of CO2 emissions between the sectoral approach and the reference approach in 2003 amounted to slightly less than 0.2%, which is deemed satisfactory. The sectoral approach gives somewhat higher emissions for solid fuels, which are a consequence of incineration of semi-finished products in industrial stokers, which are, however, not treated in chapter 6.C Waste Incineration.

A comparison of energies between the two approaches shows a bigger difference, amounting to 2.8%. This is chiefly a consequence of deviations in the consumption of gaseous fuels (+16.1%), since the reference approach covers also non-energy consumption of natural gas for the production of methanol. 

More detail description of comparison with data sources is available in Annex 4. 

Table 3.2: Difference of the Reference Approach over the National approach: Energy Consum.

	
	1986
	1990
	2000
	2001
	2002
	2003

	Liquid Fuels (excluding international bunkers)
	0.90%
	4.72%
	0.85%.
	1.71%.
	0.50%.
	0.72%

	Solid Fuels (excluding international bunkers)
	1.07%
	0.79%
	-1.30%.
	-0.10%.
	-0.50%.
	-0.54%

	Gaseous Fuels
	8.86%
	8.98%
	15.85%.
	16.55%.
	14.34%.
	16.08%

	Total (3)
	2.08%
	3.84%
	2.52%.
	3.41%.
	2.23%.
	2.84%


Table 3.3: Difference of the Reference Approach over the National approach: CO2 emissions

	
	1986
	1990
	2000
	2001
	2002
	2003

	Liquid Fuels (excluding international bunkers)
	0.69%.
	4.89%.
	0.99%.
	1.87%.
	0.65%.
	1.12%

	Solid Fuels (excluding international bunkers)
	1.01%.
	0.72%.
	-1.38%.
	-0.11%.
	-0.45%.
	-0.53%

	Gaseous Fuels
	-0.01%.
	0.89%.
	0.20%.
	0.23%.
	-0.01%.
	-0.02%

	Total (3)
	0.73%.
	2.24%.
	-0.15%.
	0.78%.
	0.02%.
	0.19%


1.14.2 International bunker fuels

The Republic of Slovenia had no international marine bunkers in 2003. The entire consumption of jet kerosene was counted as aviation bunker fuel, since there are no commercial domestic flights in Slovenia. In spite of negligible quantities of emissions, the entire consumption of aviation gasoline for piston engine aircraft was counted as consumption and emission in Slovenia, since it was assumed that this was fuel for small jet aircraft, which fly between smaller regional airports in Slovenia.

Table 3.4: International Aviation bunkers

	
	Unit
	1986
	1990
	2000
	2001
	2002
	2003

	Aviation bunkers 
	Ton
	31858
	25900
	23230
	26231.7
	27005
	25822

	Aviation bunkers 
	PJ
	1363.52
	1108.52
	994.24
	1122.71
	1155.82
	1.105.19

	CO2 Emissions
	Gg
	97.49
	79.26
	71.09
	80.27
	82.64
	79.0

	CH4 Emissions
	Gg
	1.36
	1.11
	0.99
	1.12
	1.16
	1.11

	N20 Emissions
	Gg
	2.73
	2.22
	1.99
	2.25
	2.31
	2.21

	CO Emissions
	Gg
	136.35
	110.85
	99.42
	112.27
	0.12
	0.11

	NOx Emissions
	Gg
	409.06
	332.56
	298.27
	336.81
	346.75
	331.56

	NMVOC Emissions
	Gg
	68.18
	55.43
	49.71
	56.14
	57.79
	55.26


1.14.3 Feedstocks and non-energy use of fuels

The biggest fraction of non-energy usage of fuels is the consumption of natural gas for the production of ethanol, amounting to 154 Sm6 of natural gas in 2003. Smaller quantities of liquid fuels were consumed for manufacturing lubricating oils and greases, accounting for a consumption of 12.6 kton of refined petroleum products.

Table 3.5: Carbon stored from natural gas – methanol production

	
	1986
	1990
	2000
	2001
	2002
	2003

	Natural Gas – non energy use (000 m3)
	67666
	69524
	136740
	146069
	125528
	154302

	Calorific value  TJ/1000 ton
	33.50
	34.10
	34.08
	34.08
	34.08
	34.08

	Consumption (TJ)
	2267
	2371
	4660
	4978
	4278
	5259

	Emission factor. (t C/TJ)
	15.075
	15.075
	15.075
	15.075
	15.075
	15.075

	Emission (Gg C)
	34
	36
	70
	75
	64
	79

	Share of carbon stored
	1
	1
	1
	1
	1
	1

	Carbon stored (Gg C)
	34.17
	35.7
	70.3
	75.0
	64.5
	79.3

	Conversion to CO2
	3.6667
	3.6667
	3.6667
	3.6667
	3.6667
	3.6667

	Carbon stored in CO2 (Gg)
	125.3
	131.0
	257.6
	275.2
	236.5
	290.7


Source of activity:
from 1985 to 1995 Statistical office, LPI

 

 
from 1995-1996, Statistical office, DGP




from 1997-2003 LEG, Table Tg/6-3

Share of carbon stored: Based on technology of methanol production (stoichiometric approach).

Table 3.6: Estimate of Uncertainty of Utilized Data (in %)

	Estimate of Uncertainty of Input Data
	5%

	Estimate of Uncertainty of Calorific Values
	5%

	Estimate of Uncertainty of Emission Factors
	5%


Source: Author’s estimate

Table 3.7 Production of engine oils and lubricants

	
	1986
	1990
	2000
	2001
	2002
	2003

	Production (tonnes)
	6592
	7201
	9805
	9701
	9363
	12636

	Factor TJ/1000 tonnes 
	40.2
	40.2
	40.2
	40.2
	40.2
	40.2

	Consumption (TJ)
	265
	289
	394
	390
	376
	508

	Emission Factor (t C/TJ)
	20
	20
	20
	20
	20
	20

	Emission (Gg C)
	5
	6
	8
	8
	8
	10

	Fraction of Carbon Stored
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5

	Stored Carbon (Gg C)
	2.65
	2.89
	3.94
	3.90
	3.76
	5.08

	Conversion of C to CO2
	3.6667
	3.6667
	3.6667
	3.6667
	3.6667
	3.6667

	Stored CO2 (Gg C)
	9.7
	10.6
	14.5
	14.3
	13.8
	18.6


Source of activity:
from 1985 to 1995 Statistical office, LPI

 

 
from 1995-1996, Statistical office, DGP




from 1997-2003 Statistical office information

Emission factor:

Stored CO2 has been calculated on the basis of the formula from IPCC guidelines (Intergovernmental Panel on Climate Change: Greenhouse Gas Inventory - Reference manual, UNEP-OECD-IEA-IPCC, Bracknell 1996, p. I.28., I. 23, I.13). 

Table 3.8: Estimate of Uncertainty of Utilized Data (in %)

	Estimate of Uncertainty of Input Data
	20%

	Estimate of Uncertainty of Calorific Values
	5%

	Estimate of Uncertainty of Emission Factors
	5%


Source: Author’s estimate

1.14.4 CO2 capture from flue gases and subsequent CO2 storage

There are no plants for recovery and storage of CO2 in Slovenia. 

1.14.5 Country-specific issues

An interesting feature of inventories of greenhouse gases for Slovenia is the fact that the chosen 1986 base year goes back to the time when Slovenia was still a part of Yugoslavia. This fact notwithstanding, Slovenia has already at that time had its own electrical energy statistics and annual reports, which have been published annually without any interruptions ever since 1955. Due to the stable functioning system of data collection and economic conditions (no commercially sensitive data) it is correct to say that the energy statistics in particular was exceptionally good and centralized, and the data reliable and trustworthy. 

The number of key reporting units prior to 1992 was exceptionally small, since only one enterprise imported natural gas, two enterprises refined petroleum products, while coal import was transacted within the framework of three thermal power plants. 

From 1986 to 2003, the terminology in publications has undergone some changes, since after 1991 “Sale to other republics” became „Export”, while „Purchase from other republics” became „Import”. The terminology related to coal remains somewhat special. In national publications, “Lignite” is used only for coal excavated in the pit of Velenje. The coal from other pits is entered as „brown coal” in spite of virtually the same net calorific value (NCV). This brown coal is combined with imported coals that have a considerably higher net calorific value and, in terms of methodology, truly belong to brown coals. 

To avoid erroneous interpretations in international comparisons of inventories, we have decided to combine the entire production of domestic coal in the CRF table 1.A(b) – Sectoral background data for Energy (Reference Approach) on the basis of net calorific value under „Lignite”. 

After 1996, the Statistical Office of the Republic of Slovenia changed the Unified classification of activities for the Standard classification of activities, and that has caused a slight alteration of emissions within the sector Manufacturing Industries and Construction.

1.14.6 Energy Industries

This chapter presents the consumption of fuels and emissions of greenhouse gases in: 

· Public Electricity and Heat Production (CRF 1A1a)

· Petroleum Refining (CRF 1A1b)

· Manufacture of solid fuels and Other energy Industries (CRF 1A1c)

Table 3.9: GWP of GHG emissions from Energy Industries

	(000 ton CO2 equ.)  
	1986
	1990
	2000
	2001
	2002
	2003

	a.  Public Electricity and Heat Production
	6561
	6015
	5480
	6232
	6412
	6173

	b.  Petroleum Refining
	62
	169
	32
	27
	20
	14

	c.  Manufacture of Solid Fuels and Other Energy Industries
	105
	81
	0
	1
	0
	1

	TOTAL - Energy Industries
	6729
	6265
	5512
	6260
	6432
	6188
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Figure 3.2: GWP of GHG emissions from Energy Industries

1.14.6.1 Public Electricity and Heat Production (CRF 1A1a)

Key sector - Base year: 
yes

Key sector - Year 2003:
yes 

In this sector, there are three big point sources in the Republic of Slovenia, which represent the backbone of the production of electrical energy from thermal power plants. All three plants use coal for the production of electrical energy. Two of these thermal power plants (the Šoštanj Thermal Power Plant and the Trbovlje Thermal Power Plant) are located beside coal pits. Since 2003, CHP Ljubljana uses exclusively imported coal with high net calorific value and low sulphur contents for the production of electrical energy and heat.

Table 3.10: Public electricity and Combined Heat and Power Plants in Slovenia

	Power plant
	Location
	 Unit
	Year
	Power (MWt)
	Main fuel type

	 TEŠ
	Šoštanj
	 A/1 (1)
	1956
	105.0
	 Lignite

	 TEŠ
	Šoštanj
	 A/2 (2)
	1956
	105.0
	 Lignite

	 TEŠ
	Šoštanj
	 A/3 (3)
	1960
	125.0
	 Lignite

	
	Šoštanj
	 A/3 (4)
	1971
	125.0
	 Lignite

	 TEŠ
	Šoštanj
	 B/4 (5)
	1977
	740.0
	 Lignite

	 TEŠ
	Šoštanj
	 C/5 (6)
	1977
	920.0
	 Lignite

	 TE-TOL
	Ljubljana
	 D/1 (1)
	1967
	137.0
	 Imported coal

	 TE-TOL
	Ljubljana
	 D/2 (2)
	1967
	137.0
	 Imported coal

	 TE-TOL
	Ljubljana
	 D/3 (3)
	1984
	207.0
	 Imported coal

	 TET
	Trbovlje
	 F/4 (4)
	1968
	350.0
	 Domestic coal


Methodology

To estimate emissions from Public Electricity and Heat Production, the following methodology has been adopted. 

Quantity of Fuel Combusted x Net Calorific value x EF per energy of Fuel x oxidation factor = Emissions

Emission factors

With regard to the need to upgrade GHG emissions inventories, in 2004, national CO2 emission factors for domestic coal were developed (further information: A Review of the Chemical Analysis of Coal from the Pit of Šoštanj). 

CO2 emission factors were obtained on the basis of determined carbon contents in the fuel. Data on carbon contents in fuel for the entire period 1986-2003 are available only for coal from the biggest pit in Slovenia, the Šoštanj Lignite Pit. The carbon contents of lignite were verified by supplementary chemical analyses of coal samples from this pit in an accredited laboratory in accordance with EN ISO 17025.

Emission factors for other fuels have been suggested according to the following criteria: 

- In case a particular area is adequately treated in IPCC, the emission factors have been taken from IPCC methodology. 

- In case a particular area is not adequately treated in IPCC, the emission factors have been taken from the EMEP/CORINAIR guidelines,

- In fields where adequate research had been done in Slovenia, the emission factors obtained in that research have been applied. 

Activity data

The main source of data for all energy industries in the Republic of Slovenia for the period 1986-2003 is LEG – Annual Energy Statistics of the Energy Sector of the Republic of Slovenia

To make it more clear, the sub-sector Public Electricity and Heat Plants has in national inventories been disaggregated into:

· Public power plants 

(TE Šoštanj, TE Trbovlje, TE Brestanica)

· Public CHP


(TE-TO Ljubljana)

· Public heat plants 

(Heat Plants listed in LEG Dt/1)

For the period 1986-2003, data on the consumption of fuels for individual public power plants are collected in LEG Table EL/9-0 or Table EL/7-0, respectively.

In LEG-94, an error has occurred in addition of categories with regard to the consumption of natural gas: the consumption in Other Industry section amounted to 55597 and not to 98459 thousand Nm3 (total consumption amounted to 710567 thousand Nm3 – established on the basis of addition of consumption in industry).

For the period 1995-2003, the consumption of fuels in the Public Power Plants group is obtained by subtracting the consumption of fuels in the Ljubljana Power Cogeneration Plant for the generation of electric energy from the item Public Power Plants from LEG, and by adding the consumption of fuels in the TE-Šoštanj for the production of heat (LEG, Table EL/7-0). The consumption of fuels in the Ljubljana Power Cogeneration Plant for the production of heat has already been taken into account in the category Power Cogeneration Plants and Public Heat Plants (LEG: Table ZB/3). A new category was introduced in 1995, Transformation (instead of Electric Utilities) that comprises the consumption of public power plants, industrial power plants as well as power cogeneration plants and public heat plants. 

b) Public CHP (combined heat and power generation plants)

The Ljubljana Power Cogeneration Plant consumes approximately 45 % of fuel for the production of heat; consequently, it is classified in the group of combined heat and power generation plants.

c) Power cogeneration plants and public heat plants (LEG Table Dt/1) 

The category comprises all public heat plants (for 1996 for instance: JP Energetika, KO Velenje, KO Maribor, KO Celje, KO Slovenj Gradec, KO Nova Gorica, KO Jesenice, KO Ravne, KO Trbovlje, KO Železniki, KO Kranj, KO Sevnica, KO Hrastnik, KO Zagorje and KO Piran). For 1986, only data for JP Energetika, Ljubljana exist. 

Data on the consumption of fuels in power cogeneration plants and public heat plants only started to be published on a regular basis after 1987, therefore for 1986 only data on the consumption of natural gas in 1986 have been taken into account (all consumption in the Electricity Generating Industries sector is attributed to the consumption in power cogeneration plants), for other fuels, data for 1987 have been taken (the first successive year when they were available). With regard to small quantities of consumed fuels, the estimated uncertainty is small.

Table 3.11 Consumption of Fuels and Emissions from Public Power Plants in 1986

	
	Lignite
	Brown Coal
	Lignite and Brown Coal
	Gas oil
	Residual Fuel  Oil
	Gas oil and Residual Fuel  Oil
	Gasoline
	Natural Gas
	TOTAL

	Consumption (tonnes)
	4578747
	590342
	5169089
	11625
	49870
	61495
	5362
	0
	

	Calorific Value (TJ/1000 t)
	9.4
	11.9
	0.0
	41.8
	39.7
	0.0
	43.2
	33.5
	

	Consumption(PJ)
	43.0
	7.0
	50.0
	0.5
	2.0
	2.5
	0.2
	0.0
	52.7

	Emission Factor (t CO2/TJ)
	107.76
	99.2
	106.6
	73.3
	76.6
	75.95
	69.3
	55.0
	

	CO2 Emissions (Gg)
	4632.9
	695.7
	5328.6
	35.6
	151.8
	187.4
	16.0
	0.0
	5532.1

	Emission Factor (t CH4/TJ)
	0.001
	0.001
	0.001
	0.003
	0.003
	0.003
	0.003
	0.001
	

	CH4 Emissions (Gg)
	0.04
	0.01
	0.05
	0.00
	0.01
	0.01
	0.00
	0.00
	0.06

	Emission Factor (t N2O/TJ)
	0.0014
	0.0014
	0.0014
	0.0006
	0.0006
	0.0006
	0.001
	0.000
	

	N2O Emissions (Gg)
	0.060
	0.010
	0.070
	0.000
	0.001
	0.001
	0.000
	0.000
	0.072

	Emission Factor (t CO/TJ)
	0.014
	0.014
	0.014
	0.015
	0.015
	0.015
	0.015
	0.019
	

	CO Emissions (Gg)
	0.60
	0.10
	0.70
	0.01
	0.03
	0.04
	0.00
	0.00
	0.74

	Emission Factor (t NOx/TJ)
	0.34
	0.19
	0.32
	0.19
	0.19
	0.19
	0.19
	0.125
	

	NOx Emissions (Gg)
	14.56
	1.34
	15.90
	0.09
	0.38
	0.47
	0.04
	0.00
	16.41

	Emission Factor (t NMVOC/TJ)
	0.03
	0.03
	0.03
	0.01
	0.01
	0.01
	0.01
	0.0025
	

	NMVOC Emissions (Gg)
	1.29
	0.21
	1.50
	0.00
	0.02
	0.02
	0.00
	0.00
	1.53


Table 3.12 Consumption of Fuels and Emissions from Public Power Plants in 1990

	
	Lignite
	Brown Coal
	Lignite and Brown Coal
	Gas oil
	Residual Fuel  Oil
	Gas oil and Residual Fuel  Oil
	Gasoline
	Natural Gas
	TOTAL

	Consumption (tonnes)
	3904492
	577108
	4481600
	3809
	60855
	64664
	2688
	5535
	

	Calorific Value (TJ/1000 t)
	9.8
	12.8
	10.2
	41.9
	39.8
	39.9
	43.1
	34.1
	

	Consumption(PJ)
	38.3
	7.4
	45.7
	0.2
	2.4
	2.6
	0.1
	0.2
	48.6

	Emission Factor (t CO2/TJ)
	104.83
	99.2
	103.9
	73.3
	76.6
	76.40
	69.3
	55.0
	

	CO2 Emissions (Gg)
	4015.5
	730.5
	4746.0
	11.7
	185.5
	197.2
	8.0
	10.4
	4961.6

	Emission Factor (t CH4/TJ)
	0.001
	0.001
	0.001
	0.003
	0.003
	0.003
	0.003
	0.001
	

	CH4 Emissions (Gg)
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.05

	Emission Factor (t N2O/TJ)
	0.0014
	0.0014
	0.0014
	0.0006
	0.0006
	0.0006
	0.0006
	0.0001
	

	N2O Emissions (Gg)
	0.054
	0.010
	0.064
	0.000
	0.001
	0.002
	0.000
	0.000
	0.066

	Emission Factor (t CO/TJ)
	0.014
	0.014
	0.014
	0.015
	0.015
	0.015
	0.015
	0.019
	

	CO Emissions (Gg)
	0.54
	0.10
	0.64
	0.00
	0.04
	0.04
	0.00
	0.00
	0.68

	Emission Factor (t NOx/TJ)
	0.33
	0.20
	0.31
	0.19
	0.19
	0.19
	0.19
	0.125
	

	Nox Emissions (Gg)
	12.67
	1.47
	14.14
	0.03
	0.46
	0.49
	0.02
	0.02
	14.68

	Emission Factor (t NMVOC/TJ)
	0.03
	0.03
	0.03
	0.01
	0.01
	0.01
	0.01
	0.0025
	

	NMVOC Emissions (Gg)
	1.15
	0.22
	1.37
	0.00
	0.02
	0.03
	0.00
	0.00
	1.40


Table 3.13 Consumption of Fuels and Emissions from Public Power Plants in 1995

	
	Lignite
	Brown Coal
	Lignite and Brown Coal
	Gas oil
	Residual Fuel  Oil
	Gas oil and Residual Fuel  Oil
	Gasoline
	Natural Gas
	TOTAL

	Consumption (tonnes)
	3665368
	704826
	4370194
	4353
	3713
	8066
	0
	1455
	

	Calorific Value (TJ/1000 t)
	10.2
	10.0
	10.2
	41.9
	40.0
	41.0
	43.1
	34.1
	

	Consumption(PJ)
	37.5
	7.0
	44.5
	0.2
	0.1
	0.3
	0.0
	0.0
	44.9

	Emission Factor (t CO2/TJ)
	99.0
	99.2
	99.0
	73.3
	76.6
	74.8
	69.3
	55.0
	

	CO2 Emissions (Gg)
	3707.3
	699.2
	4406.5
	13.4
	11.4
	24.7
	0.0
	2.7
	4434.0

	Emission Factor (t CH4/TJ)
	0.001
	0.001
	0.001
	0.003
	0.003
	0.003
	0.003
	0.001
	

	CH4 Emissions (Gg)
	0.04
	0.01
	0.04
	0.00
	0.00
	0.00
	0.00
	0.00
	0.05

	Emission Factor (t N2O/TJ)
	0.0014
	0.0014
	0.0014
	0.0006
	0.0006
	0.0006
	0.0006
	0.0001
	

	N2O Emissions (Gg)
	0.052
	0.010
	0.062
	0.000
	0.000
	0.000
	0.000
	0.000
	0.063

	Emission Factor (t CO/TJ)
	0.01
	0.01
	0.01
	0.02
	0.02
	0.02
	0.02
	0.02
	

	CO Emissions (Gg)
	0.52
	0.10
	0.62
	0.00
	0.00
	0.00
	0.00
	0.00
	0.63

	Emission Factor (t NOx/TJ)
	0.28
	0.17
	0.26
	0.19
	0.19
	0.19
	0.19
	0.13
	

	NOx Emissions (Gg)
	10.53
	1.19
	11.72
	0.03
	0.03
	0.06
	0.00
	0.01
	11.79

	Emission Factor (t NMVOC/TJ)
	0.03
	0.03
	0.03
	0.01
	0.01
	0.01
	0.01
	0.00
	

	NMVOC Emissions (Gg)
	1.12
	0.21
	1.34
	0.00
	0.00
	0.00
	0.00
	0.00
	1.34


Table 3.14 Consumption of Fuels and Emissions from Public Power Plants in 2000

	
	Lignite
	Brown Coal
	Lignite and Brown Coal
	Gas oil
	Residual Fuel  Oil
	Gas oil and Residual Fuel  Oil
	Gasoline
	Natural Gas
	TOTAL

	Consumption (tonnes)
	3717715
	608812
	4326527
	6449
	475
	6924
	0
	7274
	

	Calorific Value (TJ/1000 t)
	10.17
	11.23
	10.3
	41.90
	40.00
	41.8
	43.08
	34.08
	

	Consumption(PJ)
	37.8
	6.8
	44.6
	0.3
	0.0
	0.3
	0.0
	0.2
	45.2

	Emission Factor (t CO2/TJ)
	100.5
	99.2
	100.3
	73.3
	76.6
	73.5
	69.3
	55.0
	

	CO2 Emissions (Gg)
	3800.1
	678.2
	4478.3
	19.8
	1.5
	21.3
	0.0
	13.6
	4513.2

	Emission Factor (t CH4/TJ)
	0.001
	0.001
	0.001
	0.003
	0.003
	0.003
	0.003
	0.001
	

	CH4 Emissions (Gg)
	0.04
	0.01
	0.04
	0.00
	0.00
	0.00
	0.00
	0.00
	0.05

	Emission Factor (t N2O/TJ)
	0.0014
	0.0014
	0.0014
	0.0006
	0.0006
	0.0006
	0.0006
	0.0001
	

	N2O Emissions (Gg)
	0.053
	0.010
	0.06
	0.000
	0.000
	0.000
	0.000
	0.000
	0.063

	Emission Factor (t CO/TJ)
	0.01
	0.01
	0.01
	0.02
	0.02
	0.02
	0.02
	0.02
	

	CO Emissions (Gg)
	0.53
	0.10
	0.63
	0.00
	0.00
	0.00
	0.00
	0.00
	0.63

	Emission Factor (t NOx/TJ)
	0.24
	0.20
	0.23
	0.19
	0.19
	0.19
	0.19
	0.13
	

	NOx Emissions (Gg)
	9.01
	1.35
	10.37
	0.05
	0.00
	0.05
	0.00
	0.03
	10.45

	Emission Factor (t NMVOC/TJ)
	0.03
	0.03
	0.03
	0.01
	0.01
	0.01
	0.01
	0.00
	

	NMVOC Emissions (Gg)
	1.13
	0.21
	1.34
	0.00
	0.00
	0.00
	0.00
	0.00
	1.34


Table 3.15 Consumption of Fuels and Emissions from Public Power Plants in 2001

	
	Lignite
	Brown Coal
	Lignite and Brown Coal
	Gas oil
	Residual Fuel  Oil
	Gas oil and Residual Fuel  Oil
	Gasoline
	Natural Gas
	TOTAL

	Consumption (tonnes)
	3981256
	609356
	4590612
	22462
	748
	23209,8
	0
	12844
	

	Calorific Value (TJ/1000 t)
	10.66
	10.66
	10.7
	41.90
	40.00
	41.8
	43.08
	34.08
	

	Consumption(PJ)
	42.4
	6.5
	48.9
	0.9
	0.0
	1.0
	0.0
	0.4
	50.3

	Emission Factor (t CO2/TJ)
	104.6
	99.2
	103.9
	73.3
	76.6
	73.4
	69.3
	55.0
	

	CO2 Emissions (Gg)
	4438.2
	644.4
	5082.6
	69.0
	2.3
	71.3
	0.0
	24.1
	5177.9

	Emission Factor (t CH4/TJ)
	0.001
	0.001
	0.001
	0.003
	0.003
	0.003
	0.003
	0.001
	

	CH4 Emissions (Gg)
	0.04
	0.01
	0.05
	0.00
	0.00
	0.00
	0.00
	0.00
	0.05

	Emission Factor (t N2O/TJ)
	0.0014
	0.0014
	0.0014
	0.0006
	0.0006
	0.0006
	0.0006
	0.0001
	

	N2O Emissions (Gg)
	0.059
	0.009
	0.07
	0.001
	0.000
	0.001
	0.000
	0.000
	0.069

	Emission Factor (t CO/TJ)
	0.01
	0.01
	0.01
	0.02
	0.02
	0.02
	0.02
	0.02
	

	CO Emissions (Gg)
	0.59
	0.09
	0.69
	0.01
	0.00
	0.01
	0.00
	0.01
	0.71

	Emission Factor (t NOx/TJ)
	0.24
	0.20
	0.23
	0.19
	0.19
	0.19
	0.19
	0.13
	

	NOx Emissions (Gg)
	10.12
	1.28
	11.40
	0.18
	0.01
	0.18
	0.00
	0.05
	11.64

	Emission Factor (t NMVOC/TJ)
	0.03
	0.03
	0.03
	0.01
	0.01
	0.01
	0.01
	0.00
	

	NMVOC Emissions (Gg)
	1.27
	0.19
	1.47
	0.01
	0.00
	0.01
	0.00
	0.00
	1.48


Table 3.16 Consumption of Fuels and Emissions from Public Power Plants in 2002

	
	Lignite
	Brown Coal
	Lignite and Brown Coal
	Gas oil
	Residual Fuel  Oil
	Gas oil and Residual Fuel  Oil
	Gasoline
	Natural Gas
	TOTAL

	Consumption (tonnes)
	4343979
	658822
	5002801
	8768
	443
	9211
	0
	9319
	

	Calorific Value (TJ/1000 t)
	10.35
	11.22
	10.5
	41.90
	40.00
	41.8
	43.08
	34.08
	

	Consumption(PJ)
	45.0
	7.4
	52.4
	0.4
	0.0
	0.4
	0.0
	0.3
	53.1

	Emission Factor (t CO2/TJ)
	103.33
	99.2
	102.7
	73.3
	76.6
	73.5
	69.3
	55.0
	

	CO2 Emissions (Gg)
	4645.8
	733.3
	5379.1
	26.9
	1.4
	28.3
	0.0
	17.5
	5424.9

	Emission Factor (t CH4/TJ)
	0.001
	0.001
	0.001
	0.003
	0.003
	0.003
	0.003
	0.001
	

	CH4 Emissions (Gg)
	0.04
	0.01
	0.05
	0.00
	0.00
	0.00
	0.00
	0.00
	0.054

	Emission Factor (t N2O/TJ)
	0.0014
	0.0014
	0.0014
	0.0006
	0.0006
	0.0006
	0.0006
	0.0001
	

	N2O Emissions (Gg)
	0.063
	0.010
	0.07
	0.000
	0.000
	0.000
	0.000
	0.000
	0.074

	Emission Factor (t CO/TJ)
	0.01
	0.01
	0.01
	0.02
	0.02
	0.02
	0.02
	0.02
	

	CO Emissions (Gg)
	0.63
	0.10
	0.73
	0.01
	0.00
	0.01
	0.00
	0.01
	0.745

	Emission Factor (t NOx/TJ)
	0.24
	0.20
	0.23
	0.19
	0.19
	0.19
	0.19
	0.13
	

	NOx Emissions (Gg)
	10.72
	1.46
	12.18
	0.07
	0.00
	0.07
	0.00
	0.04
	12.294

	Emission Factor (t NMVOC/TJ)
	0.03
	0.03
	0.03
	0.01
	0.01
	0.01
	0.01
	0.00
	

	NMVOC Emissions (Gg)
	1.35
	0.22
	1.57
	0.00
	0.00
	0.00
	0.00
	0.00
	1.575


Table 3.17 Consumption of Fuels and Emissions from Public Power Plants in 2003

	
	Lignite
	Brown Coal
	Lignite and Brown Coal
	Gas oil
	Residual Fuel  Oil
	Gas oil and Residual Fuel  Oil
	Gasoline
	Natural Gas
	TOTAL

	Consumption (tonnes)
	4078310
	650737
	4729047
	4811
	1086
	5897
	0
	33334
	

	Calorific Value (TJ/1000 t)
	10.14
	11.56
	10.3
	41.90
	40.00
	41.6
	43.08
	34.08
	

	Consumption(PJ)
	41.3
	7.5
	48.9
	0.2
	0.0
	0.2
	0.0
	1.1
	50.2

	Emission Factor (t CO2/TJ)
	102.80
	99.2
	102.2
	73.3
	76.6
	73.9
	69.3
	55.0
	

	CO2 Emissions (Gg)
	4250.3
	746.2
	4996.5
	14.8
	3.3
	18.1
	0.0
	62.5
	5077.1

	Emission Factor (t CH4/TJ)
	0.001
	0.001
	0.001
	0.003
	0.003
	0.003
	0.003
	0.001
	

	CH4 Emissions (Gg)
	0.04
	0.01
	0.05
	0.00
	0.00
	0.00
	0.00
	0.00
	0.054

	Emission Factor (t N2O/TJ)
	0.0014
	0.0014
	0.0014
	0.0006
	0.0006
	0.0006
	0.0006
	0.0001
	

	N2O Emissions (Gg)
	0.063
	0.010
	0.07
	0.000
	0.000
	0.000
	0.000
	0.000
	0.074

	Emission Factor (t CO/TJ)
	0.01
	0.01
	0.01
	0.02
	0.02
	0.02
	0.02
	0.02
	

	CO Emissions (Gg)
	0.63
	0.10
	0.73
	0.01
	0.00
	0.01
	0.00
	0.01
	0.745

	Emission Factor (t NOx/TJ)
	0.00
	0.00
	0.00
	0.19
	0.19
	0.19
	0.19
	0.13
	

	NOx Emissions (Gg)
	0.00
	0.00
	0.00
	0.07
	0.00
	0.07
	0.00
	0.04
	0.113

	Emission Factor (t NMVOC/TJ)
	0.03
	0.03
	0.03
	0.01
	0.01
	0.01
	0.01
	0.00
	

	NMVOC Emissions (Gg)
	1.35
	0.22
	1.57
	0.00
	0.00
	0.00
	0.00
	0.00
	1.575


Table 3.18 Consumption of Fuels and Emissions from Public CHP in 1986

	
	Lignite
	Brown Coal
	Lignite and Brown Coal
	Gas oil
	Residual Fuel  Oil
	Gas oil and Residual Fuel  Oil
	Gasoline
	Natural Gas
	TOTAL

	Consumption (tonnes)
	186691
	524247
	710938
	0
	8241
	8241
	0
	0
	

	Calorific Value (TJ/1000 t)
	9.4
	11.9
	11.2
	41.8
	39.7
	39.7
	43.2
	33.5
	

	Consumption(PJ)
	1.8
	6.2
	8.0
	0.0
	0.3
	0.3
	
	0.0
	8.3

	Emission Factor (t CO2/TJ)
	107.8
	99.2
	101.1
	73.3
	76.6
	76.6
	
	55.0
	

	CO2 Emissions (Gg)
	188.9
	617.8
	806.7
	0.0
	25.1
	25.1
	0.0
	0.0
	831.8

	Emission Factor (t CH4/TJ)
	0.001
	0.001
	0.001
	0.003
	0.003
	0.003
	0.003
	0.001
	

	CH4 Emissions (Gg)
	0.00
	0.01
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01

	Emission Factor (t N2O/TJ)
	0.0014
	0.0014
	0.0014
	0.0006
	0.0006
	0.0006
	0.0006
	0.0001
	

	N2O Emissions (Gg)
	0.002
	0.009
	0.011
	0.000
	0.000
	0.000
	0.000
	0.000
	0.011

	Emission Factor (t CO/TJ)
	0.01
	0.01
	0.01
	0.02
	0.02
	0.02
	0.02
	0.02
	

	CO Emissions (Gg)
	0.02
	0.09
	0.11
	0.00
	0.00
	0.00
	0.00
	0.00
	0.12

	Emission Factor (t NOx/TJ)
	0.34
	0.21
	0.24
	0.19
	0.19
	0.19
	0.19
	0.13
	

	NOx Emissions (Gg)
	0.60
	1.33
	1.93
	0.00
	0.06
	0.06
	0.00
	0.00
	1.99

	Emission Factor (t NMVOC/TJ)
	0.03
	0.03
	0.03
	0.01
	0.01
	0.01
	0.01
	0.00
	

	NMVOC Emissions (Gg)
	0.05
	0.19
	0.24
	0.00
	0.00
	0.00
	0.00
	0.00
	0.24


Table 3.19 Consumption of Fuels and Emissions from Public CHP in 1990

	
	Lignite
	Brown Coal
	Lignite and Brown Coal
	Gas oil
	Residual Fuel  Oil
	Gas oil and Residual Fuel  Oil
	Gasoline
	Natural Gas
	TOTAL

	Consumption (tonnes)
	209163
	479987
	689150
	0
	2300
	2300
	0
	0
	

	Calorific Value (TJ/1000 t)
	9.81
	12.76
	11.86
	41.87
	39.8
	39.80
	43.07
	34.1
	

	Consumption(PJ)
	2.05
	6.12
	8.18
	0.00
	0.09
	0.09
	
	0.00
	8.27

	Emission Factor (t CO2/TJ)
	104.8
	99.2
	100.6
	73.3
	76.6
	76.60
	
	55.0
	

	CO2 Emissions (Gg)
	215.1
	607.6
	822.7
	0.0
	7.0
	7.0
	0.0
	0.0
	829.68

	Emission Factor (t CH4/TJ)
	0.001
	0.001
	0.001
	0.003
	0.003
	0.003
	0.003
	0.001
	

	CH4 Emissions (Gg)
	0.00
	0.01
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01

	Emission Factor (t N2O/TJ)
	0.0014
	0.0014
	0.0014
	0.0006
	0.0006
	0.0006
	0.0006
	0.0001
	

	N2O Emissions (Gg)
	0.00
	0.01
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01

	Emission Factor (t CO/TJ)
	0.014
	0.014
	0.014
	0.015
	0.015
	0.015
	0.015
	0.019
	

	CO Emissions (Gg)
	0.03
	0.09
	0.11
	0.00
	0.00
	0.00
	0.00
	0.00
	0.12

	Emission Factor (t NOx/TJ)
	0.33
	0.12
	0.17
	0.19
	0.19
	0.19
	0.19
	0.125
	

	NOx Emissions (Gg)
	0.68
	0.71
	1.39
	0.00
	0.02
	0.02
	0.00
	0.00
	1.41

	Emission Factor (t NMVOC/TJ)
	0.03
	0.03
	0.03
	0.01
	0.01
	0.01
	0.01
	0.0025
	

	NMVOC Emissions (Gg)
	0.06
	0.18
	0.25
	0.00
	0.00
	0.00
	0.00
	0.00
	0.25


Table 3.20 Consumption of Fuels and Emissions from Public CHP in 1995

	
	Lignite
	Brown Coal
	Lignite and Brown Coal
	Gas oil
	Residual Fuel  Oil
	Gas oil and Residual Fuel  Oil
	Gasoline
	Natural Gas
	TOTAL

	Consumption (tonnes)
	3984
	536456
	540440
	0
	4670
	4670
	
	0
	

	Calorific Value (TJ/1000 t)
	10.2
	15.5
	15.5
	41.9
	40.0
	40.0
	43.1
	34.1
	

	Consumption(PJ)
	0.0
	8.3
	8.4
	0.0
	0.2
	0.2
	
	0.0
	8.6

	Emission Factor (t CO2/TJ)
	99.0
	99.2
	99.2
	73.3
	76.6
	76.6
	
	55.0
	

	CO2 Emissions (Gg)
	4.0
	827.3
	831.3
	0.0
	14.3
	14.3
	0.0
	0.0
	845.6

	Emission Factor (t CH4/TJ)
	0.001
	0.001
	0.001
	0.003
	0.003
	0.003
	0.003
	0.001
	

	CH4 Emissions (Gg)
	0.00
	0.01
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01

	Emission Factor (t N2O/TJ)
	0.0014
	0.0014
	0.0014
	0.0006
	0.0006
	0.0006
	0.0006
	0.0001
	

	N2O Emissions (Gg)
	0.000
	0.012
	0.012
	0.000
	0.000
	0.000
	0.000
	0.000
	0.012

	Emission Factor (t CO/TJ)
	0.01
	0.01
	0.01
	0.02
	0.02
	0.02
	0.02
	0.02
	

	CO Emissions (Gg)
	0.00
	0.12
	0.12
	0.00
	0.00
	0.00
	0.00
	0.00
	0.12

	Emission Factor (t NOx/TJ)
	0.28
	0.21
	0.21
	0.19
	0.19
	0.19
	0.19
	0.13
	

	NOx Emissions (Gg)
	0.01
	1.72
	1.74
	0.00
	0.04
	0.04
	0.00
	0.00
	1.77

	Emission Factor (t NMVOC/TJ)
	0.03
	0.03
	0.03
	0.01
	0.01
	0.01
	0.01
	0.00
	

	NMVOC Emissions (Gg)
	0.00
	0.25
	0.25
	0.00
	0.00
	0.00
	0.00
	0.00
	0.25


Table 3.21 Consumption of Fuels and Emissions from Public CHP in 2000

	
	Lignite
	Brown Coal
	Lignite and Brown Coal
	Gas oil
	Residual Fuel  Oil
	Gas oil and Residual Fuel  Oil
	Gasoline
	Natural Gas
	TOTAL

	Consumption (tonnes)
	687
	487334
	488021
	590
	145
	735
	
	0
	

	Calorific Value (TJ/1000 t)
	10.17
	16.31
	16.3
	41.90
	40.00
	41.5
	43.08
	34.08
	

	Consumption(PJ)
	0.0
	7.9
	8.0
	0.0
	0.0
	0.0
	
	0.0
	8.0

	Emission Factor (t CO2/TJ)
	100.5
	99.2
	99.2
	73.3
	76.6
	73.9
	
	55.0
	

	CO2 Emissions (Gg)
	0.7
	788.4
	789.1
	1.8
	0.4
	2.3
	0.0
	0.0
	791.4

	Emission Factor (t CH4/TJ)
	0.001
	0.001
	0.001
	0.003
	0.003
	0.003
	0.003
	0.001
	

	CH4 Emissions (Gg)
	0.00
	0.01
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01

	Emission Factor (t N2O/TJ)
	0.0014
	0.0014
	0.0014
	0.0006
	0.0006
	0.0006
	0.0006
	0.0001
	

	N2O Emissions (Gg)
	0.000
	0.011
	0.011
	0.000
	0.000
	0.000
	0.000
	0.000
	0.011

	Emission Factor (t CO/TJ)
	0.01
	0.01
	0.01
	0.02
	0.02
	0.02
	0.02
	0.02
	

	CO Emissions (Gg)
	0.00
	0.11
	0.11
	0.00
	0.00
	0.00
	0.00
	0.00
	0.11

	Emission Factor (t NOx/TJ)
	0.31
	0.24
	0.24
	0.19
	0.19
	0.19
	0.19
	0.13
	

	NOx Emissions (Gg)
	0.00
	1.92
	1.92
	0.00
	0.00
	0.01
	0.00
	0.00
	1.93

	Emission Factor (t NMVOC/TJ)
	0.03
	0.03
	0.03
	0.01
	0.01
	0.01
	0.01
	0.00
	

	NMVOC Emissions (Gg)
	0.00
	0.24
	0.24
	0.00
	0.00
	0.00
	0.00
	0.00
	0.24


Table 3.22 Consumption of Fuels and Emissions from Public CHP in 2001

	
	Lignite
	Brown Coal
	Lignite and Brown Coal
	Gas oil
	Residual Fuel  Oil
	Gas oil and Residual Fuel  Oil
	Gasoline
	Natural Gas
	TOTAL

	Consumption (tonnes)
	800
	501754
	502554
	898
	158
	1056
	
	0
	

	Calorific Value (TJ/1000 t)
	10.66
	17.42
	17.4
	41.90
	40.00
	41.6
	43.08
	34.08
	

	Consumption(PJ)
	0.0
	8.7
	8.7
	0.0
	0.0
	0.0
	
	0.0
	8.8

	Emission Factor (t CO2/TJ)
	104.6
	99.2
	99.2
	73.3
	76.6
	73.8
	
	55.0
	

	CO2 Emissions (Gg)
	0.9
	866.9
	867.7
	2.8
	0.5
	3.2
	0.0
	0.0
	871.0

	Emission Factor (t CH4/TJ)
	0.001
	0.001
	0.001
	0.003
	0.003
	0.003
	0.003
	0.001
	

	CH4 Emissions (Gg)
	0.00
	0.01
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01

	Emission Factor (t N2O/TJ)
	0.0014
	0.0014
	0.0014
	0.0006
	0.0006
	0.0006
	0.0006
	0.0001
	

	N2O Emissions (Gg)
	0.000
	0.012
	0.012
	0.000
	0.000
	0.000
	0.000
	0.000
	0.012

	Emission Factor (t CO/TJ)
	0.01
	0.01
	0.01
	0.02
	0.02
	0.02
	0.02
	0.02
	

	CO Emissions (Gg)
	0.00
	0.12
	0.12
	0.00
	0.00
	0.00
	0.00
	0.00
	0.12

	Emission Factor (t NOx/TJ)
	0.31
	0.24
	0.24
	0.19
	0.19
	0.19
	0.19
	0.13
	

	NOx Emissions (Gg)
	0.00
	2.11
	2.11
	0.01
	0.00
	0.01
	0.00
	0.00
	2.12

	Emission Factor (t NMVOC/TJ)
	0.03
	0.03
	0.03
	0.01
	0.01
	0.01
	0.01
	0.00
	

	NMVOC Emissions (Gg)
	0.00
	0.26
	0.26
	0.00
	0.00
	0.00
	0.00
	0.00
	0.26


Table 3.23 Consumption of Fuels and Emissions from Public CHP in 2002

	
	Lignite
	Brown Coal
	Lignite and Brown Coal
	Gas oil
	Residual Fuel  Oil
	Gas oil and Residual Fuel  Oil
	Gasoline
	Natural Gas
	TOTAL

	Consumption (tonnes)
	200
	445490
	445490
	419
	159
	578
	
	0
	

	Calorific Value (TJ/1000 t)
	10.35
	17.93
	17.9
	41.90
	40.00
	41.4
	43.08
	34.08
	

	Consumption(PJ)
	0.0
	8.0
	8.0
	0.0
	0.0
	0.0
	
	0.0
	8.0

	Emission Factor (t CO2/TJ)
	104.6
	99.2
	99.2
	73.3
	76.6
	74.2
	
	55.0
	

	CO2 Emissions (Gg)
	0.0
	792.2
	792.2
	1.3
	0.5
	1.8
	0.0
	0.0
	794.0

	Emission Factor (t CH4/TJ)
	0.001
	0.001
	0.001
	0.003
	0.003
	0.003
	0.003
	0.001
	

	CH4 Emissions (Gg)
	0.00
	0.01
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01

	Emission Factor (t N2O/TJ)
	0.0014
	0.0014
	0.0014
	0.0006
	0.0006
	0.0006
	0.0006
	0.0001
	

	N2O Emissions (Gg)
	0.000
	0.011
	0.011
	0.000
	0.000
	0.000
	0.000
	0.000
	0.011

	Emission Factor (t CO/TJ)
	0.01
	0.01
	0.01
	0.02
	0.02
	0.02
	0.02
	0.02
	

	CO Emissions (Gg)
	0.00
	0.11
	0.11
	0.00
	0.00
	0.00
	0.00
	0.00
	0.11

	Emission Factor (t NOx/TJ)
	0.00
	0.24
	0.24
	0.19
	0.19
	0.19
	0.19
	0.13
	

	NOx Emissions (Gg)
	0.00
	1.93
	1.93
	0.00
	0.00
	0.00
	0.00
	0.00
	1.93

	Emission Factor (t NMVOC/TJ)
	0.03
	0.03
	0.03
	0.01
	0.01
	0.01
	0.01
	0.00
	

	NMVOC Emissions (Gg)
	0.00
	0.24
	0.24
	0.00
	0.00
	0.00
	0.00
	0.00
	0.24


Table 3.24 Consumption of Fuels and Emissions from Public CHP in 2003

	
	Lignite
	Brown Coal
	Lignite and Brown Coal
	Gas oil
	Residual Fuel  Oil
	Gas oil and Residual Fuel  Oil
	Gasoline
	Natural Gas
	TOTAL

	Consumption (tonnes)
	100
	462885
	462985
	
	612
	612
	
	0
	

	Calorific Value (TJ/1000 t)
	10.66
	18.06
	18.1
	41.90
	40.00
	40.0
	43.08
	34.08
	

	Consumption(PJ)
	0.0
	8.4
	8.4
	0.0
	0.0
	0.0
	
	0.0
	8.4

	Emission Factor (t CO2/TJ)
	104.6
	99.2
	99.2
	73.3
	76.6
	76.6
	
	55.0
	

	CO2 Emissions (Gg)
	0.1
	829.1
	829.3
	0.0
	1.9
	1.9
	0.0
	0.0
	831.1

	Emission Factor (t CH4/TJ)
	0.001
	0.001
	0.001
	0.003
	0.003
	0.003
	0.003
	0.001
	

	CH4 Emissions (Gg)
	0.00
	0.01
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.008

	Emission Factor (t N2O/TJ)
	0.0014
	0.0014
	0.0014
	0.0006
	0.0006
	0.0006
	0.0006
	0.0001
	

	N2O Emissions (Gg)
	0.000
	0.012
	0.012
	0.000
	0.000
	0.000
	0.000
	0.000
	0.012

	Emission Factor (t CO/TJ)
	0.01
	0.01
	0.01
	0.02
	0.02
	0.02
	0.02
	0.02
	

	CO Emissions (Gg)
	0.00
	0.12
	0.12
	0.00
	0.00
	0.00
	0.00
	0.00
	0.117

	Emission Factor (t NOx/TJ)
	0.00
	0.00
	0.00
	0.19
	0.19
	0.19
	0.19
	0.13
	

	NOx Emissions (Gg)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.005

	Emission Factor (t NMVOC/TJ)
	0.03
	0.03
	0.03
	0.01
	0.01
	0.01
	0.01
	0.00
	

	NMVOC Emissions (Gg)
	0.00
	0.25
	0.25
	0.00
	0.00
	0.00
	0.00
	0.00
	0.251


Table 3.25 Consumption of Fuels and Emissions from Public HEAT PLANTS in 1986

	
	Lignite
	Brown Coal
	Lignite and Brown Coal
	Gas oil
	Residual Fuel  Oil
	Gas oil and Residual Fuel  Oil
	Gasoline
	Natural Gas
	LPG
	Biomass

(wood)
	Landfillgas
	TOTAL

	Consumption (tonnes, 000Sm3)
	0
	16300
	16300
	
	18600
	18600
	50987
	13000
	
	
	
	

	Calorific Value (TJ/1000 t)
	9.4
	11.9
	11.9
	41.8
	39.7
	39.7
	33.5
	12.2
	46.0
	
	
	.

	Consumption(PJ)
	0.0
	0.2
	0.2
	0.0
	0.7
	0.7
	1.7
	0.2
	0.0
	2.799
	
	2.8.

	Emission Factor (t CO2/TJ)
	107.8
	99.2
	99.2
	73.3
	76.6
	76.6
	55.0
	107.4
	62.4
	
	
	.

	CO2 Emissions (Gg)
	0.0
	19.2
	19.2
	0.0
	56.6
	56.6
	93.9
	17.0
	0.0
	169.8
	
	169.8.

	Emission Factor (t CH4/TJ)
	0.001
	0.001
	0.001
	0.003
	0.003
	0.003
	0.001
	0.030
	0.002
	
	
	.

	CH4 Emissions (Gg)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.009
	
	0.009.

	Emission Factor (t N2O/TJ)
	0.0014
	0.0014
	0.0014
	0.0006
	0.0006
	0.0006
	0.0001
	0.0040
	0.0006
	
	
	.

	N2O Emissions (Gg)
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.001
	0.000
	0.002
	
	0.002.

	Emission Factor (t CO/TJ)
	0.20
	0.20
	0.20
	0.02
	0.02
	0.02
	0.01
	1.00
	0.01
	
	
	.

	CO Emissions (Gg)
	0.00
	0.04
	0.04
	0.00
	0.01
	0.01
	0.02
	0.16
	0.00
	0.224
	
	0.224.

	Emission Factor (t NOx/TJ)
	0.15
	0.15
	0.15
	0.14
	0.14
	0.14
	0.10
	0.10
	0.10
	
	
	.

	NOx Emissions (Gg)
	0.00
	0.03
	0.03
	0.00
	0.10
	0.10
	0.17
	0.02
	0.00
	0.319
	
	0.319.

	Emission Factor (t NMVOC/TJ)
	0.15
	0.15
	0.15
	0.02
	0.02
	0.02
	0.00
	0.05
	0.00
	
	
	.

	NMVOC Emissions (Gg)
	0.00
	0.03
	0.03
	0.00
	0.01
	0.01
	0.01
	0.01
	0.00
	0.055
	
	0.055.


Table 3.26 Consumption of Fuels and Emissions from Public HEAT PLANTS in 1990

	
	Lignite
	Brown Coal
	Lignite and Brown Coal
	Gas oil
	Residual Fuel  Oil l
	Gas oil and Residual Fuel  Oil
	Gasoline
	Natural Gas
	LPG
	Biomass

(wood)
	Landfillgas
	TOTAL

	Consumption (tonnes, 000Sm3)
	158300
	0
	
	
	0
	0
	0
	0
	
	
	
	

	Calorific Value (TJ/1000 t)
	0
	24900
	24900
	0
	21200
	21200
	54000
	13000
	
	
	
	

	Consumption(PJ)
	9.8
	12.8
	12.8
	41.9
	39.8
	39.8
	34.1
	12.2
	46.0
	
	
	3.2.

	Emission Factor (t CO2/TJ)
	0.0
	0.3
	0.3
	0.0
	0.8
	0.8
	1.8
	0.2
	0.0
	3.161
	
	.

	CO2 Emissions (Gg)
	104.8
	99.2
	99.2
	73.3
	76.6
	76.6
	55.0
	107.4
	62.4
	
	
	197.4.

	Emission Factor (t CH4/TJ)
	0.0
	31.5
	31.5
	0.0
	64.6
	64.6
	101.3
	17.0
	0.0
	197.4
	
	.

	CH4 Emissions (Gg)
	0.001
	0.001
	0.001
	0.003
	0.003
	0.003
	0.001
	0.030
	0.002
	
	
	0.009.

	Emission Factor (t N2O/TJ)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.009
	
	.

	N2O Emissions (Gg)
	0.0014
	0.0014
	0.0014
	0.0006
	0.0006
	0.0006
	0.0001
	0.0040
	0.0006
	
	
	0.002.

	Emission Factor (t CO/TJ)
	0.000
	0.000
	0.000
	0.000
	0.001
	0.001
	0.000
	0.001
	0.000
	0.002
	
	.

	CO Emissions (Gg)
	0.20
	0.20
	0.20
	0.02
	0.02
	0.02
	0.01
	1.00
	0.01
	
	
	0.252.

	Emission Factor (t NOx/TJ)
	0.00
	0.06
	0.06
	0.00
	0.01
	0.01
	0.02
	0.16
	0.00
	0.252
	
	.

	NOx Emissions (Gg)
	0.15
	0.15
	0.15
	0.14
	0.14
	0.14
	0.10
	0.10
	0.10
	
	
	0.366.

	Emission Factor (t NMVOC/TJ)
	0.00
	0.05
	0.05
	0.00
	0.12
	0.12
	0.18
	0.02
	0.00
	0.366
	
	.

	NMVOC Emissions (Gg)
	0.15
	0.15
	0.15
	0.02
	0.02
	0.02
	0.00
	0.05
	0.00
	
	
	0.076.


Table 3.27 Consumption of Fuels and Emissions from Public HEAT PLANTS in 1995

	
	Lignite
	Brown Coal
	Lignite and Brown Coal
	Gas oil
	Residual Fuel  Oil
	Gas oil and Residual Fuel  Oil
	Gasoline
	Natural Gas
	LPG
	Biomass

(wood)
	Landfillgas
	TOTAL

	Consumption (tonnes, 000Sm3)
	0
	635
	635
	
	9460
	9460
	75346
	22019
	
	
	
	

	Calorific Value (TJ/1000 t)
	10.2
	15.5
	15.5
	41.9
	40.0
	40.0
	34.1
	12.2
	46.0
	
	
	.

	Consumption(PJ)
	0.0
	0.0
	0.0
	0.0
	0.4
	0.4
	2.6
	0.3
	0.0
	3.226
	
	3.2.

	Emission Factor (t CO2/TJ)
	99.0
	99.2
	99.2
	73.3
	76.6
	76.6
	55.0
	107.4
	62.4
	
	
	.

	CO2 Emissions (Gg)
	0.0
	1.0
	1.0
	0.0
	29.0
	29.0
	141.3
	28.8
	0.0
	171.3
	
	171.3.

	Emission Factor (t CH4/TJ)
	0.001
	0.001
	0.001
	0.003
	0.003
	0.003
	0.001
	0.030
	0.002
	
	
	.

	CH4 Emissions (Gg)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.00
	0.012
	
	0.012.

	Emission Factor (t N2O/TJ)
	0.0014
	0.0014
	0.0014
	0.0006
	0.0006
	0.0006
	0.0001
	0.0040
	0.0006
	
	
	.

	N2O Emissions (Gg)
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.001
	0.000
	0.002
	
	0.002.

	Emission Factor (t CO/TJ)
	0.20
	0.20
	0.20
	0.02
	0.02
	0.02
	0.01
	1.00
	0.01
	
	
	.

	CO Emissions (Gg)
	0.00
	0.00
	0.00
	0.00
	0.01
	0.01
	0.02
	0.27
	0.00
	0.300
	
	0.300.

	Emission Factor (t NOx/TJ)
	0.15
	0.15
	0.15
	0.14
	0.14
	0.14
	0.10
	0.10
	0.10
	
	
	.

	NOx Emissions (Gg)
	0.00
	0.00
	0.00
	0.00
	0.05
	0.05
	0.26
	0.03
	0.00
	0.338
	
	0.338.

	Emission Factor (t NMVOC/TJ)
	0.15
	0.15
	0.15
	0.02
	0.02
	0.02
	0.00
	0.05
	0.00
	
	
	.

	NMVOC Emissions (Gg)
	0.00
	0.00
	0.00
	0.00
	0.01
	0.01
	0.01
	0.01
	0.00
	0.031
	
	0.031.


Table 3.28 Consumption of Fuels and Emissions from Public HEAT PLANTS in 2000

	
	Lignite
	Brown Coal
	Lignite and Brown Coal
	Gas oil
	Residual Fuel  Oil
	Gas oil and Residual Fuel  Oil
	Gasoline
	Natural Gas
	LPG
	Biomass

(wood)
	Landfillgas
	TOTAL

	Consumption (tonnes, 000Sm3)
	0
	0
	0
	2254
	0
	2254
	76769
	10273
	194
	
	6236
	

	Calorific Value (TJ/1000 t)
	10.2
	16.3
	
	41.9
	40.0
	41.9
	34.1
	12.2
	46.1
	
	17.16
	.

	Consumption(PJ)
	0.0
	0.0
	0.0
	0.1
	0.0
	0.1
	2.6
	0.13
	0.01
	2.845
	0.1
	2.8.

	Emission Factor (t CO2/TJ)
	100.5
	99.2
	
	73.3
	76.6
	
	55.0
	107.4
	62.4
	
	55
	.

	CO2 Emissions (Gg)
	0.0
	0.0
	0.0
	6.9
	0.0
	6.9
	143.9
	13.4
	0.6
	151.4
	5.9
	151.4.

	Emission Factor (t CH4/TJ)
	0.001
	0.001
	0.001
	0.003
	0.003
	0.003
	0.001
	0.030
	0.002
	
	0.001
	.

	CH4 Emissions (Gg)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.007
	0.00
	0.007.

	Emission Factor (t N2O/TJ)
	0.0014
	0.0014
	0.0014
	0.0006
	0.0006
	0.0006
	0.0001
	0.0040
	0.0006
	
	0.0001
	.

	N2O Emissions (Gg)
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.001
	0.000
	0.001
	0.000
	0.001.

	Emission Factor (t CO/TJ)
	0.20
	0.20
	0.20
	0.02
	0.02
	0.02
	0.01
	1.00
	0.01
	
	0.01
	.

	CO Emissions (Gg)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.02
	0.13
	0.00
	0.151
	0.00
	0.152.

	Emission Factor (t NOx/TJ)
	0.15
	0.15
	0.15
	0.14
	0.14
	0.14
	0.10
	0.10
	0.10
	
	0.10
	.

	NOx Emissions (Gg)
	0.00
	0.00
	0.00
	0.01
	0.00
	0.01
	0.26
	0.01
	0.00
	0.288
	0.01
	0.299.

	Emission Factor (t NMVOC/TJ)
	0.15
	0.15
	0.15
	0.02
	0.02
	0.02
	0.00
	0.05
	0.00
	
	0.00
	.

	NMVOC Emissions (Gg)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.01
	0.00
	0.018
	0.00
	0.019.


Table 3.29 Consumption of Fuels and Emissions from Public HEAT PLANTS in 2001

	
	Lignite
	Brown Coal
	Lignite and Brown Coal
	Gas oil
	Residual Fuel  Oil
	Gas oil and Residual Fuel  Oil
	Gasoline
	Natural Gas
	LPG
	Biomass

(wood)
	Landfillgas
	TOTAL

	Consumption (tonnes, 000Sm3)
	0
	0
	0
	2317,6
	0
	2317,6
	79613
	9195
	39
	
	8684
	

	Calorific Value (TJ/1000 t)
	10.7
	17.4
	
	41.9
	40.0
	41.9
	34.1
	12.2
	46.1
	
	17.16
	.

	Consumption(PJ)
	0.0
	0.0
	0.0
	0.1
	0.0
	0.1
	2.7
	0.1
	0.0
	2.924
	0.1
	2.9.

	Emission Factor (t CO2/TJ)
	104.6
	99.2
	
	73.3
	76.6
	73.3
	55.0
	107.4
	62.4
	
	55
	.

	CO2 Emissions (Gg)
	0.0
	0.0
	0.0
	7.1
	0.0
	7.1
	149.2
	12.0
	0.1
	156.5
	8.2
	156.5.

	Emission Factor (t CH4/TJ)
	0.001
	0.001
	0.001
	0.003
	0.003
	0.003
	0.001
	0.030
	0.002
	
	0.001
	.

	CH4 Emissions (Gg)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.006
	0.00
	0.007.

	Emission Factor (t N2O/TJ)
	0.0014
	0.0014
	0.0014
	0.0006
	0.0006
	0.0006
	0.0001
	0.0040
	0.0006
	
	0.0001
	.

	N2O Emissions (Gg)
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.001
	0.000
	0.001.

	Emission Factor (t CO/TJ)
	0.20
	0.20
	0.20
	0.02
	0.02
	0.02
	0.01
	1.00
	0.01
	
	0.01
	.

	CO Emissions (Gg)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.03
	0.11
	0.00
	0.139
	0.00
	0.140.

	Emission Factor (t NOx/TJ)
	0.15
	0.15
	0.15
	0.14
	0.14
	0.14
	0.10
	0.10
	0.10
	
	0.10
	.

	NOx Emissions (Gg)
	0.00
	0.00
	0.00
	0.01
	0.00
	0.01
	0.27
	0.01
	0.00
	0.296
	0.01
	0.311.

	Emission Factor (t NMVOC/TJ)
	0.15
	0.15
	0.15
	0.02
	0.02
	0.02
	0.00
	0.05
	0.00
	
	0.00
	.

	NMVOC Emissions (Gg)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.01
	0.00
	0.018
	0.00
	0.019.


Table 3.30 Consumption of Fuels and Emissions from Public HEAT PLANTS in 2002

	
	Lignite
	Brown Coal
	Lignite and Brown Coal
	Gas oil
	Residual Fuel  Oil
	Gas oil and Residual Fuel  Oil
	Gasoline
	Natural Gas
	LPG
	Biomass

(wood)
	Landfillgas
	TOTAL

	Consumption (tonnes, 000Sm3)
	0
	0
	0
	4374
	0
	4374
	79931
	9652,1
	548
	
	10374
	

	Calorific Value (TJ/1000 t)
	10.4
	17.9
	
	41.9
	40.0
	41.9
	34.1
	12.2
	46.1
	
	17.16
	.

	Consumption(PJ)
	0.0
	0.0
	0.0
	0.2
	0.0
	0.2
	2.7
	0.1
	0.0
	3.050
	0.2
	3.1.

	Emission Factor (t CO2/TJ)
	104.6
	99.2
	
	73.3
	76.6
	73.3
	55.0
	107.4
	62.4
	
	55
	.

	CO2 Emissions (Gg)
	0.0
	0.0
	0.0
	13.4
	0.0
	13.4
	149.8
	12.6
	1.6
	164.8
	9.8
	164.8.

	Emission Factor (t CH4/TJ)
	0.001
	0.001
	0.001
	0.003
	0.003
	0.003
	0.001
	0.030
	0.002
	
	0.001
	.

	CH4 Emissions (Gg)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.007
	0.00
	0.007.

	Emission Factor (t N2O/TJ)
	0.0014
	0.0014
	0.0014
	0.0006
	0.0006
	0.0006
	0.0001
	0.0040
	0.0006
	
	0.0001
	.

	N2O Emissions (Gg)
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.001
	0.000
	0.001.

	Emission Factor (t CO/TJ)
	0.20
	0.20
	0.20
	0.02
	0.02
	0.02
	0.01
	1.00
	0.01
	
	0.01
	.

	CO Emissions (Gg)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.03
	0.12
	0.00
	0.146
	0.00
	0.148.

	Emission Factor (t NOx/TJ)
	0.15
	0.15
	0.15
	0.14
	0.14
	0.14
	0.10
	0.10
	0.10
	
	0.10
	.

	NOx Emissions (Gg)
	0.00
	0.00
	0.00
	0.03
	0.00
	0.03
	0.27
	0.01
	0.00
	0.312
	0.02
	0.330.

	Emission Factor (t NMVOC/TJ)
	0.15
	0.15
	0.15
	0.02
	0.02
	0.02
	0.00
	0.05
	0.00
	
	0.00
	.

	NMVOC Emissions (Gg)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.01
	0.00
	0.020
	0.00
	0.020.


Table 3.31 Consumption of Fuels and Emissions from Public HEAT PLANTS in 2003

	
	Lignite
	Brown Coal
	Lignite and Brown Coal
	Gas oil
	Residual Fuel  Oil
	Gas oil and Residual Fuel  Oil
	Gasoline
	Natural Gas
	LPG
	Biomass

(wood)
	Landfillgas
	TOTAL

	Consumption (tonnes, 000Sm3)
	0
	0
	0
	5457
	0
	5457
	116374
	13239
	548
	12880
	0
	

	Calorific Value (TJ/1000 t)
	10.1
	17.9
	
	41.9
	0.0
	41.9
	34.1
	12.2
	46.1
	17.16
	10.1
	

	Consumption(PJ)
	0.0
	0.0
	0.0
	0.2
	0.0
	0.2
	4.0
	0.2
	0.0
	0.2
	0.0
	4.4

	Emission Factor (t CO2/TJ)
	102.8
	99.2
	
	73.3
	76.6
	73.3
	55.0
	107.4
	62.4
	55
	102.8
	

	CO2 Emissions (Gg)
	0.0
	0.0
	0.0
	16.8
	0.0
	16.8
	218.1
	17.3
	1.6
	12.2
	0.0
	236.5

	Emission Factor (t CH4/TJ)
	0.001
	0.001
	0.001
	0.003
	0.003
	0.003
	0.001
	0.030
	0.002
	0.001
	0.001
	

	CH4 Emissions (Gg)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.010

	Emission Factor (t N2O/TJ)
	0.0014
	0.0014
	0.0014
	0.0006
	0.0006
	0.0006
	0.0001
	0.0040
	0.0006
	0.0001
	0.0014
	

	N2O Emissions (Gg)
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.001
	0.000
	0.000
	0.000
	0.001

	Emission Factor (t CO/TJ)
	0.20
	0.20
	0.20
	0.02
	0.02
	0.02
	0.01
	1.00
	0.01
	0.01
	0.20
	

	CO Emissions (Gg)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.04
	0.16
	0.00
	0.00
	0.00
	0.204

	Emission Factor (t NOx/TJ)
	0.15
	0.15
	0.15
	0.14
	0.14
	0.14
	0.10
	0.10
	0.10
	0.10
	0.15
	

	NOx Emissions (Gg)
	0.00
	0.00
	0.00
	0.03
	0.00
	0.03
	0.40
	0.02
	0.00
	0.02
	0.00
	0.469

	Emission Factor (t NMVOC/TJ)
	0.15
	0.15
	0.15
	0.02
	0.02
	0.02
	0.00
	0.05
	0.00
	0.00
	0.15
	

	NMVOC Emissions (Gg)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.02
	0.01
	0.00
	0.00
	0.00
	0.028


Recalculations

GHG emissions from the consumption of landfill gas for production of electricity and heat was added for the period 1986-2003. 

Future improvements

· Emission factors

Beginning in 2005, all thermal power plants in the Republic of Slovenia will carry out regular coal sampling and determine the carbon contents, which in accordance with the Monitoring guidelines for monitoring and reporting of greenhouse gas emissions pursuant to Directive 2003/87/EC of European Parliament and of the Council is necessary for CO2 emission trading in the period 2005-2007 on the territory of the European Union.

· Activity data

Considering the fact that data on the consumption of fuels in public heat plants began to be published for the first time in 1987, it is our plan to individually collect data for future inventories for the year 1986 from: JP Energetika, KO Velenje, KO Maribor, KO Celje, KO Slovenj Gradec, KO Nova Gorica, KO Jesenice, KO Ravne, KO Trbovlje, KO Železniki, KO Kranj, KO Sevnica).

At a monthly level, we will verify the consumption of fuel in 1986 in correlation with the production of electrical energy for the Šoštanj Thermal Power Plant, because we have received a notice from the Šoštanj Thermal Power Plant that there is a possibility of an error in the reported consumption of fuels for LEG 1986, which according to the archive data of the Šoštanj Thermal Power Plant should be higher by 118,000 tons.

1.14.6.2 Petroleum Refining (CRF 1A1b)

Key sector - Base year: 
no

Key sector - Year 2003:
no 

This chapter presents the entire consumption of fuels in oil industry; however, the main representative of this sector is only one company – the Nafta Lendava Refinery. According to statistical methodology, in the period 1986-1996 this sector also included quantities of fuels that were consumed for the production of electric energy in this sector.

For the period 1992 to 1994, LEG reported substantial consumption of residual fuel oil and gas oil in the category Internal Consumption and Losses (LEG Table Zb/1). These quantities were supposed to have been consumed in the Nafta Lendava Refinery, consequently, they were added to the consumption in the oil industry. For the years 1986, 1990, 1991, 1995 and 1996 in this category (Internal Consumption and Losses), the consumption of residual fuel oil and gas oil has not been reported. The consumption of residual fuel oil in the oil industry amounted to: 

For 1992: 6180+ 15100=21280 t

For 1993: 5713+ 8000=13713 t

For 1994: 3125+ 8200=11325 t

In 1995 and 1996, the values of consumption of natural gas from tables Zb/1 and Zb/3 in LEG show a discrepancy. The difference is the consumption of natural gas in Nafta Lendava. Consequently, these quantities (which in the reference approach have been subtracted within the framework of the chapter Stored Carbon) have not been taken into account in sectoral approach (theoretically it would be correct to first add them – because they were actually consumed in Slovenia - and subsequently subtract them – because they have not been used as fuel but as feedstock for the production of methanol).

After 1996, data on the consumption in this sector have been included in the industrial sector DF – Production of coke, refined petroleum products, and nuclear fuel. With regard to the fact that in the Republic of Slovenia there is neither any production of coke nor nuclear fuel, data for period 1997-2003 are comparable to the period 1986-1996.

Methodology

To estimate emissions from Public Electricity and Heat Production, the following methodology has been adopted. 

Quantity of Fuel Combusted x Net Calorific value x EF per energy of Fuel x oxidation factor = Emissions

Emission factors

IPCC guidelines (Intergovernmental Panel on Climate Change: Greenhouse Gas Inventory - Reference manual, UNEP-OECD-IEA-IPCC, Bracknell 1996, p. 1.33 – 1.36)

Activity data

Data on the consumption of fuels in this sector for the period 1986-2003 have been collected in LEG – Annual Energy Statistics of the Energy Sector of the Republic of Slovenia

Consumptions for individual energy products, collected in tables LEG as follows:

 - For the consumption of liquid fuels

Table Tg/3 or Table Pg/6 for LPG

 - For the consumption of solid fuels 

Table Pr/6

 - For the consumption of gaseous fuels 
Table Pg/6 

 As follows: 

For the period 1986-1996 
under „Oil Industry”

From 1997 onwards 
under „DF–Production of coke, refined petroleum products and nuclear fuel”

Table 3.32: Consumption of Fuels and emissions of GHG in Petroleum Refining in 1986

	
	Gas oil
	Res. Fuel  Oil
	Natural Gas
	Total

	Consumption (tonnes)
	5
	6054
	23738
	

	Coefficient (TJ/1000 t)
	41.8
	39.7
	33.5
	

	Consumption of Energy in Oil Industry (PJ)
	0.00
	0.24
	0.80
	1.04

	Emission Factor (t CO2/TJ)
	73.3
	76.6
	55.0
	

	CO2 Emissions (Gg)
	0.0
	18.4
	43.7
	62.2

	Emission Factor (t CH4/TJ)
	0.002
	0.002
	0.005
	

	CH4 Emissions (Gg)
	0.00
	0.00
	0.00
	0.00

	Emission Factor (t N2O/TJ)
	0.0006
	0.0006
	0.0001
	

	N2O Emissions (Gg)
	0.000
	0.000
	0.000
	0.000

	Emission Factor (t CO/TJ)
	0.015
	0.015
	0.017
	

	CO Emissions (Gg)
	0.0000
	0.0036
	0.0135
	0.02

	Emission Factor (t NOx/TJ)
	0.161
	0.161
	0.067
	

	NOx Emissions (Gg)
	0.00
	0.04
	0.05
	0.09

	Emission Factor (t NMVOCs/TJ)
	0.003
	0.003
	0.0025
	

	NMVOCs Emissions (Gg)
	0.00
	0.00
	0.00
	0.00


Table 3.33: Consumption of Fuels and emissions of GHG in Petroleum Refining in 1990

	
	Gas oil
	Res. Fuel  Oil
	Natural Gas
	Total

	Consumption (tonnes)
	6536
	7364
	67350
	

	Coefficient (TJ/1000 t)
	41.9
	39.8
	34.1
	

	Consumption of Energy in Oil Industry (PJ)
	0.27
	0.29
	2.30
	2.86

	Emission Factor (t CO2/TJ)
	73.3
	76.6
	55.0
	

	CO2 Emissions (Gg)
	20.1
	22.5
	126.3
	168.8

	Emission Factor (t CH4/TJ)
	0.002
	0.002
	0.005
	

	CH4 Emissions (Gg)
	0.00
	0.00
	0.01
	0.01

	Emission Factor (t N2O/TJ)
	0.0006
	0.0006
	0.0001
	

	N2O Emissions (Gg)
	0.000
	0.000
	0.000
	0.001

	Emission Factor (t CO/TJ)
	0.015
	0.015
	0.017
	

	CO Emissions (Gg)
	0.00
	0.00
	0.04
	0.05

	Emission Factor (t NOx/TJ)
	0.161
	0.161
	0.067
	

	NOx Emissions (Gg)
	0.04
	0.05
	0.15
	0.25

	Emission Factor (t NMVOCs/TJ)
	0.003
	0.003
	0.0025
	

	NMVOCs Emissions (Gg)
	0.00
	0.00
	0.01
	0.01



Table 3.34: Consumption of Fuels and emissions of GHG in Petroleum Refining in 1995

	
	Gas oil
	Res. Fuel  Oil
	Natural Gas
	Total

	Consumption (tonnes)
	3586
	5772
	33869
	

	Coefficient (TJ/1000 t)
	41.9
	40.0
	34.1
	

	Consumption of Energy in Oil Industry (PJ)
	0.15
	0.23
	1.15
	1.54

	Emission Factor (t CO2/TJ)
	73.3
	76.6
	55.0
	

	CO2 Emissions (Gg)
	11.0
	17.7
	63.5
	92.2

	Emission Factor (t CH4/TJ)
	0.002
	0.002
	0.005
	

	CH4 Emissions (Gg)
	0.00
	0.00
	0.01
	0.01

	Emission Factor (t N2O/TJ)
	0.0006
	0.0006
	0.0001
	

	N2O Emissions (Gg)
	0.000
	0.000
	0.000
	0.000

	Emission Factor (t CO/TJ)
	0.015
	0.015
	0.017
	

	CO Emissions (Gg)
	0.00
	0.00
	0.02
	0.03

	Emission Factor (t NOx/TJ)
	0.161
	0.161
	0.067
	

	NOx Emissions (Gg)
	0.02
	0.04
	0.08
	0.14

	Emission Factor (t NMVOCs/TJ)
	0.003
	0.003
	0.0025
	

	NMVOCs Emissions (Gg)
	0.00
	0.00
	0.00
	0.00


Table 3.35: Consumption of Fuels and emissions of GHG in Petroleum Refining in 2000

	
	Gas oil
	Res. Fuel  Oil
	Natural Gas
	Total

	Consumption (tonnes)
	1013
	8730
	828
	

	Coefficient (TJ/1000 t)
	41.9
	40.0
	34.1
	

	Consumption of Energy in Oil Industry (PJ)
	0.04
	0.35
	0.03
	0.42

	Emission Factor (t CO2/TJ)
	73.3
	76.6
	55.0
	

	CO2 Emissions (Gg)
	3.1
	26.7
	1.6
	31.4

	Emission Factor (t CH4/TJ)
	0.002
	0.002
	0.005
	

	CH4 Emissions (Gg)
	0.00
	0.00
	0.00
	0.00

	Emission Factor (t N2O/TJ)
	0.0006
	0.0006
	0.0001
	

	N2O Emissions (Gg)
	0.000
	0.000
	0.000
	0.000

	Emission Factor (t CO/TJ)
	0.015
	0.015
	0.017
	

	CO Emissions (Gg)
	0.00
	0.01
	0.00
	0.01

	Emission Factor (t NOx/TJ)
	0.161
	0.161
	0.067
	

	NOx Emissions (Gg)
	0.01
	0.06
	0.00
	0.06

	Emission Factor (t NMVOCs/TJ)
	0.003
	0.003
	0.0025
	

	NMVOCs Emissions (Gg)
	0.00
	0.00
	0.00
	0.00


Table 3.36: Consumption of Fuels and emissions of GHG in Petroleum Refining in 2001

	
	Gas oil
	Res. Fuel  Oil
	Natural Gas
	Total

	Consumption (tonnes)
	1126
	6828
	1513
	

	Coefficient (TJ/1000 t)
	41.9
	40.0
	34.1
	

	Consumption of Energy in Oil Industry (PJ)
	0.05
	0.27
	0.05
	0.37

	Emission Factor (t CO2/TJ)
	73.3
	76.6
	55.0
	

	CO2 Emissions (Gg)
	3.5
	20.9
	2.8
	27.2

	Emission Factor (t CH4/TJ)
	0.002
	0.002
	0.005
	

	CH4 Emissions (Gg)
	0.00
	0.00
	0.00
	0.00

	Emission Factor (t N2O/TJ)
	0.0006
	0.0006
	0.0001
	

	N2O Emissions (Gg)
	0.000
	0.000
	0.000
	0.000

	Emission Factor (t CO/TJ)
	0.015
	0.015
	0.017
	

	CO Emissions (Gg)
	0.00
	0.00
	0.00
	0.01

	Emission Factor (t NOx/TJ)
	0.161
	0.161
	0.067
	

	NOx Emissions (Gg)
	0.01
	0.04
	0.00
	0.06

	Emission Factor (t NMVOCs/TJ)
	0.003
	0.003
	0.0025
	

	NMVOCs Emissions (Gg)
	0.00
	0.00
	0.00
	0.00


Table 3.37: Consumption of Fuels and emissions of GHG in Petroleum Refining in 2002

	
	Gas oil
	Res. Fuel  Oil
	Natural Gas
	Total

	Consumption (tonnes)
	977
	5426
	0
	

	Coefficient (TJ/1000 t)
	41.9
	40.0
	34.1
	

	Consumption of Energy in Oil Industry (PJ)
	0.04
	0.22
	0.00
	0.26

	Emission Factor (t CO2/TJ)
	73.3
	76.6
	55.0
	

	CO2 Emissions (Gg)
	3.0
	16.6
	0.0
	19.6

	Emission Factor (t CH4/TJ)
	0.002
	0.002
	0.005
	

	CH4 Emissions (Gg)
	0.00
	0.00
	0.00
	0.00

	Emission Factor (t N2O/TJ)
	0.0006
	0.0006
	0.0001
	

	N2O Emissions (Gg)
	0.000
	0.000
	0.000
	0.000

	Emission Factor (t CO/TJ)
	0.015
	0.015
	0.017
	

	CO Emissions (Gg)
	0.00
	0.00
	0.00
	0.00

	Emission Factor (t NOx/TJ)
	0.161
	0.161
	0.067
	

	NOx Emissions (Gg)
	0.01
	0.03
	0.00
	0.04

	Emission Factor (t NMVOCs/TJ)
	0.003
	0.003
	0.0025
	

	NMVOCs Emissions (Gg)
	0.00
	0.00
	0.00
	0.00


Table 3.38: Consumption of Fuels and emissions of GHG in Petroleum Refining in 2003

	
	Gas oil
	Res. Fuel  Oil
	Natural Gas
	Total

	Consumption (tonnes)
	177
	4442
	0
	

	Coefficient (TJ/1000 t)
	41.9
	39.9
	34.1
	

	Consumption of Energy in Oil Industry (PJ)
	0.01
	0.18
	0.00
	0.18

	Emission Factor (t CO2/TJ)
	73.3
	76.6
	55.0
	

	CO2 Emissions (Gg)
	0.5
	13.6
	0.0
	14.1

	Emission Factor (t CH4/TJ)
	0.002
	0.002
	0.005
	

	CH4 Emissions (Gg)
	0.00
	0.00
	0.00
	0.00

	Emission Factor (t N2O/TJ)
	0.0006
	0.0006
	0.0001
	

	N2O Emissions (Gg)
	0.000
	0.000
	0.000
	0.000

	Emission Factor (t CO/TJ)
	0.015
	0.015
	0.017
	

	CO Emissions (Gg)
	0.00
	0.00
	0.00
	0.00

	Emission Factor (t NOx/TJ)
	0.161
	0.161
	0.067
	

	NOx Emissions (Gg)
	0.00
	0.03
	0.00
	0.03

	Emission Factor (t NMVOCs/TJ)
	0.003
	0.003
	0.0025
	

	NMVOCs Emissions (Gg)
	0.00
	0.00
	0.00
	0.00


1.14.6.3 Manufacture of solid fuels and Other energy Industries (CRF 1A1c)

Key sector - Base year: 
yes

Key sector - Year 2003:
no 

This sector covers the consumption of fuels reported in LEG under “Coal-mining” or after 1997 under CA – Production of energy commodities 

Methodology

To estimate emissions from Manufacturing of solid fuels and Other energy Industries, the following methodology has been adopted. 

Quantity of Fuel Combusted x Net Calorific value x EF per energy of Fuel x oxidation factor = Emissions

Emission factors

IPCC guidelines (Intergovernmental Panel on Climate Change: Greenhouse Gas Inventory - Reference manual, UNEP-OECD-IEA-IPCC, Bracknell 1996, p. 1.33 – 1.36)

Activity data

Consumptions according to individual energy products are collected in LEG tables as follows:

 - For the consumption of liquid fuels

Table Tg/3 or Table Pg/6 for LPG

 - For the consumption of solid fuels 

Table Pr/6

 - For the consumption gaseous fuels
Table Pg/6 

As follows: 

For the period 1986-1996 under „Coal-mining”

From 1997 onwards under „CA–Production of energy commodities”

Table 3.39: Consumption of Fuels and emissions of GHG  

In MANUFACTURING OF SOLID FUELS in 1986

	
	Brown Coal
	Gas oil
	Res. Fuel  Oil
	Natural Gas
	LPG
	Total

	Consumption (tonnes)
	34464
	568
	0
	31838
	1272
	

	Calorific value (TJ/1000 t)
	11.9
	41.8
	39.7
	33.5
	46.0
	

	Consumption in Manufacturing of solid fuels (PJ)
	0.41
	0.02
	0.00
	1.07
	0.06
	1.56

	Emission Factor (t CO2/TJ)
	99.2
	73.3
	76.6
	55.0
	63.1
	

	CO2 Emissions (Gg)
	40.6
	1.7
	0.0
	58.7
	3.7
	104.7

	Emission Factor (t CH4/TJ)
	0.010
	0.002
	0.002
	0.005
	0.002
	

	CH4 Emissions (Gg)
	0.00
	0.00
	0.00
	0.01
	0.00
	0.01

	Emission Factor (t N2O/TJ)
	
	0.0006
	0.0006
	0.0001
	0.0006
	

	N2O Emissions (Gg)
	0.000
	0.000
	0.000
	0.000
	0.000
	0.001

	Emission Factor (t CO/TJ)
	
	0.015
	0.015
	0.017
	0.00
	

	CO Emissions (Gg)
	0.00
	0.00
	0.00
	0.02
	0.00
	0.06

	Emission Factor (t NOx/TJ)
	
	0.161
	0.161
	0.067
	0.00
	

	NOx Emissions (Gg)
	0.00
	0.00
	0.00
	0.07
	0.00
	0.21

	Emission Factor

(tNMVOCs/TJ)
	
	0.003
	0.003
	0.0025
	0.00
	

	NMVOCs Emissions (Gg)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01


Table 3.40: Consumption of Fuels and emissions of GHG  

In MANUFACTURING OF SOLID FUELS in 1990

	
	Brown Coal
	Gas oil
	Res. Fuel  Oil
	Natural Gas
	LPG
	Total

	Consumption (tonnes)
	28825
	298
	0
	22190
	666
	

	Calorific value (TJ/1000 t)
	12.8
	41.9
	39.8
	34.1
	46.0
	

	Consumption in Manufacturing of solid fuels (PJ)
	0.37
	0.01
	0.00
	0.76
	0.03
	1.17

	Emission Factor (t CO2/TJ)
	99.2
	73.3
	76.6
	55.0
	63.1
	

	CO2 Emissions (Gg)
	36.5
	0.9
	0.0
	41.6
	1.9
	81.0

	Emission Factor (t CH4/TJ)
	0.010
	0.002
	0.002
	0.005
	0.002
	

	CH4 Emissions (Gg)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01

	Emission Factor (t N2O/TJ)
	
	0.0006
	0.0006
	0.0001
	0.0006
	

	N2O Emissions (Gg)
	0.000
	0.000
	0.000
	0.000
	0.000
	0.001

	Emission Factor (t CO/TJ)
	
	0.015
	0.015
	0.017
	0.00
	

	CO Emissions (Gg)
	0.00
	0.00
	0.00
	0.01
	0.00
	0.05

	Emission Factor (t NOx/TJ)
	
	0.161
	0.161
	0.067
	0.00
	

	NOx Emissions (Gg)
	0.00
	0.00
	0.00
	0.05
	0.00
	0.17

	Emission Factor

(tNMVOCs/TJ)
	
	0.003
	0.003
	0.0025
	0.00
	

	NMVOCs Emissions (Gg)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01


Table 3.41: Consumption of Fuels and emissions of GHG  

In MANUFACTURING OF SOLID FUELS in 1995

	
	Brown Coal
	Gas oil
	Res. Fuel  Oil
	Natural Gas
	LPG
	Total

	Consumption (tonnes)
	10817
	97
	0
	53
	761
	

	Calorific value (TJ/1000 t)
	17.4
	41.9
	40.0
	34.1
	46.0
	

	Consumption in Manufacturing of solid fuels (PJ)
	0.19
	0.00
	0.00
	0.00
	0.04
	0.23

	Emission Factor (t CO2/TJ)
	99.2
	73.3
	76.6
	55.0
	63.1
	

	CO2 Emissions (Gg)
	18.7
	0.3
	0.0
	0.1
	2.2
	21.3

	Emission Factor (t CH4/TJ)
	
	0.002
	0.002
	0.005
	0.002
	

	CH4 Emissions (Gg)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Emission Factor (t N2O/TJ)
	
	0.0006
	0.0006
	0.0001
	0.0006
	

	N2O Emissions (Gg)
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	Emission Factor (t CO/TJ)
	
	0.015
	0.015
	0.017
	0.00
	

	CO Emissions (Gg)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.02

	Emission Factor (t NOx/TJ)
	
	0.161
	0.161
	0.067
	0.00
	

	NOx Emissions (Gg)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.06

	Emission Factor

(tNMVOCs/TJ)
	
	0.003
	0.003
	0.0025
	0.00
	

	NMVOCs Emissions (Gg)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00


Table 3.42: Consumption of Fuels and emissions of GHG  

In MANUFACTURING OF SOLID FUELS in 2000

	
	Brown Coal
	Gas oil
	Res. Fuel  Oil
	Natural Gas
	LPG
	Total

	Consumption (tonnes)
	178
	23
	0
	0
	0
	

	Calorific value (TJ/1000 t)
	20.8
	41.9
	40.0
	34.1
	46.1
	

	Consumption in Manufacturing of solid fuels (PJ)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Emission Factor (t CO2/TJ)
	99.2
	73.3
	76.6
	55.0
	63.1
	

	CO2 Emissions (Gg)
	0.4
	0.1
	0.0
	0.0
	0.0
	0.4

	Emission Factor (t CH4/TJ)
	
	0.002
	0.002
	0.005
	0.002
	

	CH4 Emissions (Gg)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Emission Factor (t N2O/TJ)
	
	0.0006
	0.0006
	0.0001
	0.0006
	

	N2O Emissions (Gg)
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	Emission Factor (t CO/TJ)
	
	0.015
	0.015
	0.017
	0.00
	

	CO Emissions (Gg)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Emission Factor (t NOx/TJ)
	
	0.161
	0.161
	0.067
	0.00
	

	NOx Emissions (Gg)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Emission Factor

(tNMVOCs/TJ)
	
	0.003
	0.003
	0.0025
	0.00
	

	NMVOCs Emissions (Gg)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00


Table 3.43: Consumption of Fuels and emissions of GHG  

In MANUFACTURING OF SOLID FUELS in 2001

	
	Brown Coal
	Gas oil
	Res. Fuel  Oil
	Natural Gas
	LPG
	Total

	Consumption (tonnes)
	232
	19
	0
	0
	0
	

	Calorific value (TJ/1000 t)
	20.9
	41.9
	40.0
	34.1
	46.1
	

	Consumption in Manufacturing of solid fuels (PJ)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01

	Emission Factor (t CO2/TJ)
	99.2
	73.3
	76.6
	55.0
	63.1
	

	CO2 Emissions (Gg)
	0.5
	0.1
	0.0
	0.0
	0.0
	0.5

	Emission Factor (t CH4/TJ)
	
	0.002
	0.002
	0.005
	0.002
	

	CH4 Emissions (Gg)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Emission Factor (t N2O/TJ)
	
	0.0006
	0.0006
	0.0001
	0.0006
	

	N2O Emissions (Gg)
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	Emission Factor (t CO/TJ)
	
	0.015
	0.015
	0.017
	0.00
	

	CO Emissions (Gg)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Emission Factor (t NOx/TJ)
	
	0.161
	0.161
	0.067
	0.00
	

	NOx Emissions (Gg)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Emission Factor

(tNMVOCs/TJ)
	
	0.003
	0.003
	0.0025
	0.00
	

	NMVOCs Emissions (Gg)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00


Table 3.44: Consumption of Fuels and emissions of GHG  

In MANUFACTURING OF SOLID FUELS in 2002

	
	Brown Coal
	Gas oil
	Res. Fuel  Oil
	Natural Gas
	LPG
	Total

	Consumption (tonnes)
	0
	24
	0
	0
	0
	

	Calorific value (TJ/1000 t)
	21.0
	41.9
	40.0
	34.1
	46.1
	

	Consumption in Manufacturing of solid fuels (PJ)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Emission Factor (t CO2/TJ)
	99.2
	73.3
	76.6
	55.0
	63.1
	

	CO2 Emissions (Gg)
	0.0
	0.1
	0.0
	0.0
	0.0
	0.1

	Emission Factor (t CH4/TJ)
	
	0.002
	0.002
	0.005
	0.002
	

	CH4 Emissions (Gg)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Emission Factor (t N2O/TJ)
	
	0.0006
	0.0006
	0.0001
	0.0006
	

	N2O Emissions (Gg)
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	Emission Factor (t CO/TJ)
	
	0.015
	0.015
	0.017
	0.00
	

	CO Emissions (Gg)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Emission Factor (t NOx/TJ)
	
	0.161
	0.161
	0.067
	0.00
	

	NOx Emissions (Gg)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Emission Factor

(tNMVOCs/TJ)
	
	0.003
	0.003
	0.0025
	0.00
	

	NMVOCs Emissions (Gg)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00


Table 3.45: Consumption of Fuels and emissions of GHG  

In MANUFACTURING OF SOLID FUELS in 2003

	
	Brown Coal
	Gas oil
	Res. Fuel  Oil
	Natural Gas
	LPG
	Total

	Consumption (tonnes)
	0
	329
	0
	0
	0
	

	Calorific value (TJ/1000 t)
	21.6
	41.9
	40.0
	34.1
	46.1
	

	Consumption in Manufacturing of solid fuels (PJ)
	0.00
	0.01
	0.00
	0.00
	0.00
	0.01

	Emission Factor (t CO2/TJ)
	99.2
	73.3
	76.6
	55.0
	63.1
	

	CO2 Emissions (Gg)
	0.0
	1.0
	0.0
	0.0
	0.0
	1.0

	Emission Factor (t CH4/TJ)
	
	0.002
	0.002
	0.005
	0.002
	

	CH4 Emissions (Gg)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Emission Factor (t N2O/TJ)
	
	0.0006
	0.0006
	0.0001
	0.0006
	

	N2O Emissions (Gg)
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	Emission Factor (t CO/TJ)
	
	0.015
	0.015
	0.017
	0.00
	

	CO Emissions (Gg)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Emission Factor (t NOx/TJ)
	
	0.161
	0.161
	0.067
	0.00
	

	NOx Emissions (Gg)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Emission Factor

(tNMVOCs/TJ)
	
	0.003
	0.003
	0.0025
	0.00
	

	NMVOCs Emissions (Gg)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00


Recalculations

No recalculations were performed in this sector.

Future improvements

· Inclusion of emissions from fuel combustion by pipeline compressors.

1.14.6.4 Manufacturing Industries and Construction (IPCC: I A 2)

Key sector - Base year: 
yes

Key sector - Year 2003:
yes 

Table 3.46: GWP of GHG emissions from Manufacturing Industries and Construction

	(000 ton CO2 equ.) 
	1986
	1990
	2000
	2001
	2002
	2003

	Manufacturing Industries
	3899
	2867
	2156
	2142
	2189
	1973

	Construction
	272
	192
	172
	144
	131
	120

	Total 
	4171
	3060
	2328
	2286
	2320
	2245
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Figure 3.3: GWP of GHG emissions from Manufacturing Industries and Construction

Methodology

Emissions from combustion in manufacturing industries and construction were estimated using the Tier 2 methodology described in IPCC 96. The following basic formula was used:
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Where:

EF = Emission Factor (kg/TJ);

Activity = Energy Input (TJ);

a = Fuel type;

b = Sector-activity; and

c = Technology type.

The total emission for this sub/sector is the sum of different industrial activities, using diverse fuels and combustion technologies.

Emission factors

Emission factors have been suggested according to the following criteria: 

· In case a particular area is adequately treated in IPCC, emission factors have been taken from IPCC methodology (all emission factors for CO2, except for natural gas),

· In case a particular area is not adequately treated in IPCC, emission factors have been taken from the EMEP/CORINAIR guidelines,

· In fields where adequate research had been done in Slovenia, emission factors obtained in that research have been applied. 

Activity data

PERIOD 1986-1996

The consumption in both categories has to be disaggregated in accordance with the classification of activities applied in IPCC guidelines. The classification applied in LEG has been taken as the basis. 

Table 3.47: Conversion Table between national energy statistics (LEG) and CRF

	ISIC – CATEGORY 
	LEG Classification (1986-1996)

	Iron and Steel
	Iron and Steel Production 

	Non-Ferrous Metals
	Non-Ferrous Metals 

Non-Metal Industry

	Chemicals
	Chemical Industry

	Pulp, Paper and Print
	Pulp and Paper Industry

Print Industry

	Food Processing, Beverages and Tobacco
	Food Processing Industry

Tobacco Industry

	Other
	Other


In this report, the group “Other” is disaggregated due to the need for more detailed national inventories in the following categories: 

Table 3.48: Conversion Table between national energy statistics (LEG) and CRF

	ISIC- CATEGORY 
	LEG Classification (1986-1996)

	Other
	Metal Industry

	
	Shipbuilding

	
	Electrical Industry

	
	Construction

	
	Timber Industry

	
	Textile Industry 

	
	Leather Industry 

	
	Rubber Industry 

	
	Recycling 

	
	Other Industry 


PERIOD 1997-2003

In 1997, LEG began to publish data according to the Standard Classification of Activities, which in some categories differs from the classification, which had been used until 1996. Most activities are defined in a similar manner, but for certain activities, this is not possible. The table below shows which groups may be formed. The next table shows the distribution of activities in accordance with the IPCC classification. 

Table 3.49: Conversion Table between national energy statistics (LEG) and CRF

	ISIC – CATEGORY 
	 LEG Classification – SCA category 

	Iron and Steel
	DJ - Production of metals and metal products 

	Non-Ferrous Metals
	

	Chemicals
	DG - Production of chemicals 

	Pulp, Paper and Print
	DE - Production of fibres, pulp, paper, and cardboard

	Food Processing, Beverages and Tobacco
	DA – Production of food, beverages, and tobacco products 

	Other
	Other


In this section due to the need for detailed national inventories, the group Other has been disaggregated into the following categories 

Table 3.50: Conversion Table between national energy statistics (LEG) and CRF

	ISIC- CATEGORY 
	LEG Classification

	Other
	DI - Production of non-metal mineral products 

	
	DB - Production of textiles 

	
	DC - Production of leather and leather goods 

	
	DD – Wood-processing and woodworking 

	
	DH - Production of rubber products 

	
	DK - Production of machines and devices 

	
	DL - Production of electrical and optical equipment 

	
	DM – Production of vehicles and vessels 

	
	DN - Production of furniture, not included elsewhere 


For consumption in individual industrial sectors there are detailed (disaggregated) data, the values of which in Slovenia are strongly dependant on the mode of reporting and features of individual industrial sectors characterized by high concentration (values depending on the consumption in one or two factories). Data from basic sources hint at some relatively big changes in the consumption of fuels in some sectors. Therefore, it is necessary to direct the attention to some of the most important changes, particularly with regard to the consumption of natural gas: 

Values for the consumption of natural gas in the pulp, paper and print industry – other consumption were relatively low for 1990. The consumption of natural gas in that sector for the period 1991 to 1996 ranged from 150 to 175 million m3, but in 1990 amounted to only 58 million m3. The difference is probably hidden in the sector “Other” (in 1990 the reported consumption in that sector amounted to 102 million m3) (LEG 90-96, Tables ZB-3). 

The consumption of natural gas in power cogeneration plants in 1990, 1992, 1993, 1994 is presented in LEG (Zb/1) under the balance item Other Industry, in 1986 under the category Electric utilities – Electricity Generating Industries, in 1991 it has not been shown, in 1995 and in 1996 under the sector Power Cogeneration Plants. Consequently, the consumption of natural gas in power cogeneration plants must be subtracted from this category – to avoid double counting of emissions. 

In LEG-94 an error has occurred in addition of categories with regard to the consumption of natural gas: the consumption in Other Industry sector amounted to 55597 and not 98459 thousand Nm3.

Consumption of natural gas in the Metal Industry sector – Other Consumption amounted to 39 million m3 in 1993, rose to 74 million m3 in 1994 only to fell to 40 million m3 in 1995 (LEG93-95, Tables ZB-3) 

Consumption of natural gas in the Oil Industry sector – Consumption in Industrial Power Plants in 1993 amounted to 26.5 million m3, in 1994 to 16.4 million m3 and in 1995 to 32.8 million m3 (calculations of the Institute of Energy Industries, 1998, p. 3) 

Consumption of natural gas in the Non-Ferrous Metals sector – Other Consumption in 1994 amounted to 101.7 million m3, in 1995 to 55.6 million m3 and in 1996 to 70.5 million m3 (LEG93-95, Tables ZB-3).

In the chapter on industry (sectoral approach), it is necessary to subtract the natural gas which has been consumed in the production of methanol and which has also been subtracted in the reference approach (in the chapter on stored carbon) from the quantities reported in LEG for the period 1986 to 1994. These quantities have been presented in the category Internal Consumption and Losses (Table Zb/1 in LEG), partly in category Chemical Industry, partly (only for 1986) in the Other Industry sector. For the two years (1992 and 1993) when the losses were higher than the consumption for the production of methanol, these quantities have been added to the consumption in the Other Industry sector.

For 1995 and 1996, this calculation is not necessary, because the summary table Zb/1 LEG takes into account the quantities of natural gas (data used for the calculation in the reference approach) that have been consumed as a feedstock in Nafta Lendava, but are not specified in Table Zb/3 (data used in the calculation for sectoral approach).

Inclusion of autoproducers into Manufacturing Industries sector

In accordance with IPCC guidelines (see Intergovernmental Panel on Climate Change: Greenhouse Gas Inventory - Reference manual, UNEP-OECD-IEA-IPCC, Bracknell 1996, p. 1.32), the item Industry reports the consumption of fuels in the group industrial power plants (autoproducers – enterprises that generate electric energy for internal consumption and/or heat for sale) as well as other consumption in industry (except in production processes) .

In the 1986-1996 period, the consumption of fuels by autoproducers in LEG was recorded under Electric utilities – Industry, and in the period 1997- 2003 under Conversion – Autoproducers. 

Period 1986-2000

Because there are no published of data on autoproducers at the level of industrial branches for the period 1986-2000, on the basis of which it would be possible to assign the consumption of fuel to each individual industrial branch, for each kind of fuel a different (most appropriate) approach was used.

· Lignite

Total consumption is attributed to pulp and paper industry. The paper mill in Krško uses lignite in its power cogeneration plant. In the documents of the Statistical Office of the Republic of Slovenia, the total consumption is attributed to the consumption in thermal power plants, while in LEG one half of the consumption is attributed to the consumption in industry, the other half to industrial thermal power plants. In this report, half is reported as consumption in pulp and paper industry (heat), half as consumption in industrial power plants in pulp and paper industry. Consumption of lignite in other sectors has not been reported.

· Brown Coal

Consumption of brown coal in industrial power plants in the monitored period was reported only in 1986. Since quantities are quite small (1272 t), consumption is reported in the sector “Other”.

· Residual Fuel Oil

Consumption of residual fuel oil in industrial power plants in the monitored period was low (from 0 to 10176 t). Since quantities are quite small, consumption is reported in sector “Other”.

· Gas Oil and Natural Gas 

The majority of industrial thermal power plants use gas oil or natural gas. Total quantities of consumed gas oil and natural gas are disaggregated according to the produced quantities of electric energy in those power plants according to the following procedure: 

1. Determine which power plants use gas oil or natural gas

2. Add up the quantities of electric energy produced in those power plants 

3. Allocate fractions of consumed residual fuel oil or natural gas, respectively, according to produced quantities of energy in individual power plants

4. Define the sector to which individual power plants belong.

Period 2000-2003

Recently, we have commenced to treat autoproducers individually, since the Statistical Office of the Republic of Slovenia, which prepares data for LEG, has completed its database. Now, aggregated data on the consumption of fuels by autoproducers at the level of industrial branches are available, where the sums of individual fuels correspond to the consumption of autoproducers from LEG. 

Table 3.51: Consumption of energy in Industry (Standard Classification of Activities from 1997 onw.)
	
	1986
	1990
	2000
	2001
	2002
	2003

	DA - Food Processing and Tobacco
	
	
	2.82.
	2.59.
	2.81.
	3.60

	DB – Textile and Textile products
	
	
	1.80.
	1.88.
	1.63.
	1.69

	DC - Leather and Leather products
	
	
	0.40.
	0.41.
	0.36.
	0.28

	DD – Wood and Wood products
	
	
	1.11.
	0.85.
	0.45.
	1.40

	DE - Pulp, Paper and Print
	
	
	7.63.
	8.53.
	8.98.
	8.74

	DG – Chemicals and chemical products
	
	
	3.30.
	3.30.
	3.36.
	3.59

	DH – Rubber and plastic products
	
	
	1.14.
	1.27.
	1.29.
	1.44

	DI – Non-metallic mineral products
	
	
	7.51.
	7.57.
	7.22.
	6.74

	DJ – Metals and fabric metal products
	
	
	6.45.
	6.29.
	6.21.
	6.44

	DK – Machinery and equipment
	
	
	0.43.
	0.43.
	0.44.
	0.62

	DL – Electrical and optical equipment
	
	
	0.37.
	0.43.
	0.49.
	0.52

	DM – Transport equipment
	
	
	0.51.
	0.46.
	0.49.
	0.57

	DN – furniture and not elsewhere
	
	
	0.89.
	1.46.
	2.41.
	1.03

	TOTAL (PJ)
	57.32
	45.30
	34.49.
	35.61.
	36.24.
	36.89


Table 3.52: CO2 emissions Industry (Standard Classification of Activities from 1997 onw.)

	
	1986
	1990
	2000
	2001
	2002
	2003

	DA - Food Processing and Tobacco
	
	
	180.9.
	164.9.
	181.3.
	225.7

	DB – Textile and Textile products
	
	
	108.5.
	111.1.
	97.3.
	101.2

	DC - Leather and Leather products
	
	
	26.6.
	27.0.
	23.6.
	16.5

	DD – Wood and Wood products
	
	
	50.6.
	43.4.
	15.1.
	9.0

	DE - Pulp, Paper and Print
	
	
	506.6.
	445.8.
	476.3.
	453.6

	DG – Chemicals and chemical products
	
	
	167.8.
	168.9.
	169.8.
	182.8

	DH – Rubber and plastic products
	
	
	66.7.
	73.6.
	76.8.
	84.3

	DI – Non-metallic mineral products
	
	
	525.6.
	537.4.
	529.3.
	483.3

	DJ – Metals and fabric metal products
	
	
	400.7.
	411.2.
	409.2.
	418.4

	DK – Machinery and equipment
	
	
	27.6.
	27.6.
	27.9.
	38.3

	DL – Electrical and optical equipment
	
	
	23.3.
	26.9.
	29.7.
	31.5

	DM – Transport equipment
	
	
	30.8.
	27.7.
	29.2.
	34.4

	DN – furniture and not elsewhere
	
	
	20.6.
	54.5.
	102.4.
	20.5

	TOTAL (Gg)
	3874.0
	2850.9
	2145.8
	2128.6.
	2174.2.
	2113.5


Table 3.53: CH4 emissions in Industry (Standard Classification of Activities from 1997 onw.)

	
	1986
	1990
	2000
	2001
	2002
	2003

	DA - Food Processing and Tobacco
	
	
	0.010.
	0.010.
	0.010.
	0.014

	DB – Textile and Textile products
	
	
	0.008.
	0.009.
	0.007.
	0.008

	DC - Leather and Leather products
	
	
	0.002.
	0.002.
	0.002.
	0.001

	DD – Wood and Wood products
	
	
	0.013.
	0.008.
	0.007.
	0.038

	DE - Pulp, Paper and Print
	
	
	0.049.
	0.103.
	0.109.
	0.102

	DG – Chemicals and chemical products
	
	
	0.024.
	0.024.
	0.025.
	0.026

	DH – Rubber and plastic products
	
	
	0.006.
	0.006.
	0.006.
	0.007

	DI – Non-metallic mineral products
	
	
	0.038.
	0.040.
	0.045.
	0.046

	DJ – Metals and fabric metal products
	
	
	0.034.
	0.035.
	0.036.
	0.036

	DK – Machinery and equipment
	
	
	0.001.
	0.002.
	0.002.
	0.002

	DL – Electrical and optical equipment
	
	
	0.001.
	0.002.
	0.002.
	0.002

	DM – Transport equipment
	
	
	0.002.
	0.002.
	0.002.
	0.002

	DN – furniture and not elsewhere
	
	
	0.018.
	0.019.
	0.026.
	0.022

	TOTAL (Gg)
	0.426
	0.309
	0.206.
	0.261.
	0.279.
	0.308


Table 3.54: N2O emissions in Industry (Standard Classification of Activities from 1997 onw.)

	
	1986
	1990
	2000
	2001
	2002
	2003

	DA - Food Processing and Tobacco
	
	
	0.001.
	0.001.
	0.001.
	0.001

	DB – Textile and Textile products
	
	
	0.000.
	0.000.
	0.000.
	0.000

	DC - Leather and Leather products
	
	
	0.000.
	0.000.
	0.000.
	0.000

	DD – Wood and Wood products
	
	
	0.002.
	0.001.
	0.001.
	0.005

	DE - Pulp, Paper and Print
	
	
	0.005.
	0.012.
	0.013.
	0.011

	DG – Chemicals and chemical products
	
	
	0.002.
	0.002.
	0.002.
	0.002

	DH – Rubber and plastic products
	
	
	0.000.
	0.000.
	0.000.
	0.000

	DI – Non-metallic mineral products
	
	
	0.003.
	0.004.
	0.004.
	0.004

	DJ – Metals and fabric metal products
	
	
	0.002.
	0.002.
	0.002.
	0.002

	DK – Machinery and equipment
	
	
	0.000.
	0.000.
	0.000.
	0.000

	DL – Electrical and optical equipment
	
	
	0.000.
	0.000.
	0.000.
	0.000

	DM – Transport equipment
	
	
	0.000.
	0.000.
	0.000.
	0.000

	DN – furniture and not elsewhere
	
	
	0.002.
	0.002.
	0.002.
	0.003

	TOTAL (Gg)
	0.051
	0.032
	0.018.
	0.025.
	0.027.
	0.031


CONSTRUCTION

Source of activity data:

Data for the consumption of fuels in construction are available for years from 1986 to 2003 (Statistical Office of the Republic of Slovenia: Statistical Yearbook RS, Statistical Office of the Republic of Slovenia, Ljubljana).

Source of calorific values: Ministry of Energy: Statistični letopis energetskega gospodarstva Republic Slovenia 1986-1996, Ljubljana: Ministry of Energy, Table Zb/3, Table Zb/1

Source of Emission Factors: Intergovernmental Panel on Climate Change: Greenhouse Gas Inventory - Reference manual, UNEP-OECD-IEA-IPCC, Bracknell 1996, p. I.91

Table 3.55: Consumption of gasoline and diesel and emissions of GHG from Construction

	
	1986
	1990
	2000
	2001
	2002
	2003

	Consumption of gasoline (000 ton)
	17.0.
	18.0.
	4.3.
	4.3.
	4.8.
	4.0

	Consumption of diesel (000 ton)
	62.0.
	38.5.
	45.1.
	37.2.
	32.9.
	30.5

	Total consumption (TJ)
	3.38.
	2.42.
	2.11.
	1.77.
	1.61.
	1.48

	Weighted EF (tCO2/TJ)
	72.57.
	72.57.
	72.57.
	72.57.
	72.57.
	72.57

	CO2 Emissions (Gg)
	245.4.
	175.1.
	153.7.
	128.9.
	117.3.
	107.4

	Weighted EF (tCH4/TJ)
	0.02.
	0.03.
	0.01.
	0.01.
	0.01.
	0.01

	CH4 Emissions (Gg)
	0.07.
	0.07.
	0.02.
	0.02.
	0.02.
	0.02

	Weighted EF (tN2O/TJ)
	0.02.
	0.02.
	0.03.
	0.03.
	0.03.
	0.03

	N2O Emissions (Gg)
	0.081.
	0.051.
	0.058.
	0.048.
	0.043.
	0.039

	Weighted CO (tCO/TJ)
	0.35.
	0.34.
	0.36.
	0.36.
	0.36.
	0.36

	CO Emissions (Gg)
	1.18.
	0.82.
	0.76.
	0.64.
	0.58.
	0.53

	Weighted NOx (tNOx/TJ)
	0.91.
	0.81.
	1.02.
	1.01.
	0.99.
	1.00

	NOx Emissions (Gg)
	3.07.
	1.97.
	2.16.
	1.78.
	1.59.
	1.47

	Weighted NMVOC (tNMVOC/TJ)
	0.34.
	0.43.
	0.23.
	0.25.
	0.27.
	0.26

	NMVOC Emissions (Gg)
	1.16.
	1.04.
	0.49.
	0.44.
	0.43.
	0.38


Recalculations

No recalculations were performed in this sector.

1.14.7 Transport (IPCC: I A 3)

Key sector - Base year: 
yes,
gas: CO2
Key sector - Year 2003:
yes,
gas: CO2, N2O 


Traffic is an important source of emissions of greenhouse gases, mostly carbon dioxide and nitrous oxide, and also an important source of emissions which cause problems in terms of air quality, such as sulphur oxides (SOx), nitrous oxides (NOx), carbon monoxide (CO), non volatile organic compounds (NMVOC), and consequently are indirectly responsible for the formation of ozone (O3) in lower troposphere.

Clearly, the most important source is road traffic, which accounts for 98.8% of all traffic emissions; GHG emissions have more than doubled, compared to the base year. Due to the ever-increasing fraction of motor vehicles equipped with catalytic converters, in the 1986-2003 period, N2O emissions rose 6 times, thus becoming a key source.

Table 3.56: GWP of GHG emissions from Transport

	 (000 ton CO2 equ.) 
	1986
	1990
	2000
	2001
	2002
	2003

	a.  Civil  Aviation
	0.63.
	2.82.
	2.90.
	2.37.
	2.36.
	2.43

	b.  Road Transportation
	1930.05.
	2632.06.
	3745.01.
	3895.44.
	3918.79.
	4064.31

	c.  Railways
	76.91.
	72.73.
	42.60.
	41.59.
	43.79.
	40.88

	Total Transport
	2007.59.
	2707.62.
	3790.51.
	3939.40.
	3964.94.
	4107.61
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 Figure 3.4: GWP of GHG emissions from Transport
1.14.7.1 Road transport

Key sector - Base year: 
yes,
gas: CO2
Key sector - Year 2003:
yes,
gas: CO2, N2O

Methodology

For the compilation of GHG inventories, the CORINAIR methodology and the COPERT III emission factors for calculation of emissions of CO2, N2O, CH4, SO2, NOx, NMVOC, NH3, and PM have been applied.

While the COPERT III model is used in the Republic of Slovenia for calculating GHG emissions, it is also used for calculating emissions of pollutants that are being reported by the Republic of Slovenia to the Convention on Long-Range Transboundary Air Pollution.

According to CORINAIR, the pollution and the consumption of fuels in road transport are determined as a product of mileage and emission factors, which define emissions and consumption of fuels in units of mass per km of mileage. Within the framework of CORINAIR, there are two approaches for estimating emissions of road traffic. The fundamental, simpler methodology for individual category of vehicles and type of pollutant adopts a universal emission factor, which does not take into account detailed driving characteristics, which influence emissions. The detailed methodology takes into account the dependence of emission factors on road conditions. Particularly detailed is the treatment of road traffic of passenger cars where emission factors for major pollutants are directly dependent on the average driving speed. Cold start over-emissions are treated separately, as they are dependent on average trip length in urban traffic as well as climate conditions. Emissions of hydrocarbons due to fuel evaporation are also covered. 

The results of the more detailed variant of CORINAIR methodology give a better description of traffic pollution and are particularly useful as a starting point for planning measures for the reduction of pollution. The precondition for applying the more detailed methodology is the appropriate quality and quantity of data on traffic. 

In Slovenia, quality data on traffic on state roads are available and that has made it possible to apply a more detailed methodology. Therefore, the CORINAIR disaggregation into urban, rural and highway driving has been upgraded to: 

· Motorways (AC)

· High-speed roads (HC)

· Main roads, 1st class (G1)

· Main roads, 2nd class (G2)

· Regional roads, 1st class (R1)

· Regional roads, 2nd class (R2)

· Regional roads, 3rd class (R3)

· Tourist roads (RT)

· Local urban roads (LC_URB)

· Local non-urban roads (LC_NURB)

CORINAIR classifies road vehicles into four main categories: 

· Passenger cars;

· Light-duty trucks;

· Heavy-duty trucks;

· Two-wheelers.

The basic classification of passenger cars is based on the type of fuel: 

· Gasoline;

· Gas Oil (Diesel);

· LPG;

· Two stroke gasoline for two-stroke vehicles.

The main categories of vehicles are further divided into subcategories with regard to the type of fuel, engine volume, EURO type, and mass.

Emission factors

Emission factors for greenhouse gases have been taken from CORINAIR, COPERT III model for each vehicle type and driving conditions

Table 3.57: Weighted emission factor for gasoline and diesel
	Emission Factor (t/TJ)
	Gasoline
	Diesel

	
	CO2
	CH4
	N2O
	CO2
	CH4
	N2O

	1986
	73.0
	0.027
	0.002
	73.7
	0.0042
	0.0026

	1990
	73.0
	0.028
	0.002
	73.7
	0.004
	0.003

	1991
	73.0
	0.029
	0.002
	73.7
	0.004
	0.003

	1992
	73.0
	0.029
	0.002
	73.7
	0.004
	0.003

	1993
	73.0
	0.030
	0.002
	73.7
	0.004
	0.003

	1994
	73.0
	0.028
	0.003
	73.7
	0.004
	0.003

	1995
	73.0
	0.027
	0.005
	73.7
	0.004
	0.003

	1996
	73.0
	0.026
	0.006
	73.7
	0.004
	0.003

	1997
	73.0
	0.023
	0.006
	73.7
	0.004
	0.003

	1998
	73.0
	0.019
	0.007
	73.7
	0.004
	0.004

	1999
	73.0
	0.016
	0.009
	73.7
	0.004
	0.005

	2000
	73.0
	0.016
	0.009
	73.7
	0.004
	0.005

	2001
	73.0
	0.017
	0.010
	73.7
	0.004
	0.006

	2002
	73.0
	0.017
	0.011
	73.7
	0.005
	0.007

	2003
	73.0
	0.017
	0.011
	73.7
	0.005
	0.007


Activity data

Fuel consumption

To obtain the consumption of fuel in road traffic it is necessary to subtract from the quantities of sold fuels the consumption in other modes of transport and the consumption of motor fuels that is not linked to traffic.

Accordingly, the consumption of gasoline and diesel fuel in road traffic has been calculated in accordance with the following formula:

Consumption in road traffic (LEG)





- Fuel consumption in agriculture 

- Fuel consumption in forestry


- Fuel consumption in construction

+ Inappropriate use of fuel (due to tax differentiation) 


 

= Consumption in road traffic

Table 3.58: Consumption of Gasoline for Road Transport (000 ton)

	Gasoline (tonnes)
	1986
	1990
	2000
	2001
	2002
	2003

	Road Transport (LEG)
	443926
	564999
	798492
	799543
	764044
	745864

	 - Agriculture
	12016
	9227
	3626
	3631
	3603
	3631

	 - Forestry
	1680
	1172
	808
	835
	806
	902

	 - Construction
	17000
	18000
	4330
	4292
	4778
	4000

	= Road Transport
	413230
	536600
	789728
	790785
	754857
	737331


Table 3.59: Consumption of Diesel for Road Transport (000 ton)

	Diesel (tonnes)
	1986
	1990
	2000
	2001
	2002
	2003

	Road Transport (LEG)
	349831
	325831
	473890
	507946
	542684
	604581

	 - Agriculture
	108326
	85255
	62596
	62678
	62199
	62688

	 - Forestry
	15120
	10548
	7272
	7515
	7254
	8118

	 - Construction
	62000
	38500
	45072
	37154
	32946
	30523

	+ Other sector (inapp. use)
	36121
	96020
	 0
	 0
	 0
	0

	= Road Transport
	200506
	287548
	358950
	400599
	440285
	503252


The quantities of motor fuels sold in the Republic of Slovenia are gathered in LEG Table Tg/1, the quantities of fuel for railway transportation are taken from LEG Table Tg/4. Data on the consumption of fuels in agriculture originate from the annual studies of the Slovenian Agriculture Institute. Data on the consumption of fuel in forestry and construction have been obtained from the Statistical Office of the Republic of Slovenia. 

COPERT III Model is a bottom-up model and was calibrated to the obtained quantity of consumed refined petroleum products in the Republic of Slovenia (top-down) in such a way as to ensure the correctness of the calculation of emissions.

Vehicle Fleet Composition

The COPERT methodology requires a detailed knowledge of the structure of the vehicle fleet composition. Data on vehicles are collected by the Ministry of the Interior. Accordingly, for every licensed motor vehicle, 26 parameters are available. Each category of vehicles has been assigned consumption and appropriate emission factors with regard to the performed transport work. In the Republic of Slovenia, traffic on state roads is being counted on more than 200 counting spots, of which at 74 of them the vehicles are not only counted according to their type, but also their speed is measured, which is particularly important for the calculation of NOx emissions. 

Table 3.60: Vehicle fleet structure in Slovenia in 2003
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Emission standards

Emission standards

Gasoline

761724

Gasoline

16

<1,4 lit.

475080

>3,5 t

Conventional

16

PRE ECE

1039

ECE 15/00-01

2556

Diesel

24000

ECE 15/02

2134

<7,5 t

6095

ECE 15/03

6093

Conventional

2453

ECE 15/04

114533

Euro I - 91/542/EEC

949

Improved Conv.

Euro II - 91/542/EEC

1923

Open Loop

Euro III - 1999/96/EC

770

Euro I - 91/441/EEC

137813

Euro IV - COM(1998) 776

Euro II - 94/12/EC

142154

Euro V - COM(1998) 776

Euro III - 98/69/EC Stage 2000

68758

Euro IV - 98/69/EC Stage 2005

<7,5 t <16 t

5705

1,4 lit.-2,0 lit

267367

Conventional

3409

PRE ECE

306

Euro I - 91/542/EEC

626

ECE 15/00-01

357

Euro II - 91/542/EEC

1254

ECE 15/02

407

Euro III - 1999/96/EC

416

ECE 15/03

1576

Euro IV - COM(1998) 776

ECE 15/04

45425

Euro V - COM(1998) 776

Improved Conv.

Open Loop

<16 t <32 t

6880

Euro I - 91/441/EEC

82162

Conventional

2512

Euro II - 94/12/EC

104592

Euro I - 91/542/EEC

1051

Euro III - 98/69/EC Stage 2000

32542

Euro II - 91/542/EEC

2429

Euro IV - 98/69/EC Stage 2005

Euro III - 1999/96/EC

888

>2,0 lit.

19277

Euro IV - COM(1998) 776

PRE ECE

89

Euro V - COM(1998) 776

ECE 15/00-01

82

>32 t

5320

ECE 15/02

104

Conventional

874

ECE 15/03

226

Euro I - 91/542/EEC

891

ECE 15/04

4055

Euro II - 91/542/EEC

2295

Improved Conv.

Euro III - 1999/96/EC

1260

Open Loop

Euro IV - COM(1998) 776

Euro I - 91/441/EEC

6077

Euro V - COM(1998) 776

Euro II - 94/12/EC

6251

Euro III - 98/69/EC Stage 2000

2393

Busses

2195

Euro IV - 98/69/EC Stage 2005

*(avtobusi)

Diesel

132999

Urban buses

980

<2,0 lit.

117908

Conventional

381

Conventional

36269

Euro I - 91/542/EEC

78

Euro I - 91/441/EEC

10292

Euro II - 91/542/EEC

348

Euro II - 94/12/EC

29449

Euro III - 1999/96/EC

173

Euro III - 98/69/EC Stage 2000

41898

Euro IV - COM(1998) 776

Euro IV - 98/69/EC Stage 2005

Euro V - COM(1998) 776

>2,0 lit.

15091

Coaches

1215

Conventional

3151

Conventional

460

Euro I - 91/441/EEC

2163

Euro I - 91/542/EEC

235

Euro II - 94/12/EC

4704

Euro II - 91/542/EEC

364

Euro III - 98/69/EC Stage 2000

5073

Euro III - 1999/96/EC

156

Euro IV - 98/69/EC Stage 2005

Euro IV - COM(1998) 776

LPG

0

Euro V - COM(1998) 776

Conventional

0

Euro I - 91/441/EEC

Mopeds

30394

Euro II - 94/12/EC

*(kolesa z motorjem)

Euro III - 98/69/EC Stage 2000

<50cm3

Conventional

18255

Euro IV - 98/69/EC Stage 2005

97/24/EC Stage I

3365

97/24/EC Stage II

8774

2 stoke

63

Conventional

63

Motorbikes

12159

*(motorna kolesa)

Light Duty Vehicles

63376

Total

Non specified

12159

*(kombinirana vozila+tovorna vozila+tovorna specialna+vlečna vozila+delovna vozila)

Gasoline

<=3,5 t

16713

Conventional

2144

Euro I - 93/59/EEC

4148

Euro II - 96/69/EC

7068

Euro III - 98/69/EC Stage 2000

3353

Euro IV - 98/69/EC Stage 2005

0

Diesel

<=3,5 t

46663

Conventional

10813

Euro I - 93/59/EEC

11822

Euro II - 96/69/EC

11955

Euro III - 98/69/EC Stage 2000

12073

Euro IV - 98/69/EC Stage 2005

VEHICLE FLEET IN 2003

**MOTOR VEHICLES =  1026926


Table 3.61: Emissions of GHG from Road Transport

	
	Fuel Consumption (ton)
	Fuel Consumption (PJ)
	CO2 Emissions

(000 tons)
	CH4 Emissions (ton)
	N2O Emissions 

(ton)

	1986
	604082
	25.992
	1902.13
	509
	56

	1990
	824408
	35.401
	2593.09
	696
	79

	1991
	774874
	33.327
	2441.38
	689
	72

	1992
	807495
	34.707
	2540.17
	758
	74

	1993
	936932
	40.278
	2947.38
	911
	87

	1994
	1034730
	44.469
	3254.16
	965
	134

	1995
	1138062
	48.903
	3579.18
	1011
	194

	1996
	1321703
	56.784
	4156.76
	1084
	275

	1997
	1343746
	57.703
	4226.11
	954
	281

	1998
	1159309
	49.801
	3646.05
	721
	291

	1999
	1102497
	47.367
	3467.36
	592
	360

	2000
	1148678
	49.349
	3612.60
	624
	385

	2001
	1191385
	51.173
	3746.94
	644
	435

	2002
	1195142
	51.319
	3758.80
	638
	473

	2003
	1240583
	53.253
	3901.80
	637
	481


Future Improvements

· Data for the local roads are in need of improvement, particularly data on speed on local roads, since that exerts a decisive influence on CO emissions;

· Ensure better data on the performed transport work of light duty vehicles;

· Improve the estimate of cold start and evaporative emissions parameters

· Update emission calculation with updated emission factors.

These modifications will mostly affect emissions of pollutants, such as NOx, NMVOC, CO, and PM, but will have less implication in emissions of CH4 and N2O, and no implications in total national carbon dioxide emissions.

1.14.7.2 Railway

Key sector - Base year: 
no

Key sector - Year 2003:
no


Methodology

To estimate emissions from the railway, the following methodology has been adopted. 

Quantity of Fuel used x Net Calorific value x EF per energy of Fuel = Emissions

Activity data 

The consumption of brown coal in railway transportation is negligibly small (from 0 to 646 t) and is therefore not included in the following calculations. Emissions are calculated only for the consumption of gas oil. The specified data are based on the consumption in the railway transport sector (Ministry of Energy: Statistical Yearbook of Energy Sector in the Republic of Slovenia 1986-2003, Ljubljana: Ministry of Energy, Table Zb/3).

Table 3.62: Consumption of Diesel and Emissions of GHG in Railway Transportation

	Diesel
	1986
	1990
	2000
	2001
	2002
	2003

	Consumption (tonnes)
	21784
	20576
	11929
	11653
	12329
	11579

	Calorific Value (TJ/1000 t)
	42.7
	42.7
	42.7
	42.7
	42.7
	42.7

	Consumption of Energy in Railway Transportation (PJ)
	0.930
	0.879
	0.509
	0.498
	0.526
	0.494

	Emission Factor (t CO2/TJ)
	73.3
	73.3
	73.3
	73.3
	73.3
	73.3

	CO2 Emissions (Gg)
	68.18
	64.40
	37.34
	36.47
	38.59
	36.24

	Emission Factor (t CH4/TJ)
	0.004
	0.004
	0.004
	0.004
	0.004
	0.004

	CH4 Emissions (Gg)
	0.004
	0.004
	0.002
	0.002
	0.002
	0.002

	Emission Factor (t N2O/TJ)
	0.03
	0.03
	0.03
	0.03
	0.03
	0.030

	N2O Emissions (Gg)
	0.028
	0.026
	0.015
	0.015
	0.016
	0.015

	Emission Factor (t CO/TJ)
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25

	CO Emissions (Gg)
	0.233
	0.220
	0.127
	0.124
	0.132
	0.124

	Emission Factor (t NOx/TJ)
	0.9
	0.9
	0.9
	0.9
	0.9
	0.90

	NOx Emissions (Gg)
	0.837
	0.791
	0.458
	0.448
	0.474
	0.445

	Emission Factor (t NMVOCs/TJ)
	0.11
	0.11
	0.11
	0.11
	0.11
	0.11

	NMVOCs Emissions (Gg)
	0.102
	0.097
	0.056
	0.055
	0.058
	0.054


Table 3.63: Consumption of Brown Coal and Emissions of GHG in Railway Transportation

	Brown Coal
	1986
	1990
	2000
	2001
	2002
	2003

	Consumption (tonnes)
	0
	69
	384
	350
	205
	0

	Calorific Value (TJ/1000 t)
	12.76
	12.76
	12.76
	12.76
	12.76
	12.76

	Consumption of Energy in Railway Transportation (PJ)
	0.000
	0.001
	0.005
	0.004
	0.003
	0.000

	Emission Factor (t CO2/TJ)
	99.2
	99.2
	99.2
	99.2
	99.2
	99.2

	CO2 Emissions (Gg)
	0.00
	0.09
	0.49
	0.44
	0.26
	0.00

	Emission Factor (t CH4/TJ)
	0
	0
	0
	0
	0
	0

	CH4 Emissions (Gg)
	0
	0
	0
	0
	0
	0.000

	Emission Factor (t N2O/TJ)
	0
	0
	0
	0
	0
	0.000

	N2O Emissions (Gg)
	0
	0
	0
	0
	0
	0.000

	Emission Factor (t CO/TJ)
	0.09
	0.09
	0.09
	0.09
	0.09
	0.09

	CO Emissions (Gg)
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	Emission Factor (t NOx/TJ)
	0.3
	0.3
	0.3
	0.3
	0.3
	0.30

	NOx Emissions (Gg)
	0.000
	0.000
	0.001
	0.001
	0.001
	0.000

	Emission Factor (t NMVOCs/TJ)
	0.000
	0.000
	0.000
	0.000
	0.000
	0.00

	NMVOCs Emissions (Gg)
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000


Emission factors

In calculating emissions of individual gases, emission factors from IPCC guidelines have been applied. For the emission of gases in railway transportation, emission factors for gas oil (and fuel oil) have been taken into account: Intergovernmental Panel on Climate Change: Greenhouse Gas Inventory - Reference manual, UNEP-OECD-IEA-IPCC, Bracknell 1996, p. I.91: Category: Railways 

Recalculations

No changes have been made in this source sector.

1.14.7.3 Aviation

Key sector - Base year: 
no


Key sector - Year 2003:
no


Methodology

Most quantities of jet kerosene are consumed outside the territory of Slovenia in international transport, i.e. in the so-called international bunkers, therefore these quantities are excluded from the calculations of national emissions for Slovenia. 

To estimate emissions from Aviation, the following methodology has been adopted. 

Quantity of Fuel used x Net Calorific value x EF per energy of Fuel = Emissions

Activity data 

Most quantities of jet kerosene are used outside the territory of Slovenia in international transport, i.e. in the so-called international bunkers, therefore these quantities are excluded from the calculations of national emissions for Slovenia. As quantities consumed in international air transport in Slovenia those quantities are taken into account, which are reported in LEG under the category Aviation Gasoline for Turboprop Engines – these quantities are not included in total national emissions for Slovenia. As consumption in Slovenia, the category Aviation Gasoline for Piston Engine Aircraft is taken into account. The calculation of the consumption of jet kerosene and kerosene in Slovenia has been done on the basis of data and calorific values from Tables Tg/1 and Tg/5, Statistični letopis energetskega gospodarstva Republike Slovenije 1985-2003, Ljubljana: Ministry of the Economy.

Difference between IEA data and inventory data occurs due to rounding. In IEA/EUROSTAT statistics all values are rounded and expressed in 000 tons

Table 3.64: Consumption of Aviation Gasoline and Emissions of GHG in Civil Aviation
	AVIATION GASOLINE
	1986
	1990
	2000
	2001
	2002
	2003

	Consumption (tonnes)
	200
	900
	924
	756
	753
	772,9

	Calorific Value (TJ/1000 t)
	43.5
	43.5
	43.5
	43.5
	43.5
	43.5

	Consumption of Energy in Civil Aviation (PJ)
	0.009
	0.039
	0.040
	0.033
	0.033
	0.034

	Emission Factor (t CO2/TJ)
	71.5
	71.5
	71.5
	71.5
	71.5
	71.5

	CO2 Emissions (Gg)
	0.62
	2.80
	2.87
	2.35
	2.34
	2.404

	Emission Factor (t CH4/TJ)
	0.001
	0.001
	0.001
	0.001
	0.001
	0.00

	CH4 Emissions (Gg)
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	Emission Factor (t N2O/TJ)
	0.002
	0.002
	0.002
	0.002
	0.002
	0.002

	N2O Emissions (Gg)
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	Emission Factor (t CO/TJ)
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1

	CO Emissions (Gg)
	0.001
	0.004
	0.004
	0.003
	0.003
	0.003

	Emission Factor (t NOx/TJ)
	0.3
	0.3
	0.3
	0.3
	0.3
	0.3

	NOx Emissions (Gg)
	0.003
	0.012
	0.012
	0.010
	0.010
	0.010

	Emission Factor (t NMVOCs/TJ)
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05

	NMVOCs Emissions (Gg)
	0.000
	0.002
	0.002
	0.002
	0.002
	0.002


Emission factors

For the calculation of emissions and individual gases, the emission factors from IPCC guidelines have been applied. For the emission of gases in civil aviation, the emission factors for aviation gasoline from the Intergovernmental Panel on Climate Change: Greenhouse Gas Inventory - Reference manual, UNEP-OECD-IEA-IPCC, Bracknell 1996, p. 1. 13, 1.35, 1.36, 1.38, 1.40, 1.42, have been applied.

Recalculations

No changes have been made on this source sector

Future Improvements

In the present inventories, the consumption of fuel in LTOs is counted as international bunker. The improvement will, as a consequence, negligibly increase the emissions of the Republic of Slovenia, but inventories will be more appropriate from the methodological point of view. In as much as data for 1986 will be accessible, we shall also perform a recalculation for the entire period 1986-2004.

1.14.8 Other sector (IPCC: I A 4)

Key sector - Base year: 
yes,
gas: CO2, N2O

Key sector - Year 2003:
yes,
gas: CO2, N2O

This chapter presents the consumption of fuels and emissions of greenhouse gases in: 

· Commercial / Institutional sector 
(IPCC: I A 4 a)

· Residential sector  


(IPCC: I A 4 b)

· Agriculture and forestry 

(IPCC: I A 4 c)
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 Figure 3.5: GWP of GHG emissions from Other Sector

Table 3.65: GWP of GHG emissions from Other Sector
	 (000 ton CO2 equ.) 
	1986
	1990
	2000
	2001
	2002
	2003

	a.  Commercial/Institutional
	632.
	515.
	921.
	929.
	868.
	828.

	b.  Residential
	1256.
	924.
	1868.
	1930.
	1850.
	1800.

	c.  Agriculture/Forestry/Fisheries
	478.
	370.
	260.
	261.
	258.
	263.

	Total GWP (Gg)
	2366.
	1809.
	3049.
	3120.
	2976.
	2891.


1.14.8.1 Commercial/Institutional Sector (IPCC: I A 4 a)

Key sector - Base year: 
yes,
gas: CO2
Key sector - Year 2003:
yes,
gas: CO2
Methodology

Emissions were estimated using Tier 2 methodology described in IPCC 96. The following basic formula was used:

[image: image62.wmf]
Where:

EF = Emission Factor (kg/TJ);

Activity = Energy Input (TJ);

a = Fuel type;

b = Sector-activity; and

c = Technology type.

Activity data 

The consumption of fuels in the commercial sector and households has been in our basic source of data (Statistical Yearbook of Electricity Generating Industries) combined under “Široka potrošnja”. Disaggregation into these two categories has been done within the framework of the research project done at the end of the year by the Institute of Energy Industries (Gasperič, Dornik 1998). Data from that research project have been corrected in the following points: 

· All quantities of LPG specified in LEG under the category “Široka Potrošnja – Other Consumption” are in this report presented as consumption in households. 

· Quantities of fuel oil which have been consumed in road transport as gas oil and which have been estimated in the research project ”Assessment of Emissions of Greenhouse Gases in Road Traffic” (Institute of Transport Technology, 1999) are subtracted from the sector “Široka Potrošnja”, namely 80 % from sector Consumption in Households and 20 % from Consumption in Commercial Sector

All quantities of residual fuel oil that are reported in LEG as consumed in Other consumption, are in this report presented as consumption in the commercial/institutional sector. In the energy statistics of Slovenia, this item is a balance category; consequently, it will be positive in some years, negative in other years. Quantities used in calculating emissions for this report (either positive or negative values) have been taken from LEG.

Table 3.66: Estimates of Inappropriate Consumption of Fuel Oil in Commercial Sector and Households

	
	Other Consu. (LEG)
	Estimate of “Inappropriate” Use of Res.Fuel Oil, subtracted from Other Cons (LEG) & added to Road Transport
	Other Consumption (NIR)
	Split of “Inappropriate” Use of Fuel Oil
	Actual Consumption of Res. Fuel Oil in Other Consumption

	
	
	
	
	Resid.
	Comm./

Institution
	Resid.

(NIR)
	Comm./Inst

(NIR)

	
	A
	B
	C=A-B
	D=0,8 x B
	E=0,2 x B
	F+G=C

	
	(tonnes)
	(tonnes)
	(tonnes)
	80%
	20%
	(tonnes)
	(tonnes)

	1986
	157835
	36121
	121714
	28897
	7224
	72117
	49597

	1990
	310342
	96020
	214322
	76816
	19204
	121803
	92519

	1991
	327577
	80733
	246844
	64586
	16147
	145063
	101781

	1992
	300726
	59608
	241118
	47686
	11922
	144779
	96339

	1993
	411782
	744
	411038
	595
	149
	262945
	148093

	1994
	432591
	1141
	431450
	913
	228
	275945
	155505

	1995
	512171
	-23212
	535383
	-
	-
	342645
	192738

	1996
	625621
	-79731
	705352
	-
	-
	451425
	253927

	1997
	697066
	0
	697066
	-
	-
	446084
	250982

	1998
	718587
	0
	718587
	-
	-
	459896
	258691

	1999
	755417
	0
	755417
	-
	-
	483467
	271950

	2000
	674464
	0
	674464
	-
	-
	431657
	242807

	2001
	684636
	0
	684636
	-
	-
	438167
	246469

	2002
	658761
	0
	658761
	-
	-
	421607
	237154

	2003
	633476
	0
	633476
	-
	-
	405425
	228051


Emission factors

In the great majority of cases, emission factors were taken from international sources:

- CORINAIR (3rd revision; CORINAIR 99);

- 1996 IPCC Guidebook;

Table 3.67: Consumption of Fuels and Emissions from Commercial/Institutional sector in 1986

	
	Lignite
	Brown Coal
	Gas Oil
	Residual Fuel  Oil
	LPG
	Natural Gas
	Biomass

(wood)
	TOTAL

	Consumption (tonnes, 000Sm3)
	265706
	179209
	49597
	-18686
	0
	10674
	182000
	 

	Calorific Value (TJ/1000 t)
	9.4.
	12.8.
	41.8.
	39.7.
	46.0.
	33.5.
	12.2.
	 

	Consumption(PJ)
	2.49.
	2.30.
	2.07.
	-0.74.
	0.00.
	0.36.
	2.21.
	6.2.

	Emission Factor (t CO2/TJ)
	107.8.
	99.2.
	73.3.
	76.6.
	62.4.
	55.0.
	107.4.
	 

	CO2 Emissions (Gg)
	268.8.
	228.4.
	152.0.
	-56.9.
	0.0.
	19.7.
	237.9.
	343.2.

	Emission Factor (t CH4/TJ)
	0.01.
	0.01.
	0.01.
	0.01.
	0.01.
	0.005.
	0.3.
	 

	CH4 Emissions (Gg)
	0.02.
	0.02.
	0.02.
	-0.01.
	0.00.
	0.00.
	0.66.
	0.70.

	Emission Factor (t N2O/TJ)
	0.0014.
	0.0014.
	0.0006.
	0.0006.
	0.0006.
	0.0001.
	0.004.
	 

	N2O Emissions (Gg)
	0.003.
	0.003.
	0.001.
	0.000.
	0.000.
	0.000.
	0.009.
	0.013.

	Emission Factor (t CO/TJ)
	0.2.
	0.2.
	0.015.
	0.015.
	0.0094.
	0.0094.
	0.3.
	 

	CO Emissions (Gg)
	0.50.
	0.46.
	0.03.
	-0.01.
	0.00.
	0.00.
	0.66.
	1.15.

	Emission Factor (t NOx/TJ)
	0.15.
	0.15.
	0.14.
	0.14.
	0.07.
	0.1.
	0.2.
	 

	NOx Emissions (Gg)
	0.37.
	0.35.
	0.29.
	-0.10.
	0.00.
	0.04.
	0.44.
	1.01.

	Emission Factor (t NMVOC/TJ)
	0.15.
	0.15.
	0.015.
	0.015.
	0.004.
	0.004.
	0.4.
	 

	NMVOC Emissions (Gg)
	0.37.
	0.35.
	0.03.
	-0.01.
	0.00.
	0.00.
	0.89.
	1.25.


Table 3.68: Consumption of Fuels and Emissions from Commercial/Institutional sector in 1990

	
	Lignite
	Brown Coal
	Gas Oil
	Residual Fuel  Oil
	LPG
	Natural Gas
	Biomass

(wood)
	TOTAL

	Consumption (tonnes, 000Sm3)
	101692
	75034
	92519
	-5437
	0
	15680
	182000
	 

	Calorific Value (TJ/1000 t)
	9.8.
	12.8.
	41.8.
	39.7.
	46.0.
	33.5.
	12.2.
	 

	Consumption(PJ)
	1.00.
	0.96.
	3.87.
	-0.22.
	0.00.
	0.53.
	2.21.
	7.4.

	Emission Factor (t CO2/TJ)
	104.8.
	99.2.
	73.3.
	76.6.
	62.4.
	55.0.
	107.4.
	 

	CO2 Emissions (Gg)
	104.6.
	95.0.
	283.6.
	-16.6.
	0.0.
	28.9.
	237.9.
	390.9.

	Emission Factor (t CH4/TJ)
	0.01.
	0.01.
	0.01.
	0.01.
	0.01.
	0.005.
	0.3.
	 

	CH4 Emissions (Gg)
	0.01.
	0.01.
	0.04.
	0.00.
	0.00.
	0.00.
	0.66.
	0.71.

	Emission Factor (t N2O/TJ)
	0.0014.
	0.0014.
	0.0006.
	0.0006.
	0.0006.
	0.0001.
	0.004.
	 

	N2O Emissions (Gg)
	0.001.
	0.001.
	0.002.
	0.000.
	0.000.
	0.000.
	0.009.
	0.012.

	Emission Factor (t CO/TJ)
	0.2.
	0.2.
	0.015.
	0.015.
	0.0094.
	0.0094.
	0.3.
	 

	CO Emissions (Gg)
	0.20.
	0.19.
	0.06.
	0.00.
	0.00.
	0.00.
	0.66.
	0.92.

	Emission Factor (t NOx/TJ)
	0.15.
	0.15.
	0.14.
	0.14.
	0.07.
	0.1.
	0.2.
	 

	NOx Emissions (Gg)
	0.15.
	0.14.
	0.54.
	-0.03.
	0.00.
	0.05.
	0.44.
	1.15.

	Emission Factor (t NMVOC/TJ)
	0.15.
	0.15.
	0.015.
	0.015.
	0.004.
	0.004.
	0.4.
	 

	NMVOC Emissions (Gg)
	0.15.
	0.14.
	0.06.
	0.00.
	0.00.
	0.00.
	0.89.
	1.09.


Table 3.69: Consumption of Fuels and Emissions from Commercial/Institutional sector in 1995

	
	Lignite
	Brown Coal
	Gas Oil
	Residual Fuel  Oil
	LPG
	Natural Gas
	Biomass

(wood)
	TOTAL

	Consumption (tonnes, 000Sm3)
	41139
	19826
	192738
	-9282
	0
	28492
	182000
	 

	Calorific Value (TJ/1000 t)
	10.2.
	17.4.
	41.8.
	39.7.
	46.0.
	33.5.
	12.2.
	 

	Consumption(PJ)
	0.42.
	0.35.
	8.06.
	-0.37.
	0.00.
	0.95.
	2.21.
	11.2.

	Emission Factor (t CO2/TJ)
	99.0.
	99.2.
	73.3.
	76.6.
	62.4.
	55.0.
	107.4.
	 

	CO2 Emissions (Gg)
	41.6.
	34.2.
	590.8.
	-28.3.
	0.0.
	52.5.
	237.9.
	649.3.

	Emission Factor (t CH4/TJ)
	0.01.
	0.01.
	0.01.
	0.01.
	0.01.
	0.005.
	0.3.
	 

	CH4 Emissions (Gg)
	0.00.
	0.00.
	0.08.
	0.00.
	0.00.
	0.00.
	0.66.
	0.75.

	Emission Factor (t N2O/TJ)
	0.0014.
	0.0014.
	0.0006.
	0.0006.
	0.0006.
	0.0001.
	0.004.
	 

	N2O Emissions (Gg)
	0.001.
	0.000.
	0.005.
	0.000.
	0.000.
	0.000.
	0.009.
	0.014.

	Emission Factor (t CO/TJ)
	0.2.
	0.2.
	0.015.
	0.015.
	0.0094.
	0.0094.
	0.3.
	 

	CO Emissions (Gg)
	0.08.
	0.07.
	0.12.
	-0.01.
	0.00.
	0.01.
	0.66.
	0.86.

	Emission Factor (t NOx/TJ)
	0.15.
	0.15.
	0.14.
	0.14.
	0.07.
	0.1.
	0.2.
	 

	NOx Emissions (Gg)
	0.06.
	0.05.
	1.13.
	-0.05.
	0.00.
	0.10.
	0.44.
	1.67.

	Emission Factor (t NMVOC/TJ)
	0.15.
	0.15.
	0.015.
	0.015.
	0.004.
	0.004.
	0.4.
	 

	NMVOC Emissions (Gg)
	0.06.
	0.05.
	0.12.
	-0.01.
	0.00.
	0.00.
	0.89.
	1.06.


Table 3.70: Consumption of Fuels and Emissions from Commercial/Institutional sector in 2000

	
	Lignite
	Brown Coal
	Gas Oil
	Residual Fuel  Oil
	LPG
	Natural Gas
	Biomass

(wood)
	TOTAL

	Consumption (tonnes, 000Sm3)
	6450
	1012
	242807
	15854
	0
	52021
	182000
	 

	Calorific Value (TJ/1000 t)
	10.2.
	18.0.
	41.9.
	40.0.
	46.1.
	34.1.
	12.2.
	 

	Consumption(PJ)
	0.07.
	0.02.
	10.17.
	0.63.
	0.00.
	1.77.
	2.21.
	14.8.

	Emission Factor (t CO2/TJ)
	100.5.
	99.2.
	73.3.
	76.6.
	62.4.
	55.0.
	107.4.
	 

	CO2 Emissions (Gg)
	6.6.
	1.8.
	745.7.
	48.6.
	0.0.
	97.5.
	237.9.
	893.6.

	Emission Factor (t CH4/TJ)
	0.01.
	0.01.
	0.01.
	0.01.
	0.01.
	0.005.
	0.3.
	 

	CH4 Emissions (Gg)
	0.00.
	0.00.
	0.10.
	0.01.
	0.00.
	0.01.
	0.66.
	0.78.

	Emission Factor (t N2O/TJ)
	0.0014.
	0.0014.
	0.0006.
	0.0006.
	0.0006.
	0.0001.
	0.004.
	 

	N2O Emissions (Gg)
	0.000.
	0.000.
	0.006.
	0.000.
	0.000.
	0.000.
	0.009.
	0.016.

	Emission Factor (t CO/TJ)
	0.2.
	0.2.
	0.015.
	0.015.
	0.0094.
	0.0094.
	0.3.
	 

	CO Emissions (Gg)
	0.01.
	0.00.
	0.15.
	0.01.
	0.00.
	0.02.
	0.66.
	0.85.

	Emission Factor (t NOx/TJ)
	0.15.
	0.15.
	0.14.
	0.14.
	0.07.
	0.1.
	0.2.
	 

	NOx Emissions (Gg)
	0.01.
	0.00.
	1.42.
	0.09.
	0.00.
	0.18.
	0.44.
	2.14.

	Emission Factor (t NMVOC/TJ)
	0.15.
	0.15.
	0.015.
	0.015.
	0.004.
	0.004.
	0.4.
	 

	NMVOC Emissions (Gg)
	0.01.
	0.00.
	0.15.
	0.01.
	0.00.
	0.01.
	0.89.
	1.06.


Table 3.71: Consumption of Fuels and Emissions from Commercial/Institutional sector in 2001

	
	Lignite
	Brown Coal
	Gas Oil
	Residual Fuel  Oil
	LPG
	Natural Gas
	Biomass

(wood)
	TOTAL

	Consumption (tonnes, 000Sm3)
	4834
	562
	246469
	15394
	0
	60183
	6327
	 

	Calorific Value (TJ/1000 t)
	10.7.
	18.8.
	41.9.
	40.0.
	46.1.
	34.1.
	12.2.
	 

	Consumption(PJ)
	0.05.
	0.01.
	10.33.
	0.62.
	0.00.
	2.05.
	0.08.
	13.1.

	Emission Factor (t CO2/TJ)
	104.6.
	99.2.
	73.3.
	76.6.
	62.4.
	55.0.
	107.4.
	 

	CO2 Emissions (Gg)
	5.4.
	1.0.
	757.0.
	47.2.
	0.0.
	112.8.
	8.3.
	918.0.

	Emission Factor (t CH4/TJ)
	0.01.
	0.01.
	0.01.
	0.01.
	0.01.
	0.005.
	0.3.
	 

	CH4 Emissions (Gg)
	0.00.
	0.00.
	0.10.
	0.01.
	0.00.
	0.01.
	0.02.
	0.14.

	Emission Factor (t N2O/TJ)
	0.0014.
	0.0014.
	0.0006.
	0.0006.
	0.0006.
	0.0001.
	0.004.
	 

	N2O Emissions (Gg)
	0.000.
	0.000.
	0.006.
	0.000.
	0.000.
	0.000.
	0.000.
	0.007.

	Emission Factor (t CO/TJ)
	0.2.
	0.2.
	0.015.
	0.015.
	0.0094.
	0.0094.
	0.3.
	 

	CO Emissions (Gg)
	0.01.
	0.00.
	0.15.
	0.01.
	0.00.
	0.02.
	0.02.
	0.21.

	Emission Factor (t NOx/TJ)
	0.15.
	0.15.
	0.14.
	0.14.
	0.07.
	0.1.
	0.2.
	 

	NOx Emissions (Gg)
	0.01.
	0.00.
	1.45.
	0.09.
	0.00.
	0.21.
	0.02.
	1.75.

	Emission Factor (t NMVOC/TJ)
	0.15.
	0.15.
	0.015.
	0.015.
	0.004.
	0.004.
	0.4.
	 

	NMVOC Emissions (Gg)
	0.01.
	0.00.
	0.15.
	0.01.
	0.00.
	0.01.
	0.03.
	0.20.


Table 3.72: Consumption of Fuels and Emissions from Commercial/Institutional sector in 2002

	
	Lignite
	Brown Coal
	Gas Oil
	Residual Fuel  Oil
	LPG
	Natural Gas
	Biomass

(wood)
	TOTAL

	Consumption (tonnes, 000Sm3)
	4346
	202
	237154
	9657
	0
	53383
	5752
	 

	Calorific Value (TJ/1000 t)
	10.4.
	19.0.
	41.9.
	40.0.
	46.1.
	34.1.
	12.2.
	 

	Consumption(PJ)
	0.04.
	0.00.
	9.94.
	0.39.
	0.00.
	1.82.
	0.07.
	12.2.

	Emission Factor (t CO2/TJ)
	103.3.
	99.2.
	73.3.
	76.6.
	62.4.
	55.0.
	107.4.
	 

	CO2 Emissions (Gg)
	4.6.
	0.4.
	728.4.
	29.6.
	0.0.
	100.1.
	7.5.
	858.4.

	Emission Factor (t CH4/TJ)
	0.01.
	0.01.
	0.01.
	0.01.
	0.01.
	0.005.
	0.3.
	 

	CH4 Emissions (Gg)
	0.00.
	0.00.
	0.10.
	0.00.
	0.00.
	0.01.
	0.02.
	0.13.

	Emission Factor (t N2O/TJ)
	0.0014.
	0.0014.
	0.0006.
	0.0006.
	0.0006.
	0.0001.
	0.004.
	 

	N2O Emissions (Gg)
	0.000.
	0.000.
	0.006.
	0.000.
	0.000.
	0.000.
	0.000.
	0.007.

	Emission Factor (t CO/TJ)
	0.2.
	0.2.
	0.015.
	0.015.
	0.0094.
	0.0094.
	0.3.
	 

	CO Emissions (Gg)
	0.01.
	0.00.
	0.15.
	0.01.
	0.00.
	0.02.
	0.02.
	0.19.

	Emission Factor (t NOx/TJ)
	0.15.
	0.15.
	0.14.
	0.14.
	0.07.
	0.1.
	0.2.
	 

	NOx Emissions (Gg)
	0.01.
	0.00.
	1.39.
	0.05.
	0.00.
	0.18.
	0.01.
	1.64.

	Emission Factor (t NMVOC/TJ)
	0.15.
	0.15.
	0.015.
	0.015.
	0.004.
	0.004.
	0.4.
	 

	NMVOC Emissions (Gg)
	0.01.
	0.00.
	0.15.
	0.01.
	0.00.
	0.01.
	0.03.
	0.19.


Table 3.73: Consumption of Fuels and Emissions from Commercial/Institutional sector in 2003

	
	Lignite
	Brown Coal
	Gas Oil
	Residual Fuel  Oil
	LPG
	Natural Gas
	Biomass

(wood)
	TOTAL

	Consumption (tonnes, 000Sm3)
	4404
	178
	228051
	4315
	0
	55941
	2301
	 

	Calorific Value (TJ/1000 t)
	10.4
	19.0
	41.9
	40.0
	46.1
	34.1
	12.2
	 

	Consumption(PJ)
	0.05
	0.00
	9.56
	0.17
	0.00
	1.91
	0.03
	11.7

	Emission Factor (t CO2/TJ)
	102.8
	99.2
	73.3
	76.6
	62.4
	55.0
	107.4
	 

	CO2 Emissions (Gg)
	4.7
	0.3
	700.4
	13.2
	0.0
	104.9
	3.0
	818.8

	Emission Factor (t CH4/TJ)
	0.01
	0.01
	0.01
	0.01
	0.01
	0.005
	0.3
	 

	CH4 Emissions (Gg)
	0.00
	0.00
	0.10
	0.00
	0.00
	0.01
	0.01
	0.12

	Emission Factor (t N2O/TJ)
	0.0014
	0.0014
	0.0006
	0.0006
	0.0006
	0.0001
	0.004
	 

	N2O Emissions (Gg)
	0.000
	0.000
	0.006
	0.000
	0.000
	0.000
	0.000
	0.006

	Emission Factor (t CO/TJ)
	0.2
	0.2
	0.015
	0.015
	0.0094
	0.0094
	0.3
	 

	CO Emissions (Gg)
	0.01
	0.00
	0.14
	0.00
	0.00
	0.02
	0.01
	0.17

	Emission Factor (t NOx/TJ)
	0.15
	0.15
	0.14
	0.14
	0.07
	0.1
	0.2
	 

	NOx Emissions (Gg)
	0.01
	0.00
	1.34
	0.02
	0.00
	0.19
	0.01
	1.56

	Emission Factor (t NMVOC/TJ)
	0.15
	0.15
	0.015
	0.015
	0.004
	0.004
	0.4
	 

	NMVOC Emissions (Gg)
	0.01
	0.00
	0.14
	0.00
	0.00
	0.01
	0.01
	0.17


Future Improvements

In the next report, the disaggregation of fuels between Households and Other Commercial/Institutional usage will be renewed, but that will not effect the total emissions of GHG from this sector.

1.14.8.2 Residential Sector (IPCC: I A 4 b)

Key sector - Base year: 
yes,
gas: CO2
Key sector - Year 2003:
yes,
gas: CO2
Methodology

Emissions were estimated using the Tier 2 methodology that is described in IPCC 96. The following basic formula was used:


Where:

EF = Emission Factor (kg/TJ);

Activity = Energy Input (TJ);

a = Fuel type;

b = Sector-activity; and

c = Technology type.

Activity data 

This sector includes all residential consumption of fuel. Consumption of fuel in residential sector was estimated in the research project of the Institute of Energy Industries (Gasperič, Dornik 1998), i.e. according to the description in chapter on commercial / institutional sector (item 1.2.4.1 top). 

Emission factors

In the great majority of cases emission factors have been taken from international sources:

- Corinair (3rd revision; Corinair 99);

- 1996 IPCC Guidebook;

Future Improvements

In the next report, the estimate of the consumption of woody biomass in households will have to be improved. Uncertainty is considerable, both as regards the quantity of consumed biomass as well as the average net calorific value (NCV) of woody biomass.

Table 3.74: Consumption of Fuels and Emissions from RESIDENTiAL sector in 1986

	
	Lignite
	Brown Coal
	Gas Oil
	Residual Fuel  Oil
	LPG
	Natural Gas
	Biomass

(wood)
	TOTAL

	Consumption (tonnes)
	424324
	286190
	72117,2
	0
	24646
	7726
	1115283
	 

	Calorific Value (TJ/1000 t)
	9.4.
	12.85.
	41.8.
	39.7.
	46.0.
	33.5.
	12.2.
	 

	Consumption(PJ)
	3.98.
	3.68.
	3.02.
	0.00.
	1.13.
	0.26.
	13.57.
	25.6.

	Emission Factor (t CO2/TJ)
	107.8.
	99.2.
	73.3.
	76.6.
	62.4.
	55.0.
	107.4.
	 

	CO2 Emissions (Gg)
	429.3.
	364.8.
	221.1.
	0.0.
	70.7.
	14.2.
	1457.7.
	1100.2.

	Emission Factor (t CH4/TJ)
	0.3.
	0.3.
	0.01.
	0.01.
	0.01.
	0.005.
	0.3.
	 

	CH4 Emissions (Gg)
	1.20.
	1.10.
	0.03.
	0.00.
	0.01.
	0.00.
	4.07.
	6.41.

	Emission Factor (t N2O/TJ)
	0.0014.
	0.0014.
	0.0006.
	0.0006.
	0.0006.
	0.0001.
	0.004.
	 

	N2O Emissions (Gg)
	0.006.
	0.005.
	0.002.
	0.000.
	0.001.
	0.000.
	0.054.
	0.068.

	Emission Factor (t CO/TJ)
	2
	2
	0.015.
	0.015.
	0.014.
	0.014.
	10
	 

	CO Emissions (Gg)
	7.97.
	7.35.
	0.05.
	0.00.
	0.02.
	0.00.
	135.73.
	151.12.

	Emission Factor (t NOx/TJ)
	0.1.
	0.1.
	0.05.
	0.14.
	0.05.
	0.05.
	0.08.
	 

	NOx Emissions (Gg)
	0.40.
	0.37.
	0.15.
	0.00.
	0.06.
	0.01.
	1.09.
	2.07.

	Emission Factor (t NMVOC/TJ)
	0.25.
	0.25.
	0.015.
	0.015.
	0.004.
	0.004.
	0.6.
	 

	NMVOC Emissions (Gg)
	1.00.
	0.92.
	0.05.
	0.00.
	0.00.
	0.00.
	8.14.
	10.11.


Table 3.75: Consumption of Fuels and Emissions from RESIDENTIAL sector in 1990

	
	Lignite
	Brown Coal
	Gas Oil
	Residual Fuel  Oil
	LPG
	Natural Gas
	Biomass

(wood)
	TOTAL

	Consumption (tonnes)
	172243
	127092
	121803
	0
	21067
	13545
	1115283
	 

	Calorific Value (TJ/1000 t)
	9.8.
	12.8.
	41.8.
	39.7.
	46.0.
	33.5.
	12.2.
	 

	Consumption(PJ)
	1.69.
	1.62.
	5.09.
	0.00.
	0.97.
	0.45.
	13.57.
	23.4.

	Emission Factor (t CO2/TJ)
	104.8.
	99.2.
	73.3.
	76.6.
	62.4.
	55.0.
	107.4.
	 

	CO2 Emissions (Gg)
	177.1.
	160.9.
	373.4.
	0.0.
	60.5.
	25.0.
	1457.7.
	796.8.

	Emission Factor (t CH4/TJ)
	0.3.
	0.3.
	0.01.
	0.01.
	0.01.
	0.005.
	0.3.
	 

	CH4 Emissions (Gg)
	0.51.
	0.49.
	0.05.
	0.00.
	0.01.
	0.00.
	4.07.
	5.13.

	Emission Factor (t N2O/TJ)
	0.0014.
	0.0014.
	0.0006.
	0.0006.
	0.0006.
	0.0001.
	0.004.
	 

	N2O Emissions (Gg)
	0.002.
	0.002.
	0.003.
	0.000.
	0.001.
	0.000.
	0.054.
	0.063.

	Emission Factor (t CO/TJ)
	2
	2
	0.015.
	0.015.
	0.014.
	0.014.
	10
	 

	CO Emissions (Gg)
	3.38.
	3.24.
	0.08.
	0.00.
	0.01.
	0.01.
	135.73.
	142.45.

	Emission Factor (t NOx/TJ)
	0.1.
	0.1.
	0.05.
	0.14.
	0.05.
	0.05.
	0.08.
	 

	NOx Emissions (Gg)
	0.17.
	0.16.
	0.25.
	0.00.
	0.05.
	0.02.
	1.09.
	1.74.

	Emission Factor (t NMVOC/TJ)
	0.25.
	0.25.
	0.015.
	0.015.
	0.004.
	0.004.
	0.6.
	 

	NMVOC Emissions (Gg)
	0.42.
	0.41.
	0.08.
	0.00.
	0.00.
	0.00.
	8.14.
	9.05.


Table 3.76: Consumption of Fuels and Emissions from RESIDENTiAL sector in 1995

	
	Lignite
	Brown Coal
	Gas Oil
	Residual Fuel  Oil
	LPG
	Natural Gas
	Biomass

(wood)
	TOTAL

	Consumption (tonnes)
	71184
	34305
	342645
	0
	24652
	39248
	1115283
	 

	Calorific Value (TJ/1000 t)
	10.2.
	17.4.
	41.8.
	39.7.
	46.0.
	33.5.
	12.2.
	 

	Consumption(PJ)
	0.73.
	0.60.
	14.33.
	0.00.
	1.13.
	1.31.
	13.57.
	31.7.

	Emission Factor (t CO2/TJ)
	99.0.
	99.2.
	73.3.
	76.6.
	62.4.
	55.0.
	107.4.
	 

	CO2 Emissions (Gg)
	72.0.
	59.2.
	1050.3.
	0.0.
	70.8.
	72.3.
	1457.7.
	1324.6.

	Emission Factor (t CH4/TJ)
	0.3.
	0.3.
	0.01.
	0.01.
	0.01.
	0.005.
	0.3.
	 

	CH4 Emissions (Gg)
	0.22.
	0.18.
	0.14.
	0.00.
	0.01.
	0.01.
	4.07.
	4.63.

	Emission Factor (t N2O/TJ)
	0.0014.
	0.0014.
	0.0006.
	0.0006.
	0.0006.
	0.0001.
	0.004.
	 

	N2O Emissions (Gg)
	0.001.
	0.001.
	0.009.
	0.000.
	0.001.
	0.000.
	0.054.
	0.066.

	Emission Factor (t CO/TJ)
	2
	2
	0.015.
	0.015.
	0.014.
	0.014.
	10
	 

	CO Emissions (Gg)
	1.45.
	1.19.
	0.21.
	0.00.
	0.02.
	0.02.
	135.73.
	138.63.

	Emission Factor (t NOx/TJ)
	0.1.
	0.1.
	0.05.
	0.14.
	0.05.
	0.05.
	0.08.
	 

	NOx Emissions (Gg)
	0.07.
	0.06.
	0.72.
	0.00.
	0.06.
	0.07.
	1.09.
	2.06.

	Emission Factor (t NMVOC/TJ)
	0.25.
	0.25.
	0.015.
	0.015.
	0.004.
	0.004.
	0.6.
	 

	NMVOC Emissions (Gg)
	0.18.
	0.15.
	0.21.
	0.00.
	0.00.
	0.01.
	8.14.
	8.70.


Table 3.77: Consumption of Fuels and Emissions from RESIDENTiAL sector in 2000

	
	Lignite
	Brown Coal
	Gas Oil
	Residual Fuel  Oil
	LPG
	Natural Gas
	Biomass

(wood)
	TOTAL

	Consumption (tonnes)
	31689
	5900
	431657
	0
	67114
	105817
	1115283
	 

	Calorific Value (TJ/1000 t)
	10.2.
	18.0.
	41.8.
	39.7.
	46.0.
	33.5.
	12.2.
	 

	Consumption(PJ)
	0.32.
	0.11.
	18.05.
	0.00.
	3.09.
	3.54.
	13.57.
	38.7.

	Emission Factor (t CO2/TJ)
	100.5.
	99.2.
	73.3.
	76.6.
	62.4.
	55.0.
	107.4.
	 

	CO2 Emissions (Gg)
	32.4.
	10.5.
	1323.2.
	0.0.
	192.6.
	195.0.
	1457.7.
	1753.7.

	Emission Factor (t CH4/TJ)
	0.3.
	0.3.
	0.01.
	0.01.
	0.01.
	0.005.
	0.3.
	 

	CH4 Emissions (Gg)
	0.10.
	0.03.
	0.18.
	0.00.
	0.03.
	0.02.
	4.07.
	4.43.

	Emission Factor (t N2O/TJ)
	0.0014.
	0.0014.
	0.0006.
	0.0006.
	0.0006.
	0.0001.
	0.004.
	 

	N2O Emissions (Gg)
	0.000.
	0.000.
	0.011.
	0.000.
	0.002.
	0.000.
	0.054.
	0.068.

	Emission Factor (t CO/TJ)
	2
	2
	0.015.
	0.015.
	0.014.
	0.014.
	10
	 

	CO Emissions (Gg)
	0.64.
	0.21.
	0.27.
	0.00.
	0.04.
	0.05.
	135.73.
	136.95.

	Emission Factor (t NOx/TJ)
	0.1.
	0.1.
	0.05.
	0.14.
	0.05.
	0.05.
	0.08.
	 

	NOx Emissions (Gg)
	0.03.
	0.01.
	0.90.
	0.00.
	0.15.
	0.18.
	1.09.
	2.36.

	Emission Factor (t NMVOC/TJ)
	0.25.
	0.25.
	0.015.
	0.015.
	0.004.
	0.004.
	0.6.
	 

	NMVOC Emissions (Gg)
	0.08.
	0.03.
	0.27.
	0.00.
	0.01.
	0.01.
	8.14.
	8.55.


Table 3.78: Consumption of Fuels and Emissions from RESIDENTiAL sector in 2001

	
	Lignite
	Brown Coal
	Gas Oil
	Residual Fuel  Oil
	LPG
	Natural Gas
	Biomass

(wood)
	TOTAL

	Consumption (tonnes)
	24899
	3273
	438167
	0
	74743
	122420
	1115283
	 

	Calorific Value (TJ/1000 t)
	10.7.
	16.4.
	41.8.
	39.7.
	46.0.
	33.5.
	12.2.
	 

	Consumption(PJ)
	0.27.
	0.05.
	18.32.
	0.00.
	3.44.
	4.10.
	13.57.
	39.8.

	Emission Factor (t CO2/TJ)
	104.6.
	99.2.
	73.3.
	76.6.
	62.4.
	55.0.
	107.4.
	 

	CO2 Emissions (Gg)
	27.8.
	5.3.
	1343.2.
	0.0.
	214.5.
	225.6.
	1457.7.
	1816.3.

	Emission Factor (t CH4/TJ)
	0.3.
	0.3.
	0.01.
	0.01.
	0.01.
	0.005.
	0.3.
	 

	CH4 Emissions (Gg)
	0.08.
	0.02.
	0.18.
	0.00.
	0.03.
	0.02.
	4.07.
	4.41.

	Emission Factor (t N2O/TJ)
	0.0014.
	0.0014.
	0.0006.
	0.0006.
	0.0006.
	0.0001.
	0.004.
	 

	N2O Emissions (Gg)
	0.000.
	0.000.
	0.011.
	0.000.
	0.002.
	0.000.
	0.054.
	0.068.

	Emission Factor (t CO/TJ)
	2
	2
	0.015.
	0.015.
	0.014.
	0.014.
	10
	 

	CO Emissions (Gg)
	0.53.
	0.11.
	0.27.
	0.00.
	0.05.
	0.06.
	135.73.
	136.75.

	Emission Factor (t NOx/TJ)
	0.1.
	0.1.
	0.05.
	0.14.
	0.05.
	0.05.
	0.08.
	 

	NOx Emissions (Gg)
	0.03.
	0.01.
	0.92.
	0.00.
	0.17.
	0.21.
	1.09.
	2.41.

	Emission Factor (t NMVOC/TJ)
	0.25.
	0.25.
	0.015.
	0.015.
	0.004.
	0.004.
	0.6.
	 

	NMVOC Emissions (Gg)
	0.07.
	0.01.
	0.27.
	0.00.
	0.01.
	0.02.
	8.14.
	8.53.


Table 3.79: Consumption of Fuels and Emissions from RESIDENTIAL sector in 2002

	
	Lignite
	Brown Coal
	Gas Oil
	Residual Fuel  Oil
	LPG
	Natural Gas
	Biomass

(wood)
	TOTAL

	Consumption (tonnes)
	24147
	1177
	421607
	0
	73370
	108589
	1115283
	 

	Calorific Value (TJ/1000 t)
	10.4.
	19.0.
	41.9.
	40.0.
	46.1.
	34.1.
	12.2.
	 

	Consumption(PJ)
	0.25.
	0.02.
	17.67.
	0.00.
	3.38.
	3.70.
	13.57.
	38.6.

	Emission Factor (t CO2/TJ)
	103.3.
	99.2.
	73.3.
	76.6.
	62.4.
	55.0.
	107.4.
	 

	CO2 Emissions (Gg)
	25.8.
	2.2.
	1294.9.
	0.0.
	210.8.
	203.5.
	1457.7.
	1737.3.

	Emission Factor (t CH4/TJ)
	0.3.
	0.3.
	0.01.
	0.01.
	0.01.
	0.005.
	0.3.
	 

	CH4 Emissions (Gg)
	0.07.
	0.01.
	0.18.
	0.00.
	0.03.
	0.02.
	4.07.
	4.38.

	Emission Factor (t N2O/TJ)
	0.0014.
	0.0014.
	0.0006.
	0.0006.
	0.0006.
	0.0001.
	0.004.
	 

	N2O Emissions (Gg)
	0.000.
	0.000.
	0.011.
	0.000.
	0.002.
	0.000.
	0.054.
	0.068.

	Emission Factor (t CO/TJ)
	2
	2
	0.015.
	0.015.
	0.014.
	0.014.
	10
	 

	CO Emissions (Gg)
	0.50.
	0.04.
	0.26.
	0.00.
	0.05.
	0.05.
	135.73.
	136.64.

	Emission Factor (t NOx/TJ)
	0.1.
	0.1.
	0.05.
	0.14.
	0.05.
	0.05.
	0.08.
	 

	NOx Emissions (Gg)
	0.02.
	0.00.
	0.88.
	0.00.
	0.17.
	0.19.
	1.09.
	2.35.

	Emission Factor (t NMVOC/TJ)
	0.25.
	0.25.
	0.015.
	0.015.
	0.004.
	0.004.
	0.6.
	 

	NMVOC Emissions (Gg)
	0.06.
	0.01.
	0.26.
	0.00.
	0.01.
	0.01.
	8.14.
	8.51.


Table 3.80: Consumption of Fuels and Emissions from RESIDENTIAL sector in 2003

	
	Lignite
	Brown Coal
	Gas Oil
	Residual Fuel  Oil
	LPG
	Natural Gas
	Biomass

(wood)
	TOTAL

	Consumption (tonnes)
	24631
	1037
	405425
	0
	69943
	113792
	1115283
	 

	Calorific Value (TJ/1000 t)
	10.1
	19.0
	41.9
	40.0
	46.1
	34.1
	12.2
	 

	Consumption(PJ)
	0.25
	0.02
	16.99
	0.00
	3.22
	3.88
	13.57
	37.9

	Emission Factor (t CO2/TJ)
	102.8
	99.2
	73.3
	76.6
	62.4
	55.0
	107.4
	 

	CO2 Emissions (Gg)
	25.7
	2.0
	1245.2
	0.0
	201.0
	213.3
	1457.7
	1687.1

	Emission Factor (t CH4/TJ)
	0.3
	0.3
	0.01
	0.01
	0.01
	0.005
	0.3
	 

	CH4 Emissions (Gg)
	0.07
	0.01
	0.17
	0.00
	0.03
	0.02
	4.07
	4.37

	Emission Factor (t N2O/TJ)
	0.0014
	0.0014
	0.0006
	0.0006
	0.0006
	0.0001
	0.004
	 

	N2O Emissions (Gg)
	0.000
	0.000
	0.010
	0.000
	0.002
	0.000
	0.054
	0.067

	Emission Factor (t CO/TJ)
	2
	2
	0.015
	0.015
	0.014
	0.014
	10
	 

	CO Emissions (Gg)
	0.50
	0.04
	0.25
	0.00
	0.05
	0.05
	135.73
	136.62

	Emission Factor (t NOx/TJ)
	0.1
	0.1
	0.05
	0.14
	0.05
	0.05
	0.08
	 

	NOx Emissions (Gg)
	0.02
	0.00
	0.85
	0.00
	0.16
	0.19
	1.09
	2.32

	Emission Factor (t NMVOC/TJ)
	0.25
	0.25
	0.015
	0.015
	0.004
	0.004
	0.6
	 

	NMVOC Emissions (Gg)
	0.06
	0.00
	0.25
	0.00
	0.01
	0.02
	8.14
	8.49


1.14.8.3 Agriculture and Forestry (IPCC: I A 4 c)

Key sector - Base year: 
yes,
gas: N2O

Key sector - Year 2003:
yes,
gas: N2O

This chapter should present all consumption of fuel in agriculture, forestry, and fishing. However, only the consumption of fuel for mobile sources in these sectors is presented here. Not enough data are available for the consumption of fuel in stationary sources in Slovenia; consequently, these quantities are included in the Commercial / Institutional sector. 

Methodology

Emissions for all pollutants emissions are estimated by means of the following formula:

Emission (p,y) = EF(p) * ConsFuel(y)
Where

 Emission (p,y) - Emission of pollutant p in year y (ton/yr);

 EF(p) - Quantity of pollutant p emitted (ton/TJ);

ConsFuel(y) - consumption of gas oil in agriculture machines and off-road vehicles during in year y (ton/yr).

Activity data 

The consumption of fuels till year 2000 in agriculture is taken from the research project ”The Consumption of Fuels in Agriculture” by the Slovenian Agriculture Institute, October 2003

For estimation of fuel consumption in Agriculture from year 2000 onwards, we used the same energy intensity (fuel consumption/ha of land) as it was in year 2000.

Table 3.81: Estimate of Consumption of Gasoline in Agriculture for the Period

	
	1986
	1990
	2000
	 2001
	 2002
	2003 

	Cultivated Land in State owned Agriculture ent. (1000 ha)
	70
	77
	62
	- 
	 -
	-

	Total Cultivated Land (1000 ha)
	647
	653
	509
	510.
	506
	510

	Consumption of Gasoline in State owned Agriculture ent. (1000 t)
	1.3
	1.088
	0.7
	 -
	-
	- 

	Consumption of Gasoline per Hectare of Cultivated Land (t/1000 ha)
	18.6
	14.1
	10.5
	7.1
	7.1
	7.1

	Estimated Consumption of Gasoline in Total Agriculture (1000 t)
	12.0
	9.2
	3.63.
	3.63.
	3.60.
	3.63.


Table 3.82: Estimate of Consumption of Diesel in Agriculture for the Period

	
	1986
	1990
	2000
	 2001
	 2002
	2003 

	Consumption of Diesel in State owned Agriculture ent. (1000 t)
	14.6
	12.6
	-
	- 
	- 
	- 

	Consumption of Diesel per Hectare of Cultivated Land in State owned Agriculture ent. (t/1000 ha)
	208.6
	163.5
	123.0
	123.0
	123.0
	123.0

	Estimated consumption of Diesel Fuels in Total Agriculture (1000 t)
	135
	107
	62.596
	62.678.
	62.199.
	62.688.


The consumption of fuels in the entire forestry is estimated on the basis of the consumption of fuel in the state-owned logging enterprises. 

For the state-owned sector, data are available for the consumption of fuel and cut, for private sector only data on cut. First, the consumption per m3 of cut in state owned logging enterprises (4.8 tonnes /1000 m3) is estimated. Based on these estimates and data on total cut, the estimate of consumption in the whole of forestry is calculated. For forestry, there are no separate data on the consumption of gasoline and gas, only the total consumption. Consequently, the split is done considering the split in agriculture (10 % gasoline, 90 % gas oil), presuming that the same amount of fuels is consumed per m3 of felled wood in private forestry as in social forestry. 

Data on consumption of fuel in state owned forest are available for 1990 and for the period 1994-2003. In other years the research has not been conducted, hence the consumption of fuel per felled quantities in other years has been estimated by linear interpolation (4.8 tonnes per 1000 m3 of cut). The estimated error is marginal, since quantities do not undergo essential changes

Table 3.83: The Calculation of the Consumption of Fuels in State Owned Forest

	
	1990
	2000
	2001
	2002
	2003

	Consumption of Fuel in State owned Forest (tonnes)
	5922
	2808
	2782
	2777
	3066

	Cut in State owned Forest (1000 m3)
	1230
	907
	871
	912
	899

	Consumption of Fuel per Cut Quantities (tonnes per 1000 m3)
	4.8
	3.1
	3.2.
	3.0.
	3.4.

	Total Cut (1000 m3)
	2435
	2609
	2614
	2646
	2646

	Total Consumption of Fuel in Forestry (1000 t)
	11.7
	8.080.
	8.350.
	8.060.
	9.020.

	Gasoline (10 %) (tones)
	1.172
	0.808.
	0.835.
	0.806.
	0.902.

	Diesel (90 %) (tones)
	10.548
	7.272.
	7.515.
	7.254.
	8.118.


Source of activity data:

Data needed for estimation of consumption of fuels in Agriculture and Forestry is available for years from 1986 to 2003 (Statistical Office of the Republic of Slovenia: Statistical Yearbook RS, Statistical Office of the Republic of Slovenia, Ljubljana).

Source of calorific values: Ministry of Energy: Statistični letopis energetskega gospodarstva republike Slovenije 1986-2003, Ljubljana: Ministry of Energy, Table Zb/3, Table Zb/1

Emission factors

In calculating emissions, the emission factors, recommended in IPCC guidelines, have been used, category: Agriculture and Forestry (Intergovernmental Panel on Climate Change: Greenhouse Gas Inventory - Reference manual, UNEP-OECD-IEA-IPCC, Bracknell 1996, p. I.91): for gas oil, category: Diesel Engines, for gasoline, category: Gasoline 4-stroke engines. In the principal source, there is an error for emission factor for CO: the value specified is 33 g/MJ – the correct value is 0.33 g/MJ.

Table 3.84: Fuel Consumption and GHG emissions from Agriculture and Forestry

	
	1986
	1990
	2000
	2001
	2002
	2003

	Agriculture
	108.3
	85.3
	62.6
	62.7
	62.2
	62.7

	Forestry
	15.1
	10.5
	7.3
	7.5
	7.3
	8.1

	Total Consumption of Diesel (1000 t)
	123.4
	95.8
	69.9
	70.2
	69.5
	70.8

	Coefficient (TJ/1000 t)
	42.7
	42.7
	42.7
	42.7
	42.7
	42.7

	Consumption (PJ)
	5.27
	4.09
	2.98
	3.00
	2.97
	3.02

	Emission Factor (t CO2/TJ)
	73.0
	73.0
	73.0
	73.0
	73.0
	73.0

	CO2 Emissions (Gg)
	384.8
	298.6
	217.8
	218.8
	216.5
	220.7

	Emission Factor (t CH4/TJ)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.004

	CH4 Emissions (Gg)
	0.02
	0.02
	0.01
	0.01
	0.01
	0.01

	Emission Factor (t N2O/TJ)
	0.030
	0.030
	0.030
	0.030
	0.030
	0.030

	N2O Emissions (Gg)
	0.158
	0.123
	0.090
	0.090
	0.089
	0.091

	Emission Factor (t CO/TJ)
	0.37
	0.37
	0.37
	0.37
	0.37
	0.37

	CO Emissions (Gg)
	1.95
	1.51
	1.10
	1.11
	1.10
	1.12

	Emission Factor (t NOx/TJ)
	1.20
	1.20
	1.20
	1.20
	1.20
	1.20

	NOx Emissions (Gg)
	6.33
	4.91
	3.58
	3.60
	3.56
	3.63

	Emission Factor (t NMVOCs/TJ)
	0.17
	0.17
	0.17
	0.17
	0.17
	0.17

	NMVOCs Emissions (Gg)
	0.90
	0.70
	0.51
	0.51
	0.50
	0.51


Fugitive emissions from solid fuels and oil and natural gas (CRF 1.B)

This chapter presents the fugitive emissions of greenhouse gases from:

· Solid fuels 
(IPCC 1.B.1)

Coal Mining, Coal Handling, SO2 scrubbing 

· Oil

(IPCC 1.B.2)

Production, Processing, Storage

· Natural Gas 
(IPCC 1.B.2)

Production, Transmission, Distribution and Leakages

Table 3.85: GWP of Fugitive emissions of GHGs
	(000 ton CO2 equ.) 
	1986
	1990
	2000
	2001
	2002
	2003

	Solid, Mining+Post.
	358.91.
	302.81.
	252.12.
	232.61.
	263.75.
	271.80

	SO2 Scrubbing
	0.00.
	0.00.
	36.72.
	60.36.
	58.11.
	69.76

	Oil
	0.39.
	0.43.
	0.12.
	0.00.
	0.00.
	0.00

	Natural Gas
	25.03.
	11.76.
	13.53.
	14.08.
	13.56.
	13.05

	Total 
	384.33.
	314.99.
	302.49.
	307.05.
	335.42.
	354.62
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Figure 3.6: GWP of Fugitive emissions of GHGs
1.14.9 Solid Fuels (IPCC: I B I)

1.14.9.1 Coal Mining (IPCC: I B I a) + Coal Handling (IPCC: I B I b) 

Key sector - Base year: 
yes,
gas: CH4
Key sector - Year 2003:
yes,
gas: CH4
This chapter encompasses emissions arising from the production, processing, and storage of coal. The most important component of those emissions is CH4 emissions that arise in mining and post-mining activities. 

Methodology

Methane emission = (EF1(m3 CH4/t)+ EF2(m3 CH4/t))* excavated coal (t/year )* 0.67

EF1 = Methane emission factor in coal excavation (m3 CH4/t)

EF2 = Methane emission factors in post-mining activities for coal (m3 CH4/t)

Activity data 

Data on excavated quantities of coal according to individual coalmines are taken from LEG Table Pr/2 and LEG Table Pr/3 

Table 3.86: Excavation of Coal in Slovenia 1986 – 2003 
	Pit
	1986
	1990
	2000
	2001
	2002
	2003

	Velenje
	5000.5
	4210.0
	3743.1
	3448.1
	4047.7
	4221.7

	Trbovlje - Hrastnik
	1241.6
	904.6
	736.6
	685
	638.7
	607.8

	Zagorje
	314.6
	244.1
	(closed) 
	(closed) 
	(closed) 
	(closed) 

	Senovo
	120.0
	108.0
	(closed) 
	(closed) 
	(closed) 
	(closed) 

	Kanižarica
	126.2
	94.4
	(closed) 
	(closed) 
	(closed) 
	(closed) 

	Laško
	25.0
	(closed) 
	(closed) 
	(closed) 
	(closed) 
	(closed) 

	Total Coal Excavation (Gg)
	6827.9
	5561.1
	4479.7
	4133.1
	4686.4
	4829.5


Emission factors

Estimates of emission factors for individual coalmines in Slovenia were done at the Ecological Research Institute (Zapušek A., Orešnik K., Avberšek F: Assessment of methane emission factors in coal excavation in 1986 and in the period 1990-1996, Velenje: ERICo - Ecological Research Institute, 1999). 

Due to negligible emissions from this sector for the period 1996-2003, no special research project has been done so that for that period an average emission factor from the past period has been assumed. 

Table 3.87: Emission Factors for CH4 in Coal Excavation 1986 – 2003 (m3 CH4/t coal)

	Pit
	1986
	1990
	2000
	2001
	2002
	2003

	Velenje
	0.95
	0.33
	3.00
	3.00
	3.00
	3.00

	Trbovlje - Hrastnik
	0.62
	0.88
	1.00
	1.00
	1.00
	1.00

	Zagorje
	1.39
	3.59
	(closed)
	(closed)
	(closed)
	(closed)

	Senovo
	0.57
	0.63
	(closed)
	(closed)
	(closed)
	(closed)

	Kanižarica
	0.33
	0.45
	(closed)
	(closed)
	(closed)
	(closed)

	Laško
	3.82
	(closed) 
	(closed)
	(closed)
	(closed)
	(closed)


Table 3.88: Emission Factors for CH4 in Post Mining Activities1986 – 2003 (m3 CH4/t coal)

	Pit
	1986
	1990
	2000
	2001
	2002
	2003

	Velenje
	3.05
	3.67
	1.00
	1.00
	1.00
	1.00

	Trbovlje - Hrastnik
	2.38
	2.12
	3.00
	3.00
	3.00
	3.00

	Zagorje
	1.61
	2.00
	(closed)
	(closed)
	(closed)
	(closed)

	Senovo
	2.43
	2.37
	(closed)
	(closed)
	(closed)
	(closed)

	Kanižarica
	2.67
	2.52
	(closed)
	(closed)
	(closed)
	(closed)

	Laško
	0.18
	(closed) 
	(closed)
	(closed)
	(closed)
	(closed)


Table 3.89: Emission of CH4 from Mining & Post Mining Activities1986 – 2003

	(000 ton)
	1986
	1990
	2000
	2001
	2002
	2003

	Mining Activities
	4.13
	2.12
	8.02
	7.39
	8.56
	8.89

	Post-Mining Activities
	12.96
	12.30
	3.99
	3.69
	4.00
	4.05

	Total
	17.09
	14.42
	12.01
	11.08
	12.56
	12.94


Recalculations

No changes have been made in this source sector.

1.14.9.2 Scrubbing (IPCC: I B I c)

Using the technology for the reduction of SO2 emissions in the process of consumption of coal is causing emissions of CO2. According to IPCC methodology, these emissions belong to the category of emissions arising from the consumption of coal.

Methodology 

CO2 emissions from scrubbing = consumption of additive CaCO3 * 0.44

Activity data

Data on CaCO3 consumption are taken from the documents of Milan Vidmar Electroinstitute (Šuštaršič A. et all.: Estimate of Emissions and the Results of Measurements of Emission Concentrations in the Šoštanj Thermal Power Plant in 2003, Milan Vidmar Electroinstitute, Ljubljana 1995-2003). Prior to 1995, there were no wet flue gas desulphurisation units installed for reducing emission of SO2 in Slovenia. 

Emission factors

29/01/2004/EC Guidelines for the monitoring and reporting of greenhouse gas emissions pursuant to Directive 2003/87/ of the European Parliament and of the Council

Emission factor is based on use of stoichiometric ratios of conversions of carbonates [t CO2/t dry carbonate] as shown in below table. This value shall be adjusted for the respective moisture and gangue content of the applied carbonate material.

Table 3.90: Stoichiometric emission factors for SO2 scrubbing

	Carbonate
	Emission factor 

[t CO2/t Ca-, Mg- or other Carbonate]
	Remarks

	CaCO3
	0.440
	

	MgCO3
	0.522
	

	general:

XY(CO3)Z
	Emission factor =

[MCO2] / {Y * [Mx] + Z *[MCO32-]}
	X = alkali earth or alkali metal

Mx = molecular weight of X in [g/mol]

MCO2 = molecular weight of CO2 = 44 [g/mol]

MCO3- = molecular weight of CO32- = 60 [g/mol]

Y = stoichiometric number of X

= 1 (for alkali earth metals)

= 2 (for alkali metals)

Z = stoichiometric number of CO32- = 1


Table 3.91: Consumption of additive and CO2 emissions from scrubbing

	
	1986
	1990
	2000
	2001
	2002
	2003

	CaCO3
Consumption (000 ton)
	NO
	NO
	83.455
	137.178
	132.062
	158.548

	CO2 emissions (Gg)
	NO
	NO
	36.7
	60.4
	58.1
	69.8


1.14.10 Oil and Natural Gas (IPCC: I B 2)

Key sector - Base year: 
no

Key sector - Year 2003:
no

Owing to negligible quantities of produced crude oil (963 tons in 2002, and no production in 2003), methane emissions from the production of crude oil and refined petroleum products were insignificant in 2002 and did not occur in 2003.

Methodology

· Oil

CH4 emissions = CH4 emission1 + CH4 emission2 + CH4 emission3

CH4 
emission1: 

Emission in the production of crude oil = production of crude oil (ton) x calorific value x emission factor (kgCH4/TJ)

CH4 emission2:

Emission in the processing of crude oil = quantities processed in Slovenia (ton) x calorific value x emission factor (kgCH4/TJ)

CH4 emission3:

Emission in storage of crude oil = quantities processed in Slovenia (ton) x calorific value x emission factor (kgCH4/TJ)

· Natural Gas

CH4 emissions = Production + Transport + Distribution + Leakages at consumers

Where:

Production is:

Emissions in the production of natural gas = Produced quantities (thousand m3)* Net calorific value (NCV) * Emission factor (kg/PJ)

Transport is:

Emissions from transport of natural gas = Length of high-pressure pipeline (km) * Emission factor for high-pressure pipeline (kg CH4/km)

Distribution is:

( ( length of medium-pressure pipeline (i) (km) * Emission factor (i) (kg/km))

Where:

i = Type of installed material (steel, grey iron, polyethylene, PVC)

Leakages are:

Emissions at demand side = consumption of NG in households (Sm3) * emission factor (kg CH4/Sm3)

These are CH4 emissions which arise mostly in the Households sector during lighting of gas ranges.

Activity data

Data on production, processing (processing and internal consumption), and calorific values of oil have been taken from LEG (Table Zb/1, Statistical Yearbook of the Energy Sector in the Republic of Slovenia 1985-2003, Ljubljana: Ministry of the Economy). No data are available on stored quantities. In this section, it is assumed that all quantities of processed oil are also stored in Slovenia.

In distribution of gasoline (at refinery dispatch stations, in transport, at depots, and at service stations) NMVOCs emissions arise. Calculations take into account the quantities of gasoline that are sold in Slovenia (Statistical Yearbook of Energy Sector in the Republic of Slovenia 1985-2003, Ljubljana: Ministry of the Economy, Tables Zb/1).

Data on the production and calorific value of natural gas have been taken from LEG (Table Zb/1, Statistical Yearbook of Energy Sector in the Republic of Slovenia 1985-2003, Ljubljana: Ministry of the Economy). 

Data on the emission of methane in transport and distribution of natural gas have been taken from the research project of the Institute of Energy Industries (Gasperič M., Dornik M.: Determining the CO2 Emission Factor in Energy Use and CH4 Emission Factor in Transport and Distribution of Natural Gas, Ljubljana: Institute of Energy Industries, 1998).

The in-country review concluded that current emissions were far too low and needed to be further analysed and investigated for possible errors.

Since for the period 1996-2003 no updated data on the structure of the natural gas network have been available, in calculation data from 1996 were used. 

Emission factors

Emission factors for the emission of methane arising in the production, processing, and storage of oil have been calculated on the basis of the arithmetic mean from IPCC guidelines (Intergovernmental Panel on Climate Change: Greenhouse Gas Inventory - Workbook, UNEP-OECD-IEA-IPCC, Bracknell 1995, p. I.21) from the data for former Soviet Union, Central and Eastern Europe. Emission factors are given in a relatively wide interval (for production from 300 to 5000 kg CH4/PJ, and for processing from 90 to 1400 kg CH4/PJ).

For oil production: 
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For oil processing: 
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For oil storage: 
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Table 3.92: Fugitive emissions from Oil

	
	1986
	1990
	2000
	2001
	2002
	2003

	Production of Oil
	 
	
	
	
	 
	

	Produced Quantities (tonnes)
	2569
	2506
	859
	782
	963
	0

	Calorific Value (TJ/1000 t)
	42.9
	42.9
	42.9
	42.9
	42.9
	42.9

	Produced Quantities (PJ)
	0.11
	0.11
	0.04
	0.03
	0.04
	0.00

	Emission Factor (kg CH4/PJ)
	2650
	2650
	2650
	2650
	2650
	2650

	CH4 Emission (Gg)
	0.0003
	0.0003
	0.0001
	0.0001
	0.0001
	0.0000

	 
	 
	
	
	
	 
	 

	Processing of Oil
	 
	
	
	
	 
	 

	Processed Quantities (tonnes)
	486150
	531925
	145369
	46
	0
	0

	Calorific Value (TJ/1000 t)
	42.9
	42.9
	42.9
	42.9
	42.9
	42.9

	Processed Quantities (PJ)
	20.8558
	22.8196
	6.236
	0.002
	0.000
	0.000

	Emission Factor (kg CH4/PJ)
	745
	745
	745
	745
	745
	745

	CH4 Emission (Gg)
	0.0155
	0.0170
	0.0046
	0.0000
	0.0000
	0.0000

	 
	 
	
	
	
	 
	 

	Storage of Oil
	 
	
	
	
	 
	 

	Stored Quantities (tonnes)
	486150
	531925
	145369
	46
	0
	0

	Calorific Value (TJ/1000 t)
	42.9
	42.9
	42.9
	42.9
	42.9
	42.9

	Stored Quantities (PJ)
	20.86
	22.82
	6.24
	0.00
	0.00
	0.00

	Emission Factor (kg CH4/PJ)
	135
	135
	135
	135
	135
	135

	CH4 Emission (Gg)
	0.0028
	0.0031
	0.0008
	0.0000
	0.0000
	0.0000

	 
	 
	 
	 
	 
	 
	 

	TOTAL
	1986
	1990
	2000
	2001
	2002
	2003

	Production (Gg)
	0.0003
	0.0003
	0.0001
	0.0001
	0.0001
	0.0000

	Processing (Gg)
	0.0155
	0.0170
	0.0046
	0.0000
	0.0000
	0.0000

	Storage (Gg)
	0.0028
	0.0031
	0.0008
	0.0000
	0.0000
	0.0000

	Total (Gg)
	0.0186
	0.0204
	0.0056
	0.0001
	0.0001
	0.0000


Emission factors for the emission of methane from the Production of natural gas have been calculated on the basis of the arithmetic mean from IPCC guidelines (Intergovernmental Panel on Climate Change: Greenhouse Gas Inventory - Workbook, UNEP-OECD-IEA-IPCC, Bracknell 1996, p. I.121) from the data for former Soviet Union, Central, and Eastern Europe. Emission factors are given in a relatively wide interval (for production from 140000 to 314000 kg CH4/PJ).

For the production of natural gas 
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The distribution of natural gas 

The Slovenian legislation in this field has been following EU standards for quite some time already; consequently, for the calculation of CH4 emissions from the Slovenian gas distribution network, the West German emission factors for l1991 have been taken into account. For the low-pressure grey-iron pipeline (since 1986 grey-iron gas distribution network is not used anymore) due to the age of the network, we have applied east German emission factors for 1991, since the majority of the network in question had been built before 1970.

Table 3.93: Fugitive emissions from Natural Gas (1986 – 2003)
	
	1986
	1990
	2000
	2001
	2002
	2003

	Production of Natural Gas
	
	
	
	
	
	

	Produced Quantities (000 m3)
	7371
	24800
	6000
	6100
	5600
	4919

	Calorific Value (TJ/1000 t)
	33.5
	34.1
	34.1.
	34.1.
	34.1.
	34.1

	Produced Quantities (PJ)
	0.25
	0.85
	0.20.
	0.21.
	0.19.
	0.17

	Emission Factor (kg CH4/PJ)
	227000
	227000
	227000
	227000
	227000
	227000

	CH4 Emission (Gg)
	0.0561
	0.1920
	0.0464.
	0.0472.
	0.0433.
	0.0381

	Transport and Distribution of Natural Gas
	
	
	
	
	
	

	Main Pipeline (Gg)
	0.22
	0.21
	0.26
	0.26
	0.26
	0.26

	Medium-pressure and Low-pressure Pipeline (Gg)
	0.90
	0.13
	0.18
	0.18
	0.18
	0.18

	Emission from use in Households (Gg)
	0.01
	0.02
	0.16
	0.19
	0.17
	0.15

	CH4 Emission (Gg)
	1.14
	0.37
	0.60
	0.62
	0.60
	0.58

	
	
	
	
	
	
	

	
	1986
	1990
	2000
	2001
	2002
	2003

	Production of Natural Gas
	0.06
	0.19
	0.05
	0.05
	0.04
	0.04

	Transport and Distribution of Natural Gas
	1.14
	0.37
	0.60
	0.62
	0.60
	0.58

	TOTAL (Gg)
	1.19
	0.56
	0.64
	0.67
	0.65
	0.62


Future Improvements

According to the findings in the in-country review, the applied emission factor for methane fugitive emissions from gas transport and distribution of natural gas is by an order of magnitude lower than the lowest applied emission factor among Annex I countries. Slovenia is therefore preparing a detailed study regarding national fugitive emissions from natural gas.

2 INDUSTRIAL PROCESSES (CRF sector 2)

Industrial activities not related to energy, produce various GHGs emissions. Emission sources are industrial production processes in which raw materials are chemically or physically transformed. In this transformation, many different GHGs can be released, such as CO2, CH4, N2O, and PFCs. Some industrial sources also produce NOx, NMVOCs, CO, and SO2.

Some fluorinated compounds (HFCs, PFCs and SF6) are consumed in industrial processes or used in different applications as substitutes for ozone depleting substances (ODS). They have also been considered in the inventory.

Due to the intertwined nature of procedures in industry and characteristics of individual reported units, it is in certain cases difficult to distinguish if certain emissions originate from the consumption of fuels for energy purposes or from the consumption of raw materials in industrial processes. The main criterion is the purpose for which a raw material or fuel is used.

Emissions from industrial processes in Slovenia account for nearly 6% of total national GHG emissions, excluding LULUCF. They amounted to 1.309 Gg CO2 equivalent in the base year and to 1.164 Gg CO2 equivalent in 2003. The main source of emissions is mineral industry with 49% of emissions, followed by metal production with 36% of emissions. Significantly lower are contributions from chemical industry (6%) as well as from the consumption of F-gases (9%).

The main source of emissions from this sector is cement industry, which is responsible for 40% of GHG emissions. The second largest source is aluminium production with 28% of GHG emissions. 
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Figure 4.0.1: Process emissions of GHG from different types of industries in CO2 eq./year.

The in-country review of our 2002 inventory recommended that we should obtain data for period 1987-1989 and fill in CRF tables for that period as well. As we have not collected all necessary data yet, we were unable to fill in the CRF tables. But in some cases we already use those data in the NIR in our tables and graphs to make our time series more clear.

MINERAL INDUSTRY
2.1 Cement Production

2.1.1 Source category 

Carbon dioxide emissions arising in the production of cement are a major industrial-process source of emissions of greenhouse gases. There are two producers of cement in Slovenia, producing mostly Portland cement.

The basic raw material for the production of cement is marl, which is a homogeneous mixture of limestone and clay and which originated in past geological periods through sedimentation. As there is no longer enough natural marl for mass production, the cement production mix, which must contain 75-78% of calcium carbonate (CaCO3), is prepared by mixing limestone and clay components: from such with 35% of CaCO3 to limestone with more than 95% of CaCO3. The limestone, which is a source of CaO, normally has an admixture of dolomite, which introduces MgO into the system. Clay components are bearers of SiO2, Al2O3, and Fe2O3. Blast furnace slag, silica sand, bauxite, and gypsum are added to the homogenized mix during grinding. 

Raw meal powder is fed into the cement kiln through a heat exchange unit. Natural gas, fuel oil, petroleum coke, coal dust, waste oils, and tyres are used as fuels in the clinker calcination process. 

Carbon dioxide emissions from cement production result from the conversion of CaCO3, the main constituent of limestone, to lime (CaO), while CO2 as a by-product is let out into atmosphere.

Sulphur oxides emissions result from sulphur, which is present both in fuel and in some constituent materials such as clay. Contrary to what occurs with CO2, most of the SO2 that is formed during calcination will usually be absorbed and long-term immobilized in clinker and later in cement.

2.1.2 Methodological issues 

CARBON DIOXIDE EMISSIONS 

Separate emissions are estimated from carbon originally present in fuel and carbon present in raw materials, although they are in fact emitted at same place and are inseparable in concept.

CO2 from carbon in fuel has been estimated from the fuel consumption for each fuel type. Emissions of this kind have already been included under source sector 1A2 - Energy Combustion in Industry.

Activity data are data on the annual production of clinker that were obtained from the Statistical Office of the Republic of Slovenia (DGP). For the purposes of emission trading, activity data to calculate process emissions in the production of clinker for the period 1999-2003 were obtained directly from both cement works. The differences in values from statistical data varied from 1.15% in 2001 to less than 0.01% in 2002. The necessity to ensure time consistency meant that emissions have been calculated from statistical data even for this period of time.

Since cement production is a key source category, according to the IPCC GPG, the Tier 2 method must be applied in calculating emissions. As mentioned, we obtained data that are more detailed for the period of the last five years, which enabled us to determine our own emission factor. It turned out higher than that set by the IPCC guidelines. CO2 emissions are not increased by the CaCO3 in the raw material alone, but also by the presence of MgCO3. 

The IEF average for the last five years is 541 kg CO2/t of clinker. As the location of quarries are the same as in the base year, we have applied this emission  factor for calculating emissions for the whole period.
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Figure 4.1.1: Cement and clinker production in ton/year.

SO2 EMISSIONS 

Emissions of SO2 in the production of cement arise from sulphur, which is present in the fuels, as well as from clay. Emissions of SO2 from the consumption of fuels are presented in the chapter on emissions from energy sources. The chapter on industrial processes presents emissions from the consumption of clay, which is calculated on the basis of produced quantities of cement. The data on the production of cement have likewise been obtained from the Statistical Office of the Republic of Slovenia (DGP). Emissions have been calculated by applying the recommended emission factor of 0.3 kg SO2/ton of cement, which is laid down in the IPCC Guidelines for National GHG Inventories, 1996.

Emissions of SO2 for 2001, 2002 and 2003 were reported on the basis of measurements that were performed in cement works and reported to EPER. Again, process emissions and emissions due to combustion of fuel were separated. Emissions of SO2 were significantly higher from those calculated according to the laid-down methodology, because one of the cement works uses raw materials excavated in its vicinity with a very high content of sulphur. 

2.1.3 Uncertainties and time-series consistency

Uncertainty estimates based on expert judgement.

Uncertainty of activity data amounts to 2%.

Uncertainty of emission factor amounts to 2%.

2.1.4 Source specific recalculations

In previous submissions we have used the Tier 1 method and default EF. In the last submission we calculated our CS EF and we recalculated all emissions for the base year and for the period 1990-2002. 

2.2 Lime Production

2.2.1 Source category description 

CO2 emissions from the production of lime are the third most important process-source of greenhouse gas emissions and they, like cement, belong to the key source categories. In Slovenia, there are three lime producers. 

Lime is generated by heating the input raw material, i.e. limestone, to high temperature (900-1200°C). During this process, limestone is converted into CaO and emits CO2. 

2.2.2 Methodological issues 

CARBON DIOXIDE EMISSIONS 

CO2 emission was calculated according to IPCC methodology. In this report, the default emission factor for the production of high calcium lime is used (785 kg CO2/ton of lime). In Slovenia, according to the data of the Statistical Office of the Republic of Slovenia, no crude dolomite is used for lime production.

Activity data are data on annual production of raw lime, obtained from the Statistical Office of the Republic of Slovenia (DGP). For the purposes of emission trading, to calculate process emissions, activity data on the production of lime for the period 1999-2003 were obtained directly from producers. The values differed from statistical data by as much as 12.23% in 2000 to as little as 0.74% in 2001. As in the production of cement, the need to ensure time series consistency called for all emissions to be calculated from statistical data.

SO2 EMISSIONS 

The methodology for calculating SO2 emissions from the production of lime is not given in IPCC guidelines. It is recommended not to calculate emissions until a more detailed methodology is ready.
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Figure 4.2.1: Lime production in ton/year.

2.2.3 Uncertainties and time-series consistency

Uncertainty estimates based on expert judgement.

Uncertainty of activity data amounts to 10%.

Uncertainty of emission factor amounts to 10%.

2.2.4 Source-specific planned improvements 

The production of lime being a key source category, GPG guidelines require that the country specific emission factor be used in calculating emissions. As mentioned, for the period of the last five years we have obtained data on the content of CaO and MgO in lime and in raw material, which enabled us to calculate our own emission factor. It turned out that actual emissions are approximately 5% lower that reported in this report. 

At present, as we do not have at our disposal such data for the previous period and particularly not for the base year, emissions are still being calculated by using the defined emission factor. For the next report, it is our intention to obtain analyses of input raw materials and lime for all years and to calculate the national emission factor.

We will investigate possibilities to obtain detailed data on the consumption of lime in construction and subtract that emission from the total emission arising in the production of lime. In construction, lime is used to produce mortar, and it is also used for whitewashing. In drying, a reverse process to that in the production occurs, since CaO binds CO2 and converts to CaCO3. It is estimated that construction consumes between 10 to 20% of all lime. 

2.3 Limestone and Dolomite Use

2.3.1 Source category description 

Limestone and dolomite are used in many industries. During heating to high temperature, carbonates convert to oxides, emitting CO2. Most limestone and dolomite are thus consumed in the production of cement and lime, as described above. Along with other carbonates, they are also used in the production of metals and mineral products. The major sources of such emissions in Slovenia are the production of iron and steel and glass industry.

2.3.2 Methodological issues 

CARBON DIOXIDE EMISSIONS 

CO2 emission has been calculated according to IPCC methodology. Default emission factors, 440 kg CO2/ton limestone, and 477 kg CO2/ton dolomite have been applied. Since no detailed data on the purity of input raw materials were available, the default factor for fractional purity (f) has been applied as well.

The Statistical Office of the Republic of Slovenia has been until 1997 gathering data on dolomite consumption and reporting it entirely under Non-Metal Processing (glass), while gathering and reporting all data on lime consumption as consumption in construction (cement and lime production). After that year no statistical data on limestone and dolomite consumption were available, therefore those data were obtained directly from iron, steel, and glass producers. 

2.3.3 Uncertainties and time-series consistency

Uncertainty estimates based on expert judgement.

Uncertainty of activity data amounts to 20%.

Uncertainty of emission factor amounts to 20%.

2.3.4 Source-specific planned improvements 

In order to calculate emissions for obtaining carbon coupons for emission trading, we acquired data on the consumption of limestone, dolomite, and other carbonates as well as data on fractional purity for these types of production as well as for the production of bricks and tiles.

If it should prove possible to obtain such data for the entire period, they will be taken into account in the next submission.
2.4 Soda ash production and use

2.4.1 Source category description 

Soda ash (Na2CO3) is used as a raw material in numerous industrial processes: production of glass, soap and detergent, production of paper. CO2 emissions arise both in production as well as in consumption of soda ash. Production of soda ash in Slovenia is negligible; consequently, in this chapter only emissions arising in its consumption will estimated. 

2.4.2 Methodological issues 

Emissions from consumption have been calculated according to IPCC methodology, applying an emission factor of 415 kg CO2/ton of Na2CO3.

Until 1997, consumption data were obtained from the Statistical Office of the Republic of Slovenia (DGP), later these data were not available anymore, and were therefore calculated from the data on import and export (http://bsp1h.gov.si/D2300.kom/komstart.html), and production (DGP). Stock changes were disregarded; however, it is our estimate that the error is not substantial.

2.4.3 Uncertainties and time-series consistency

Uncertainty estimates based on expert judgement.

Uncertainty of activity data amounts to 20%.

Uncertainty of emission factor amounts to 20%.

2.5 Production and use of Miscellaneous Mineral Products

2.5.1 Source category description 

There are no direct CO2 emissions in this category; however, there are emissions of indirect GHGs and SO2. This report covers emissions from the following sources: asphalt roofing production, road paving with asphalt and glass manufacturing. 

2.5.2 Methodological issues 

Asphalt roofing production

This group includes production of asphalt roofing, which is mainly used for roof tiling and other construction work. Emissions are estimated on the basis of total annual produced quantities, obtained from the Statistical Office (DGP).

IPCC guidelines specify two processes and two different emission factors in the production of asphalt roofing: saturation with spray and saturation without spray. Herein the calculations of CO and NMVOC emissions are based on emission factors for saturation without spray. 

IPCC guidelines also specify that emissions of NMVOCs arise also in the process of asphalt blowing and that it may be assumed that all of the asphalt used for non-paving use will be blown. The recommended emission factors range from 0.1 to 30 kg NMVOCs/ ton of bitumen products and depend on the process applied. In this report, the arithmetic mean has been taken and the emission factor of 15 kg NMVOCs per ton of asphalt roofing has been applied. 

Road Paving with Asphalt

Road paving with asphalt is used for paving roads and other surfaces. Emissions of greenhouse gases arise in asphalt plants during manufacture, road-surfacing operations, and subsequently from the road surface. The applied emission factors for NMVOCs are taken from IPCC guidelines for emissions from the production of asphalt and the road surface.

As for the emission factor for NMVOCs from the road surface, an error has occurred in IPCC guidelines: the suggested emission factor is stated as 320 kg NMVOCs/ton of road surface. The correct value is 320 g NMVOCs/ton of road surface.

IPCC guidelines also give emission factors for emissions of NOx, SO2, and CO from production of asphalt roofing. 

Activity data have been taken from the Statistical Office of the Republic of Slovenia (DGP).

Production of glass

As we investigated glass production in our country, we realised that in Slovenia no substances are used which lead to NMVOC emissions. In previous submissions, these emissions have been calculated with EF from IPCC guidelines. In this submission, NMVOC emissions from glass production are considered as NO for the entire period.

CARBON DIOXIDE EMISSIONS 

NMVOCs emissions oxidise in a relatively short period and therefore in Consumption of Coatings and in Industrial Processes, NMVOCs emissions have been transformed to CO2 emissions. In these two chapters there is deliberate double counting of emissions, which has already have been done for emission factors for CO2 in other chapters. A mass unit of NMVOCs contributes 3.19 mass units of CO2.

2.5.3 Uncertainties and time-series consistency

Uncertainty estimates based on expert judgement.

Uncertainty of activity data amounts to 20%.

Uncertainty of emission factor amounts to 50%.

CHEMICAL INDUSTRY

2.6 Nitric acid Production

2.6.1 Source category description 

The production of nitric acid (HNO3) generates nitrous oxide (N2O) as a by-product of the high temperature catalytic oxidation of ammonia (NH3). In Slovenia, nitric acid is produced since 1997, the quantities produced are small, and N2O emissions are insignificant. 

2.6.2 Methodological issues

NITROUS OXIDE EMISSIONS 

Emissions have been estimated according to IPCC methodology, applying an emission factor of 5.5 kg N2O/ton nitric acid. Input data have been obtained in the Statistical Office of the Republic of Slovenia (DGP). 

2.7 Carbide Production

2.7.1 Source category description

There is only one carbide producer in Slovenia that continues to produce calcium carbide, and has discontinued the production of silicon carbide in 1995. CO2 emissions arise both in the production of calcium carbide as well as in its consumption. Calcium carbide (CaC2) is produced by heating calcium carbonate and subsequently reducing CaO with carbon. Both steps lead to emissions of CO2. In Slovenia, calcium carbide is not produced from limestone but from lime, hence CO2 emissions arise only in the reduction with carbon. CO2 emissions arise also in the consumption of calcium carbide. 

2.7.2 Methodological issues

CARBON DIOXIDE EMISSIONS 

IPCC guidelines specify that the production process using reducing agent emits 1090 kg CO2/ton of calcium carbide. 
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Figure 4.7.1: Production of calcium carbide according to data from the Statistical Office and according to data from producer in ton/year and use of calcium carbide.

The input data were the data on annual production of calcium carbide. Until 1997, those data were obtained from the Statistical Office of the Republic of Slovenia (DGP), but then SURS changed their methodology of gathering and presenting carbides, and therefore production data were obtained from the producer for the entire period.

Emission arises also in consumption. IPCC Guidelines recommend applying an emission factor of 1100 kg CO2/ton of calcium carbide. 

Data on consumption were until 1997 obtained from The Statistical Office of the Republic of Slovenia (DGP), later those data were not available anymore, and therefore we calculated them from data from Statistical Office of the Republic of Slovenia on import and export (http://bsp1h.gov.si/D2300.kom/komstart.html) and production (DGP). Doing so meant ignoring stock changes. For these reasons, consumption in individual years changed a lot. To obtain smoother time series, consumption was estimated using moving averages.

2.7.3 Uncertainties and time-series consistency

Uncertainty estimates based on expert judgement.

Uncertainty of activity data amounts to 20%.

Uncertainty of emission factor amounts to 20%.

2.7.4 Source specific recalculations

In our previous submission, emissions from the production of calcium carbide were calculated from AD obtained from the Statistical Office of the Republic of Slovenia until 1996 and from producer data from 1997 on. In this submission, all emissions have been calculated from producer data.

As the data on consumption have in the previous submission been calculated from data on export, import, and production, oscillations between individual years were very high.  Moving averages were applied to correct these oscillations. 

In this submission, emissions have been corrected for all years. 

2.8 Production of Other Chemicals

2.8.1 Source category description

This chapter describes sources of other greenhouse gases, ozone precursors, and SO2. In Slovenia, there are no other industrial sources of N2O besides those described above, while methane arises in the production of methanol.

The only ozone precursor that arises in Slovenia in chemical industry is NMVOC. It arises in the production of formaldehyde, paints, lacquers, adhesives, and rubber as well as in the production and processing of various plastics.

The source of SO2 is the productions of sulphuric acid and titanium dioxide.

2.8.2 Methodological issues

METHANE EMISSIONS 

The source of emissions is the production of methanol. In calculating emissions, the emission factor of 2 kg CH4/t methanol was applied.

Production data have been taken from the Statistical Office of the Republic of Slovenia (DGP).

NMVOC EMISSIONS

This includes emission from adhesives, lacquers and enamels, rubber products, PVC and other plastics as well as formaldehyde. The emission factors for formaldehyde and polypropylene have been taken from IPCC Guidelines. Other emission factors have been obtained from the EMEP/CORINAIR Guidebook. In calculating emissions from all other sources, the emission factors of 10 kg NMVOC/ton product and for processing plastics, 5 kg NMVOC/ton product have been applied.

The quantity of annual production was obtained from the Statistical Office of the Republic of Slovenia (DGP).

CARBON DIOXIDE EMISSIONS 

Here, just as in the chapter on mineral industry, emissions have been intentionally double counted. All NMVOC emissions have been multiplied by 3.19 and also presented as CO2.

SO2 EMISSIONS

Emissions of SO2 in the Other Chemicals category arise in the production of sulphuric acid (H2SO4) and titanium dioxide (TiO2). The emission factors applied have been taken from IPCC guidelines. 

For the 2000 - 2003 period, the reported SO2 emissions were based on measurements that were performed and reported to EPER.

2.8.3 Uncertainties and time-series consistency

Uncertainty estimates based on expert judgement.

Uncertainty of activity data amounts to 20%.

Uncertainty of emission factor for CH4 amounts to 20%

Uncertainty of emission factor for NMVOC amounts to 50%

Uncertainty of emission factor for SO2 amounts to 30%

METAL PRODUCTION

2.9 Iron and Steel Production

2.9.1 Source category description

In Slovenia, there are three iron and steel producers. Primary production from ore existed only in the 1986 base year, and after 1990, steel production is based on utilization of scrap iron and steel. 
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Figure 4.9.1: Production of steel in ton/year.

The production of steel is a multiphase process, and some phases give rise to emissions of CO2. Most emissions occur in smelting iron scrap in EAF (electric arc furnace). The furnace is first filled with steel scrap, and then limestone and/or dolomite are added to allow the slag to form. The furnace utilizes electric heating through graphite electrodes. For increased productivity in the initial phase of melting, oxygen lances and a carbon injection system are used. From a metallurgical point of view, oxygen is used to reduce the carbon content in the molten metal and for removing other undesired elements.

Decarburising is performed also in secondary phases in a ladle furnace.

2.9.2 Methodological issues

CARBON DIOXIDE EMISSIONS 

CO2 emissions originating in the consumption of limestone and dolomite have been dealt with in chapter Mineral Industry, as laid down by the IPCC Guidelines. 

In the 1986 base year, when pig iron was still produced, the disaggregation into the consumption of fuel as an additive and the consumption of fuel as an energy product was impossible. For consumption of coke, the decision was taken to attribute all coke, which is consumed in the production of iron and steel, to the energy sector as fuel consumption. 

As now it is more appropriate to include the coke consumption among process emissions, this was done for the entire period 1990 – 2003.

Here, as a source of process emission, the consumption of graphite electrodes is also presented. 

As mentioned, we obtained data that are more detailed for the period of the last five years, which enabled us to determine our own emission factor. 
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Figure 4.9.2: Consumption of coke and graphite electrode in comparison of steel produced in the years 1999-2003.

Data on the amount and carbon content in input and output material were obtained from producers. In our case, input materials were mostly coke (including FAT coke), graphite electrodes, and scrap iron. Using mass balance approach, we have calculated CO2 emissions and the average EF for this period has been 47 kg CO2/t of steel. This emission factor has been applied for the period 1990-1998. For the last five years, actual data were taken. 

This CS EF is not appropriate for the base year because of the different type of production of steel (from ore).

OTHER EMISSIONS

IPCC guidelines mention emissions of SO2, NOx, CO, and NMVOCs from production of steel. However, the methods have not been finalized yet and have therefore not been taken into account here.

2.9.3 Uncertainties and time-series consistency

Uncertainty estimates based on expert judgement.

Uncertainty of activity data amounts to 10%.

Uncertainty of emission factor amounts to 10%

2.9.4 Source specific recalculations

CO2 emissions in the period 1990-2002 have been recalculated using CS EF.

2.10  Ferroalloys Production

2.10.1 Source category description

Iron is smelted with other elements, such as silicon, manganese, chromium, molybdenum, vanadium, or tungsten, forming alloys that have specific material characteristics requirements. Usually, alloy formation occurs in electric arc furnaces (EAF) and, as described for steel production, carbon monoxide and carbon dioxide emissions occur from oxidation of carbon that is still present in coke - used as raw material - and from the consumption of graphite electrodes. 

Slovenia has one producer of ferroalloys, producing mostly FeSi and FeSi inoculants, SiCa, as well as some other ferroalloys.
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Figure 4.10.1: Ferroalloys production in ton/year.

2.10.2 Methodological issues

CARBON DIOXIDE EMISSIONS 

CO2 emissions have been calculated from the consumption of fuels and anodes. Like in the production of steel, the presentation of fuels was split, namely by considering emissions from consumption of coal and natural gas in Energy Sector/Consumption of Fuels in Industry, and other fuels in process emissions. CO2 emissions from the consumption of wood chips, which are biomass, have not been added to total emissions. Emissions have been calculated according to IPCC methodology by applying the defined emission factors. 

Input data on fuel consumption for the entire period have been obtained from the producer. The producer has also supplied data on the quantities and type of ferroalloys and has thus enabled us to verify them by calculating emissions in accordance with another method. A comparison of the two methods has yielded very similar results. 

2.10.3 Uncertainties and time-series consistency

Uncertainty estimates based on expert judgement.

Uncertainty of activity data amounts to 20%.

Uncertainty of emission factor amounts to 20%

2.11  Aluminium Production

2.11.1 Source category description

Aluminium is produced in two phases. Firstly, alumina (Al2O3) is extracted from bauxite ore. Aluminium is then produced in the second phase in an electrochemical process in the electrolysis cells, where alumina disintegrates into its components: aluminium and oxygen. Molten aluminium gathers at the cathode while oxygen reacts with carbon in the anode, causing the consumption of anodes, which have to be replaced. 

Beside CO2, PFCs arise in the production of aluminium. This occurs during anode effect when the alumina content of the electrolyte falls below 1-2% and a gas film is formed at the anode. This stops the production of the metal and increases the cell voltage. Factors that influence the generation of PFCs are the frequency and duration of anode effects and the operating current of the cell.

In Slovenia, there is one aluminium producer. It is the second largest source of technological emissions of GHG. Since the base year, the production of aluminium has undergone numerous modernisations, resulting in reduced GHG emissions from this source in spite of increased production.

In 1986, Talum had two electrolysis units, A and B, both using Søderberg anode reduction cells. The annual production of aluminium in electrolysis unit A amounted to 21,220 t, in electrolysis unit B to 23,180 t, the total annual production amounted to 44,400 t of aluminium. In 1986, the production of aluminium included the production of alumina, but that was discontinued in 1991 for reasons of economy and ecology, and since then alumina has been purchased on foreign markets. In 1991, the production in electrolysis unit A was discontinued as well.

In 1988, the first phase of the modernization of aluminium production has been carried out and concluded in 1999: a new electrolysis unit C with an annual production capacity of 40,000 t of aluminium has been built and its electrolysis technology was taken from Aluminium Pechiney.

Simultaneously, reduction cells in unit B were reconstructed to use prebaked anodes, thus increasing its annual production capacity to 35,000 t of aluminium. 

The first phase of modernisation of aluminium production in electrolysis units was also a technological improvement in terms of reducing the number of anode effects per pot/day as well as their duration, which is a great contribution towards reducing GHG emissions as well as the consumption of electric energy: the new electrolysis unit C, featuring computerised voltage control and alumina feeding has on the average 0.2 anode effects per pot day, the upgraded electrolysis unit B (Søderberg anodes replaced by prebaked anodes) operates on the average with 2 anode effects per pot day.

Towards the end of the year 2000, Talum embarked upon the implementation of the second phase of upgrading the aluminium production that includes the construction of the second half of the electrolysis unit C with an annual production capacity of 40,000 t of aluminium. In 2003, the annual production of aluminium amounted to 118,305 t.

2.11.2 Methodological issues

CARBON DIOXIDE EMISSIONS 

Data on emissions of GHGs and other gases are on a regular basis submitted to us by the Talum expert service. Data gathered by the Statistical Office of the Republic of Slovenia are unusable for our purposes since they include the entire Slovenian production of aluminium and not only the primary production. CO2 emissions are most precisely estimated from the consumption of anodes. Their consumption in 2003 amounted to 437 kg/ton Al. The emission factor is the same as recommended by IPCC, namely 3.6 t CO2/ton anodes.

CO2 emission includes anode burn-off from anode baking.

Implied EF in the year 2003 was 1.73 t CO2/t Al.
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Figure 4.11.1: Primary aluminium production in ton/year and a consumption of anodes in ton/year.

PFC EMISSIONS 

Data on emissions of CF4 and C2F6 have likewise been obtained from Talum. Talum calculates emissions of both gases from its anode-effect inventory. The CF4 emission factor kept falling from the base year till now from 0.74 kg CF4/ton Al to 0.13 kg CF4/ton Al, which is a logical consequence of the modernisation of its technology. The C2F6 emission factor fell from 0.07 kg C2F6/ton Al in the base year to 0.014 kg C2F6/ton Al today. 
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Figure 4.11.2: CF4 and C2F6 emitted during anode effect in aluminium production in Gg CO2 eq./year.

OTHER EMISSIONS

Emissions of NOx and CO have been calculated on the basis of the data on the production of aluminium. The CO emission factor amounts to 125 kg CO/ton Al, the NOx emission factor to 0.15 kg NOx/ton Al. SO2 emissions have been measured. The re-calculation gives an emission factor of 16.7 kg SO2/ ton Al for electrolysis and 1.0 kg SO2/ ton Al for anode baking. 

2.11.3 Uncertainties and time-series consistency

Uncertainty estimates based on expert judgement.

Uncertainty of activity data amounts to 10%.

Uncertainty of emission factors amounts to 10%

2.12  Other Metal Production (IPCC: 2 C 5)

IPCC guidelines include processes in the production of other metals that may cause emissions of CO2 because of the consumption of reducing agents. However, emissions in these processes are low and dependent on the utilized processes. This is particularly the case for emissions from the production of chromium, lead, magnesium, nickel, silicon, titanium, and zinc. IPCC guidelines do not recommend any emission factors for calculating emissions from production of other metals. 

OTHER PRODUCTION

2.13  Pulp and Paper Industries

2.13.1 Source category description

The production of paper may involve any of the following production processes: kraft pulping, acid sulphite pulping, and neutral sulphite semi-chemical process. The most widely used process is the kraft pulping process. There is only one pulp producer in Slovenia. 

2.13.2 Methodological issues

OZONE PRECURSORS and SO2 EMISSIONS 

To calculate emissions of ozone precursors, emission factors recommended in IPCC Guidelines for pulp production according to kraft pulping process have been applied. SO2 emissions have been obtained on the basis of reports on measurements for EPER. 

Activity data have been taken from the Statistical Office of the Republic of Slovenia (DGP)

2.14  Food and Drink

2.14.1 Source category description

In the production of food and drink, emissions of NMVOCs arise. Emissions from the following types of production have been calculated: production of alcoholic beverages, production of bread and pastry, production and processing of meat and fish, production of sugar, production of roasted coffee, production of margarine and cooking fats and production of animal feed.

2.14.2 Methodological issues

NMVOC EMISSIONS 

The emission factors used in calculating the emissions have been recommended in the National Emission Inventories (Rode 1998, p. 3) and IPCC guidelines (IPCC 1996). For emissions of NMVOCs in the production of wine, the arithmetic mean of emission factors for white wine and red wine, for spirits the emission factor for drinks classified as »brandy« has been applied. 

Activity data have been taken from the Statistical Office of the Republic of Slovenia (DGP)

2.14.3 Uncertainties and time-series consistency

Uncertainty estimates based on expert judgement.

Uncertainty of activity data amounts to 20%.

Uncertainty of emission factor amounts to 50%
2.15  Emissions Related to Consumption of Halocarbons and Sulphur Hexafluoride

2.15.1 Source category description

Scope of application of HFC

HFCs began to be used in Slovenia in 1993 as a substitute for CFCs, which are ozone-depleting substances. They asserted themselves in particular in those fields where no other, more appropriate alternatives (e.g. hydrocarbons, CO2 etc.) were available. 

The Slovenian chemical industry does not produce HFCs/PFCs and therefore these substances are imported. Major users generally import them on their own, lesser users buy them from distributors. Minor quantities will occasionally be re-exported. 

HFC-134a began to be used in the production of household refrigerating/freezing appliances in 1993. It became predominant in two areas, the production of insulating foam and as a refrigerant. In 1995, Gorenje, the biggest Slovenian producer of refrigerating/freezing appliances, started to use cyclopentane in the insulation of appliances and discontinued using HFC-134a for this purpose in 1996. The other Slovenian producer of refrigerating/freezing appliances, LTH, did not use HFC-134a for insulating household appliances. The use of HFC-134a as a refrigerant started towards the end of 1993 only to become partly replaced by isobuthane already in 1995. Both refrigerants continue to be used in the production of household refrigerating/freezing appliances today. In estimating emissions, it was assumed that foreign producers began to introduce replacements for ozone-depleting CFCs at the same time as Slovenian producers, since they were predominantly from EU countries (Electrolux, Bosch-Siemens, etc.) and that the structure of their appliances was similar to those of Gorenje. 

HFC-134a asserted itself as a substitute for CFC refrigerants also in commercial and industrial refrigerating equipment, air conditioners and in the production of mobile air-conditioning units. Abandoning the application of CFCs in accordance with the Montreal Protocol, in commercial and industrial refrigerating mixes of HFCs, such as HFC-404a, HFC-407c in HFC-507 began to be used. 

Commercial and industrial refrigerating equipment includes refrigerated counters, cabinets, show-cases, ice machines, shock freezers, equipment for refrigerating fluids for varied purposes, all the way to custom-made industrial equipment for the food-processing, pharmaceutical, chemical and other process industries. The biggest producer of commercial equipment is LTH. This refrigerating equipment is of compact execution, includes a refrigerant, and is exported as such. Other producers predominantly carry out the filling at the moment of installation and their equipment is mostly exported without refrigerant. Consequently, in estimating emissions only the export of refrigerants in equipment produced by LTH has been taken into account and based on the market share of LTH the imports of HFCs in commercial equipment have been estimated. 

There is no production of compact industrial refrigerating equipment in Slovenia, only installation of midsize and large equipment, either from domestic production or imported, mostly not containing a refrigerant. Filling is performed at installation time. As a substitute for CFCs, HCFC-22 is used, while HFCs will gradually substitute CFCs and HCFCs. In estimating emissions, it was assumed that there is no import or export of HFCs in products. 

Small-size air conditioners for general consumption, e.g. window- or wall-mounted air conditioners, are filled with refrigerant at the time of assembly. There is no production of air conditioners in Slovenia; their sale on the Slovenian market may be equalled to their import. The number of importers is considerable, over 100. For a long time, only HCFC-22 was used and import of air conditioners with HFC began in 2000. 

A/C systems in motor vehicles are filled with refrigerant at the moment of their installation into a vehicle. Car air conditioners are usually installed during vehicle assembly, although retrofitting is possible. HFC-134a began to be used in Slovenia in 1994, but some imported vehicles have been equipped with such air conditioners already since 1991. In the production of buses, HFC-134a began to be used in 1996. The production and sales of cars with air conditioning has risen sharply in recent years. 

HFC-134a is used also in the production of polyurethane foam for the footwear industry (polyurethane shoe soles) and PU assembly foams, which are used in construction industry. The finished products, PU shoe soles, do not contain HFC, since the emission of HFC in the production of these foams amounts to 100%. 

HFC is used for the production of PU assembly foams for export (Germany, Italy). All HFC used for the production of PU assembly foam is exported in products. Foams produced for the Slovenian market use hydrocarbons (propane, butane) as propellant or blowing agent. Imported products also contain hydrocarbons, not HFCs; there is no HFC in the imported products. Other users of HFC were not recorded, producers of soft PU foams, building boards, and polyethylene insulation foams have replaced CFC by introducing other substances, for instance hydrocarbons, CO2, HCFC, etc.

Fire extinguishing agents, that are used generally, include dust, CO2, or water. However, halon-filled systems are still in existence and they will be gradually replaced. It is supposed that halon systems will be allowed to be used until the end of their lifetime. They will be replaced by various alternatives, such as HFC-227ea.

The use of HFC and PFC as propellant in sprays has not been recorded. In sprays, CFC propellants have been replaced by hydrocarbons, partly also by HCFCs.

HFCs/PFCs had not become widely used as solvents; HCFCs and other substances have substituted CFCs. 

Scope of application of SF6
SF6 is used as a soundproofing agent in the production of multiple glazing and at the same time as an insulating agent and fire-extinguishing agent in electrical installations, in middle voltage and high voltage (110 kV and 400 kV) gas insulated switchgear and circuit breakers (HV equipment).

Since there is no production of SF6 in Slovenia, it is either imported as gas or as a constituent of products or equipment. 

SF6 is used by manufacturers of multiple glazing or windows. In Slovenia, it began to be used for this purpose in 1990. Glasses filled with SF6 are sold on the domestic market for subsequent production of windows and doors, to be sold on the domestic market or exported. The majority of these products are exported, as at present the demand for soundproof windows filled with SF6 on the Slovenian market is low. 

Electric distribution companies also use SF6. Gas (SF6) insulated switchgear and circuit breakers were first used in Slovenia in 1976. The trend is on the increase, and particularly after 1993, the use of equipment with SF6 as insulating gas has increased strongly. This type of equipment is not produced in Slovenia; it is imported from Croatia, Italy, Sweden, the Netherlands, and Germany etc. There is no export of SF6 in equipment. 

The use of SF6 for first filling of tyres on motor vehicles has not been recorded. 
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Figure 4.15.1: HFC and SF6 emissions from different sources in CO2 eq./year.
2.15.2 Methodological issues

HFC EMISSIONS 

The research project that covered the use of HFC for the period 1995-1997 has calculated potential emissions according to Tier 1a and 1b methods, as well as actual emissions according to Tier 2 method.

For subsequent years, only actual emissions have been calculated. Emissions of substances have been estimated according to individual product categories.

Refrigerants

Emissions of HFC/PFC refrigerants are calculated according to the following equation:

Et = Eassembly, t + Eoperation, t + Edisposal, t

where: 

E assembly, t = E charge, t * (k/100)

	E assembly, t
	=
	Emissions during system manufacture/assembly in year t

	E charge, t
	=
	The amount of HFC refrigerant charged into new systems in year t

	k
	=
	Production/assembly losses (%)


In calculating emissions, all systems produced in the country are considered, regardless of whether they were produced for the domestic market or for export. Systems that are imported precharged are not considered in calculation.

E operation, t = E stock, t * (x/100)

	E operation, t
	=
	Amount of HFC emitted during system operation in year t

	E stock, t
	=
	Amount of HFC stocked in existing systems in year t

	x
	=
	Annual leakage rate (in per cent of total HFC/ charge in the stock) 


In calculating emissions, all systems in operation have been considered, regardless of whether they were of domestic origin or imported.

E disposal, t = Ez charge (t-n)*(y/100)*(100-z)/100

	E disposal, t
	=
	Amount of HFC emitted at system disposal in year t

	Ez charge (t-n)
	=
	Amount of HFC refrigerants initially charged into new systems installed in year (t-n) – initial charge 

	n
	=
	Average equipment lifetime (years)

	y
	=
	Amount of HFC/PFC in systems at time of disposal in per cent of initial charge 

	z
	=
	Amount of HFC/PFC recovered in per cent of actual charge (“recovery efficiency”)


In estimating the initial charge of refrigerant, both systems produced for the domestic market and systems imported precharged have been taken into account. Systems made for export have not been considered. 

Emissions have been calculated from acquired data on production, import and export as well as charging and our own estimates.

In estimating emissions from industrial equipment, the approach chosen was to start from the data from the Statistical Office of the Republic of the Slovenia (SY) on installed refrigerating units and the estimated charge of 1.5 – 2 kg of refrigerant per installed kW. In determining individual factors (assembly losses, leakage...), factors given in the IPCC methodology were applied, while considering the experiences of domestic experts. 

As stated in previous chapters, in Slovenia there are producers of household refrigerating/freezing appliances, commercial equipment, and vehicles (passenger cars, buses) with A/C units. For industrial equipment, it was assumed that equipment is charged with refrigerant at assembly. It such cases emissions occur in manufacturing/assembly. Air conditioners for general consumption are imported charged; consequently, there are no emissions in manufacturing. 

Leakages occur in operation of all refrigerating equipment, particularly in mobile air conditioning in vehicles and industrial equipment. 

Emissions occur at the disposal of equipment. It was considered that equipment lifetime of refrigerating units and air conditioners, except in vehicles, amounted to 15 years. For car air conditioners, it was assumed that their lifetime amounted to 12 years. Since the production of equipment using HFCs began only at the end of 1993, in the period until 2002, emissions at disposal or discontinued operation were not expected.

There were no significant changes in the production emission between 1995 and 1997; however, the consumption emission keeps rising, mostly due increased consumption of cars with air conditioning. Owing to this, the total emissions are rising. 

Foams

In calculating HFC emissions for blowing foams the following formula was applied: 

Et = Eproduction, t + Eoperation, t + Edisposal, t

where:

Eproduction, t = Econsumption, t * (k/100)

	Eproduction, t
	=
	Emissions in production in year t

	Econsumption, t
	=
	Amount of HFC used for foam production in year t

	K
	=
	Fraction loss during production (%)


Eoperation, t = Estock, t * (x/100) 

	Eoperation, t
	=
	Amount of HFC emitted from foam during operation in year t

	Estock, t
	=
	Amount of HFC in used products in year t

	X
	=
	Annual loss in operation of products (%) 


Edisposal, t = Econsumption (t-n)*(y/100)

	Edisposal, t
	=
	Amount of HFC emitted at disposal of blown foam in year t

	Econsumption (t-n)
	=
	Amount of HFC used for production of foam in year (t-n)

	N
	=
	product lifetime (in years)

	Y
	=
	Share of HFC in products to be disposed of in % of the amount used for their production 


Emissions of HFC in the manufacturing of insulating foam for household refrigerating/freezing appliances amount to 3 to 5 %. We assumed that there are no emissions from the insulation foam (close cell) during operation of household refrigerating/freezing appliances and that emissions occur at the time of disposal of appliances on solid waste disposal sites (100 %) at the end of their lifetime. 

Emissions in the production of PU shoe soles amount to 100% and therefore the finished products do not contain HFCs. There are no emissions during their use and disposal. 

Emissions during the production of PU assembly foams amount to less than 1%. HFC performs the function of propellant and blowing agent. Part of HFC is emitted during application of the product, for instance during installation of windows or doors, within the time of a year, but a part of HFC remains in the foam and is probably slowly released during the following 20-25 years. Considering the fact that this product is entirely destined for export, there are no emissions from application of the product on the domestic market and emissions arise in the importing countries. 

In the period 1995-1997, the actual emission from blowing foam diminished because the use of HFC for PU insulation in household refrigerating/freezing appliances was discontinued. 

Fire Extinguishing Agents 
In calculating emissions of HFC/PFC, IPCC methodology and the therein-stated assumption that emissions amount to 35% of the quantities used in new stationary systems were applied. This assumption is derived from experience with the use of halon systems and is supposed to be appropriate also for estimating HFC emissions, unless there is a requirement to replace the existing systems. 

It was assumed that halon systems in Slovenia would be allowed to be used until the end of their lifetime; replacement would take place gradually and various substances would be used as alternatives, among them HFC.

SF6 EMISSIONS 

In calculating actual emissions as a sum total of emissions in production, operation, and disposal, calculation formulae as given in previous chapters were applied. It has been assumed:

·  sound-proof multiple glazing

· Emissions in filling amount to approx. 10%;

· No emissions during lifetime;

· Emissions occur at product disposal at the end of its lifetime, which is about 25 years

· High-voltage equipment 

· Emissions in filling are ignored;

· Emissions in operation are generally below 1% per year, except for older equipment (prior to 1985) where they may be between 15 and 20% or even as high as 33% per year; for this equipment, emission data supplied by companies has been taken into account; 

· Emissions occur at equipment disposal, after the end of its lifetime, which is 30 years. Some enterprises have started to replace equipment earlier, for instance in 1995; their data on the amounts of SF6 in disposed equipment have been taken into account and it was assumed that the gas is recovered, cleansed and recycled; it was assumed that 90% of the filling is recovered. According to the information of the producer of equipment for recovery Dilo, the effectiveness of recovery may be even higher, almost 100%. Some equipment is not so effective, therefore a loss of 10% was assumed.

According to the information of some users of HV equipment, SF6 emissions are higher than 1% (e.g. 3%, in some cases, particularly for older equipment, manufactured prior to 1985, even between 15 and 20% or as much as 33%). Therefore, in such cases their data on emissions in kilograms have been taken into account. For the rest, emission is below 1%, and the loss factor of 0.01 has been taken into account. 

For soundproof multiple-glazing windows, the amount of SF6 in disposed products equals the amount of SF6 in products manufactured in a year (t-n), where n is the product lifetime; it has been assumed that the lifetime of soundproof windows amounted to 25 years. 

For HV equipment, the amount of SF6 in disposed equipment amounts to 70% of the initial filling under the assumption that annual emissions amount to 1% and that equipment lifetime is 30 years. For equipment with higher emissions, SF6 is replenished, as occasion demands, and the amount of SF6 in disposed equipment equals the initial filling; moreover, some enterprises began replacing old equipment even before the end of their 30-year equipment lifetime and consequently their data on amounts of SF6 removed from operation have been taken into account.

2.15.3 Source-specific planned improvements 

Calculating emissions from the consumption of HFC/PFC and SF6 is difficult, particularly in terms of data that are needed for the calculation. Data on the usage of these gases have not been gathered in a systematic and organized manner until 2003. Owing to the EC Regulation on fluorinated gases which has been adopted in the previous year in EU and which will regulate the HFC usage, in our view the situation in this field will undergo a significant change. In our opinion, up to the year 2007, an overview of all major sources of HFC emissions will be at our disposal and emissions will fall significantly due to increased recycling, recovery efficiency and other measures. 

3 SOLVENT AND OTHER PRODUCT USE (CRF sector 3)
3.1 Solvent use

3.1.1 Source category description 

Consumption of coatings is an important source of greenhouse gases, particularly due to emissions of NMVOCs since no important quantities of other gases are emitted in this activity. This category includes emissions arising in the consumption of paints, lacquers, solvents, diluents, and other coatings. All of the above-enumerated products contain significant quantities of NMVOCs. Emissions arise due to the evaporation of volatile compounds during application of these products. NMVOCs arise in various activities, which are scattered over a wide area. Therefore, such sources are called area sources, since emissions arise with a large number of small consumers and not in large industrial premises. 

This category should also include emissions that arise from evaporation during the use of other products. This report includes only emissions of N2O, which have been estimated at the Chamber of Commerce and Industry of Slovenia (Leban J., Lebar. A., Fece V. 1999). For other sources, there is no suggested relevant methodology to calculate this type of emissions; consequently, this report will include only NMVOCs emissions from the consumption of coatings and emissions from the consumption of N2O.

3.1.2 Methodological issues 

NMVOC EMISSIONS 

The basic method, which is recommended in IPCC guidelines, is related to each individual source and necessitates data on activity (quantity of produced or used coating) as well as an emission factor, given per unit of consumption or production. 

No method for calculation of emissions has been proposed for the consumption of coatings in IPCC guidelines. Consequently, the methodology proposed in EMEP-CORINAIR (Co-operative Programme for Monitoring and Evaluation of the Long Range Transmission of Air Pollutants in Europe and The Atmospheric Emission Inventory for Europe: Atmospheric Emission Inventory Guidebook, 1996, p. B610 – SNAP 060100 - 060108) has been applied. Emission factors from National Emission Inventories (Rode B. Državne emisijske evidence, MOP 1998) have been applied. 

Emissions may be calculated in two ways: 

- On the basis of data on production of products for which coatings are used;

- On the basis of consumption of coatings.

In this report, the coating-consumption approach has been applied, since data for the production approach are available only for major industrial consumers, while the majority of sources of emissions of NMVOCs from the consumption of coatings are small and widely scattered. Typical for both methods is the high uncertainty due to considerable variation in the mode of application and type of coating applied and hence the use of generic emission factors is appropriate only for a first assessment of emissions. 

In this sector, emissions from the consumption of coatings, diluents, and solvents in industry as well as from the consumption of coatings and diluents in construction and in households have been calculated. 

Since 1997, the Statistical Office of the Republic of Slovenia does not gather and does not report the consumption of coatings, diluents, and solvents in industry. The consumption of these products has therefore been estimated by multiplying the consumption in the last year with the growth index of the industrial production, which is published annually in the Statistical Yearbook. Emission factors from national emission inventories (Rode 1998, p. 3) have been applied. Emission factors in National Emissions Inventories (Rode 1998, p. 3) are specified for already diluted coatings (mixtures of coatings, diluents and solvents). Consequently, data on consumption of coatings, diluents, and solvents must be summed up and emissions calculated from the totals. 

Table 5.1: Emission factors for consumption of coatings, solvents, diluents, natural pigments, and printing inks in industry.

	
	emission factor (kg NMVOCs/ton)

	Consumption of Coatings, Solvents, Diluents in Industry 
	500

	Consumption of Natural Pigments in Industry 
	30

	Consumption of Printing Inks in Industry 
	200


Data on the consumption of coatings and diluents in construction have been taken from the publications of the Statistical Office of the Republic of Slovenia. Only joint data for coatings and diluents are given, therefore it is not possible to estimate separate items. DEE does not specify any emission factors for calculation of emissions of NMVOCs from the consumption of paints, solvents, and diluents in construction. Consequently, emission factors from EMEP-CORINAIR documents (Co-operative Programme for Monitoring and Evaluation of the Long Range Transmission of Air Pollutants in Europe and The Atmospheric Emission Inventory for Europe: Atmospheric Emission Inventory Guidebook, 1996, p. B610) have been used in calculations.

Table 5.2: Emission factors for consumption of coatings, solvents, and diluents in construction.

	
	emission factor (kg NMVOCs/ton)

	Consumption of Coatings, Solvents, Diluents in Construction 
	300


Data on the consumption of coatings and diluents in households are not available. In a report titled IPCC Inventory of Greenhouse Gases for Slovenia 1990 (Seljak, 1997), the consumption was estimated on the basis of data from the Questionnaire on the Consumption in Households of the Statistical Office of the Republic of Slovenia. In 1994, the mode of carrying out this questionnaire has changed and so data are not available in a corresponding form any more. It also proved impossible to obtain those data by monitoring retail sales. To ensure data comparability for the entire period of all those years, a single methodology of direct calculation of emissions of NMVOCs from the consumption of paints, solvents and diluents in households was applied, as recommended by the EMEP- CORINAIR documents (Co-operative Programme for Monitoring and Evaluation of the Long Range Transmission of Air Pollutants in Europe and The Atmospheric Emission Inventory for Europe: Atmospheric Emission Inventory Guidebook, 1996). This methodology is also recommended in National Emissions Inventories (Rode 1998, p. 3).
Table 5.3: Emission factors for consumption of coatings and diluents in households.

	
	Emission Factor

(kg NMVOCs/inhabitant)

	Households 
	2.5


CO2 EMISSIONS 

NMVOCs emissions oxidise in a relatively short period and hence emissions of NMVOCs in chapters Consumption of Coatings are transformed in emissions of CO2. This chapter deliberately double counts emissions, which in other chapters has already been done for emission factors for CO2. A mass unit of NMVOCs contributes 3.19 mass units of CO2 
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Figure 5.1.1: CO2 emissions from consumption of coatings and diluents in Gg.

3.2 Other products use

N2O EMISSIONS

This category presents N2O emissions that have been estimated by the Chamber of Commerce and Industry of Slovenia (Leban J., Lebar. A., Fece V. 1999). Emissions have been estimated for 1986 and the period 1993 to 1998. Since 1999, there is no N2O production in Slovenia. Consumption is calculated from data on import and export. N2O is mostly used in the health service, and to a lesser extent also in food industry.

[image: image31.wmf]consumption of N2O

0

50

100

150

200

250

300

1986

1987

1988

1989

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

2000

2001

2002

2003

years

ton

Figure 5.2.1: Consumption of N2O in tons.

3.2.1 Uncertainties and time-series consistency

Uncertainty estimates based on expert judgement.

Uncertainty of activity data amounts to 30%.

Uncertainty of emission factor amounts to 80%

3.2.2 Source-specific planned improvements

In 2003, the Environmental Agency began organizing a database on the consumption of solvents in dry cleaning and industry. The database with data for year 2003 has not been completed yet, but we hope to be able to include these data into our report. 

4 AGRICULTURE (CRF sector 4)

In agricultural activities, emissions of GHGs are generated from a variety of different sources. This section includes the quantification of CH4 emissions from enteric fermentation and manure management, N2O emissions from manure management, direct and indirect emissions from agricultural soils.
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Figure 6.0.1: CH4 and N2O emissions from agriculture activities in Gg CO2 eq..

Burning crop residues is, generally, not practiced in Slovenia, therefore emissions of greenhouse gases from this source have not been considered in this report (Verbič, Sušin, Podgoršek 1999, p. 9).

There are no ecosystems in Slovenia that could be considered natural savannas or rice fields; consequently, no greenhouse gas emissions therefore exist for this sub-category.

4.1 CH4 Emissions from Enteric Fermentation

4.1.1 Source category description 

CH4 emissions from enteric fermentation in animals result from methane being produced as a by-product of microbial fermentation in the digestive system. This process occurs especially in the rumen of ruminant animals, but also in smaller quantities in monogastric animals (swine, horses, birds and rabbits) where feedstuffs ferment in the large intestine. The estimates in this inventory include only emissions in farm animals. Emissions from wild animals and semi-domesticated game are not quantified and neither are emissions from humans or pet animals.

CH4 emission from enteric fermentation is a key source, both by level and trend. Dairy cows and non-dairy cattle are significant sources: dairy cows represent 54% of total CH4 emissions from enteric fermentation while a non-dairy cattle represents about 38% of total CH4 from enteric fermentation. Jointly, cattle are responsible for more than 92% of total CH4 emissions from enteric fermentation.
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Figure 6.1.1: CH4 emissions from enteric fermentation in Gg.

The contribution of all other animals to methane emissions from enteric fermentation, e.g. swine, sheep, horses, and goats, listed here according to the importance of their contribution, is less than 8%. No methodology for calculating CH4 emission from poultry is available in IPCC guidelines.

4.1.2 Activity data and methodological issues

All necessary data are obtained from the Statistical Office of the Republic of Slovenia (SORS).

Before 1997, SORS collected data on the number of livestock by ownership and as of December 31. Data on livestock in agricultural enterprises were collected and reported in the Annual Report on Livestock Production while data on livestock on family farms were collected in the Sample Survey on the Number of Livestock. Data on the number of livestock on family farms as of December 31, 1991 were estimated on the basis of the 1991 Census of Population, Households, Housing, and Agricultural Holdings. Some data on the number of livestock were taken from other administrative sources (Secretariat for Agriculture, Forestry and Food).

In 1997, SORS started collecting data on the number of livestock several times a year: data on the number of pigs were collected three times a year (April 1, August 1, and December 1), data on cattle twice a year (June 1 and December 1) and data on sheep and goats once a year (December 1). Data on family farms and agricultural enterprises were collected by mail, separately for cattle, pigs, sheep, and goats. All agricultural enterprises were covered, but only those family farms that were selected in the sample. In 1997, the date of monitoring the number of animals changed: because of the harmonisation with EU standards, we no longer collect these data as of December 31, but as of December 1. Data on animal output up to 1997 are therefore not entirely comparable with data since 1997.

.

Since 2000, SORS has been collecting data on the number of livestock twice a year (June 1 and December 1) for cattle and pigs, and once a year (December 1) for sheep and goats, and poultry. To facilitate presentation of data on the structure of agricultural holdings, the number of animals is shown by where they are stabled and not by ownership as was the case until 2000. In the December 2002 survey, the data on the number of animals were collected with fieldwork and not by mail; this accounts for some differences between the individual periods.

In 2003, SORS has published revised data on livestock numbers and production for the period 1991-2002. These data have been published in Rapid Reports No. 256. The main purpose of that revision was the methodological harmonisation of data and methods of estimating data for the mentioned period. This methodology is harmonised with recommendations of the Statistical Office of the European Communities. 

Corrections refer to livestock number and production, while the data on total number of animals did not change. Not all published data have been revised. Some remained the same. Explanations of corrections are therefore valid only for the revised data. Data were revised on the basis of the 2000 Census of Agriculture.

Explanations of corrections were divided into two parts: number of livestock and livestock production. Data on cattle, pigs, poultry and sheep and goats were mostly revised in the same way. Differences appear because of particularities of individual species, the previous method of data collection for individual species of domestic animals and the quality of collected data. 
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Figure 6.1.2: Number of cattle, diary and non-diary in thousands.

In all monitored years, data on the total number of animals were obtained with statistical surveys and have not been corrected, but changes have been made to the year that data refer to. Before 1997, each year data about animal population were collected on December 31 and in the past have been applied to the next year, but now SORS considers these data to be valid for the current year. Because SORS did this only for data from 1991 (the year Slovenia became an independent state), we have to change all data prior to 1991 in the same way by ourselves.

But discrepancies with FAO data still exist. In the FAO database, livestock numbers have been grouped in 12-month periods, ending on September 30 of the year stated in the tables. Our Statistical Office collects data on animal population in December and reports them in the current year. In the FAO database, these data are applied to the next year. Considering this explanation, all data on animals in the FAO database and in our statistical database are the same. The only difference is in the number of poultry, where our entire poultry population is shown in the FAO database as chicken population.
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Figure 6.1.3: Number of sheep, goats and horses in thousands.

IPCC methodology provides two different methods for estimating the quantity of methane from enteric fermentation. A more detailed method (Tier 2) for calculating emissions is used for cattle because of the comparatively large population and considerable emission per head and the default methodology (Tier 1) is used for other animals. 

4.1.2.1 Dairy Cattle

The starting-point for this method is data on cattle population, daily energy consumption, and the conversion factor for the transformation of feed in methane. The accuracy of the estimate is improved by disaggregating the animals into several subgroups with regard to productivity. Disaggregating was done on the basis of milk recording data which is performed by the national Cattle breeding service (Verbič, Sušin, Podgoršek 1999, p. 3). 

IPCC methodology is used in estimating gross energy intake. The net energy is estimated on the basis of the needs of animal maintenance, lactation, and pregnancy. In case of grazing, additional energy requirements for this activity has been taken into account. The requirements of animals for net energy have been calculated for all subgroups and then transformed to estimated gross energy intake.

Annual emissions of methane (EM ENTER) have been calculated on the basis of estimated gross energy intake (BE) according to an equation taken from the pages of IPCC Guidelines(1996) 
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Figure 6.1.4: Milk production per cow  in l milk/head/day.

A detailed description of methodology for EF calculation is given in Annex 3.

In recent years, the breeding of suckler cows in Slovenia has been on the increase. In 2000, the Statistical Office of the Republic of Slovenia, which until then did not differentiate between dairy cows and suckler cows, started to present them separately. To allow for this alteration in reporting by the Statistical Office of the Republic of Slovenia, we have adapted our methods for estimating methane emissions arising from enteric fermentation in cows. 

According to data from period 1985-1996 an equation was developed that is based only on the data on average milk yield, where EM is methane emission in kg per animal per year, and M the average annual milk yield of dairy cows.

EM= 75.7+0.0038 × M 
This equation has been applied for calculation for the period 2000-2002. The average milk yield of dairy cows has been calculated in that the data on the amount of produced milk, according to the Statistical Yearbook of the Republic of Slovenia, was divided by the number of dairy cows. The amount of produced milk includes all produced milk, even the milk that is fed to calves. But this number does not include milk that the calves suckle from cows. In the previous research project, this milk was taken into account by increasing the amount of produced milk for every cow with annual milk yield below 2000 kg, by 600 kg of milk. In this research project, it is considered that the calves of suckler cows suckle this milk. In our opinion, this change in methodology does not affect the comparability of data from the years 1985-1987 with data for year 2000, since the number of cows with less than 2000 kg of milk per year at that time was similar to the present number of suckler cows. 

For suckler cows, it was considered that the amount of emitted methane was equal to the amount that in the previous research project had been attributed to cows with 1500 to 2000 kg of milk per lactation, i.e. 80.4 kg per cow per year. 

4.1.2.2 Non-dairy cattle

This group comprises calves, beef cows, growing heifers, breeding bulls, and other non-classified animals. This group is much more homogeneous as to the intensity of breeding than the dairy-cattle group. Data on the total weight gain and the number of head of calves up to 6 months, feedlot-fed steers and heifers above 6 months, heifers from 6 months to first breeding as well as bred heifers may be found in the Statistical Yearbook. 

These are animal categories that contribute to the total weight gain. It has been assumed that the weight gain of growing heifers from their sixth month of age to first breeding amounts to 600 g per day, and of pregnant heifers to 500 g per day. The remaining weight gain (according to the Statistical Yearbook) has been equally distributed across other growing categories of cattle and thus the average daily weight gain for young bovine animals for fattening has been determined. In the same way as for dairy cows, according to equations laid down by IPCC Guidelines (1996) for individual categories, we first calculated the requirements for net energy, which were then converted into gross energy. For growing heifers, we also took into account the energy that is needed for pregnancy. The required feed digestibility for individual categories have been estimated on the basis of recommendations by Kirchgessner (1985) and equations for converting the feed digestibility factors into metabolisable energy factors (INRA, 1989). For bovine animals for fattening, it has been considered that the required energy digestibility amounts to 61.5%, for growing heifers to 58.5%, for breeding bulls to 56,5%, for non-classified cattle (grown up steers and other cattle at maintenance level) to 54.5%. 

Emissions have been estimated on the basis of IPCC methodology (methane conversion factor 0.06) (Verbič, Sušin, Podgoršek 1999, p. 5-6)

After 2000, this group includes suckler cows. There was a slight change in the manner of presentation as to the age structure; previously, calves under the age of 6 months were presented separately while now they are all presented in the up to 1 year group.

Since in younger animals the rumen does not function normally yet, calves up to the age of 3 months have not been considered. Until the year 2000, in calculating methane emissions, only ½ of the category of calves of up to 6 months, after 2000, ¾ of young bovine animals up to 1 year have been considered. 

4.1.2.3 Sheep and Goats 

The Statistical Office of the Republic of Slovenia has recently changed its methodology of estimating the population of sheep, and started to publish data on the number of goats (Statistical Information, No. 197, 1998), data that so far have not been published in the Statistical Yearbook. For breeding sheep, re-established data from 1992 to 1997 are available. The total number of sheep has been estimated on the basis of data on breeding sheep for the period 1992 to 1997 by applying the interacting ratio between breeding sheep and all sheep in 1997. For the time prior to 1992, the numbers from old statistical yearbook  has been taken. The number of goats has been estimated in the same way as the number of sheep. As goats have not been count before 1992 we consider the number of 10.000 heads as an estimate.

Considering the rather small number of sheep and goats, coefficients from the IPCC method have been used for estimating methane emissions; 8 kg of methane annually per head for sheep, 5 kg of methane for goats (Verbič, Sušin, Podgoršek 1999, p. 6)

4.1.2.4 Horses 

The number of horses has been taken from the Statistical Yearbook, methane emissions have been estimated by applying generic emission factors according to IPCC methodology 18 kg per year (Verbič, Sušin, Podgoršek 1999, p. 6).

4.1.2.5 Swine 

The population of swine is divided into three segments: 

a) commercial pig farms, 

b) market oriented family farms, and 

c) small scale family farms.

Data published by the Statistical Office of the Republic of Slovenia allow only a breakdown of the entire herd into commercial pig farms and family farms. Consequently, based on the data on acquisition of pigs from market oriented family farm breeding, which are published by the Statistical Office of the Republic of Slovenia, for each individual year the ratio of commercial pig breeding and market oriented family farm breeding was calculated, while the number of swine in small scale family farm breeding has been estimated from the difference between the entire herd and market oriented breeding (commercial and family farms). This type of estimating agreed rather well with the results of the 1991 regular census, but taking into consideration the 1997 sample census, this process resulted in underestimated market oriented family farms, and overestimated small scale family farms. 

Also, for 2000, the number of pigs in the small scale family farm breeding has been estimated on the basis of the census of family farms. Pigs that were bred on a straw based system on farms with up to 10 pigs have been considered as small scale family farm breeding, pigs on family farms that breed more than 10 pigs have been considered as market oriented family farm breeding. From the period 1985-1987 to year 2000, the fraction of pigs in small scale family farm breeding has kept diminishing. 
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Figure 6.1.5: Number of swine in thousands.

Based on data from the Statistical Office of the Republic of Slovenia (SY) on total weight gain, herd size in commercial pig farms and private sector as well as estimated average weight gains in commercial conditions (Šalehar et al. 1998) it is estimated that the weight gain in swine on small scale family farms does not differ significantly from weight gains in market oriented family farm breeding (approximately 600 g/day). Consequently, in estimating emissions, only the difference in the mass at the time of slaughter is taken into account. For swine on commercial pig farms and market oriented family farms, the emission factor suggested by IPCC has been taken into account - 1.5 kg methane per head annually, while for swine on small scale family farms, the emission factor of 2.33 kg of methane per head annually has been taken into account (estimated on the basis of body mass differences) (Verbič, Sušin, Podgoršek 1999, p. 6)

4.1.2.6 Poultry

IPCC guidelines do not define or require estimates of quantities of methane from enteric fermentation. 

4.1.3 Uncertainties and time-series consistency

Uncertainty estimates based on expert judgement.

Uncertainty of activity data amounts to 10%.

Uncertainty of emission factor amounts to 20%.

The combined uncertainty, calculated according to IPCC GPG Tier 1 methodology amounts to 22.36%.

4.1.4 Source-specific recalculations

All emission estimates for all years are recalculated on the bases of 1-year data following the recommendation of the expert review team.

4.2 CH4 Emissions from Manure Management

4.2.1 Source category description 

In storing solid and/or liquid manure, both methane and N2O are emitted. Emissions depend largely on the type of manure storage. Methane arises in significantly larger amounts when manure is managed as slurry, while N2O prevails in storage of solid manure.

Significant quantities of methane are emitted during the decomposition of animal excreta. Under anaerobic conditions, methane-producing bacteria convert organic matter into methane. The quantities of produced methane are largely dependent on the type of manure management system and environment temperature. Storing manure in lagoons or as slurry produces significantly greater quantities of methane compared to grazing on pasture or solid manure storage.
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 Figure 6.2.1: CH4 emissions from manure management in Gg.
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Figure 6.2.2: The average yearly temperature in Slovenia. 
(http://www.arso.gov.si/podro~cja/vreme_in_podnebje/napovedi_in_podatki/temperaturna_karta.html)

To estimate the amount of methane produced during manure management, it is necessary to know the quantities of excreted volatile solids (VS), methane-producing capacity of manure (B0, in m3 per kg of VS), and the manner of manure management (Verbič, Sušin, Podgoršek 1999, p. 7). The climate in Slovenia is cool (average yearly temperature is bellow 15°C for the whole area).

4.2.2 Methodological issues

4.2.2.1 Cattle

The annual quantities of decomposable organic matter have been estimated by means of data gathered while estimating the extent of enteric fermentation. For dairy cows, on the basis of these data we have calculated an equation (Tomšič et all, 2000), which enables a direct estimation of the amount of excreted decomposable organic matter on the basis of annual milk yield M (in kg per year). 

VS (in kg/year) = 1269 + 0.0414 × M 






For suckler cows, the value of 80.4 kg VS per day has been considered, which in the previous research project (Verbič et all. 1999) was estimated for dairy cattle with 1500 to 2000 kg of milk per lactation.

For other categories of bovine animals, we have applied an equation that is laid down by IPCC (1996) and which, through nutrient requirements, is directly linked to the breeding intensity (to daily weight gain). 

VS (kg/day) = intake (MJ/day) x (1 kg/18.45 MJ) x (1 - DE%/100) x (1-ash%/100)

VS (kg/day) = (MJ/day) × (1kg/18.45 MJ) ×






(1-pE/100) × (1-ash/100).

The annual emitted amount of methane (EM MANURE) has then been estimated according to the equation:

EM MANURE = VS (kg/day) × 365 days/year × B0 (m3/kg VS) × 0.67 kg/m3 × KF 


As for the methane producing capacity of manure B0 for dairy cows and suckler cows, the value of 0.24 m3/kg VS has been considered, for other bovine animals 0.17 m3/kg VS (IPCC, 1996). For suckler cows, the value of 0.17 m3/kg VS should have been considered, but we have decided to make an exception in order to keep the continuity of previous estimates in which suckler cows were still recorded together with dairy cows. The methane conversion factor KF MANURE, which tells us what fraction of methane producing capacity of manure is actually used, has been calculated on the basis of fractions of individual types of manure storage and partial manure conversion factors for cool climate, which were found in appropriate tables (IPCC, 1996). 

The fraction of individual manure management systems has been estimated on the basis of the results of a farm census done in 2000. Since manure management systems were not reported in the census, data on size and structure of cattle-breeding farms were used instead. It was considered that all farms with less than 10 head of bovine animals have solid manure storage systems, that of farms with 10-19 head of animals, 30% have liquid manure systems and 70% solid manure storage systems, and that all farms with 20 cows or more have liquid manure storage systems. For calculations until and including 1999, manure storage systems have been estimated according to a similar procedure, but in this case using the results of the 1991 census. The fraction of grazing bovine animals has been re-estimated. In 2000, all grazing animals on mountain and other pastures have been recorded. This census showed that in 2000, one way, or another, 21% of animals were grazing. This data have been corrected with regard to the length of the grazing season, considering the fact that animals on mountain pastures on the average will graze for 141 days, and on other pastures for 210 days. It has been estimated that the fraction of grazing animals and the fraction of liquid manure management systems have increased while the fraction of bovine animals in straw based systems has decreased. 

Data on the number of livestock were the same as those used for calculating methane emissions from enteric fermentation.

4.2.2.2 Swine

Annual emissions of methane (EM MANURE) have been estimated according to the IPCC method. Quantities of excreted decomposable organic matter (VS) have been calculated for commercial pig farms and market oriented family farms, considering that each swine daily excretes 0.5 kg of VS (IPCC, 1996). For small scale family farm breeding, considering the higher body weight, 0.775 kg VS/day has been taken into account. For the methane-producing capacity of manure B0, the value for swine (0.45 m3/kg VS; IPCC, 1996) has been applied. The average manure conversion factor (KF MANURE) has been estimated with regard to the type of manure management system and partial manure conversion factors that had been laid down for various systems by IPCC (1996). In doing so, the following has been taken into account: 

 Commercial Pig Farms

From 1985 to 1994 – using old-style separators on commercial farms, app. 20% of organic matter was separated from liquid manure. For this portion, the partial KF for solid manure has been taken into account. The remainder (80%) has been disaggregated into lagoons (75%) and liquid manure (25%), taking into account a KF as suggested by IPCC (1996). The division into lagoons and liquid manure is founded on actual estimates of the extent of breeding on commercial farms, where the liquid portion of manure after separation is applied to fields and grassland. Considering the ratio between solid phase and liquid manure, which was either led into lagoons or used for fertilization.

The average. KF MANURE = 0.562 has been calculated
The time from 1995 to 1999 was a period of introducing new separators and the beginning of operation of an anaerobic digester in the Farm Ihan. Introducing new separators on commercial farms increased the estimated portion of separated solid phase to 40%. Since the construction of a new wastewater treatment plant in Farm Ihan, it has been considered that on that commercial farm the mechanic separation separated 80% of decomposable organic matter while the remainder (20%) was captured as biogas. For large commercial farms, it is generally considered that the ratio between the liquid part, which flows off to lagoons, and the liquid part, which is used as fertilizer, is the same as prior to 1995 (3:1). The estimated average manure conversion factor KF MANURE for that period amounted to = 0.343.
For the period after 2000, data from the census have been considered. Because of the improved separation and introduction of anaerobic digesters for obtaining biogas, the methane conversion factor KF MANURE on big farms decreased to 16.4%.

Market oriented family farm breeding

For market oriented family farm breeding, it is considered that 95% of animal excreta are collected in the form of liquid manure, 5% in the form of solid manure. Based on the ratio between liquid manure and solid manure, the average manure conversion factor KF MANURE = 0.0955 (IPCC, 1996) has been estimated.

Small scale family farm breeding

For small scale family farm breeding, it is estimated that 95% of breeding is done with solid manure storage systems, 5% with liquid manure systems. For this type of breeding the average manure conversion factor applied is KF MANURE = 0.0145(IPCC, 1996).

(Verbič, Sušin, Podgoršek 1999, p. 8).

4.2.2.3 Sheep, Goats, Horses, and Poultry

Excreta of these animals contribute only a comparatively small portion of total emission of methane in Slovenia. In the estimating process, average values as suggested by IPCC (1996): 0.19 kg/sheep, 0.12 kg/goat, 1.4 kg/horse and 0.078 kg per layer or broiler (Verbič, Sušin, Podgoršek 1999, p. 8) have been considered. 
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Figure 6.2.3: Number of poultry in thousands.

4.2.3 Uncertainties and time-series consistency

Uncertainty estimates based on expert judgement.

Uncertainty of activity data amounts to 10%.

Uncertainty of emission factor amounts to 30%.

Combined uncertainty amounts to 31.62%.

4.2.4 Source-specific recalculations

All emission estimates for all years are recalculated on the bases of 1-year data following the recommendation of the expert review team.

4.3 N2O Emissions from Manure Management

4.3.1 Source category description 

Farm animals emit directly very little nitrous oxide and have not been considered in estimating emissions of greenhouse gases. A considerable amount of nitrous oxide evolves during storage of animal waste – and is attributed to livestock breeding. Nitrous oxide emitted from urine and excreta of grazing animals in the pasture is attributed to emissions from agricultural soils.

4.3.2 Methodological issues

Emissions of nitrous oxide, arising during manure storage, have been estimated on the basis of the data on the number of farm animals in Slovenia. It has been considered that dairy cows and suckler cows excrete annually 100 kg of nitrogen, young bovine animals 70 kg, sheep and swine 20 kg, goats 25 kg, and poultry 0.6 kg N (IPCC, 1996). We are well aware of the fact that nitrogen excretion for suckler cows has been overestimated. 100 kg N per year have been chosen to ensure comparability with data from the 1986 base year, when cows that today are classified as suckler cows were classified in the group of dairy cows. 
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Figure 6.3.1: Nitrogen excretion per different AWMS in tons.

Emission factors, which tell us how much of N from animal excreta is lost to the atmosphere in the form of N2O, have been taken from IPCC (1996). For anaerobic lagoons, anaerobic digesters, and liquid systems, the emission factors applied amounted to 0.001, for solid manure storage systems to 0.02. 

The fraction of manure nitrogen produced in different animal waste management systems for bovine animals and swine has been estimated on the basis of the methodology for methane calculation. 

For goats, sheep, and horses, data from the census, which has encompassed all grazing animals, have been considered. Data have been corrected with regard to the duration of the grazing season, considering that animals on mountain pastures graze on the average for 141 days, on other pastures for 210 days. For the remaining period it has been considered that these animals were in straw based systems.

For poultry, floor breeding on straw was assumed for broilers, and combined straw-based (1/4) and battery-cage systems (3/4) were assumed for layers. 
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Figure 6.3.2: Allocation of manure in different AWMS in the year 2003.

4.3.3 Uncertainties and time-series consistency

Uncertainty estimates based on expert judgement.

Uncertainty of activity data amounts to 50%.

Uncertainty of emission factor amounts to 100%.

Combined uncertainty amounts to 111.80%.

4.3.4 Source-specific recalculations

All emission estimates for all years are recalculated on the bases of 1-year data following the recommendation of the expert review team.

4.4 Emissions from Agricultural Soils

Three sources of N2O are distinguished in the IPCC methodology: direct emissions from agricultural soil, direct soil emissions from animal production (grazing animals) and N2O emissions indirectly induced by agricultural activities.
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Figure 6.4.1: N2O emissions from agricultural soil in Gg.

4.4.1 Direct N2O Emissions from Agricultural Soil 

4.4.1.1 Source category description 

Major sources of nitrogen, causing direct emissions of nitrous oxide into the atmosphere, are the following: 

· Mineral fertilizers

· Organic fertilizers (solid and liquid manure) from animal husbandry

· Biological fixation of nitrogen

· Crop residue

· Cultivation of high-organic content (peat) soil

· Animal faeces and urine excreted in pasture

4.4.1.2 Methodological issues

Nitrous oxide from mineral fertilizers

This estimate is based on the amount of N in mineral fertilizers that are annually consumed in Slovenia. The consumption of nitrogen from mineral fertilizers on agricultural soil in Slovenia has been obtained from the Statistical Yearbook.

SORS collect data on fertilisers used in enterprises, companies and co-operatives involved in crop production. Likewise, they are taking into account the data on import, export, and production. The difference between all fertilizers sold in this country and the amount that is used by enterprises, is the consumption of mineral fertilizers on family farms. Fertilizers that are not appropriate for agricultural production (mineral fertilizers for balcony flowers, lawns and similar) are not included.

The consumption of macro plant nutrients per hectare of fertilised utilised agricultural area in Slovene agriculture has been steadily decreasing from 1999 to 2003, the decrease in that period amounting to 17.6%.

Of the total estimated quantity of emitted N, the N, which is dispersed into the atmosphere in the form of ammonia and NOX (10%; IPCC, 1996), was subtracted. The emission of nitrous oxide was then calculated according to the default method from IPCC GPG Equation 4.22 by multiplying the quantity of the remaining N with emission factor 0.0125 kg N2O-N/kg N (IPCC, 1996). 

Nitrous oxide from animal manure and liquid/slurry

The estimate is based on the amount of N in solid manure and liquid manure/slurry, which is annually used for fertilizing crops. The amount of N in the manure applied to soil has been calculated on the basis of methodology described in chapter 6.3 (N2O Emissions from Manure Management).

We estimated emissions according to the default method from IPCC GPG Equation 4.23. Of the total estimated quantity of emitted N, we subtracted the N that is emitted on the pasture, and N that is dispersed into the atmosphere in the form of ammonia and NOX. The emission of nitrous oxide has been calculated by multiplying the quantity of N from animal manure with the emission factor of 0.0125 kg N2O-N/kg N (IPCC, 1996). 

Nitrous oxide from biological fixation of N

The amount of nitrogen assimilated by legumes has been estimated on the basis of the production data (Statistical Office of the Republic of Slovenia) while taking into account the ratio between crop residue and edible (usable) part of the crop, dry matter fraction and N fraction (Table 6.1). We have used default values from GPG if available; for other crops we obtained data from our Agriculture Institute.

Table 6.1: Dry matter fraction, residue/crop product ratio and N fraction for legumes.

	 
	Dry Matter Fraction
	Residue/Crop Ratio
	N Fraction

	Fodder peas
	0.85
	1.5
	0.0142

	Dry beans
	0.895
	2.1
	0.03

	Soya
	0.86
	1.4
	0.023

	Clover and Lucerne
	0.85
	0
	0.03

	Grass-clover mixtures
	0.85
	0
	0.03

	Peas
	0.15
	1.2
	0.0142

	French beans
	0.15
	1.2
	0.03


To calculate emissions of nitrous oxide we used Tier 1b method and Equation 4.26 from IPCC GPG. The same emission factor as for N from mineral and organic fertilizers (0.0125 kg N2O-N/kg N; IPCC, 1996) has been applied..

Emissions of nitrous oxide from crop residue mineralisation 

An important source of emissions of nitrous oxide into atmosphere is nitrogen from crop residue mineralisation that remains or is returned to soil (kg N/year). We have decided to estimate crop residue on the basis of data on the production of individual arable crops, vegetables, fodder plants and industrial plants while considering the ratio between the edible (usable) part and that part which remains on the fields, dry matter fraction and N fraction (Table 6.2).  We have used default values from GPG if available; for other crops we obtained data from our Agriculture Institute.

Table 6.2: Dry matter fraction, residue/crop product ratio and N fraction.

	 
	dry matter fraction
	Residue/Crop Ratio
	N fraction

	Wheat and spelt
	0.86
	1.3
	0.0028

	Rye
	0.86
	1.6
	0.0048

	Barley
	0.86
	1.2
	0.0043

	Oats
	0.86
	1.3
	0.007

	Maize for grains
	0.86
	1
	0.0081

	Triticale
	0.86
	1.6
	0.015

	Millet
	0.86
	1.4
	0.007

	Buckwheat
	0.86
	1.4
	0.015

	Other cereals
	0.86
	1.3
	0.015

	Fodder peas
	0.85
	1.5
	0.0142

	Dry beans
	0.895
	2.1
	0.03

	Potatoes
	0.19
	0.4
	0.011

	Sugar  beet
	0.25
	1.4
	0.015

	Fodder beet
	0.15
	0.3
	0.0228

	Fodder carrot
	0.16
	0.3
	0.015

	Fodder turnip
	0.12
	0.3
	0.015

	Fodder pumpkins
	0.1
	0.4
	0.015

	Oil turnip/rape
	0.92
	1.7
	0.015

	Sunflowers
	0.86
	1.3
	0.015

	Soya
	0.86
	1.4
	0.023

	Pumpkins for oil
	0.9
	5
	0.015

	Hops
	0.89
	0.3
	0.015

	Other industrial plants
	0.89
	0.3
	0.015

	Tomatoes
	0.063
	1
	0.015

	Cucumbers
	0.037
	1
	0.015

	Sweet
	0.1
	1
	0.015

	Carrots
	0.1
	1.5
	0.015

	Garlic
	0.354
	1
	0.015

	Onion
	0.142
	1
	0.015

	Beetroot
	0.1
	0.3
	0.015

	Peas
	0.15
	1.2
	0.0142

	French beans
	0.15
	1.2
	0.03

	Other vegetables
	0.0854
	1.2
	0.015


For calculations we have used Tier 1b method and Equation 4.29 from GPG. IPCC methodology envisages that burned crop residue has to be subtracted from the amount of crop residue. Since emissions from burning crop residue have been ignored, burning has not been taken into account here. We also do not use crop residue as a fuel, construction or fodder. To calculate emissions of nitrous oxide, the same emission factor as for N from mineral and organic fertilizers as well as biological N-fixation (0.0125 kg N2O-N/kg N, IPCC, 1996) has been applied. 

Emissions of nitrous oxide due to cultivation of organic soils 

Cultivation of soils with high contents of organic material (histosols) causes a release of a long-term bound N. The surface of organic soil in Slovenia has been obtained from the pedology map of the Centre for Pedology and Environmental Protection at the Department of Agronomy of the Biotechnical Faculty in Ljubljana, but only the surface of the peat soil of the low moor has been considered. This surface, according to data from year 1998, amounts to 4,320 ha. IPCC (1996) envisages that due to cultivation of organic soils, there is an annual emission of 5-10 kg N2O-N/ha. In our estimate, even if all soil with high contents of organic material were ploughed, the emission from that source would present only 0.6% of the total emissions of nitrous oxide. Because of its small fraction, this source has not been considered. An additional argument against considering this source is the fact that in Slovenia, the cultivation of organic soil is linked to hydro technical amelioration of soils that is causing a decrease in the natural emission of GHG methane, which in the suggested methodology is not subtracted.

4.4.1.3 Uncertainties and time-series consistency

Uncertainty estimates based on expert judgement.

Uncertainty of activity data amounts to 10%.

Uncertainty of emission factor amounts to 500%.

Combined uncertainty amounts to 500.10%.

4.4.2 Nitrous oxide emissions from grazing animals

4.4.2.1 Methodological issues

The estimate is based on the amount of N in manure, which is annually applied to soil during grazing. This amount has been calculated on the basis of methodology described in chapter 6.3 (N2O Emissions from Manure Management).

IPCC methodology (1996) suggests using the same emission factor (0.02 kg N2O-N/kg of emitted N) for all grazing animals, regardless of their species and the climatic conditions.  
4.4.2.2 Uncertainties and time-series consistency

Uncertainty estimates based on expert judgement.

Uncertainty of activity data amounts to 10%.

Uncertainty of emission factor amounts to 500%.

Combined uncertainty amounts to 111.80%.


4.4.3 Indirect N2O emissions from Agricultural Soil 

4.4.3.1 Source category description 

The most important indirect sources of nitrous oxide are: 

· Volatilisation of ammonia and nitrogen oxides (NOx) 

· Nitrogen leaching and runoff

· Municipal sewage (quantities have been estimated, but included in the chapter on waste treatment) 

4.4.3.2 Methodological issues

Nitrous oxide arising due to volatilization of ammonia (NH3) and nitrogen oxides (NOX) 

In fertilizing agricultural soils with nitrogen fertilizers, some N volatilises in form of ammonia and nitrogen oxides (NOx). This N has not been considered in determining emissions from fertilizing with mineral fertilizers (2.3.1.1) and organic (2.3.1.2) fertilizers. This nitrogen is deposited by precipitation and particulate matter on agricultural soil, in forests and waters and thus indirectly contributes to emissions of N2O. Emissions are attributed to the place of origin of ammonia and NOx, not to the place where N is re-deposited, causing N2O emissions.

Emissions from mineral fertilizers 

Indirect emissions of nitrous oxide from mineral fertilizers depend to a large extent on the fraction of N that volatilises during fertilizing. The amount of volatilised N depends very strongly on the type of fertilizer as well as on weather conditions and the manner of application. In Slovenia, data on the consumption of various nitrogen fertilizers are not available, and also IPCC methodology (1996) does not lay down different emission factors. It has been considered that 10% of N from mineral fertilizers volatilises (IPCC, 1996). For calculating indirect emissions of nitrous oxide, the emission factor of 0.01 kg N2O-N/kg NH3 and NOX-N (IPCC, 1996) has been considered.

Emissions from animal manure:

Numerous factors influence the fraction of volatilised N in form of ammonia and nitrogen oxides, such as: the ratio between N excreted in dung and N excreted in urine, the manner of slurry storage, the manner of slurry application etc. In spite of differences, IPCC (1996), for the time being, suggests a generic emission factor; 20% of the excreted N are supposed to volatilise in form of ammonia and nitrogen oxides. Emissions of nitrous oxide have been calculated by multiplying the estimated quantities of volatilised N with emission factor of 0.01 kg N2O-N/kg NH3-N and NOX-N (IPCC, 1996).

Nitrous oxide from leaching and runoff of nitrogen compounds into surface waters, groundwater, and watercourses 

The nitrogen that enters groundwater and watercourses, mainly in the form of nitrates, is there subjected to nitrification and denitrification. This gives rise to some nitrous oxide, which is diffused into the atmosphere. Denitrification takes place mostly in groundwater, riverine sediments, and estuarine sediments. This nitrogen, which enters watercourses, contributes to emissions of nitrous oxide also during the course of nitrification. Algae and aquatic plants assimilate nitrates into organic matter, which in decomposing release ammonia that is quickly nitrified in rivers, giving rise to some nitrous oxide in the process.

Surface runoff or leaching of N into groundwater, surface waters, and watercourses due to mineral fertilizers:

It has been considered that 30% of N from mineral fertilizers are leached and run off into the groundwater and watercourses. In calculating emissions of nitrous oxide, it has been considered that for every kg of leached/run-off nitrogen, 0.025 kg of N2O-N is emitted (IPCC, 1996). The applied emission factor is a sum of partial factors (denitrification in soil or in groundwater 15 g N2O-N/kg N, denitrification in river sediments 2.5 g N2O-N/kg N, nitrification in rivers 5 g N2O-N/kg N, nitrification in estuaries 2.5 g N2O-N/kg N).

Nitrogen leaching and runoff into groundwater, surface waters, and watercourses due to animal manure:

It has been considered that for every kg of N, which is excreted by farm animals, 0.3 kg of N run off to watercourses and groundwater (IPCC, 1996). The methodology of estimating annual quantities of N, excreted by individual kinds and categories of animals, has been already described under 2.1.4. With regard to the defined methodology, all N has been considered, i.e. N excreted in indoor housing and N excreted on pasture. To improve the estimate, it might be advisable to particularize the methodology in the future by considering a higher leaching and runoff factor for big farms and areas with intensive livestock breeding than for areas with unintensive livestock breeding. In calculating emissions of nitrous oxide, the same emission factor has been considered as in the case of nitrogen leaching/run-off due to mineral fertilizers (0.025 kg N2O-N/kg of leached/run-off N).

4.4.3.3 Uncertainties and time-series consistency

Uncertainty estimates based on expert judgement.

Uncertainty of activity data amounts to 50%.

Uncertainty of emission factor amounts to 70%.

Combined uncertainty amounts to 86.02%.

5 LUCF (CRF sector 5)
5.1 Source category description
Forests exert a strong influence on the carbon cycle while the biomass influences the removal and emissions of CO2, which is one of the major greenhouse gases (70%). In forests, large quantities of carbon are stored in the vegetation and soil. CO2 is built into tree-cells or the building blocks of the cell-structure of trees in the organic compounds of the protoplast and apoplast. According to Brown, emissions and removals of CO2, occurring in the decomposition and burning of woody biomass, and its incorporation into plants in the successive reactions of the Calvin cycle are, on a global scale, in equilibrium. A research project on emissions and sink of greenhouse gases for forestry as well as land-use change has been done at the Slovenian Forestry Institute (Simončič P., Kobler A., Robek R., Žgajnar L.: Ocena emisij oz. ponora TGP za gozdarstvo ter spremembe rabe zemljišč, Slovenian Forestry Institute, Ljubljana 1999). Herein, only the most important calculations, the results of the research and conclusions are summarized, while detailed data are provided in the original literature. 

Various estimates have already been done in Slovenia in the past regarding “storage” of carbon in wood products, non-forest trees, aboveground woody biomass as well as tree wood and annual woody growth (Torelli 1996). Based on a rough calculation, the aboveground woody biomass, which includes stem wood, branch wood, and roots in Slovenia holds a storage of 117 Mt of carbon (timber-growing stock 430 Mm3), corresponding to 431 Mt CO2 (calculation for 1995). Tree wood, i.e. stem wood and branch timber with diameter above 10 cm (Torelli 1996) amounts to 58 Mt of stored carbon, corresponding to 215 Mt CO2. Considering data on weight gain and cut in 1995 (weight gain 5.5 m3/ha, cut 2.0 m3/ha, Torreli 1996) it is observed that in a single year the quantity of carbon in Slovenian forests increases by 995 kt, corresponding to a sink of 3.6 Mt CO2. In wood products, 5.3 Mt of carbon are being bound, corresponding to 19.69 Mt of CO2.

CO2 emissions in Slovenia in 1996, according to data from the Hydrometeorological Institute of Slovenia (1997, MOP 1998) amounted to 15 Mt (order of magnitude). Removal of CO2 arising due to the difference between the annual weight gain in wood mass and cut for the year in question amounted to approximately a fourth part of the Slovenian emissions of CO2. However, such a calculation does not take into account the on-site decomposition of woody biomass, emissions caused by fire, unendorsed cut and other causes of tree felling. In studying carbon balance, moreover, the use of woody biomass for energy purposes (industrial heating appliances, households; covering 5-6% of Slovenian energy needs; Žgajnar 1998) has to be considered. The woody biomass used in woodworking industry shares the fate of wood residues and is either burnt or accumulated in wood products (secondary raw materials), interrupting the carbon cycle and the exchange between the atmosphere and the vegetation as well as between the vegetation and the soil. 

The chapter with guidelines for calculation of emissions caused by human activity includes two processes (IPCC Guidelines for National Greenhouse Gas Inventories: Workbook, Reference Manual, 1996). Land-use change caused by forest clearing for agricultural use, including biomass on-site burning, which is particularly important in rapidly developing countries of Latin America, Africa, and in some Asian countries. In Slovenia, we are witnessing an opposite process of regrowth of abandoned managed lands. In addition to the process of land-use change, the CO2 balance for forestry necessitates also a calculation of the biomass accumulated in the woody biomass in the forests of Slovenia.

5.2 Methodological issues 

In calculating the balance of CO2 for forests in Slovenia, the existing inventories and statistics have been used. A comparative analysis of data on forest areas, increase of timber-growing stock and cut as well as their availability for the period of 1885 to 1996 has been carried out. That analysis has shown certain discrepancies between data from different sources. 

Considering the principles of IPCC methodology (IPCC 1996), which is based on the use of existing inventory data as well as limited time periods, the adjustment (improvement) of not fully reliable data for the past has been limited to the most stringent necessities, while choosing the most reliable of the existing data. The criteria in choosing data were the following: continuity, quality, and reciprocal comparability as well as accessibility of sources.

Table 7.2.1: Forest areas in Slovenia (1980 - 1996)

	Year
	Forest 
Area ha
	10-year Aver.ha
	
	Year
	Forest 
Area ha
	10-year Aver.ha
	
	Year
	Forest Area ha

	
	
	
	
	
	
	
	
	
	

	1880
	783,646
	
	
	1961
	961,000
	
	
	1979
	1,043,100

	1885
	820,739
	
	
	1962
	968,222
	
	
	1980
	1,045,000

	1886
	823,398
	817,309
	
	1963
	975,444
	
	
	1981
	1,048,200

	1887
	826,057
	821,574
	
	1964
	982,667
	
	
	1982
	1,051,400

	1888
	828,716
	825,064
	
	1965
	989,889
	
	
	1983
	1,054,600

	1889
	831,375
	827,781
	
	1966
	997,111
	993,500
	
	1984
	1,057,800

	1890
	834,034
	829,723
	
	1967
	1,004,333
	1,000,190
	
	1985
	1,061,000

	1891
	833,711
	830,891
	
	1968
	1,011,556
	1,006,348
	
	1986
	1,064,200

	1892
	833,389
	831,761
	
	1969
	1,018,778
	1,011,973
	
	1987
	1,067,400

	1893
	833,066
	832,236
	
	1970
	1,026,000
	1,017,067
	
	1988
	1,070,600

	1894
	832,743
	832,598
	
	1971
	1,027,900
	1,021,628
	
	1989
	1,073,800

	1895
	832,421
	832,849
	
	1972
	1,029,800
	1,025,657
	
	1990
	1,077,000

	1896
	832,098
	832,986
	
	1973
	1,031,700
	1,029,153
	
	1991
	1,081,300

	1900
	830,807
	
	
	1974
	1,033,600
	1,032,118
	
	1992
	1,085,601

	1905
	838,479
	
	
	1975
	1,035,500
	1,034,550
	
	1993
	1,089,901

	1910
	846,151
	
	
	1976
	1,037,400
	1,036,450
	
	1994
	1,094,201

	
	
	
	
	1977
	1,039,300
	
	
	1995
	1,097,929

	
	
	
	
	1978
	1,041,200
	
	
	1996
	1,098,844


In recent years, no detailed analyses for estimating sinks have been done; consequently, for the period 1997-2003, we have used values that were obtained for the year 1996.

5.2.1 Changes in Forest and Other Woody Biomass Stocks 

IPCC methodology calls for a disaggregation of forest areas into purely coniferous and purely deciduous forests, whereas in Slovenia mixed forests prevail. Consequently, in Slovenian forestry, it is not the surfaces that are split for being deciduous or coniferous, but rather woody biomass stocks and increase of timber-growing stock. Consequently, it has been decided to leave out the Forest Areas item in the submodule “Changes in Forest and Other Woody Biomass Stocks” and to directly enter the absolute values of annual increase of biomass (coniferous and deciduous).

Considering the adjusted values of increases, calculated by the control method, the following values for the current annual increase in tonnes of dry matter have been obtained: 

Table 7.2.1: Values of the current annual increase of deciduous and coniferous trees for the period 1986-1996.

	Year
	Coniferous Trees

t dm
	Deciduous Trees t dm

	1986
	1,046,000
	1,611,600

	1987
	1,045,113
	1,610,233

	1988
	1,063,371
	1,638,364

	1989
	1,124,019
	1,731,806

	1990
	1,186,214
	1,827,632

	1991
	1,236,940
	1,945,367

	1992
	1,264,231
	2,028,291

	1993
	1,255,621
	2,053,767

	1994
	1,306,576
	2,177,545

	1995
	1,292,453
	2,263,195

	1996
	1,346,350
	2,246,476


Table 7.2.1: Step one of calculations in the submodule “Changes in Forest and Other Woody Biomass Stocks”

	
	A1

Growth Increment

- Coniferous Trees

(k m3)
	A2

Growth Increment

-

Deciduous Trees

(k m3)
	B1

Conver.

m3 (
into Dry Matter /dm/ for

Conif. Trees
	B2

Conver.

m3 (
into Dry Matter /dm/ for

Decid. Trees
	C1

Current Annual Growth Increment

Coniferous Trees

(kt dm)
	C2

Current Annual Growth Increment Deciduous Trees

(kt dm)
	D

Fraction of Carbon in Dry Matter
	E

(C1+C2)

x D

Carbon Uptake

in Growth Increment

(kt C)

	1996
	3,366
	3,744
	0.4
	0.6
	1,346
	2,246
	0.5
	1.796

	1995
	3,231
	3,772
	0.4
	0.6
	1,292
	2,263
	0.5
	1.778

	1994
	3,266
	3,629
	0.4
	0.6
	1,307
	2,177
	0.5
	1.742

	1993
	3,139
	3,423
	0.4
	0.6
	1,256
	2,054
	0.5
	1.655

	1992
	3,161
	3,380
	0.4
	0.6
	1,264
	2,028
	0.5
	1.646

	1991
	3,092
	3,242
	0.4
	0.6
	1,237
	1,945
	0.5
	1.591

	1990
	2,966
	3,046
	0.4
	0.6
	1,186
	1,828
	0.5
	1.507

	1986
	2,615
	2,686
	0.4
	0.6
	1,046
	1,612
	0.5
	1.329


The submodule “Calculation of Greenhouse Gases in Forests and from Land-use Change” is used to calculate emissions and removals of carbon (CO2) due to the changes in the timber-growing stock as well as other woody biomass stock, caused by human activity. 

To calculate the net uptake of CO2 in Slovenia, the annual increment of woody biomass as well as data on annual cut along with clearings (building of infrastructures), loss due to fire and unendorsed cut is needed. If the final result of the calculation in the submodule is positive, the forest functions as a sink, if it is negative, as a source of carbon dioxide.

The general equation for the calculation in submodule “Changes in Forest and Other Woody Biomass Stocks” is as follows: 

Annual Weight Gain – Annual Loss of Woody Biomass = Annual Change in Woody Biomass 

Table 7.2.1: Step two of calculations in the submodule “Changes in Forest and Other Woody Biomass Stocks”

	
	
	F

Cut

(km3)
	G

Convers.

m3 into dry matter /dm/

for Conif.

or Decid. Trees
	H

(FxG)

Total

Biomass Cut

(kt dm)
	H1
Total BiomassCut

Conif. + Decid.

(kt dm)
	I
Clearings

- Conif. + Decid.

(kt dm)
	J

Fire

- Conif.

(kt dm)
	J1

(0.1xH1)

Unendorsed

Cut

(kt dm)

	1996
	Conif.
	1512
	0.40
	605
	
	247 ha
	288 ha
	

	
	Decid.
	818
	0.60
	491
	1096
	32
	17
	110

	1995
	Conif.
	1248
	0.40
	499
	
	255 ha
	260 ha
	

	
	Decid.
	844
	0.60
	506
	1006
	33
	16
	101

	1994
	Conif.
	1411
	0.40
	564
	
	401 ha
	913 ha
	

	
	Decid.
	844
	0.60
	506
	1071
	49
	55
	107

	1993
	Conif.
	1290
	0.40
	516
	
	300 ha
	1053 ha
	

	
	Decid.
	798
	0.60
	479
	995
	36
	63
	100

	1992
	Conif.
	1208
	0.40
	483
	
	300 ha
	420 ha
	

	
	Decid.
	960
	0.60
	576
	1059
	35
	25
	106

	1991
	Conif.
	1329
	0.40
	532
	
	300 ha
	658 ha
	

	
	Decid.
	972,5
	0.60
	584
	1115
	34
	39
	111

	1990
	Conif.
	1450
	0.40
	580
	
	300 ha
	600 ha
	

	
	Decid.
	985
	0.60
	591
	1171
	33
	36
	117

	1986
	Conif.
	1902
	0.40
	761
	
	300 ha
	600 ha
	

	
	Decid.
	1309
	0.60
	785
	1546
	31
	36
	155


Table 7.2.1: Step three of calculations in the submodule “Changes in Forest and Other Woody Biomass Stocks”

	
	K

(H1+I+J+J)

Total Consump. of Biomass

(kt dm)
	N

Carbon Fraction
	O
(K x N)

Carbon Release/yr

(kt C)
	P

(E – O)

Carbon Uptake or Release / yr

(kt C)
	Q

CO2 Removal or Emission

(kt CO2)

	1996
	1255
	0.5
	628
	1,168
	4283

	1995
	1156
	0.5
	578
	1,200
	4400

	1994
	1282
	0.5
	641
	1,101
	4037

	1993
	1194
	0.5
	597
	1,058
	3879

	1992
	1225
	0.5
	613
	1,033
	3788

	1991
	1299
	0.5
	650
	941
	3450

	1990
	1357
	0.5
	679
	828
	3036

	1986
	1768
	0.5
	884
	445
	1632


5.2.2  Regrowth of Abandoned Managed Lands 

In calculating the submodule “Regrowth of Abandoned Lands”, the “Grasslands” category has been ignored, since in the climate conditions prevailing in Slovenia the forest as the climax type of vegetation, not grasslands, is the final result of regrowth of abandoned agricultural areas. To avoid double counting of forest areas, the calculation of the submodule “Forest and Grassland Conversion” has been omitted. The reason for this is that clearing of forest areas (regardless of the cause) and regrowing of abandoned managed lands have already been taken into account in the changes in forest areas in submodule “Regrowth of Abandoned Managed Lands”. 

The process of land-use change, forest clearing as well as conversion to pastures and grassland causes a temporary increase of CO2 emissions, while on the contrary, regrowth of abandoned managed lands functions as a CO2 sink. According to IPCC methodology, the submodule “Regrowth of Abandoned Managed Lands” encompasses calculations of CO2 emissions due to regrowth of abandoned managed lands or forest clearing (which have been included in our calculations), and an estimate of emissions due to on-site or off-site burning of biomass, as well as an estimate of release of CO2 due to the decay of aboveground biomass. In Slovenia, a process of regrowth of abandoned managed lands (pastures, meadows) is in course, contributing to the increase of aboveground and belowground woody biomass. Step five of the submodule puts forward the calculation of carbon released from biomass due to forest clearing (forest ( grasslands). 

Table 7.2.1: Forest surfaces under regrowth for the period 1986 – 1996.

	
	Surfaces under Regrowth

	Year
	ha
	m3
	t dm

	1986
	69,501
	243,253
	121,626

	1987
	69,270
	242,444
	121,222

	1988
	69,039
	241,636
	120,818

	1989
	68,808
	240,827
	120,414

	1990
	68,577
	240,019
	120,009

	1991
	68,266
	238,932
	119,466

	1992
	67,956
	237,846
	118,923

	1993
	67,646
	236,760
	118,380

	1994
	67,335
	235,673
	117,837

	1995
	67,066
	234,731
	117,366

	1996
	67,000
	234,500
	117,250


The increase of biomass due to regrowth is calculated for abandoned lands, i.e. the ones having been overgrown. These are areas, which have not yet been classified as forests proper or lands, which started to be overgrown 20 or less years ago. In 1996, these surfaces amounted to 67,000 hectares. For prior years prior no comparable data are available. Surfaces under the process of regrowth between 1986 and 1995 have been calculated by correspondingly adjusting the data for 1996 to the size of non-forest surfaces in a particular year. As mentioned before, forest areas have not been disaggregated into coniferous and deciduous forests and therefore the increase of biomass on the newly won forest areas for coniferous in deciduous trees has been calculated together. In calculating the absolute increase (m3), the value for the current annual increase of woody biomass on areas under regrowth has been taken into account, which had been given in an expertise by L. Žgajnar, amounting to 3.5 m3/ha. Considering the total conversion factor of 0.5 t dry matter per m3, the following values for regrowth have been obtained: 
Table 7.2.1: Step one of calculations in the submodule “Regrowth of Abandoned Managed Lands” for the last 20 years 

	
	A

Area under Regrowth in the Last 20 Years
(k ha)
	B

Biomass Growth Increment

(t dm)
	D

Carbon Fraction in Aboveground

Biomass


	E
Uptake of C/yr into Aboveground Biomass

(kt C)

	1996
	67
	117
	0.5
	59

	1995
	67
	117
	0.5
	59

	1994
	67
	118
	0.5
	59

	1993
	68
	118
	0.5
	59

	1992
	68
	119
	0.5
	60

	1991
	68
	119
	0.5
	60

	1990
	69
	120
	0.5
	60

	1986
	70
	122
	0.5
	61


Table 7.2.1: Step three of calculations in the submodule “Regrowth of Abandoned Managed Lands” for the last 20 years 

	
	L ( (L= E)

Carbon Uptake on Land under Regrowth 

(kt C)
	M ( ((L x (44/12)(
Total CO2 Uptake

on Lands in Question 

(Gg CO2)

	1996
	59
	216

	1995
	59
	216

	1994
	59
	216

	1993
	59
	216

	1992
	60
	220

	1991
	60
	220

	1990
	60
	220

	1986
	61
	224


5.2.3 CO2 Emission Due to Land-use Change

The last submodule is about the calculation of CO2 emissions and uptake by soils from land-use change and management. IPCC methodology (1996) includes three processes in this calculation: changes in carbon stored in soil and litter of mineral soils due to changes in land-use practices (grassland ( forest); CO2 emissions from organic soils converted to forests (plantation forestry) and vice versa; CO2 emissions from liming of agricultural soils. After yearlong unchanged land use, the input of carbon due to decaying organic matter and the loss of carbon due to decomposition of organic matter for forest, brushwood, and grasslands are believed to be balanced and, consequently, also emissions and removal of CO2 of the ecosystem in question. The criterion for including carbon balance in soil into the total calculation is that there was in the last twenty years an occurrence of a statistically significant change in the stocks of carbon in soil for the area in question. In Slovenia, forest areas have increased in the 1986-1996-inventory period by 34,644 hectares. The steps of this submodule include calculations of emissions/removal of CO2 due to land-use change (regrowth of abandoned managed lands – first step; emissions of carbon from agricultural areas with intensive cultivation – second step, which is not considered) as well as emissions from liming of agricultural soils. Finally, in the fifth submodule, the sum total of CO2 emissions or removals is calculated; this is positive in case of emissions of CO2, or negative case of CO2 removal. 

On the analogy of the calculation of increase of woody biomass due to regrowth, the change in the content of carbon in mineral soils of the land under regrowth has been calculated (see table). Based on an expert estimate, 25 % of soil in the areas under regrowth has been classified as less, and 75% as soil that is more active. Sources of data for the last submodule were the Statistical Office of the Republic of Slovenia (1997) and an expert evaluation (oral source; Mihelič R., 1999). Calculations included previously used data on forest areas (see appendices). This module would actually require detailed data, but unfortunately, that was not possible. Factors suggested in IPCC guidelines have been used in calculations. 

Table 7.2.1: Step one of submodule “CO2 Emissions due to Land-use Change and Liming”

	
	B

Soil Activity by Soil Type
	C

Soil Carbon acc. to IPCC

(Mg C/ha)
	D

Forest Area

under Regrowth in the Last 20 yr.

(Mha)
	H

Change of Carbon Content

(Tg/20 years)
	H

Total Change of Carbon Content

(Tg/20 years)

	1996
	High
	95
	0.050
	4.75
	

	
	Low
	75
	0.017
	1.28
	6.03

	1995
	High
	95
	0.050
	4.75
	

	
	Low
	75
	0.017
	1.28
	6.03

	1994
	High
	95
	0.051
	4.85
	

	
	Low
	75
	0.017
	1.28
	6.12

	1993
	High
	95
	0.051
	4.85
	

	
	Low
	75
	0.017
	1.28
	6.12

	1992
	High
	95
	0.051
	4.85
	

	
	Low
	75
	0.017
	1.28
	6.12

	1991
	High
	95
	0.051
	4.85
	

	
	Low
	75
	0.017
	1.28
	6.12

	1990
	High
	95
	0.051
	4.85
	

	
	Low
	75
	0.017
	1.28
	6.12

	1986
	High
	95
	0.052
	4.94
	

	
	Low
	75
	0.017
	1.28
	6.22


Table 7.2.1: Step one of submodule “CO2 Emissions due to Land-use Change and Liming”

	
	A

Quantity

(Mg)
	B

Conversion Factor

for Carbon
	C

Emissions of C due to Soil Liming
(Mg C)

	1996
	( 100,000
	0.120
	( 12,000

	1986
	( 100,000
	0.120
	( 12,000


Figure 7.2.1: Step three of Submodule “CO2 Emissions due to Land-use Change and Liming”

	
	A


	B

Carbon Conversion Factor t
	C

Total Annual Emissions of C

(Gg)
	D

Conversion to Annual Emission of CO2* 44/12

(Gg / year)

	
	6.03
	- 50
	- 302
	

	1996
	( 12.000 
	0.001
	12
	-1061

	
	6.03
	- 50
	- 302
	

	1995
	( 12.000 
	0.001
	12
	-1061

	
	6.12
	- 50
	- 306
	

	1994
	( 12.000 
	0.001
	12
	-1078

	
	6.12
	- 50
	- 306
	

	1993
	( 12.000 
	0.001
	12
	-1078

	
	6.12
	- 50
	- 306
	

	1992
	( 12.000 
	0.001
	12
	-1078

	 
	6.12
	- 50
	- 306
	

	1991
	( 12.000 
	0.001
	12
	-1078

	
	6.12
	- 50
	- 306
	

	1990
	( 12.000 
	0.001
	12
	-1078

	
	6.22
	- 50
	- 311
	

	1986
	( 12.000 (III/V)
	0.001
	12
	-1094


5.3 Uncertainties and time-series consistency

Uncertainty estimates based on expert judgement.

Uncertainty of activity data amounts to 20%.

Uncertainty of emission factor amounts to 30%.

5.4 Source-specific planned improvements

The LUCF sector will in future require by far the highest number of improvements if we are to be sure that calculations are brought up to date and their accuracy is comparable to that of other sectors. The review process performed by the UNFCCC secretariat in 2004 confirmed this. Unfortunately, in this field, we have grave personnel shortages and the only expert is overburdened with work that he is doing in his position with the Forestry Institute of Slovenia. We are aware of the fact that this sector is of particular importance for Slovenia because sinks, due to the abundance of forests in Slovenia, play a crucial role in achieving the goals that have been set by the Kyoto protocol.

The new methodology, described in Good Practice Guidance and LULUCF, which was published this spring, proves very challenging, both in terms of the data required as well as its extensiveness. At the same time, it calls for a multidisciplinary approach in calculating emissions and sinks with the cooperation of experts from the fields of forestry, agriculture, ecology, and climatology. Furthermore, it will be necessary to secure data that will be obtained on the basis of verified methodological procedures with minimum errors and maximum accuracy, and that will make temporal traceability possible. A significant improvement of calculations from this sector is planned for the year 2006.

6 WASTE (CRF sector 6)

Waste management and treatment of industrial and municipal wastes are sources of GHGs emissions. The inventory covers CH4 emissions resulting from solid waste disposal on land and treatment of liquid wastes. This section also includes estimates of emission of N2O from municipal sewage.
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Figure 8.0.1: Emissions from solid waste disposal on land and from wastewater handling in Gg CO2 eq.

6.1 CH4 Emissions from Solid Waste Disposal sites

6.1.1 Source category description 

Methane is emitted during anaerobic fermentation of degradable organic substances in solid waste disposal sites in processes, which may last several decades. If waste were not disposed of on solid waste disposal sites, the degradation would take place in aerobic conditions without methane formation. Methane emissions from waste disposal are thus of anthropogenic origin and, consequently, a constituent part of national GHG inventories in accordance in IPCC methodology.

6.1.2 Methodological issues 

Methodology

In terms of methodology, IPCC lays down two levels of ascertaining methane emissions from waste management. The simpler, default tier is based on the assumption that all methane is released in the year the waste is disposed of. The default time-dependent emission profile of methane is thus of zero order. This simplified tier will give a fair description of methane emissions of time-dependence only in case if the amount and composition of deposited waste have been constant or slowly varying over a prolonged period of time. 

IPCC guidelines describe a more precise method, which considers that methane emissions from disposed-of waste are released over a longer period of time. The so-called First Order Decay (FOD) method is based on the assumption of an exponential time-dependent decline of emissions. Annual emissions are thus partial sums of emissions from waste disposed of in previous periods. The FOD method is more precise, but requires data on quantity, composition and disposal conditions for a period of 20 to 30 years prior to the year for which emission are determined. At the same time, it is necessary to know the half-life of methane generation.

In previous submissions, we have used default methodology for estimating methane emissions from SWDS. According to the GPG manual and following the decision tree, we have used the more accurate first order decay method in this submission.

This method can be represented by the equation (1) and (2):


where:
t = year of inventory

x = years for which input data should be added

A = (1 – e-k)/k; normalisation factor which corrects the summation

k = methane generation rate constant (1/yr)

MSW(x) = total municipal solid waste landfilled (Gg/yr)

L0 = methane generation potential (Gg CH4/Gg waste)

The methane generation potential (Lo) depends upon the composition of waste, on waste disposal practices and on the physical characteristics of the SWDS. It is estimated by the formula:

Lo = MCF ( DOC ( DOCF ( F ( 16/12

where:

MCF = CH4 correction factor (fraction)

DOC = degradable organic carbon (fraction) (Gg C/Gg waste)

DOCF = fraction DOC dissimilated

F = fraction by volume of CH4 in landfill gas

16/12 = conversion from C to CH4
The estimation of CH4 emitted each year, results from equation (2):


where:

R = CH4 recovered (Gg/yr)

OX = oxidation factor (fraction)

Activity data and parameters

Presently, most waste in Slovenia is landfilled, and only to a lesser degree reused or recycled. There is no  thermal processing of waste, except for minor quantities of some types of waste. In 2003, the recovery of landfill gas has been set up on some major solid waste disposal sites, and its use for generating energy has been started at three largest solid waste disposal sites (Ljubljana-Barje, Maribor-Pobrežje, Celje-Bukovžlak), which cover some 30% of the entire population. 

There are no data on the amount of waste prior to 1977. The first regulated municipal solid waste disposal site, the Ljubljana Barje SWDS, started its operation in 1964. An estimate for the period 1964 - 1977 arrived at 750.000 t of dumped waste, the composition of which was deemed similar to today's waste. We are fully aware that this is a rough estimate, but since methane emissions from that period exert a significantly smaller influence on emissions in the reported period, this error is not considerable. 

Table 8.1.1: Quantities of landfilled waste in the period 1977 -- 2003. 

	Year
	MSW (t)
	year
	MSW (t)
	year
	Municipal waste
	Industrial waste
	MSW (t)

	1977
	764.632
	1986
	896.316
	1995
	686.500
	341.500
	1.028.000

	1978
	779.263
	1987
	910.947
	1996
	713.500
	347.500
	1.061.000

	1979
	793.895
	1988
	925.579
	1997
	740.600
	353.400
	1.094.000

	1980
	808.526
	1989
	940.211
	1998
	758.700
	359.400
	1.118.100

	1981
	823.158
	1990
	954.842
	1999
	785.800
	365.300
	1.151.100

	1982
	837.789
	1991
	969.474
	2000
	812.900
	371.300
	1.184.200

	1983
	852.421
	1992
	984.105
	2001
	798.040
	383.059
	1.181.099

	1984
	867.053
	1993
	9987.37
	2002
	713.560
	342.509
	1.056.069

	1985
	881.684
	1994
	1.013.368
	2003
	686.500
	341.500
	1.028.289


The amount of waste in the period 1977 – 1994

For that period, we considered that the recovery (the inclusion of population into public waste-removal systems) gradually increased from 60% in 1977 and reached 76% in 1995. Consequently, we increased data on the quantity of dumped waste to match the recovery.

The amount of waste in the period 1995 – 2000

According to data provided by the SURS (data submitted to EUROSTAT), over 1 million tons of municipal waste were produced in that period. It is inferred that that amount, due to unclear definition of municipal waste, included industrial waste as well. The calculation of quantities in the table above takes into account the assumption that all recovered municipal waste was landfilled (which for Slovenian circumstances is quite accurate) and that the amounts of industrial waste similar to municipal waste were increasing at the same rate as municipal waste.

The amount of waste in the period 2001 - 2003

The initial parameters for calculating methane emissions are the total annual amount of municipal waste and the fraction of landfilled municipal waste. In calculating, we used data of the Environmental Agency of the Republic of Slovenia, which on a regular basis collects data on the formation and handling all types of waste in Slovenia. Data are collected by means of forms which are set down by the law and which the reporting agent must fill in once a year (for the preceding year). Beside the quantities of collected mixed waste and separate fractions of municipal waste from households, reporting agents also provide data on the quantities of collected mixed and separate fractions of municipal waste and related waste which is produced in economic and service activities.  On the basis of these data, the Statistical Office of the Republic of Slovenia generate its annual reports on waste handling.

The quantities of municipal waste have marked a slight decrease in recent years. There are several possible explanations for this, one of them being that the quantities in previous years have mostly been arrived at by estimation, whereas in the last three years we had at our disposal very accurate data from all SWDS. At the same time, the area where waste is collected separately and then recycled is getting ever wider. 
[image: image45.emf] 
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Figure 8.1.1: Population served by solid waste collection systems

Methane correction factor (MCF) accounts for the effect of management practices on CH4 generation. Unmanaged disposal sites present lower methane-generating potential, because a larger fraction of waste decomposes aerobically in the top layers of unmanaged SWDS.

The IPCC guidelines describes managed SWDS site as site with one off the following:

· cover material

· mechanical compacting

· levelling of waste

In 1964, the Ljubljana-Barje SWDS started to operate as our first managed solid waste disposal site. Other existing solid waste disposal sites were unmanaged at that time. In our estimate, roughly half of the waste was collected at managed SWDS, half at unmanaged SWDS. As the depth of unmanaged SWDS at that time is unknown, we considered them as non-categorised and assumed a MCF of 0.6 for them, while assuming a MCF of 1 for managed SWDS . For the entire period 1964-1976, emissions have been calculated with an average value of MCF, i.e. 0.8.

1977 saw an accelerated rate of controlled placement of waste, with the result that three quarters of waste were disposed of on managed solid waste disposal sites in that year, and we therefore assumed a MCF of 0.90. Following that year, all other solid waste disposal sites progressively introduced managing practices and since 1986 all other SWDS in Slovenia may be classified as managed SWDS. Accordingly, MCF was increased linearly for the period from 1977 to 1986 MCF, and since 1986 it is equal to 1.
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Figure 8.1.2: Methane correction factor

Degradable organic carbon (DOC) is the organic carbon that is accessible to biochemical decomposition. It is a function of the composition of waste and can be calculated from a weighted average of carbon content of various components of waste.

DOC = (0.4 ( A) + ( 0.17 ( B ) + ( 0.15 ( C ) + ( 0.3 ( D )

where:

A = fraction of waste that is paper and textiles

B = fraction of waste that is garden waste, park waste or other non-food organic putrescibles

C = fraction of waste that is food waste

D = fraction of waste that is wood or straw

For mixed waste, which represents the major part of municipal and similar types of waste, we assumed the composition or fractions A, B, C in D, as stated in the Operational programme of waste disposal to be the same for the entire period: A:12%, B:5%, C:25%, D:5%.

The composition of waste and the composition of its biodegradable part is taken from the results of certain screening analyses in Slovenia. 

For the composition of industrial waste similar to municipal waste in the period 1964-2000 we assumed the same composition as was ascribed to municipal waste, whereas for the last three years the composition was calculated on the basis of data provided by ARSO.

The DOC value for the period 1964-2000 has consequently remained constant, namely 0.109, whereas for the period 2001 do 2003 it amounted to 0.102, 0.102, and 0.104, respectively.

Fraction of degradable organic carbon dissimilated (DOCF) is an estimate of the fraction of carbon that is ultimately degraded and converted into landfill gas, and reflects the fact that some organic carbon does not degrade, or degrades very slowly, when deposited in SWDS.

The IPCC Guidelines, 1996 provide a default value of 0.77 for DOCF. Based on a review of recent literature, it appears that this default value may be an overestimate. It should only be used if lignin C is excluded from the DOC value. It is a good practice to use a value of 0.5-0.6 as the default. In our calculations, we assumed a DOCF value of 0.55 as a median value of the recommended interval. 
Fraction of CH4 in landfill gas (F) reflects the fact that biogas are mainly consisted of CH4 and CO2 (usually considered half of each gas). We use 0.5 as most usually taken value in our estimates.

CH4 recovery (R) is the amount of CH4 generated at SWDS that is recovered and combusted (e.g. flared or used for energy). The amount of methane that is recovered and flared or oxidised in gas engines is subtracted from the annual methane emissions. Data on the quantities of recovered methane were provided by the Waste Sector (ARSO). Since there are no data on the amount of recovered methane for 2001, an interpolated value was used in calculation. 
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Figure 8.1.3: Methane recovery in tons.

Oxidation factor (OX) reflects the portion of CH4 from SWDS that is oxidised in the soil or other material covering the waste. The amount of CH4 that oxidises turns primarily to CO2. If the OX is zero, no oxidation takes place, and if OX is 1 then 100% of CH4 is oxidised. Well-managed disposal sites tend to have higher oxidation results than unmanaged dump sites with no cover or where large amounts of CH4 can escape through cracks in the cover. We assumed that, in our case, OX was very close to zero.
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Figure 8.1.4: Methane emissions from SWDS in Gg CO2. 

The essential difference between the results obtained by these two methods is in emissions of the reference year and in the response of certain emissions to waste-management measures. The quantities of disposed of waste have been rising in the last 30 years and therefore emissions calculated according to the first order decay method for the reference year are, as a rule, lower. The first order decay method takes into account also the contribution of waste disposed of in the past, therefore the reduction of quantity of disposed of biodegradable waste in certain emissions shows only after a certain time delay. 

6.1.3 Uncertainties and time-series consistency

Uncertainty estimates based on expert judgement.

Uncertainty of activity data amounts to 30%.

Uncertainty of emission factor amounts to 40%

6.1.4 Source specific recalculations

Owing to the transition from the default methodology to FOD methodology, all calculations of methane emissions from SWDS for the period 1986-2002 had to be recalculated.

6.2 Emissions from Wastewater Handling

6.2.1 Source category description 

IPCC methodology recommends separate handling of municipal and industrial wastewater. Wastewater handling produces methane, provided the disposal is anaerobic. IPCC guidelines specify methods for calculation of emissions of methane from wastewater handling. The research project on emissions of methane from wastewater handling for Slovenia has been carried out by the Ministry of Environment, Spatial Planning, and Energy (Dolenc, Žitko-Štemberger, 1999). This report brings merely the basic procedures and results of calculations that demonstrate the relations with IPCC methodology. Detailed calculations and all procedures are specified in that source. 

Nitrous oxide from human sewage is included in this chapter as well.
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Figure 8.2.1: Emissions from wastewater handling in Gg CO2 eq..

6.2.2 Methodological issues 

6.2.2.1 Municipal Wastewater

CH4 EMISSIONS

IPCC methodology has been used in calculating the emission of methane from municipal wastewater handling 

 As a first step, it is necessary to determine the quantity of total organic decomposable matter in the wastewater (TOWdom) and sludge (TOSdom)
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P – Population (in 1000 persons)

DDOM – Degradable organic component in wastewater per 1000 persons annually 

DSDOM = Fraction of degradable organic component removed as sludge 

Secondly, the emission factor for wastewater and sludge is estimated. Emission factor in kg CH4/kg of degradable organic component for:
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B0 – Maximum methane-producing capacity for the wastewater or sludge 

Wsix = Fraction of wastewater from source i treated in system x

MCFix = Methane conversion factor for an individual type of wastewater handling system

SSjy = Fraction of sludge from source j treated in system y

MCFjy = Methane conversion factor for sludge handling

Total emissions of methane from wastewater and sludge handling are:
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MRi/i - Quantity of methane recovered or flared from a wastewater or sludge

Total emission of methane from municipal wastewater treatment and from handling of sludge from municipal wastewater amounts to: 
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Population
Dispersed settlement and a large number of communities with less than 2,000 inhabitants exert a strong influence on the extent and structure of municipal infrastructure as well as on the organisation of municipal activities. In 2003, only about 60% of inhabitants were connected to the public sewage system and only for some 30% of inhabitants a sewage system ended in a wastewater treatment plant. Wastewater treatment is done in various ways. Some 12% of municipal wastewater undergoes only coarse mechanical treatment, 3% primary treatment, only 15% secondary, and 1% tertiary wastewater treatment. 

With regard to CH4 emissions, municipal wastewater that undergoes only coarse treatment may be regarded as untreated water. 

The number of inhabitants according to various types of municipal wastewater treatment is shown in table 6.2.1, population fractions in figure 6.2.1. Data are taken from the database on municipal wastewater treatment plants at ARSO. 
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Figure 8.2.2: Fraction of inhabitants included into various types of municipal wastewater treatment (septic tanks (pit), primary treatment, secondary/tertiary treatment and no treatment.) in percentage.

Table 8.2.1: Number of inhabitants included into various types of municipal wastewater treatment (septic tanks, primary treatment, secondary/tertiary treatment, etc.) in thousands.

	Year
	Ppit
	Pprim
	Psek/ter
	Pw/o

	1986
	967
	54
	228
	732

	1987
	957
	54
	238
	740

	1988
	947
	54
	248
	751

	1989
	937
	54
	258
	750

	1990
	928
	54
	268
	749

	1991
	900
	54
	295
	753

	1992
	900
	54
	295
	747

	1993
	900
	54
	295
	742

	1994
	900
	54
	295
	740

	1995
	900
	54
	295
	739

	1996
	900
	54
	295
	742

	1997
	900
	54
	299
	734

	1998
	900
	54
	303
	726

	1999
	900
	54
	307
	725

	2000
	900
	54
	311
	725

	2001
	900
	54
	315
	723

	2002
	900
	54
	319
	723

	2003
	900
	54
	323
	719


Degradable organic component: 
in biochemical oxygen demand per person is overall default 60 g BOD/person/day or 21,900 kg BOD/1000 person/year

Fraction of degradable organic component removed as sludge:
The results of mass balances of operation of biological wastewater treatment plants show that the fraction of degradable organic compounds which will decompose as sludge is around 40%.

Methane conversion factor:
The calculated amount of generated methane is dependent on the methane conversion factor, which tells us what fraction is actually transformed into methane. MCF is 0 for completely aerobic systems and 1 for completely anaerobic systems. Wastewaters are mostly handled aerobically, only for secondary treated wastewaters we assumed that MCF equalled 0.05, which was to account for slight irregularities in wastewater treatment in biological wastewater treatment plants.

In calculating emission factor for sludge, we assumed a value of 0.8 for MCF in handling sludge from wastewater treatment plants and in calculating the contribution of methane emissions from septic tanks. For untreated or only mechanically dehydrated sludge, which is disposed of on waste disposal sites, we assumed that the value of MCF was 1. In our estimate, in the period in question approximately 39% of sludge from wastewater treatment plants was disposed of on solid waste disposal sites, while 61% was treated in digestion plants. 

Compared to anaerobic decomposition processes on solid waste disposal sites, guided processes in digestion plants proceed faster. However, while the process at a solid waste disposal site after a prolonged period leads to complete decomposition of organic matter, the process in digestion plants in wastewater treatment plants stops at a certain level of sludge stabilisation. For this reason, the MCF for sludge from solid waste disposal sites is higher than the CF for methane from managed digestion plants. In our estimate, the fraction of organic matter in sludge, which is anaerobically decomposed during anaerobic stabilisation, amounts only to several ten percent. However, the stabilised sludge, which is disposed of on open solid waste disposal sites still presents a source of methane, because in spite of the access of atmospheric oxygen, further processes are not entirely aerobic. In all probability, the value of 0.8 may be somewhat too high, but because of the small quantity of sludge from wastewater treatment plants the influence of this source on the total emissions from sludge amounts to 20% at the most and the influence of this error to 5% at the most.

Maximum methane producing capacity (B0)
The IPCC Guidelines provide only one default value of B0 that had to be applied to both COD and BOD. This is not consistent with the observed differences between BOD and COD levels in raw sewage where COD (ml/l) is 2 to 2.5 higher than BOD (mg/l). Thus, it is good practice to use a default value of 0.25 kg CH4/kg COD or a default value of 0,6 kg CH4/kg BOD. In our case we use B0 as 0,6 kg CH4/kg BOD. 

Methane recovery
In calculating methane emissions, the quantity of methane recovered in sludge treatment in wastewater treatment plants is subtracted from the total methane production. This amount of methane generated in treating technological  wastewaters, which are cleaned in municipal wastewater treatment plants, too. We assumed the quantities of recovered methane remained constant from 1996, although they kept rising in recent years, but we did not have any precise data. 
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Figure 8.2.3: CH4 emissions from municipal wastewater treatment in Gg of CO2 equivalent. 

N2O EMISSIONS

IPCC methodology (1996) assumes that emissions of nitrous oxide from human sewage and the use of that sewage for fertilizing of agricultural land are negligible. For Slovenia, this does not quite hold true since in rural areas sizeable amounts of sewage are used as fertilizer. 
Table 8.2.2: Population, protein consumption and N2O emissions in the period 1986-2003.

	year
	population in 000
	protein in kg/person/year
	N2O in Gg

	1986
	1980,7
	38,0
	0,189

	1987
	1989,5
	37,2
	0,186

	1988
	2000,0
	36,8
	0,185

	1989
	1999,4
	36,8
	0,185

	1990
	1998,1
	38,2
	0,192

	1991
	2001,8
	35,9
	0,181

	1992
	1995,8
	28,8
	0,144

	1993
	1990,6
	32,6
	0,163

	1994
	1988,9
	34,3
	0,172

	1995
	1987,5
	35,5
	0,177

	1996
	1991,2
	37,4
	0,187

	1997
	1986,8
	36,8
	0,184

	1998
	1982,6
	36,2
	0,180

	1999
	1985,6
	39,2
	0,196

	2000
	1990,3
	38,2
	0,191

	2001
	1992,0
	37,4
	0,187

	2002
	1995,7
	37,4
	0,188

	2003
	1995,7
	37,4
	0,188


Calculation of emissions of N2O is based on the number of inhabitants in a certain country as well as average consumption of protein per inhabitant in any individual year. The model presumes 0.16 kg N/kg protein as a default fraction of nitrogen in protein as well as an emission factor of 0.01 kg of N2O-N/kg of consumed nitrogen. 

For emission calculation statistical data on the population and FAO data on the consumption of protein have been used. 

6.2.2.2 Industrial Wastewater

CH4 EMISSIONS

Emissions of methane from industrial wastewater are calculated for the chosen industrial sectors with a large output of wastewater and high content of degradable organic components. In Slovenia, these are in particular the pulp and paper industry, meat processing and leather industry, while minor quantities of organically degradable organic components are produced also by some other sectors. 

Calculation of emissions of methane has been performed according to a procedure similar to that for municipal wastewater.

Firstly, the total output of organic components in wastewater for each individual industry (TOWind) and of sludge for each individual industry (TOSind) has to be determined. 
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W - Quantity of wastewater / unit of product (m3 / unit of product)

O - Production of individual industry in tonnes

Dind - Concentration of organic component in the wastewater for an individual industry 

DSind - Fraction of a degradable organic component removed as sludge 

Further, the emissions are calculated in the same way as for municipal wastewater. 

Table 8.2.3: Quantities of Wastewater per Unit of Product and Concentrations of Organic Components in Wastewater for Selected Industries 

	Industry Type
	Wastewater Produced

(m3/t of product)
	COD Value

(kg COD/m3 wastewater)

	Prod. of Pulp 
	145.5
	2.0

	Prod. of Paper
	37.0
	1.5

	Prod. of Leather
	50.0
	5.8

	Prod. of Fruit, Vegetables
	9.0
	5.0

	Prod. of Milk
	2.8
	1.5

	Prod. of Meat
	11.0
	2.9

	Prod. of Oil
	1.6
	0.3

	Prod. of Starch
	10.0
	21.0

	Prod. of Beer
	6.0
	2.6

	Prod. of Soft Drinks
	4.0
	0.4

	Prod. of Alcoholic. Beverage
	2.6
	4.0


Values W and Dind for an individual industry are estimated on the basis of data from reports on operational monitoring, on the basis of cooperation with representatives of individual industries or theoretical values outlined in guidelines. The table 8.2.3 specify values W and Dind, which are used in subsequent calculations.

The sources of data on production are the publications of the Statistical Office of the Republic of Slovenia (results of research for individual years). A detailed presentation of utilized data is compiled in the research project of the Ministry of the Environment and Physical Planning (Dolenc, Žitko-Štemberger 1999).

Table 8.2.4: Sectors Included in the Calculation of Emissions of Methane from Industrial Wastewater 

	IPCC Classification
	Classification used in Slovenia

	Food & Beverage
	Canneries
	

	
	Beer
	Production of Beer 

	
	Wine
	Production of Wine and Alcoholic Beverages

	
	Meatpacking
	Production, Processing and Preservation of Meat 

	
	Dairy Products
	Processing of Milk and Production of Milk Products 

	
	Sugar
	

	
	Fish Processing
	

	
	Oil & Grease
	Production of Vegetable and Animal Oils and Cooking Fats 

	
	Coffee
	

	
	Soft drinks
	Production and Bottling of Soft Drinks

	
	Other
	Production of Starch; Processing of Fruit and Vegetables

	Pulp and paper
	Paper
	Production of Paper, Cardboard and Pasteboard

	
	Pulp
	Production of Pulp

	
	Other
	Production of Leather and Fur 


Table 8.2.5: Fraction of Wastewater and sludge in Individual Industries Treated 

	
	primary
	secondary
	municipal
	sludge

	Prod. of Pulp 
	0.84
	0.00
	0
	0.40

	Prod. of Paper
	0.84
	0.00
	0
	0.40

	Prod. of Leather
	0.02
	0.98
	0
	1.00

	Prod. of Fruit, Vegetables
	0.20
	0.06
	0.47
	0.73

	Prod. of Milk
	0.28
	0.11
	0,09
	0.48

	Prod. of Meat
	0.46
	0.04
	0
	0.50

	Prod. of Oil
	0.93
	0.00
	0
	0.93

	Prod. of Starch
	0.11
	0.00
	0
	0.11

	Prod. of Beer
	0.26
	0.00
	0
	0.26

	Prod. of Soft Drinks
	0.10
	0.35
	0
	0.45

	Prod. of Alcohol Beverage
	0.10
	0.35
	0
	0.45


For further calculations, the values of the methane conversion factor are required: 

· For primary handling of water or sludge, the value of MCF = 0

· For secondary wastewater handling, the value for MCF ranges from 0.05 to 0.06 

· For treatment in municipal wastewater handling systems, MCF amounts to 0.05 

· The methane conversion factor for methane in sludge handling from treated wastewater amounts to 0.8.

Emissions in the period 1986-2003 mainly follow the trends in the industrial production. The greater part of emissions was contributed by sludge treatment, while wastewaters contributed merely a good percent. 

Table 8.2.6: Methane emissions in 2004 with regard to various industries 
	
	CH4 from water
	CH4 from sludge
	CH4 total 

in Gg
	Share in %

	Prod. of Pulp
	0.000
	1.245
	1.245
	34.00

	Prod. of Paper
	0.000
	1.520
	1.520
	41.51

	Prod. of Leather
	0.029
	0.315
	0.344
	9.38

	Prod. of Fruit, Vegetables
	0.008
	0.117
	0.125
	3.41

	Prod. of Milk
	0.006
	0.062
	0.067
	1.84

	Prod. of Meat
	0.002
	0.240
	0.242
	6.61

	Prod. of Oil
	0.000
	0.001
	0.001
	0.03

	Prod. of Starch
	0.000
	0.009
	0.009
	0.24

	Prod. of Beer
	0.000
	0.087
	0.087
	2.38

	Prod. of Soft Drinks
	0.001
	0.010
	0.011
	0.31

	Prod. of Alcohol. Beverages
	0.001
	0.010
	0.011
	0.30

	Total
	0.046
	3.616
	3.662
	100.00


6.2.3 Uncertainties and time-series consistency

Uncertainty estimates based on expert judgement.

Uncertainty of activity data amounts to 30%.

Uncertainty of emission factor for municipal wastewater amounts to 20%, for industrial to 30%.

6.2.4 Source-specific recalculations

In previous calculations of emissions from wastewater, the default value for maximum methane producing capacity (B0), as stated in 1996 IPCC Guidelines was used, namely 0.25 kg CH4/kg DC, regardless of whether the degradable component of the waste was determined by COD or BOD. The GPG Guidelines from year 2000 suggest applying 0.6 kg CH4/kg BOD or 0.25 kg CH4/kg COD as default value. Since in determining DC for municipal wastewater we used BOD, all emissions for the period 1986-2002 were recalculated. We did not have to do this for industrial wastewater, since in that case we have always used COD and the value for B0 has not changed. 

6.2.5 Source-specific planned improvements

We expect to obtain individual data on methane recovery on wastewater treatment plants until next year, and to prepare an estimate on how to divide this amount into municipal and  technological wastewater.

Moreover, it is our objective to acquire data on the consumption of water per unit of product and the COD value for industry, which makes up for the largest share in terms of emissions from wastewater. We plan to update data on ways of treating industrial wastewaters and on sludge handling. 

7 RECALCULATIONS AND IMPROVEMENTS

In 2003, Slovenia implemented certain improvements in the inventories in accordance with the findings of the in-country review. Major amendments may be expected in the next submission, since the following studies are under way: 

· Fugitive emissions from transport and distribution of natural gas for the period 1986-2004

· Consumption of HFC and SF6 in Slovenia for the period 1986-2004

An internal review process of the inventories has revealed that: 

· there is energy use of landfill gas. Therefore, emissions of GHG were counted under electricity and heat production sector. Slovenia has three sites (Ljubljana, Maribor, Celje) where landfill gas is combusted and transformed into electricity and heat. The first cogeneration plant in Ljubljana was operational in 1999. 

· There is updated data for energy use of biomass available from Statistical Office of the Republic of Slovenia. Slovenia made recalculations in Residential and Commercial/Institutional sector.

7.1 
Explanations and justifications for recalculations

In accordance with IPCC Guidance methodology and available data, the energy use of landfill gas has been included in the inventory. 

New data on the consumption of woody biomass have been acquired from the Statistical Office of the Republic of Slovenia and they are more time-series consistent as the previous estimate of biomass consumption. 

In evaluating process emissions from the cement and steel industry, the country-specific EF has been applied.

In the Agriculture sector, instead of 3-year averages, annual values of the number of animals were used. 

In calculating methane emission from SWDS, we have moved on to a more demanding methodology (FOD) and have at the same time obtained new recovery data for the period 2000-2002. We have applied the correct value for B0 in calculating methane emissions from municipal wastewater.

7.2 
Implications for emission levels

Energy use of landfill gas did not affect base year emissions, however it has had a minor effect on 1999-2003 levels. In 2003, emissions were higher by 12.2 kt of CO2, accounting for 0.06% of total emissions.

Updated activity data for the use of biomass in Residential and Commercial/Institutional sector affected all years and augmented emissions of GHG by 15.5 kt of CO2 equ. (0.07% of total GHG emissions)

The influence of recalculations from industrial processes on total emissions is negligible. 

Recalculations in agriculture have caused the base year to be decreased by about 200 Gg CO2 eq. or 1%. For other years, the influence of reduction was less distinct, except for 1991, when it reached 1.5%.

Recalculations have had the greatest effect on the total emissions in the Waste sector. For the base year, emissions were lower by 1.5%, then kept decreasing further all the way to 1995, when they reached –2.2%, whereas in the subsequent years the reduction was less pronounced. 

7.3 Implications for emission trends

Recalculations have had only a slight influence on the trend, which rose from –1.1% to -0.7%. 

The change in the trend was mostly brought about by the alterations in Agriculture, and to some extent also in Energy. Other changes have not had a perceivable effect on the trend. 
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CH4 emitted (Gg/yr) = [CH4 generated – R] . (1 – OX)            (2)





CH4 generated in year t (Gg/yr) =Σx [(A·k·MSW(x) ·LO(x)) ·e –k(t-x) ]             (1)





for x = initial year to t








� Other sectors represent emissions that are caused by fuel combustion in households, commercial sector, services and agriculture. 
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