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Executive Summary

EXECUTIVE SUMMARY

ES.1 Greenhouse gas inventories and climate change

The present report, prepared by the National Observatory of Athens (NOA) for the Ministry for Environment, Physical Planning and Public Works, contains estimates of GHG emissions for Greece for the years 1990-2002. The methodologies applied for the estimation of GHG emissions are discussed and the activity data and emissions factors used are presented.

International framework and national commitments

In response to the emerging evidence that climate change could have a major global impact, the United Nations Framework Convention on Climate Change (henceforth the Convention) was adopted on 9 May 1992 and was opened for signature in Rio de Janeiro in June 1992. Greece signed the Convention in Rio and ratified it in 1994 (Law 2205/94).

The ultimate objective of the Convention is the stabilisation of greenhouse gas concentrations in the atmosphere at a level that would prevent dangerous anthropogenic interference with the climate system.

In that framework, the third meeting of the Conference of the Parties (COP) to the Convention, held in Kyoto (1-11 December 1997), finalised the negotiations related to the establishment of a legal instrument; the Kyoto Protocol on Climate Change (henceforth the Protocol). The Protocol provides a foundation upon which future action can be intensified.

The Protocol introduced legally binding commitments for developed countries to reduce, individually or jointly, emissions of 6 greenhouse gases (CO2, CH4, N2O, HFCs, PFCs and SF6) by more than 5% in the period 2008 to 2012, below their 1990 level. The EU and its Associated Counties agreed to a -8% reduction, US to -7%, Japan to -6% while other countries such as Russia and Australia had to stabilize their emissions at 1990 levels.

As far as the EU target under the Protocol is concerned - reduction of emissions at 8% for the period 2008-2012 - the EU has stated that this will be achieved jointly by all its Member-States, under the provisions of Article 4 of the Protocol. The burden sharing agreement (Table 1.1) for all Member States, involved in this joint achievement, was finalised during the Environmental Council in June 1998. According to this agreement, Greece was committed to limit its GHG emissions increase for the period 2008 – 2012 at +25% compared to base year emissions (1990 for CO2, CH4 and N2O emissions – 1995 for F - gases). Greece ratified the Protocol in 2002 (Law 3017/2002) and has adopted a national programme for achieving the above-mentioned commitment.

Greenhouse gas emissions inventories

Annual inventories of greenhouse and other gases emissions are an essential element in the environmental policy making process of any country. They can be used to derive information on emissions trends, with reference to a pre-selected base year, and can assist in the monitoring process of existing abatement measures for the reduction of greenhouse gases emissions.

Reporting requirements and guidelines under the Convention are defined by relevant decisions of the Conference of the Parties (Decisions 3/CP.5 and 18/CP.8). In order to ensure transparency, consistency, comparability, completeness and accuracy in national greenhouse gas emissions inventories the use of (a) the "Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories" (henceforth IPCC Guidelines) and (b) the IPCC "Good Practice Guidance and Uncertainty Management in National Greenhouse Gas Inventories" (henceforth IPCC Good Practice Guidance) was adopted. However, it should be mentioned that Parties are encouraged to apply country specific methodologies given that compliance with the above-mentioned references can be proven.

Institutional arrangements for inventory preparation

In article 5, paragraph 1 of the Kyoto Protocol, it is specified that "Each Party included in Annex I shall have in place, no later than one year prior to the start of the first commitment period, a national system for the estimation of anthropogenic emissions by sources and removals by sinks of all greenhouse gases not controlled by the Montreal Protocol" A national system includes all institutional, legal and procedural arrangements made within a Party included in Annex I of the Convention (that is also a Party to the Protocol) for estimating anthropogenic emissions by sources and removals by sinks of all greenhouse gases not controlled by the Montreal Protocol, and for reporting and archiving inventory information. 

The Ministry for the Environment, Physical Planning and Public Works (MEPPPW) is the main governmental body responsible for the development and implementation of environmental policy in Greece, as well as for the provision of information concerning the state of the environment in Greece in compliance with relevant requirements defined in international conventions, protocols and agreements.

National Observatory of Athens (NOA) has been designated as the national institution that has the overall technical responsibility for the compilation of the annual national inventory. In this framework, NOA is responsible for the choice of methodologies, data collection (activity data and emission factors, provided by statistical services and other organizations), data processing and archiving, as well as the implementation of general quality control procedures.

The compilation of the inventory is completed in three basic stages (Figure 1.1). The first stage consists of data collection and processing per source/sink category. The main data sources used are the National Statistical Service of Greece (NSSG), the involved government agencies and large private enterprises. Once the reliability of the data is assessed, emissions/removals per source/sink category are estimated. Emissions estimates are then transformed to the format required by the CRFs (Stage 2). This stage also includes the evaluation of the emission factors used and the assessment of the consistency of the methodologies applied in relation to the provisions of the IPCC Good Practice Guidance. The last stage involves the internal (i.e. within NOA) check of CRF tables and the compilation of the NIR, which is then commented by the involved ministries and government agencies. On the basis of these comments, the final report is finalised and then it is submitted, by the MEPPPW, to the European Commission and to the Secretariat of the Convention. 

ES.2 Emissions trends for aggregated greenhouse gas emissions 

The GHG emissions trends (CO2, CH4, N2O, HFCs, PFCs and SF6) for the period 1990 - 2002 are presented in Table ES.1 (in Mt CO2 eq). It is noted that according to the IPCC Guidelines, emissions estimates for international marine and aviation bunkers are not included in the national totals, but reported separately as memo items.

Table ES.1
Total GHG emissions in Greece (in Mt CO2 eq) for the period 1990-2002

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002 1)

	CO2 with LUCF
	84.29
	83.43
	86.75
	86.20
	87.93
	86.30
	88.97
	93.23
	101.12
	97.61
	107.60
	104.21
	103.61

	CO2 without LUCF
	82.82
	82.84
	84.44
	84.54
	86.43
	86.71
	89.04
	93.64
	98.29
	97.59
	103.43
	105.51
	105.50

	CH4
	8.99
	8.93
	9.26
	9.36
	9.61
	9.73
	10.07
	10.19
	10.81
	10.84
	11.41
	11.21
	11.44

	N2O
	14.14
	13.89
	13.63
	13.27
	13.41
	12.86
	13.44
	13.88
	13.90
	13.66
	14.49
	13.99
	13.96

	HFCs
	0.94
	1.11
	0.91
	1.64
	2.21
	3.37
	3.92
	4.19
	4.05
	4.16
	4.28
	3.84
	4.00

	PFCs
	0.26
	0.26
	0.25
	0.15
	0.09
	0.08
	0.07
	0.17
	0.20
	0.13
	0.15
	0.09
	0.09

	SF6
	ΝΕ 5)
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ

	Total 2)
	108.62
	107.62
	110.79
	110.62
	113.25
	112.35
	116.46
	121.66
	130.09
	126.39
	137.94
	133.35
	133.10

	Index (1990 = 100)
	
	
	
	
	
	
	
	
	
	
	
	
	

	CO2 (with LUCF)
	100.0
	99.0
	102.9
	102.3
	104.3
	102.4
	105.5
	110.6
	120.0
	115.8
	127.7
	123.6
	122.9

	CH4
	100.0
	99.3
	102.9
	104.0
	106.9
	108.2
	111.9
	113.3
	120.2
	120.5
	126.9
	124.6
	127.2

	N2O
	100.0
	98.2
	96.3
	93.8
	94.8
	91.0
	95.0
	98.1
	98.3
	96.5
	102.5
	98.9
	98.7

	Index (Total of 3 gases)
	100
	98.9
	102.0
	101.3
	103.3
	101.4
	104.7
	109.2
	117.1
	113.7
	124.3
	120.5
	120.1

	Index (1995 = 100)
	
	
	
	
	
	
	
	
	
	
	
	
	

	HFCs
	27.8
	32.9
	27.0
	48.6
	65.6
	100
	116.2
	124.5
	120.3
	123.4
	127.1
	114.1
	118.7

	PFCs
	310.5
	310.4
	304.1
	183.9
	112.8
	100
	86.5
	199.0
	245.6
	158.8
	178.9
	110.1
	106.5

	SF6
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ

	Index (Total of 3 gases)
	34.6
	39.5
	33.6
	51.9
	66.7
	100
	115.5
	126.3
	123.3
	124.2
	128.3
	114.0
	118.4

	Index (Base year emissions = 100) 3)
	
	
	
	
	
	
	
	
	
	
	
	

	Index (Total of 6 gases)
	98.0
	97.1
	99.9
	99.8
	102.1
	101.3
	105.0
	109.7
	117.3
	114.0
	124.4
	120.3
	120.0


	International bunkers 
	10.58
	9.62
	10.80
	12.91
	13.38
	13.99
	12.54
	12.47
	13.74
	12.23
	13.99
	13.37
	12.24

	Index (1990 = 100)
	100
	90.9
	102.0
	122.0
	126.4
	132.2
	118.5
	117.8
	129.8
	115.6
	132.1
	126.4
	115.6


1)  Results for 2002 are provisional

2)   LUCF emissions are not included 

3)  Base year emissions (1990 for CO2, CH4, N2O and 1995 for F-gases) 110,9 Mt CO2 eq

4)  Emissions from international bankers are not included in national totals.

5) ΝΕ: Not estimated.

Base year GHG emissions for Greece (1990 for CO2, CH4, Ν2Ο - 1995 for F-gases) were estimated at 110.9 Mt CO2 eq. including Land Use Change and Forestry. In 2002 GHG emissions (LUCF emissions included) amounted to 133.1 Mt CO2 eq. showing an increase of 20% compared to the base year emissions.

Carbon dioxide emissions accounted for 78% of total GHG emissions in 2002 and increased by approximately 23% from 1990. Nitrous oxide emissions accounted for 10% of total GHG emissions in 2002 and slightly decreased by 1.3% from 1990, while methane emissions that accounted for 9% of the total GHG emissions in 2002, increased by 27.2% from 1990. Finally, F-gases emissions that accounted for 3% of total GHG emissions, increased by 18.4% from 1995 (base year for F-gases). 

According to information provided by the Public Power Corporation (PPC), fugitive emissions of SF6 have not exceeded the sum of 10 kg (0.23 kt CO2 eq) for the last 20 years. However, since no background data were provided, the relevant emissions are reported as NE (Not estimated) in Table ES.1.   

ES.3 Emissions trends by sector

GHG emissions trends by sector for the period 1990 - 2002 are presented in Table ES.2.

Table ES.2.
Total GHG emissions (in Mt CO2 eq) by IPCC sector for the years 1990-2002

	Emissions (Mt CO2 eq)
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002 1)

	Energy 
	80.99
	81.03
	82.92
	82.87
	84.85
	84.61
	87.21
	91.79
	96.77
	96.03
	101.59
	103.83
	103.88

	Industrial processes
	8.08
	8.17
	7.96
	8.56
	9.09
	10.77
	11.47
	11.90
	11.68
	11.70
	12.48
	11.99
	12.19

	Solvents and other products use
	0.170
	0.176
	0.172
	0.169
	0.162
	0.153
	0.151
	0.152
	0.151
	0.159
	0.145
	0.155
	0.155

	Agriculture
	13.59
	13.39
	12.83
	12.69
	12.78
	12.28
	12.60
	12.99
	12.87
	12.77
	13.31
	12.73
	12.72

	Land use change and forestry
	1.61
	0.64
	2.52
	1.83
	1.64
	-0.34
	-0.01
	-0.34
	3.19
	0.07
	4.59
	-1.23
	-1.88

	Waste
	4.18
	4.21
	4.38
	4.51
	4.73
	4.88
	5.04
	5.17
	5.43
	5.68
	5.83
	5.87
	6.04

	Total 2)
	107.02
	106.98
	108.27
	108.79
	111.61
	112.70
	116.47
	122.01
	126.89
	126.33
	133.35
	134.58
	134.98

	Index per sector
	
	
	
	
	
	
	
	
	
	
	
	
	

	Energy 
	100
	100.0
	102.4
	102.3
	104.8
	104.5
	107.7
	113.3
	119.5
	118.6
	125.4
	128.2
	128.3

	Industrial processes
	100
	101.1
	98.5
	105.9
	112.4
	133.3
	141.9
	147.2
	144.4
	144.7
	154.4
	148.4
	150.8

	Solvents and other products use
	100
	103.2
	101.2
	99.4
	95.2
	90.0
	88.5
	89.1
	88.7
	93.3
	85.2
	90.7
	91.1

	Agriculture
	100
	98.5
	94.4
	93.3
	94.0
	90.3
	92.7
	95.6
	94.7
	93.9
	97.9
	93.7
	93.6

	Land use change and forestry
	100
	100.8
	104.7
	107.9
	113.2
	116.7
	120.5
	123.7
	129.9
	135.8
	139.4
	140.4
	144.4

	Index (Total of 5 sectors)3)
	100
	100.0
	101.2
	101.7
	104.3
	105.3
	108.8
	114.0
	118.6
	118.0
	124.6
	125.8
	126.1


1)  The results for 2002 are provisional.

2)  LUCF emissions are not included in national totals.
3  LUCF emissions are not included. 
· Emissions from the energy sector in 2002 (Figure 2.1) accounted for 77% of total GHG emissions (LUCF excluded) and increased by 28.3% compared to 1990 levels. This increase was mainly due to the increase of emissions from transport and electricity production (the latter being affected by the high electricity demand from the residential and tertiary sectors). 

· Emissions from Industrial processes accounted for 9% of the total emissions and increased by 50.8% compared to 1990 levels due to the increasing production of cement, lime and HCFC-22. 

· The contribution of the Solvent and other products use sector to total GHG emissions is minor, (0.1% of the total emissions) and decreased slightly since 1990.

· Emissions from Agricultural sector accounted for 9.4% of the total emissions and decreased by approximately 6.4% in 2002 compared to 1990 levels. 

· Finally, emissions from Waste sector (4.5% of the total emissions, LUCF excluded), increased by approximately 43% from 1990, as a result of the increasing number of sanitary landfills for solid waste disposal.

ES.4 Emissions trends for indirect greenhouse gases and SO2
The role of carbon monoxide (CO), nitrogen oxides (NOx) and non-methane organic volatile compounds (NMVOCs) is important for climate change as they act as precursors of tropospheric ozone. In this role, they contribute to ozone formation and alter the atmospheric lifetimes of other greenhouse gases. For example, CO interacts with the hydroxyl radical (OH), the major atmospheric sink for methane, to form carbon dioxide. Therefore, increased atmospheric concentration of CO limits the number of OH compounds available to destroy methane, thus increasing the atmospheric lifetime of methane. 

These gases are generated through a variety of anthropogenic activities, including fossil fuel combustion, solid waste incineration, oil and gas production and processing, industrial processes and solvent use and agricultural crop waste burning.

· NOx emissions increased by 10.3% from 1990 to 2002, due to the increased energy consumption in the residential sector. The decrease in NOx emissions from transport is attributed to the substitution of aged vehicles for new catalytic ones. Emissions from industrial processes have decreased due to reductions in industrial production. 

· The main source of CO emissions is the transport sector. Due to the substitution of aged vehicles for new and more efficient ones, CO emissions from transport decreased by 13.8% from 1990 to 2002 and as a result total CO emissions from the energy sector in 2002 are lower than the respective emissions in 1990, despite of the increase observed in the other energy activities. Emissions from industrial processes decreased due to reductions in industrial production.  

· NMVOCs emissions increased by 4% from 1990 to 2002, due to the increased contribution of the transport sector. Emissions from industrial processes and solvents use decreased due to reductions in industrial production. 

· SO2 emissions increased by 3.6% from 1990 to 2002. Emissions from electricity generation in 2002, which is the main source of SO2 emissions in Greece, increased only by 2.8% compared to 1990, as a result of the operation of a new desulphurisation plant. Improvements in relation to the sulphur content of fuels have a positive effect in the restriction of the increase of SO2 emissions from the rest of the energy sector. Emissions from industrial processes decreased due to reductions in industrial production.
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1. Introduction

1.1 Greenhouse gas inventories and climate change

The impact of all human activities on the climate of earth has been recognized as the greatest global environmental challenge involving the whole international community. The mitigation of the effects of this problem requires responses from governments, economic sectors and all societal actors working together.

Naturally occurring greenhouse gases (GHG) include water vapour, carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O) and ozone (O3). In the last few years, a new category of greenhouse gases has emerged that includes hydrofluorocarbons (HFCs), perfluorocarbons (PFCs) and sulphur hexafluoride (SF6). These gases are man-made and are mainly used in a number of industrial activities in replacement of CFCs. Other naturally occurring gases, which do not contribute directly to the greenhouse effect, are carbon monoxide (CO), oxides of nitrogen (NOx), non-methane volatile organic compounds (NMVOCs) and sulphur dioxide (SO2).

1.1.1 International framework and national commitments 

United Nations Framework Convention on Climate Change

In response to the emerging evidence that climate change could have a major global impact, the United Nations Framework Convention on Climate Change (henceforth the Convention) was adopted on 9 May 1992 and was opened for signature in Rio de Janeiro in June 1992. Greece signed the Convention in Rio and ratified it in 1994 (Law 2205/94).

The ultimate objective of the Convention is the stabilisation of greenhouse gas concentrations in the atmosphere at a level that would prevent dangerous anthropogenic interference with the climate system. The Convention recognizes that the developed countries should take the lead in combating climate change and calls these countries to:

· Adopt policies and measures to mitigate climate change.

· Return, individually or jointly, to 1990 levels of carbon dioxide and other greenhouse gas by the year 2000

· Provide technology transfer and financial resources to help developing counties so as to confront climate change impacts and to develop, ensuring at the same time the environmental protection through the restraint of GHG emissions.

Kyoto Protocol

The third meeting of the Conference of the Parties (COP) to the Convention, held in Kyoto (1-11 December 1997), finalised the negotiations related to the establishment of a legal instrument; the Kyoto Protocol on Climate Change (henceforth the Protocol). The Protocol provides a foundation upon which future action can be intensified. It establishes, for the first time, legally binding targets for the reduction of greenhouse gas emissions and it also confirms the capacity of the international community to cooperate in action to deal with a major global environmental problem.

The Protocol introduced legally binding commitments for developed countries to reduce, individually or jointly, emissions of 6 greenhouse gases (CO2, CH4, N2O, HFCs, PFCs and SF6) by more than 5% in the period 2008 to 2012, below their 1990 level. The EU and its Associated Counties agreed to a -8% reduction, US to -7%, Japan to -6% while other countries such as Russia and Australia had to stabilize their emissions at 1990 levels.

For the achievement of these targets, the Protocol provides for the use of the following:

· Adoption of national policies and measures,

· Establishment of an emissions trading regime,

· Establishment of a joint implementation,

· Establishment of a clean development mechanism and

· Protection and promotion of sinks to enhance CO2 removals.

National commitments

Within the framework of the Convention, the Greek government, after taking into consideration both economic and social parameters, agreed that a realistic target for Greece was the restriction of the overall increase of carbon dioxide to 15% ± 3% by 2000 compared to 1990 levels. The measures to be taken in order to achieve this restriction in the CO2 emissions were described in the Greek National Action Plan for the abatement of CO2 and other gases emissions (MEPPPW / NTUA 1995). 

With respect to the EU target under the Kyoto Protocol (i.e. reduction of emissions at 8% for the period 2008-2012), EU has stated that this will be achieved jointly by EU Member-States under the provisions of Article 4 of the Protocol. The Burden-Sharing agreement between all Member States was finalised during the Environmental Council in June 1998. According to this agreement (Table 1.1), Greece was committed to limit its GHG emissions increase for the period 2008 – 2012 to +25% compared to base year emissions (1990 for CO2, CH4 and N2O emissions – 1995 for F - gases). Greece ratified the Protocol in 2002 (Law 3017/2002) and adopted a National Programme for achieving the above-mentioned commitment (MEPPPW / NOA 2002).

Table 1.1
Commitments of EU Member States of the for the reduction of the emissions of 6 greenhouse gases in the period 2008-2012 compared to 1990 levels

	PT
	Portugal
	28.0%

	GR
	Greece
	25.0%

	SP
	Spain
	15.0%

	IR
	Ireland
	14.0%

	SW
	Sweden
	5.0%

	FR
	France
	0.0%

	FS
	Finland
	0.0%

	NL
	The Netherlands
	-6.0%

	IT
	Italy
	-6.5%

	BE
	Belgium
	-7.0%

	UK
	United Kingdom
	-12.5%

	AU
	Austria
	-13.0%

	GE
	Germany
	-21.5%

	DK
	Denmark
	-21.5%

	LU
	Luxembourg
	-28.0%


1.1.2 Greenhouse gas emissions inventories

Annual inventories of greenhouse and other gases emissions form an essential element of each national environmental policy-making process. They can be used to derive information on emissions trends, with reference to a pre-selected base year, and can assist in the monitoring process of existing abatement measures for the reduction of greenhouse gases emissions.

According to Article 4 of the Convention, Annex I countries have the obligation to submit national inventories of GHG emissions and removals. At COP2, the annual submission of inventories was decided (Decision 9/CP.2), while the use of the "Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories" (henceforth IPCC Guidelines) was adopted with Decision 2/CP.3. In order to enhance the transparency of the submitted GHG inventories and improve comparability across sectors and different countries, the use of Common Reporting Format (CRF) tables for the submission of the emissions/removals estimates per source/sink category was adopted at COP5 (Decision 3/CP.5).  

At the 12th session of the Subsidiary Body for Scientific and Technological Advice (SBSTA), the use of the IPCC "Good Practice Guidance and Uncertainty Management in National Greenhouse Gas Inventories" (henceforth IPCC Good Practice Guidance) for inventories due in 2003 and beyond was decided. The IPCC Good Practice Guidance is considered as an elaboration of the IPCC Guidelines. 

Finally, new reporting guidelines, together with a structure of the National Inventory Report (NIR) were adopted at COP8 (Decision 18/CP.8) for use in reporting annual inventories due in 2004 and beyond. Overall annual national inventories submissions include the submission of both the Common Reporting Format tables and the National Inventory Report by the 15th of April. 

Greece, as an Annex I signatory Party to the Convention, has to comply with the above-mentioned reporting requirements. Parallel commitments also exist under the European Council Decision 1993/389/EEC for a Monitoring Mechanism of Community CO2 and other Greenhouse Gas Emissions as amended by Council Decision 1999/296/EC.

With the present report, prepared by the National Observatory of Athens (NOA) for the Ministry for Environment, Physical Planning and Public Works (MEPPPW), which contains estimates of GHG emissions for Greece for the years 1990-2002, the above obligations are accomplished. 

1.1.3 Structure of the report

The NIR consists of 9 chapters and 6 annexes. The present chapter (Chapter 1) continues with (a) a presentation of the institutional, legal and procedural arrangements for inventory planning and preparation, (b) a brief description of basic methodological issues and (c) an overview of the completeness of the inventory. 

Emissions trends (including other gases) per gas and per sector for the period 1990  – 2002 are discussed in Chapter 2, while comprehensive information regarding methodologies used for the estimation of GHG emissions per source category are presented in Chapters 3 – 8. Finally, Chapter 9 gives an overview of the recalculations made since 2003 submission and the future improvements planned. 

In Annex I the methodology for the determination of key source categories is described, while in Annexes II and III the methodology of carbon dioxide emissions estimate from the energy sector is discussed (sectoral and reference approach respectively). The calculations made for the assessment of uncertainty are presented in Annex IV, while Annex V provides information with regard to the emissions of oxides of nitrogen, carbon monoxide, non-methane volatile organic compounds and sulphur dioxide per sector. 

1.2 Institutional arrangements for inventory preparation

In article 5, paragraph 1 of the Kyoto Protocol, it is specified that "Each Party included in Annex I shall have in place, no later than one year prior to the start of the first commitment period, a national system for the estimation of anthropogenic emissions by sources and removals by sinks of all greenhouse gases not controlled by the Montreal Protocol" A national system includes all institutional, legal and procedural arrangements made within a Party included in Annex I of the Convention (that is also a Party to the Protocol) for estimating anthropogenic emissions by sources and removals by sinks of all greenhouse gases not controlled by the Montreal Protocol, and for reporting and archiving inventory information. 

The Ministry for the Environment, Physical Planning and Public Works (MEPPPW) is the governmental body responsible for the development and implementation of environmental policy in Greece, as well as for the provision of information concerning the state of the environment in Greece in compliance with relevant requirements defined in international conventions, protocols and agreements. 

In this framework and with a view to have in place the National System foreseen in the Protocol, the MEPPPW responded with the following actions:

1. National Observatory of Athens (NOA) has been designated as the national institution that has the overall technical responsibility for the compilation of the annual national inventory. In this framework, NOA is responsible for the choice of methodologies, data collection (activity data and emission factors, provided by statistical services and other organizations), data processing and archiving, as well as the implementation of general quality control procedures. 

2. A committee has been set up within the MEPPPW, aiming at the monitoring of the inventory preparation/compilation process so as to officially consider and approve the GHG inventory prior to its submission the Secretariat of the Convention and ensure its timely submission. 

3. Establishment of procedures for providing responses to any issues raised by the inventory review process. 

4. NOA, in collaboration with the MEPPPW, has the responsibility to develop an inventory Quality Assurance (QA) / Quality Control (QC) plan, in accordance with the provisions of the IPCC Good Practice Guidance. 

Finally, an official specification of the roles of and the co-operation between government agencies and other entities involved in the preparation of annual inventory has not been defined yet.

1.3 GHG emissions inventory preparation process

The preparation of the Greek GHG emissions inventory is largely based on the application of the CORINAIR (CORINe AIR emissions inventory) methodology. This methodology was developed within the framework of the CORINE work programme, which was established by the European Environment Council on 27 June 1985 (Decision 85/338/EEC). The objective of the program was the collection, maintenance and management of information regarding the state of the environment in the European Community in a way that would ensure of the validity and comparability of the information provided. 

At the present level of development, CORINAIR supports the calculation of emissions (not only of the 6 greenhouse gases) from 11 main categories (SNAP level 1). These categories are further disaggregated into sectors (SNAP level 2) and different activities are defined within each sector (SNAP level 3). The correspondence of CORINAIR activities with the IPCC source/sink categories is described in the CORINAIR handbook (EEA 2001). 

The compilation of the inventory is completed in three basic stages (Figure 1.1). The first stage consists of data collection and processing per source/sink category. The main data sources used are the National Statistical Service of Greece (NSSG), the involved government agencies and large private enterprises. Once the reliability of the data is assessed, emissions/removals per source/sink category are estimated. Emissions estimates are then transformed to the format required by the CRFs (Stage 2). This stage also includes the evaluation of the emission factors used and the assessment of the consistency of the methodologies applied in relation to the provisions of the IPCC Good Practice Guidance. The last stage involves the internal (i.e. within NOA) check of CRF tables and the compilation of the NIR, which is then commented by the involved government agencies. On the basis of these comments, the final report is finalised and then it is submitted, by the MEPPPW, to the European Commission and to the Secretariat of the Convention. 

The information that is related to the annual GHG emissions inventory (activity data, emission factors, analytic results, compilation in the required analysis level of the CRF tables) is stored in MS Excel spreadsheets. Moreover, the final results (NIR and CRF tables) are available in the NOA Internet site (www.climate.noa.gr).
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Figure 1.1
GHG emissions inventory preparation process in Greece

1.4 Methodology and data sources 

1.4.1 Emission factors

For the estimation of the emitted carbon from the combustion of fossil fuels, the IPCC suggests the use of two methodologies:

5. A sectoral approach that requires the actual consumption of fossil fuels in all activity sectors and 

6. A reference approach that requires a complete survey of the production of primary fuels, and imports, exports and stock change of both primary and secondary fuels.

In both cases the determination of the basic characteristics of the fuels used is required. These characteristics refer to the net calorific value of the fuel, the carbon content, the carbon stored in products in cases of non-energy use of fuels and the fraction of carbon oxidised. The values used for the above-mentioned parameters are those suggested by IPCC (see Chapter 3) taking into consideration national circumstances for the case of lignite where the values used are provided by the Ministry for development (MD) and the Public Power Corporation (PPC).

The CO2 estimates presented in this report result from the use of a bottom-up approach, based largely on the CORINAIR programme methodology. Although, theoretically the two methods should give exactly the same results, in practice there are differences. These differences are presented and explained in Chapter 3.6, while a detailed description of the reference approach is presented in Annex III.

Carbon dioxide emissions from the use of biomass as a fuel have been excluded from the national totals, in accordance with the IPCC Guidelines. Similarly, emissions from international aviation and marine bunkers have also been excluded from the national total and are reported separately.

The emissions of other gases have been estimated by the use of reference emission factors, provided by the IPCC Guidelines, the IPCC Good Practice Guidance and the CORINAIR methodology. Special attention was paid in selecting the emission factors from the above-mentioned methodological resources that better describe practices in Greece. In a limited number of cases, specific emission factors that arise from measurements or estimations for particular sources were used. 

Emissions estimates from road transport presented in this inventory derive from the implementation of the COPERT III model, developed for the Commission of the European Communities in the framework of the CORINAIR methodology.

1.4.2 Activity data

The compilation of a greenhouse and other gases inventory relies heavily on the availability of a wide range of data, covering a number of different human activities. The activity data used for the compilation of this inventory and presented in this report were mainly obtained from published official reports and bulletins of the National Statistical Service of Greece (NSSG) and statistical agencies of involved ministries. Where possible, statistical data were cross-referenced among different sources (e.g. fuel consumption was obtained from both the Ministry for Development and from the energy statistics of International Energy Agency).

In Greece, the MD is responsible for reporting and maintaining annual statistical data for energy consumption and production. The MD publishes annually such data at national level and is also responsible to provide these data to international organizations such as the International Energy Agency (IEA), the European Statistical Service EUROSTAT etc. 

The compilation of the present inventory for the energy sector is based on the IEA energy statistics and the annual energy balance sheets developed by the MD. Additionally, for the transport sector, data referring to the number of vehicles and the technological characteristics of the car-fleet are provided by the Greek Car Importers Association, the Ministry for Transport and Telecommunications and the National Statistical Service of Greece. 

The National Statistical Service of Greece and the Ministry for the Environment, Physical Planning and Public Works provide the necessary activity data for the other source categories. The main sources of activity data are summarized in Table 1.2.
Table 1.2
Main data sources per IPCC sector

	SECTOR
	STATISTICAL DATA
	DATA SOURCES


	1.Α1
	Electricity generation
	Fuel consumption
	· Public Power Corporation 

· Ministry for Development
· International Energy Agency

	1.Α2
	Manufacturing industry and construction
	Fuel consumption
	· Ministry for Development
· International Energy Agency

	1.Α3
	Transport
	Number of vehicles
	· Association of Greek Auto Importers

· Ministry for Transport 

· National Statistical Service of Greece

	
	
	Aircraft landing and take off cycles
	· Civil Aviation Authority

	1.Α4
	Residential – Tertiary sector / Agriculture
	Fuel consumption
	· Ministry for Development
· International Energy Agency

	1.Β
	Fugitive emissions from fuels
	Amount of fuels 
	· Ministry for Development
· International Energy Agency

	2
	Industrial processes
	Industrial production
	· National Statistical Service of Greece.
· Industrial units


	3
	Solvents and other products use
	Amount of solvents/other products use
	· Ministry for the Environment, Physical Planning and Public Works

	4
	Agriculture
	Cultivated areas

Agricultural production

Livestock population
	· National Statistical Service of Greece
· Ministry for Agriculture

	
	
	Fertilizer use
	· Production data derived from Greek industries 

	5
	Land use change and forestry
	Forest area

Forest fires 
	· Ministry for Agriculture
· General Directorate for the Forests and the Natural Environment

	6
	Waste
	Quantities and composition of solid waste generated

Recycling

Population

Industrial production
	· Ministry for the Environment, Physical Planning and Public Works

· National Statistical Service of Greece


1.4.3 Global Warming Potential

Emissions from anthropogenic activities affect the concentration and distribution of greenhouse gases in the atmosphere. These changes can potentially produce a radiative forcing of the Earth’s surface and lower atmosphere, by changing either the reflection or absorption of solar radiation or the emissions and absorption of long-wave radiation. 

A simple measure of the relative radiative effects of the emissions of various greenhouse gases is the Global Warming Potential (GWP) index. This index is defined as the cumulative radiative forcing between the present and some chosen time-horizon caused by a unit mass of gas emitted now, expressed relative to that for some reference gas. The values for GWP for some of the most potent greenhouse gases are given in Table 1.3. 

Corresponding values of GWP for other gases (NOx, CO, NMVOCs) are not given by the IPCC (neither by other source for this aim), since at present it is impossible to calculate the indirect results of these gases, as the scientific knowledge on their chemical reactions taking place in the atmosphere is not sufficient.

Table 1.3
Global Warming Potential (in kg of CO2equivalent) for the 100-year horizon

	Gas
	GWP

	
	

	Carbon dioxide (CO2)
	1

	Methane (CH4)
	21

	Nitrous oxide (N2O)
	310

	Hydrofluorocarbons (HFCs)
	

	HFC-23
	11700

	HFC-125
	2800

	HFC-134a
	1300

	HFC-143a
	3800

	HFC-152a
	140

	HFC-227ea
	2900

	HFC-236fa
	6300

	HFC-4310mee
	1300

	Perfluorocarbons (PFCs)
	

	CF4
	6500

	C2F6
	9200

	C4F10
	7000

	C6F14
	7400

	SF6
	23900


1.5 Key sources

The IPCC Good Practice Guidance defines procedures (in the form of decision trees) for the choice of estimation methods within the context of the IPCC Guidelines. Decision trees formalize the choice of the estimation method most suited to national circumstances considering at the same time the need for accuracy and the available resources (both financial and human). Generally, inventory uncertainty is lower when emissions are estimated using the most rigorous methods, but due to finite resources, this may not be feasible for every source category. Therefore it is good practice to identify those source categories (key source categories) that have the greatest contribution to overall inventory uncertainty in order to make the most efficient use of available resources.

In that context, a "key source category" is one that is prioritised within the national inventory system because its estimate has a significant influence on a country’s total inventory of direct greenhouse gases in terms of the absolute level of emissions (level assessment) or/and to the trend of emissions (trend assessment). As far as possible, key source categories should receive special consideration in terms of two important inventory aspects. 

7. The use of source category-specific good practice methods is preferable, unless resources are unavailable. 

8. The key source categories should receive additional attention with respect to quality assurance (QA) and quality control (QC).

The determination of the key source categories for the Greek inventory system is based on the application of the Tier 1 methodology (see Annex I for an analytic presentation of calculations) described in the IPCC Good Practice Guidance, adopting the categorization of sources that is presented in table 7.1 of the IPCC Good Practice Guidance. 

Tier 1 methodology for the identification of key source categories assesses the impacts of various source categories on the level and the trend of the national emissions inventory. Key source categories are those which, when summed together in descending order of magnitude, add up to over 95% of total emissions (level assessment) or the trend of the inventory in absolute terms.

It should be mentioned that:

· Source category uncertainty estimates are not taken into consideration. 

· The contribution of various sources in total national emissions was examined only for the year 2002. 

· Base year estimates were calculated considering 1990 as base year for carbon dioxide, methane and nitrous oxide and 1995 for F - gases.   
For the Greek inventory system, the source categories that are considered as key source categories  (Table 1.4) are those that contribute up to 95% of  

· total emissions (level assessment) and the observed trend (trend assessment), or 

· total emissions (level assessment only). 

Road transport (N2O emissions) and Consumption of halocarbons and SF6 (HFCs emissions) represent the only exceptions to the above mentioned rule, as they are identified as key source categories only by trend assessment. Considering, however, that high rates of emissions increase are expected to continue in the future, resulting in significant contribution to the total GHG emissions, they are also identified as key source categories.  

Nine key sources are found in the energy sector, being responsible for 75% of total GHG emissions in 2002 (excluding Land Use Change and Forestry).

Table 1.4
Key source categories for the Greek inventory system

	IPCC source categories
	Gas
	Criteria

	Energy
	
	

	Stationary combustion - Solid fuels
	CO2
	Level, Trend

	Stationary combustion - Solid fuels
	N2O
	Level, Trend

	Stationary combustion - Liquid fuels
	CO2
	Level, Trend

	Stationary combustion - Liquid fuels
	N2O
	Level, Trend

	Stationary combustion - Gas
	CO2
	Level, Trend

	Mobile combustion - Road vehicles
	CO2
	Level, Trend

	Mobile combustion - Road vehicles
	N2O
	Trend

	Mobile combustion - Navigation
	CO2
	Level, Trend

	Coal mining and handling
	CH4
	Level, Trend

	Industrial processes 
	
	

	Cement production
	CO2
	Level, Trend

	HCFC-22 manufacture
	HFC-23
	Level, Trend

	Substitutes for ODS
	F-gases
	Trend

	Agriculture
	
	

	Enteric fermentation
	CH4
	Level, Trend

	Agricultural soils - direct emissions
	N2O
	Level, Trend

	Agricultural soils - indirect emissions
	N2O
	Level, Trend

	Waste
	
	

	Solid waste disposal on land
	CH4
	Level, Trend


1.6 Quality assurance – Quality control plan

An integrated quality assurance (QA) – quality control (QC) plan is not yet in place. However, the formulation of such a plan is under development and its implementation is expected to start in 2005 submission.  

However, during the inventory preparation process, certain relevant procedures are followed, which concern:

9. The reliability check of the data used, through the comparison of relative information from different data sources. 

10. The archiving of the emission factors used. 

11. The comparison of CO2 emissions estimates from the energy sector calculated by the reference and the sect oral approach.    

12. The assessment of the observed trends.

Finally, the commenting of the national inventory report (see Figure 1.1) from the involved governmental agencies represents an additional quality control procedure.

1.7 Uncertainty

In order to evaluate the accuracy of the emissions inventory, an uncertainty analysis was carried out for both annual estimates of emissions and emissions trends over time. The analysis is based on Tier 1 methodology described in the IPCC Good Practice Guidance.

Uncertainties are related to many factors, but mainly derive from:

· The implementation of methods and factors, for emissions estimation, which may not be fully appropriate for specific national circumstances 

· The uncertainty of statistical data used as activity data

· The limited measurements of emissions in industrial plants

As it is shown in Table 1.5, the uncertainty estimates for GHG emissions in 2002, were estimated at:

· 3.7% for CO2 emissions

· 34.5% for CH4 emissions

· 182.9% for Ν2Ο emissions

· 67.9% for F-gases. 

Total uncertainty is 19.1%, while the uncertainty that carried over into the GHG emissions trend is 8.7%. It is pointed out that in the above estimates, emissions/removals from Land Use Change and Forestry are not included, as the relevant Good Practice Guidance was adopted recently (December 2003) and its implementation will start from 2005. Moreover, it is noted that the analysis does not extend to the whole set of source categories that was used in the identification of the key source categories. Emissions from sources that are not included in the analysis represent 1% of total emissions in 2002.

In general, the uncertainties associated with CO2 are very low, while the least accurate estimations are those for Ν2Ο. This difference is mainly due to the uncertainty in emissions factors. For example, in the sector of water-borne navigation the emission factor for CO2 depends only on the type of fuel, while CH4 and Ν2Ο factors depend heavily on the technology of the engine used. As a result, the uncertainty in emissions factors for water-borne navigation is 5% for CO2 and an order of magnitude for CH4 and Ν2Ο.

Table 1.5 presents the uncertainty estimates by source category and by gas, while the detailed calculations are presented in Annex IV.

For the estimation of uncertainties per gas, a combination of the information provided by the IPCC and critical consideration of data from indigenous sources was applied. The classification of source categories does not coincide absolutely with the one used for the identification of key sources because it was accomplished in a level that appropriate information existed.

Table 1.5
Uncertainty estimates per source category and gas

	IPCC source categories
	Gas
	Uncertainty 

(%)

	Stationary Combustion - solid fuels
	CO2
	7.1

	Stationary Combustion - liquid fuels
	
	7.1

	Stationary Combustion - Gas
	
	7.1

	Mobile combustion - Road vehicles
	
	5.1

	Mobile combustion - Navigation
	
	7.1

	Mobile combustion - Aircraft
	
	7.1

	Cement production
	
	2.8

	Lime production
	
	29.2

	Iron and Steel Production
	
	7.1

	Total CO2
	
	3.7

	Fuel combustion activities
	CH4
	100.1

	Mobile combustion - Road vehicles
	
	40.3

	Mobile combustion - Navigation
	
	100.1

	Mobile combustion - Aircraft
	
	100.1

	Oil and gas operations
	
	300.0

	Coal mining and handling
	
	200.0

	Enteric fermentation
	
	50.0

	Manure management
	
	50.0

	Rice cultivation
	
	40.0

	Agricultural residues burning
	
	53.9

	Managed solid waste disposal
	
	41.8

	Unmanaged solid waste disposal
	
	73.0

	Wastewater handling
	
	42.4

	Total CH4
	
	34.5

	Fuel combustion activities
	N2O
	300.0

	Mobile combustion - Road vehicles
	
	50.2

	Mobile combustion - Navigation
	
	300.0

	Mobile combustion - Aircraft
	
	300.0

	Nitric acid production
	
	100.1

	Manure management
	
	90.1

	Agricultural soils - direct emissions
	
	400.1

	Agricultural soils - indirect emissions
	
	51.0

	Agricultural residues burning
	
	53.9

	Total N2O
	
	182.9

	HFC-23 emissions from HCFC-22 Manufacture
	F-gases
	55.3

	Substitutes for ODS
	
	39.4

	PFCs from Aluminium production
	
	0.03

	Total F-gases
	
	67.9

	Total Uncertainty (%)
	
	19.1


1.8 Completeness

In the present inventory report, which replaces all previous ones, estimates of GHG emissions in Greece for the years 1990-2002 are presented. In Table 1.6 a concise picture of the inventory status of completeness is given, while more detailed information are provided in Chapters 3 – 8 (analytic presentation of GHG emissions/removals estimates per source/sink categories).

Table 1.6
Status of completeness of the Greek GHG emissions inventory 

	IPCC Source/ sink categories
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	1.Α Energy – Fuel combustion activities
	
	
	
	
	
	
	
	
	
	
	
	
	

	Energy industries
	F 1)
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	PR 2)
	PR

	Manufacturing industries and construction
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	PR
	PR

	Transport
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	PR
	PR

	Other sectors
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	PR
	PR

	1.Β Energy – Fugitive emissions 
	
	
	
	
	
	
	
	
	
	
	
	
	

	Solid fuels
	PC 3)
	PC
	PC
	PC
	PC
	PC
	PC
	PC
	PC
	PC
	PC
	PC
	PC

	Oil and natural gas
	PC
	PC
	PC
	PC
	PC
	PC
	PC
	PC
	PC
	PC
	PC
	PC
	PC

	2. Industrial processes
	
	
	
	
	
	
	
	
	
	
	
	
	

	Mineral products
	PC
	PC
	PC
	PC
	PC
	PC
	PC
	PC
	PC
	PC
	PC
	PC
	PC

	Chemical industry
	PC
	PC
	PC
	PC
	PC
	PC
	PC
	PC
	PC
	PC
	PC
	PC
	PC

	Metal production
	PC
	PC
	PC
	PC
	PC
	PC
	PC
	PC
	PC
	PC
	PC
	PC
	PC

	Other industrial processes
	PC
	PC
	PC
	PC
	PC
	PC
	PC
	PC
	PC
	PC
	PC
	PC
	PC

	Production of halocarbons and SF6
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	PR
	PR

	Consumption of halocarbons and SF6
	PR
	PR
	PR
	PR
	PR
	PR
	PR
	PR
	PR
	PR
	PR
	PR
	PR

	3. Solvents and other products use
	PC
	PC
	PC
	PC
	PC
	PC
	PC
	PC
	PC
	PC
	PC
	PC
	PC

	4. Agriculture
	
	
	
	
	
	
	
	
	
	
	
	
	

	Enteric fermentation
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	PR
	PR

	Manure management
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	PR
	PR

	Rice cultivation
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	PR
	PR

	Agricultural soils
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	PR
	PR

	Field burning of agricultural residues
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	PR
	PR

	5. Land use change and forestry
	PC
	PC
	PC
	PC
	PC
	PC
	PC
	PC
	PC
	PC
	PC
	PC
	PC

	6. Waste
	
	
	
	
	
	
	
	
	
	
	
	
	

	Solid waste disposal on land
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	PR
	PR

	Wastewater handling
	PR
	PR
	PR
	PR
	PR
	PR
	PR
	PR
	PR
	PR
	PR
	PR
	PR


1) F: Final – All gases and source categories are covered. Possible recalculation due to new emission factors or better methodology  

2) PR: Provisional – All gases and source categories are covered.  Recalculation due to updated activity data. 

3) PC: Partially covered – Lack of activity data and/or estimation methodologies. 
2. Trends in greenhouse gas emissions

2.1 Emissions trends for aggregated greenhouse gas emissions

The GHG emissions trends (CO2, CH4, N2O, HFCs, PFCs and SF6) for the period 1990 - 2002 are presented in Table 2.1 (in Mt CO2 eq). The GWP values used for the conversion of emissions estimates into the common unit of carbon dioxide equivalent are those presented in Table 1.3.  

It is noted that according to the IPCC Guidelines, emissions estimates for international marine and aviation bunkers were not included in the national totals, but are reported separately as memo items.

Table 2.1
Total GHG emissions in Greece (in Mt CO2 eq) for the period 1990-2002

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002 1)

	CO2 with LUCF
	84.29
	83.43
	86.75
	86.20
	87.93
	86.30
	88.97
	93.23
	101.12
	97.61
	107.60
	104.21
	103.61

	CO2 without LUCF
	82.82
	82.84
	84.44
	84.54
	86.43
	86.71
	89.04
	93.64
	98.29
	97.59
	103.43
	105.51
	105.50

	CH4
	8.99
	8.93
	9.26
	9.36
	9.61
	9.73
	10.07
	10.19
	10.81
	10.84
	11.41
	11.21
	11.44

	N2O
	14.14
	13.89
	13.63
	13.27
	13.41
	12.86
	13.44
	13.88
	13.90
	13.66
	14.49
	13.99
	13.96

	HFCs
	0.94
	1.11
	0.91
	1.64
	2.21
	3.37
	3.92
	4.19
	4.05
	4.16
	4.28
	3.84
	4.00

	PFCs
	0.26
	0.26
	0.25
	0.15
	0.09
	0.08
	0.07
	0.17
	0.20
	0.13
	0.15
	0.09
	0.09

	SF6
	ΝΕ 5)
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ

	Total 2)
	108.62
	107.62
	110.79
	110.62
	113.25
	112.35
	116.46
	121.66
	130.09
	126.39
	137.94
	133.35
	133.10

	Index (1990 = 100)
	
	
	
	
	
	
	
	
	
	
	
	
	

	CO2 (with LUCF)
	100.0
	99.0
	102.9
	102.3
	104.3
	102.4
	105.5
	110.6
	120.0
	115.8
	127.7
	123.6
	122.9

	CH4
	100.0
	99.3
	102.9
	104.0
	106.9
	108.2
	111.9
	113.3
	120.2
	120.5
	126.9
	124.6
	127.2

	N2O
	100.0
	98.2
	96.3
	93.8
	94.8
	91.0
	95.0
	98.1
	98.3
	96.5
	102.5
	98.9
	98.7

	Index (Total of 3 gases)
	100
	98.9
	102.0
	101.3
	103.3
	101.4
	104.7
	109.2
	117.1
	113.7
	124.3
	120.5
	120.1

	Index (1995 = 100)
	
	
	
	
	
	
	
	
	
	
	
	
	

	HFCs
	27.8
	32.9
	27.0
	48.6
	65.6
	100
	116.2
	124.5
	120.3
	123.4
	127.1
	114.1
	118.7

	PFCs
	310.5
	310.4
	304.1
	183.9
	112.8
	100
	86.5
	199.0
	245.6
	158.8
	178.9
	110.1
	106.5

	SF6
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ

	Index (Total of 3 gases)
	34.6
	39.5
	33.6
	51.9
	66.7
	100
	115.5
	126.3
	123.3
	124.2
	128.3
	114.0
	118.4

	Index (Base year emissions = 100) 3)
	
	
	
	
	
	
	
	
	
	
	
	

	Index (Total of 6 gases)
	98.0
	97.1
	99.9
	99.8
	102.1
	101.3
	105.0
	109.7
	117.3
	114.0
	124.4
	120.3
	120.0


	International bunkers  
	10.58
	9.62
	10.80
	12.91
	13.38
	13.99
	12.54
	12.47
	13.74
	12.23
	13.99
	13.37
	12.24

	Index (1990 = 100)
	100
	90.9
	102.0
	122.0
	126.4
	132.2
	118.5
	117.8
	129.8
	115.6
	132.1
	126.4
	115.6


1)  Results for 2002 are provisional

2)   LUCF emissions are not included 

3)  Base year emissions (1990 for CO2, CH4, N2O and 1995 for F-gases) 110,9 Mt CO2 eq

4)  Emissions from international bankers are not included in national totals.

5) ΝΕ: Not estimated.

Base year GHG emissions for Greece (1990 for CO2, CH4, Ν2Ο - 1995 for F-gases) were estimated at 110.9 Mt CO2 eq. including Land Use Change and Forestry. In 2002, GHG emissions (LULUCF emissions included) amounted to 133.1 Mt CO2 eq. showing an increase of 20% compared to base year emissions.

Carbon dioxide emissions accounted for 78% of total GHG emissions in 2002 and increased by approximately 23% from 1990. Nitrous oxide emissions accounted for 10% of total GHG emissions in 2002 and decreased slightly by 1.3% from 1990, while methane emissions accounted for 9% of the total GHG emissions in 2002 and increased by 27.2% from 1990. Finally, F-gases emissions that accounted for 3% of total GHG emissions, increased by 18.4% from 1995 (base year for F-gases). 

According to information provided by PPC, fugitive emissions of SF6 have not exceeded the sum of 10 kg (0.23 kt CO2 eq) for the last 20 years. However, since no background data were provided, the relevant emissions are reported as NE (Not estimated) in Table 2.1.   

2.2 Emissions trends per sector

GHG emissions trends by sector for the period 1990 - 2002 are presented in Table 2.2.

Table 2.2.
Total GHG emissions (in Mt CO2 eq) by IPCC sector for the years 1990-2002

	Emissions (Mt CO2 eq)
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002 1)

	Energy 
	80.99
	81.03
	82.92
	82.87
	84.85
	84.61
	87.21
	91.79
	96.77
	96.03
	101.59
	103.83
	103.88

	Industrial processes
	8.08
	8.17
	7.96
	8.56
	9.09
	10.77
	11.47
	11.90
	11.68
	11.70
	12.48
	11.99
	12.19

	Solvents and other products use
	0.170
	0.176
	0.172
	0.169
	0.162
	0.153
	0.151
	0.152
	0.151
	0.159
	0.145
	0.155
	0.155

	Agriculture
	13.59
	13.39
	12.83
	12.69
	12.78
	12.28
	12.60
	12.99
	12.87
	12.77
	13.31
	12.73
	12.72

	Land use change and forestry
	1.61
	0.64
	2.52
	1.83
	1.64
	-0.34
	-0.01
	-0.34
	3.19
	0.07
	4.59
	-1.23
	-1.88

	Waste
	4.18
	4.21
	4.38
	4.51
	4.73
	4.88
	5.04
	5.17
	5.43
	5.68
	5.83
	5.87
	6.04

	Total 2)
	107.02
	106.98
	108.27
	108.79
	111.61
	112.70
	116.47
	122.01
	126.89
	126.33
	133.35
	134.58
	134.98

	Index per sector
	
	
	
	
	
	
	
	
	
	
	
	
	

	Energy 
	100
	100.0
	102.4
	102.3
	104.8
	104.5
	107.7
	113.3
	119.5
	118.6
	125.4
	128.2
	128.3

	Industrial processes
	100
	101.1
	98.5
	105.9
	112.4
	133.3
	141.9
	147.2
	144.4
	144.7
	154.4
	148.4
	150.8

	Solvents and other products use
	100
	103.2
	101.2
	99.4
	95.2
	90.0
	88.5
	89.1
	88.7
	93.3
	85.2
	90.7
	91.1

	Agriculture
	100
	98.5
	94.4
	93.3
	94.0
	90.3
	92.7
	95.6
	94.7
	93.9
	97.9
	93.7
	93.6

	Land use change and forestry
	100
	100.8
	104.7
	107.9
	113.2
	116.7
	120.5
	123.7
	129.9
	135.8
	139.4
	140.4
	144.4

	Index (Total of 5 sectors)3)
	100
	100.0
	101.2
	101.7
	104.3
	105.3
	108.8
	114.0
	118.6
	118.0
	124.6
	125.8
	126.1


1)  The results for 2002 are provisional.

2)  LUCF emissions are not included in national totals.
3  LUCF emissions are not included. 
· Emissions from energy sector in 2002 (Figure 2.1) accounted for 77% of total GHG emissions (LUCF excluded) and increased by 28.3% compared to 1990 levels. This increase was due mainly to the increase of emissions from transport and electricity production that is affected by the high electricity demand from the residential and tertiary sectors. 

· Emissions from Industrial processes accounted for 9% of the total emissions and increased by 50.8% compared to 1990 levels due to the increasing production of cement, lime and HCFC-22. 

· The contribution of the Solvent and other products use sector to total GHG emissions is minor, (0.1% of the total emissions) and decreased slightly since 1990.

· Emissions from Agricultural sector that accounted for 9.4% of the total emissions, decreased by approximately 6.4% in 2002 compared to 1990 levels. 

· Finally, emissions from Waste sector (4.5% of the total emissions, LUCF excluded), increased by approximately 43% from 1990, as a result of the increasing number of sanitary landfills for solid waste disposal.
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Figure 2.1
Relative contribution of activity sectors to total emissions (LUCF excluded) for 2002
2.3 Emissions trends per gas

2.3.1 Carbon dioxide

The trend of carbon dioxide emissions from 1990 to 2002 by source category is presented in Table 2.3. 

Total CO2 emissions increased from 82.8 Mt in 1990 to 105.5 Mt in 2002 (LUCF emissions/removals excluded). This upward trend (27.4%) is mainly attributed to the increased electricity production as well as the increased energy consumption in the residential and transport sectors.

CO2 emissions from the energy sector increase continuously, with only some exceptions, from 76.5 Mt in 1990 to 97.8 Mt in 2002, presenting a total increase of 27.9% from 1990 to 2002. Carbon dioxide emissions from Industrial processes in 2002 increased by 22% compared to 1990 levels. On the contrary, emissions from Solvents and other products use decreased by 8.9% compared to 1990 levels. (Figure 2.2)

Table 2.3
CO2 Emissions by sector for the years 1990-2002 (in Μt) 

	Year  
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	Total with LUCF
	84.29
	83.43
	86.75
	86.20
	87.93
	86.30
	88.97
	93.23
	101.12
	97.61
	107.60
	104.21
	103.61

	Total without LUCF
	82.82
	82.84
	84.44
	84.54
	86.43
	86.71
	89.04
	93.64
	98.29
	97.59
	103.43
	105.51
	105.50

	1.
Energy 
	76.47
	76.45
	78.08
	78.19
	80.05
	79.80
	82.06
	86.52
	91.29
	90.59
	95.80
	97.86
	97.81

	A. Fuel combustion activities 
	76.47
	76.45
	78.08
	78.19
	80.05
	79.80
	82.06
	86.52
	91.29
	90.59
	95.80
	97.86
	97.81

	1. Energy industries
	43.30
	42.15
	44.09
	44.37
	46.32
	45.06
	44.20
	47.67
	50.25
	50.22
	55.06
	55.57
	55.11

	2. Man. industry and construction
	9.79
	9.70
	9.33
	9.07
	8.90
	9.66
	10.41
	10.57
	10.77
	9.55
	10.41
	10.44
	10.14

	3. Transport
	15.36
	16.15
	16.56
	16.77
	16.80
	16.97
	17.42
	18.02
	19.65
	20.41
	19.30
	19.97
	20.30

	4. Other sectors
	8.02
	8.45
	8.10
	7.98
	8.03
	8.11
	10.02
	10.25
	10.61
	10.41
	11.03
	11.89
	12.26

	2.
Industrial processes 
	6.18
	6.22
	6.19
	6.18
	6.22
	6.76
	6.83
	6.97
	6.85
	6.84
	7.48
	7.49
	7.54

	A.
Mineral products
	5.47
	5.60
	5.69
	5.95
	6.00
	6.43
	6.46
	6.61
	6.44
	6.59
	7.22
	7.23
	7.28

	B.
Chemical industry 
	0.47
	0.38
	0.25
	0.00
	0.00
	0.12
	0.17
	0.15
	0.18
	0.00
	0.00
	0.00
	0.00

	C.
Metal production
	0.24
	0.24
	0.24
	0.23
	0.22
	0.21
	0.21
	0.21
	0.23
	0.25
	0.26
	0.26
	0.26

	3.
Solvents and other products use 
	0.170
	0.176
	0.172
	0.169
	0.162
	0.153
	0.151
	0.152
	0.151
	0.159
	0.145
	0.155
	0.155

	5.
Land use change and forestry 
	1.47
	0.58
	2.30
	1.66
	1.50
	-0.40
	-0.07
	-0.40
	2.83
	0.02
	4.17
	-1.30
	-1.89

	A.
Changes in Forest and Other Woody Biomass Stocks
	0.02
	0.00
	-0.10
	-0.12
	0.17
	-0.77
	-0.51
	-0.55
	-1.06
	-0.15
	-0.19
	-1.80
	-1.74

	B.
Forests and grassland conversion
	1.46
	0.58
	2.40
	1.78
	1.50
	0.62
	0.69
	0.65
	3.97
	0.51
	4.56
	0.67
	0.10

	D.
CO2 emissions/removals from soils
	0.00
	0.00
	0.00
	0.00
	-0.17
	-0.25
	-0.25
	-0.51
	-0.08
	-0.34
	-0.20
	-0.17
	-0.25

	6.
Waste
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	-0.25

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Memo items:
	
	
	
	
	
	
	
	
	
	
	
	
	

	International bunkers 1)
	10.48
	9.49
	10.67
	12.77
	13.25
	13.86
	12.40
	12.34
	13.59
	12.10
	13.86
	13.35
	12.21

	Aviation
	2.45
	2.13
	2.20
	2.90
	2.78
	2.61
	2.50
	2.42
	2.54
	2.26
	2.50
	2.32
	2.32

	Marine
	8.03
	7.37
	8.46
	9.87
	10.47
	11.25
	9.90
	9.93
	11.06
	9.84
	11.36
	11.03
	9.89


1) Emissions from international aviation and marine bunkers are not included in national totals. 
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Figure 2.2
CO2  emissions by sector (in Mt) for the years 1990 – 2002 
2.3.2 Methane

The trend of methane emissions from 1990 to 2002 by source category is presented in Table 2.4.

Source categories in the waste sector represent the largest anthropogenic source of methane emissions in Greece, accounting for 49% of total methane emissions in 2002, increasing continuously from 1990 levels by 47% approximately (Figure 2.3). Methane emissions from Agriculture, which is the second largest anthropogenic source of methane emissions, account for 32% of total methane emissions in 2002 and increased by 1.3% from 1990. Methane emissions from the Energy sector (mainly fugitive emissions from coal mining and production, processing, and distribution of liquid fuels and natural gas) account for the remaining 19% of the total methane emissions and increased by 48% from 1990. 

Table 2.4
CH4 emissions by sector for the years 1990-2002 (in kt )

	Year  
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	Total 
	428.28
	425.18
	440.84
	445.59
	457.73
	463.52
	479.30
	485.12
	514.87
	516.09
	543.57
	533.67
	544.76

	1.
Energy 
	69.07
	69.91
	72.20
	72.06
	74.27
	75.63
	82.71
	82.47
	86.83
	89.84
	94.71
	97.57
	102.32

	A. Fuel combustion activities 
	15.03
	15.20
	15.13
	15.59
	16.03
	16.30
	21.04
	21.20
	21.14
	21.13
	21.76
	22.28
	22.39

	1. Energy industries
	0.35
	0.34
	0.36
	0.36
	0.37
	0.37
	0.39
	0.39
	0.40
	0.40
	0.45
	0.45
	0.45

	2. Man. industry and construction
	1.49
	1.26
	0.87
	1.02
	2.47
	2.48
	3.63
	3.66
	3.45
	3.35
	3.62
	4.01
	3.97

	3. Transport
	5.09
	5.33
	5.65
	5.93
	6.02
	6.31
	6.55
	6.70
	6.89
	7.16
	7.40
	7.53
	7.61

	4. Other sectors
	8.10
	8.26
	8.26
	8.29
	7.17
	7.14
	10.47
	10.45
	10.40
	10.22
	10.28
	10.29
	10.35

	B. Fugitive emissions from fuels
	54.04
	54.71
	57.07
	56.46
	58.25
	59.34
	61.67
	61.26
	65.69
	68.71
	72.95
	75.29
	79.93

	1. Solid fuels
	52.16
	52.96
	55.33
	55.07
	56.96
	57.97
	60.08
	59.14
	61.19
	62.36
	64.21
	66.68
	70.82

	2. Oil and natural gas
	1.89
	1.76
	1.74
	1.39
	1.29
	1.37
	1.59
	2.12
	4.50
	6.34
	8.74
	8.62
	9.11

	2.
Industrial processes 
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	4.
Agriculture
	169.93
	168.08
	166.71
	167.53
	168.81
	169.79
	170.61
	171.06
	171.18
	171.45
	171.40
	171.69
	172.32

	A. Enteric fermentation
	141.70
	140.02
	139.14
	138.97
	139.46
	140.11
	140.47
	140.77
	141.39
	142.15
	142.68
	142.86
	143.06

	B. Manure management
	23.66
	23.30
	23.16
	23.11
	23.07
	23.01
	23.00
	23.05
	23.20
	23.31
	23.36
	23.35
	23.34

	C. Rice cultivation
	3.29
	2.95
	2.94
	4.05
	4.74
	5.22
	5.72
	5.82
	5.25
	4.67
	3.98
	4.13
	4.55

	F. Field burning of agric. residues
	1.29
	1.81
	1.47
	1.41
	1.53
	1.44
	1.41
	1.43
	1.34
	1.32
	1.39
	1.35
	1.38

	5.
Land use change and forestry 
	5.72
	2.29
	9.44
	7.01
	5.89
	2.45
	2.70
	2.56
	15.62
	1.99
	17.91
	2.64
	0.38

	B.
 Forests and grassland conversion
	5.72
	2.29
	9.44
	7.01
	5.89
	2.45
	2.70
	2.56
	15.62
	1.99
	17.91
	2.64
	0.38

	6.
Waste
	183.55
	184.90
	192.49
	198.99
	208.76
	215.65
	223.29
	229.02
	241.24
	252.82
	259.55
	261.77
	269.74

	A. Solid waste disposal on land
	133.84
	136.80
	145.06
	152.81
	163.01
	171.34
	179.69
	187.25
	199.97
	214.55
	227.42
	240.42
	251.18

	B. Wastewater handling
	49.71
	48.10
	47.43
	46.19
	45.75
	44.31
	43.60
	41.77
	41.27
	38.27
	32.13
	21.35
	18.55

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Memo items:
	
	
	
	
	
	
	
	
	
	
	
	
	

	International bunkers 1)
	0.80
	0.73
	0.84
	0.98
	1.04
	1.11
	0.98
	0.99
	1.10
	0.99
	1.13
	1.10
	0.99

	Aviation
	0.02
	0.02
	0.03
	0.03
	0.03
	0.03
	0.03
	0.03
	0.04
	0.04
	0.04
	0.04
	0.04

	Marine 
	0.77
	0.71
	0.81
	0.95
	1.01
	1.08
	0.95
	0.96
	1.07
	0.95
	1.09
	1.06
	0.95


1)  Emissions from aviation and marine international bunkers are not included in national totals.
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Figure 2.3
CΗ4 emissions by sector (in kt) for the years 1990 to 2002

2.3.3 Nitrous oxide

The trend of nitrous oxide emissions from 1990 to 2002 by source category is presented in Table 2.5. 
Agriculture represents the largest anthropogenic source of nitrous oxide emissions in Greece (65.2% approximately of the total nitrous oxide emissions in 2002). Emissions from this sector decreased by 9.2% since 1990, mainly because of new agricultural practices affecting the use of nitrogen fertilizers. Nitrous oxide is also produced from the reaction between nitrogen and oxygen during fossil fuel combustion. Nitrous oxide emissions from fossil fuels combustion (accounting for 28.1% of total nitrous oxide emissions in 2002) increased by 27.9% from 1990. This increase is mainly attributed to the transport sector as a result of the increasing number of new technology, catalytic passenger cars. Production of nitric acid is the major source of N2O emissions from industrial processes and accounts for 4.1% of total N2O emissions in 2002. Nitrous oxide emissions from this source decreased by 20.6% from 1990, due to the reduction of nitric acid production in Greece. 

Table 2.5
Ν2Ο emissions by sector for the years 1990-2002 (in kt)

	Year  
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	Total 
	45.63
	44.82
	43.96
	42.81
	43.25
	41.50
	43.34
	44.78
	44.84
	44.05
	46.75
	45.14
	45.04

	1.
Energy 
	9.89
	10.03
	10.73
	10.21
	10.46
	10.41
	11.01
	11.43
	11.80
	11.45
	12.24
	12.63
	12.65

	A. Fuel combustion activities 
	9.89
	10.03
	10.73
	10.21
	10.46
	10.41
	11.01
	11.43
	11.80
	11.45
	12.24
	12.63
	12.65

	1. Energy industries
	5.74
	5.67
	6.46
	6.04
	6.27
	6.13
	6.12
	6.45
	6.64
	6.56
	7.11
	7.18
	7.12

	2. Man. industry and construction
	1.56
	1.57
	1.49
	1.36
	1.40
	1.50
	1.70
	1.66
	1.71
	1.43
	1.57
	1.59
	1.50

	3. Transport
	0.63
	0.71
	1.83
	0.86
	0.89
	0.93
	0.99
	1.08
	1.17
	1.20
	1.23
	1.41
	1.54

	4. Other sectors
	1.96
	2.08
	0.95
	1.94
	1.90
	1.85
	2.21
	2.24
	2.28
	2.26
	2.33
	2.45
	2.50

	2.
Industrial processes 
	2.30
	1.90
	1.98
	1.88
	1.83
	1.82
	2.08
	1.83
	1.83
	1.83
	1.83
	1.83
	1.83

	B. Chemical industry Β
	2.30
	1.90
	1.98
	1.88
	1.83
	1.82
	2.08
	1.83
	1.83
	1.83
	1.83
	1.83
	1.83

	4.
Agriculture
	32.34
	31.80
	30.09
	29.58
	29.79
	28.11
	29.09
	30.33
	29.92
	29.56
	31.33
	29.45
	29.36

	B. Manure management
	0.97
	0.95
	0.93
	0.92
	0.91
	0.91
	0.91
	0.91
	0.92
	0.93
	0.94
	0.94
	0.93

	F. Field burning of agric. residues
	31.34
	30.81
	29.13
	28.63
	28.83
	27.16
	28.15
	29.38
	28.96
	28.60
	30.36
	28.48
	28.39

	5.
Land use change and forestry 
	0.04
	0.02
	0.07
	0.05
	0.05
	0.02
	0.02
	0.02
	0.12
	0.01
	0.13
	0.02
	0.00

	B.
 Forests and grassland conversion
	0.04
	0.02
	0.07
	0.05
	0.05
	0.02
	0.02
	0.02
	0.12
	0.01
	0.13
	0.02
	0.00

	6.
Waste
	1.06
	1.07
	1.09
	1.08
	1.12
	1.14
	1.14
	1.17
	1.18
	1.19
	1.22
	1.21
	1.20

	B. Wastewater handling
	1.06
	1.07
	1.09
	1.08
	1.12
	1.14
	1.14
	1.17
	1.18
	1.19
	1.22
	1.21
	1.20

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Memo items:
	
	
	
	
	
	
	
	
	
	
	
	
	

	International bunkers 1)
	0.29
	0.26
	0.30
	0.35
	0.37
	0.38
	0.34
	0.34
	0.38
	0.34
	0.38
	0.37
	0.34

	Aviation
	0.09
	0.07
	0.08
	0.10
	0.10
	0.09
	0.09
	0.09
	0.09
	0.08
	0.09
	0.09
	0.09

	Marine 
	0.21
	0.19
	0.22
	0.25
	0.27
	0.29
	0.25
	0.25
	0.28
	0.25
	0.29
	0.28
	0.25


1)  Emissions from aviation and marine international bunkers are not included in national totals
[image: image5.emf]Index 1990=100

0

10

20

30

40

50

60

1990199119921993199419951996199719981999200020012002

kt Ν

2

Ο

90

100

110

Waste

Agriculture

Industrial

processes

Energy

Change compared

to 1990


Figure 2.4
N2O emissions by sector (in kt) for the years 1990 - 2002

2.3.4 Halocarbons and SF6 

HFCs and PFCs are chemical substances, the production of which aims mainly to the substitution of ozone depleting substances (see Montreal Protocol – 1987). HFCs and PFCs are not harmful to the stratospheric ozone layer and thus their emissions are not controlled by the above-mentioned Protocol. However, many of these substances, as well as SF6, are powerful greenhouse gases; in addition, apart from being characterized by a high Global Warming Potential (GWP), these gases have extremely long atmospheric lifetimes, resulting in their essentially irreversible accumulation in the atmosphere. Especially with respect to sulphur hexafluoride, it is the most potent greenhouse gas according to the IPCC evaluation.

Emission estimates of these gases presented in Table 2.6 originate from:

· The production of HCFC-22 (HFC-23) and aluminium production (CF4 and C2F6). HFC-23 emissions have been increasing steadily due to an equivalent increase in the production of HCFC-22, while in contrast PFCs emissions from aluminium have dropped due to the control/reduction of the "anode effect" during the production process, since 1990. 

· Manufacturing, operation and maintenance of refrigeration (residential sector only) and air conditioning equipment. Emissions from the use of F-gases increased significantly since 1995 (base year), mainly due to the increase of air conditioning equipment in the residential sector and the new passenger cars with air-conditioning systems. 

Table 2.6
Emissions of F-gases for the years 1990-2002 (in kt CO2 eq)

	
	1990
	1991
	1992
	1993
	1994
	1995 1)
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	Total HFCs 
	935
	1107
	908
	1638
	2209
	3369
	3916
	4194
	4053
	4156
	4281
	3845
	3999

	HFC-23
	935
	1107
	908
	1607
	2144
	3253
	3746
	3960
	3744
	3744
	3744
	3181
	3195

	HFC-32
	0
	0
	0
	4
	9
	14
	20
	26
	34
	44
	58
	71
	84

	HFC-125
	0
	0
	0
	18
	40
	64
	88
	117
	151
	197
	254
	311
	371

	HFC-134a
	0
	0
	0
	9
	17
	38
	62
	90
	124
	171
	226
	282
	348

	Total PFCs
	258
	258
	252
	153
	94
	83
	72
	165
	204
	132
	148
	91
	88

	Use of SF6  2)
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ

	Total F-gases
	1193
	1364
	1161
	1791
	2303
	3452
	3988
	4359
	4257
	4288
	4429
	3936
	4087


1)   Base year for F-gases

2)  ΝΕ: Not estimated. According PPC data, fugitive emissions from the use of SF6 were 0.23 kt CO2 eq during the last 20 years.
2.4 Emissions trends for indirect greenhouse gases and SO2
The role of carbon monoxide (CO), nitrogen oxides (NOx) and non-methane organic volatile compounds (NMVOCs) is important for climate change as these gases act as precursors of tropospheric ozone. In this way, they contribute to ozone formation and alter the atmospheric lifetimes of other greenhouse gases. For example, CO interacts with the hydroxyl radical (OH), the major atmospheric sink for methane, to form carbon dioxide. Therefore, increased atmospheric concentration of CO limits the number of OH compounds available to destroy methane, thus increasing the atmospheric lifetime of methane. 

These gases are generated through a variety of anthropogenic activities, including fossil fuel combustion, solid waste incineration, oil and gas production and processing, industrial processes and solvent use and agricultural crop waste burning.

Emissions trends for indirect greenhouse gases and SO2 are presented in Table 2.7. 

· NOx emissions increased by 10.3% from 1990 to 2002, due to the increased energy consumption in the residential sector. The decrease in NOx emissions from transport is attributed to the substitution of aged vehicles by new catalytic ones. Emissions from industrial processes decreased due to reductions in industrial production. 

· The transport sector is the main source of CO emissions. Due to the substitution of aged vehicles by new and more efficient ones, CO emissions from transport decreased by 13.8% from 1990 to 2002 and as a result total CO emissions from the energy sector in 2002 are lower than the respective emissions in 1990, despite of the increase observed in the other energy activities. Emissions from industrial processes decreased due to reductions in industrial production.  

· NMVOCs emissions increased by 4% from 1990 to 2002, due to the increased contribution of the transport sector. Emissions from industrial processes and solvents use decreased due to reductions in industrial production. 

· SO2 emissions increased by 3.6% from 1990 to 2002. Emissions from electricity generation in 2002, which is the main source of SO2 emissions in Greece, increased only by 2.8% compared to 1990, as a result of the operation of a new desulphurisation plant at a large installation for electricity generation. Reductions with respect to the sulphur content of liquid fossil fuels had a positive effect in the restriction of the increase of SO2 emissions from the rest of the energy sector. Emissions from industrial processes decreased due to reductions in industrial production.

More information regarding the emissions of indirect greenhouse gases and SO2 are provided in Annex V.

Table 2.7
Emissions trends for indirect greenhouse gases and SO2 (in kt) for the period 1990 - 2002 

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002
	%1)

	NOx
	288.0
	295.4
	295.5
	290.8
	297.7
	294.8
	304.2
	307.9
	332.5
	324.6
	318.6
	321.0
	317.8
	10.3

	1. Energy 
	283.7
	291.8
	290.2
	286.4
	293.5
	291.6
	300.8
	304.6
	326.0
	321.6
	311.4
	317.7
	315.0
	11.0

	Transport 
	142.3
	147.4
	146.9
	143.9
	145.8
	143.9
	146.2
	148.7
	172.9
	175.1
	151.0
	146.2
	139.6
	-1.9

	Other energy
	141.4
	144.4
	143.3
	142.5
	147.7
	147.7
	154.6
	155.8
	153.0
	146.5
	160.4
	171.5
	175.4
	24.0

	2. Industrial processes
	1.7
	1.4
	1.5
	1.4
	1.4
	1.4
	1.5
	1.4
	1.4
	1.4
	1.4
	1.4
	1.4
	-15.0

	4. Agriculture
	1.1
	1.6
	1.3
	1.2
	1.3
	1.2
	1.2
	1.2
	1.2
	1.1
	1.2
	1.2
	1.2
	7.0

	5. LUCF
	1.5
	0.6
	2.4
	1.8
	1.6
	0.6
	0.7
	0.7
	4.0
	0.5
	4.6
	0.7
	0.1
	-93.1

	CO
	1271.3
	1246.2
	1286.8
	1252.2
	1229.4
	1215.9
	1321.1
	1322.2
	1465.3
	1354.5
	1505.9
	1206.7
	1169.5
	-8.0

	1. Energy 
	1171.1
	1165.2
	1150.2
	1141.3
	1125.5
	1146.6
	1248.9
	1250.9
	1277.6
	1288.5
	1295.7
	1133.3
	1115.6
	-4.7

	Transport 
	894.6
	886.1
	878.6
	866.7
	862.8
	885.3
	925.1
	922.8
	947.4
	960.7
	958.8
	792.3
	770.9
	-13.8

	Other energy
	276.5
	279.0
	271.6
	274.5
	262.7
	261.3
	323.8
	328.1
	330.2
	327.7
	336.9
	341.0
	344.7
	24.7

	2. Industrial processes
	22.9
	22.8
	22.2
	20.0
	18.7
	18.5
	18.7
	18.9
	20.8
	21.7
	22.1
	22.0
	22.3
	-2.7

	4. Agriculture
	26.4
	37.4
	30.2
	28.6
	31.0
	28.9
	28.3
	28.6
	27.0
	26.6
	28.3
	27.4
	28.2
	6.6

	5. LUCF
	50.8
	20.9
	84.2
	62.3
	54.1
	21.9
	25.2
	23.8
	139.9
	17.8
	159.8
	24.0
	3.5
	-93.2

	NMVOCs
	257.3
	260.7
	263.1
	272.9
	275.7
	275.3
	286.3
	287.4
	292.0
	293.6
	290.6
	270.1
	267.6
	4.0

	1. Energy 
	190.9
	194.6
	198.2
	208.8
	214.3
	214.6
	226.6
	229.7
	233.0
	235.2
	236.6
	216.7
	213.9
	12.0

	Transport 
	143.9
	147.5
	151.3
	161.5
	166.0
	164.8
	169.6
	171.8
	175.0
	178.6
	177.1
	156.6
	152.9
	6.2

	Other energy
	47.1
	47.1
	46.9
	47.2
	48.3
	49.7
	57.1
	57.9
	58.0
	56.6
	59.6
	60.1
	61.0
	29.7

	2. Industrial processes
	9.5
	7.9
	7.7
	8.3
	7.4
	9.5
	9.1
	6.7
	8.1
	4.9
	4.7
	1.2
	1.2
	-87.8

	3. Solvents 
	56.8
	58.3
	57.3
	55.9
	53.9
	51.2
	50.6
	51.0
	51.0
	53.4
	49.3
	52.3
	52.5
	-7.6

	SO2
	491.1
	533.4
	543.7
	543.0
	512.2
	534.7
	522.1
	515.1
	524.1
	536.9
	490.2
	498.1
	508.7
	3.6

	1. Energy 
	482.0
	524.7
	538.1
	535.5
	504.5
	526.3
	513.6
	506.4
	515.2
	527.7
	481.6
	489.7
	500.2
	3.8

	Transport 
	38.7
	40.1
	35.7
	32.3
	36.2
	30.5
	29.1
	30.7
	45.3
	48.9
	23.9
	28.3
	24.7
	-36.3

	Other energy
	443.3
	484.5
	502.4
	503.2
	468.3
	495.8
	484.5
	475.7
	469.9
	478.8
	457.6
	461.4
	475.5
	7.3

	2. Industrial processes
	9.1
	8.7
	5.6
	7.6
	7.8
	8.5
	8.5
	8.8
	8.9
	9.2
	8.6
	8.4
	8.5
	-6.8


1) % change since 1990
3. Energy

3.1 Overview

In this chapter, estimations for greenhouse gas emissions from the energy sector are presented and the methodological approach followed per source category is described. 

According to the IPCC Guidelines, this sector includes two general source categories: fuel combustion activities and fugitive emissions from fuels.

The remainder of this chapter is organized as follows. Section 3.1 continues with the presentation of emissions trends from energy, a brief description of the methodology applied for the calculation of GHG emissions and the assessment of the status of completeness of the GHG inventory for the energy sector. Next (Sections 3.2 – 3.6), detailed information on the methodologies applied (including references on the activity data and the emission factors used) for the calculation of GHG emissions per source category as well as on related methodological issues is provided.

In the present report and for presentation purposes, fuel combustion activities are further divided in two main categories, on the basis of the characteristics of the methodology applied for the calculation of emissions:

· Stationary combustion, including energy industries, manufacturing industries and construction and the other sectors (agriculture, residential and commercial/institutional sectors).

· Transport, including internal civil aviation, road transport, railways and internal navigation. 

3.1.1 Emissions trends

The energy sector relies on fossil fuel combustion for meeting the bulk of energy requirements in Greece. As it is shown in Figure 3.1, gross inland consumption in 2002 amounted to approximately 29.5 Μtoe
. The consumption of solid fuels and oil products accounts for 89% of total consumption, while the contribution of biomass and the rest renewable energy sources (mostly hydropower and wind energy) are 3.5% and 1.5% respectively. Finally, the share of natural gas in gross inland consumption is 6%. In 2002, gross inland consumption increased by approximately 33% compared to 1990, presenting a 2.4% average annual rate of increase 
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Figure 3.1
Gross inland consumption (in Mtoe) by energy type for the period 1990 - 2002

GHG emissions from energy in 2002 increased by 28% compared to 1990 (Figure 3.2), while the average annual rate of increase for the period 1990 – 2002 was 2.1%. The highest increase on an annual basis (compared to the previous year) was recorded in 2000 (emissions raised by 5.8%), due to the significant increase in electricity demand as a result of particular weather conditions. 
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Figure 3.2
Total GHG emissions from the energy sector (in Mt CO2 eq) for the period 1990 - 2002

The energy sector is the main responsible for carbon dioxide emissions, while it contributes also to methane and nitrous oxide emissions of. Emissions from energy per greenhouse gas are presented in Table 3.1. 

Table 3.1
GHG emissions (in kt) from energy by source category and gas for the period 1990 – 2002

	
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	CO2 emissions

	Fuel combustion activities
	

	Energy industries
	43302.0
	42148.6
	44091.1
	44366.4
	46323.4
	45056.0
	44204.6
	47668.2
	50254.5
	50219.7
	55058.2
	55570.4
	55109.2

	Man. industry
	9792.3
	9695.2
	9327.0
	9070.1
	8897.5
	9660.7
	10412.1
	10570.2
	10772.0
	9552.3
	10414.7
	10435.6
	10142.9

	Transport
	15355.4
	16151.3
	16560.5
	16774.0
	16799.5
	16967.5
	17423.8
	18024.9
	19650.7
	20408.5
	19303.5
	19967.5
	20298.8

	Other sectors
	8021.4
	8452.3
	8103.6
	7977.8
	8028.9
	8111.4
	10015.9
	10252.4
	10608.2
	10409.7
	11026.3
	11888.7
	12260.8

	Fugitive emissions from fuels
	
	
	
	
	
	
	
	
	
	
	

	Solid fuels
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ

	Oil and natural gas
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ

	CΗ4 emissions

	Fuel combustion activities
	

	Energy industries
	0.35
	0.34
	0.36
	0.36
	0.37
	0.37
	0.39
	0.39
	0.40
	0.40
	0.45
	0.45
	0.45

	Man. industry
	1.49
	1.26
	0.87
	1.02
	2.47
	2.48
	3.63
	3.66
	3.45
	3.35
	3.62
	4.01
	3.97

	Transport
	5.09
	5.33
	5.65
	5.93
	6.02
	6.31
	6.55
	6.70
	6.89
	7.16
	7.40
	7.53
	7.61

	Other sectors
	8.10
	8.26
	8.26
	8.29
	7.17
	7.14
	10.47
	10.45
	10.40
	10.22
	10.28
	10.29
	10.35

	Fugitive emissions from fuels
	
	
	
	
	
	
	
	
	
	
	

	Solid fuels
	52.16
	52.96
	55.33
	55.07
	56.96
	57.97
	60.08
	59.14
	61.19
	62.36
	64.21
	66.68
	70.82

	Oil and natural gas
	1.89
	1.76
	1.74
	1.39
	1.29
	1.37
	1.59
	2.12
	4.50
	6.34
	8.74
	8.62
	9.11

	Ν2Ο emissions

	Fuel combustion activities
	

	Energy industries
	5.74
	5.67
	6.46
	6.04
	6.27
	6.13
	6.12
	6.45
	6.64
	6.56
	7.11
	7.18
	7.12

	Man. industry
	1.56
	1.57
	1.49
	1.36
	1.40
	1.50
	1.70
	1.66
	1.71
	1.43
	1.57
	1.59
	1.50

	Transport
	0.63
	0.71
	1.83
	0.86
	0.89
	0.93
	0.99
	1.08
	1.17
	1.20
	1.23
	1.41
	1.54

	Other sectors
	1.96
	2.08
	0.95
	1.94
	1.90
	1.85
	2.21
	2.24
	2.28
	2.26
	2.33
	2.45
	2.50

	Fugitive emissions from fuels
	
	
	
	
	
	
	
	
	
	
	

	Solid fuels
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ

	Oil and natural gas
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ


The majority of GHG emissions (55.2%) in 2002 derived from energy industries, while the contribution of transport, manufacturing industries and construction and other sectors is estimated at 20.2%, 10.3% and 12.8% respectively. The rest 1.5% of total GHG emissions from the energy sector derived from fugitive emissions from fuels. 

Within the fuel combustion activities, the sector with the greatest increase of emissions since 1990 is "Other sectors", showing an average rate of increase of 4.1%, followed by transport with a 2.4% average annual rate of increase. Emissions from energy industries increased with an average annual rate of 2.1%, while in the sector of manufacturing industries and construction emissions increased by 4%. Finally, fugitive emissions from fuels increased with an average annual rate of 4.2% for the period 1990 – 2002. 

3.1.2 Methodology

The calculation of GHG emissions from fuel combustion activities is based on the CORINAIR methodology, while fugitive emissions from fuels are estimated according to the methodologies suggested by the IPCC Guidelines and the IPCC Good Practice Guidance. 

The methodology applied for the calculation of emissions by source category is briefly presented in Table 3.2.

Table 3.2
Methodology for the estimation of emissions from energy

	IPCC Source Categories
	CO2
	CH4
	N2O

	1Α
	Fuel combustion activities
	Method
	Emission factor
	Method
	Emission factor
	Method
	Emission factor

	1Α1
	Energy industries
	
	
	

	1Α1a
	Public electricity and heat production 
	C 3)
	C and CS 3)
	C
	C
	C
	C

	1Α1b
	Petroleum refining
	C
	C
	C
	C
	C
	C

	1Α1c
	Manufacture of solid fuels and other energy industries
	C
	C
	C
	C
	C
	C

	1Α2
	Manufacturing industry and construction
	C
	C
	C
	C
	C
	C

	1Α3
	Transport
	
	
	
	
	
	

	1Α3a
	Civil aviation
	Τ2a 3)
	Τ2a
	Τ2a
	Τ2a
	Τ2a
	Τ2a

	1Α3b
	Road transport 2)
	C
	C
	C
	C
	C
	C

	1Α3c
	Railways
	C
	C
	C
	C
	C
	C

	1Α3d
	Navigation
	C
	C
	C
	C
	C
	C

	1Α4
	Other sectors
	
	
	

	1Α4a
	Commercial / Institutional
	C
	C
	C
	C
	C
	C

	1Α4b
	Residential
	C
	C
	C
	C
	C
	C

	1Α4c
	Agriculture / Forestry / Fisheries
	C
	C
	C
	C
	C
	C

	1Β
	Fugitive emissions from fuels
	
	
	

	    1Β1
	Solid fuels
	
	
	T1 3)
	D 3)
	
	

	    1Β2
	Oil and Natural gas
	
	
	T1, C
	D, C
	
	

	
	International Bunkers 1)
	
	
	

	
	Aviation 
	Τ2a
	Τ2a
	Τ2a
	Τ2a
	Τ2a
	Τ2a

	
	Marine
	C
	C
	C
	C
	C
	C


1) Not included in national emissions

2)  Model Copert III in the frame of Corinair

3) C=Corinair, CS=(country specific methodology), T2a = IPCC Tier 2a, T1= IPCC Tier 1, D = IPCC Default

The energy data used for the calculation of emissions are derived from the national energy balance compiled by the Ministry for Development. The Ministry for Transport and the National Statistical Service are the main sources of information regarding road transport, while data on civil aviation come from the Civil Aviation Service. 

Key source categories

The key source categories found in the energy sector are presented in Table 3.3 (see Section 1.5 for a complete presentation of the results of the key sources analysis and Annex I for the presentation of the relevant calculations). These sources are responsible for the 75% of total national GHG emissions in 2002 (excluding Land Use Change and Forestry).

It should be noticed that road transport (Ν2Ο emissions) has been considered as a key source category because of the high rate of emissions increase, which is expected to keep on in the future.

Table 3.3
Key source sectors from the energy sector

	IPCC Source categories
	GHG
	Criteria

	Stationary combustion – Solid fuels
	CO2
	Level, Trend

	Stationary combustion – Solid fuels
	N2O
	Level, Trend

	Stationary combustion – Liquid fuels
	CO2
	Level, Trend

	Stationary combustion – Liquid fuels
	N2O
	Level, Trend

	Stationary combustion – Gas fuels
	CO2
	Level, Trend

	Mobile combustion – Road vehicles
	CO2
	Level, Trend

	Mobile combustion – Road vehicles
	N2O
	Trend

	Mobile combustion - Navigation
	CO2
	Level, Trend

	Coal mining and handling
	CH4
	Level, Trend


Uncertainty

The results of the uncertainty analysis undertaken for the Greek GHG emissions inventory are presented in Section 1.7, while the detailed calculations are presented in Annex ΙV. In general, the uncertainty of emissions estimates for the energy sector is relatively small.

3.1.3 Completeness

Table 3.4 gives an overview of the IPCC source categories included in this chapter and presents the status of emissions estimates from all sub-sources in the energy sector. 

Table 3.4
Energy – Completeness of emissions inventory

	ENERGY
	Greenhouse gases
	Other gases

	
	CO2
	CH4
	N2O
	HFCs
	PFCs
	SF6
	NOx
	CO
	NMVOCs
	SO2

	Energy industries
	
	
	
	
	
	
	
	
	
	

	Public electricity and heat production 
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	
	
	
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	Petroleum refining
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	
	
	
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	Manufacture of solid fuels and other energy industries
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	
	
	
	 FORMCHECKBOX 

	ΝΕ 2)
	ΝΕ
	ΝΕ

	Manufacturing industry and construction
	
	
	
	
	
	
	
	
	
	

	Iron and steel
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	
	
	
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	Non-ferrous metals
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	
	
	
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	Chemicals
	ΙΕ 3)
	ΙΕ
	ΙΕ
	
	
	
	ΙΕ
	ΙΕ
	ΙΕ
	ΙΕ

	Paper, pulp and print
	ΙΕ
	ΙΕ
	ΙΕ
	
	
	
	ΙΕ
	ΙΕ
	ΙΕ
	ΙΕ

	Food Processing, Beverages and Tobacco
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	
	
	
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	Other industries
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	
	
	
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	Transport
	
	
	
	
	
	
	
	
	
	

	Civil aviation
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	
	
	
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	Road transport 
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	
	
	
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	Railways
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	
	
	
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	Navigation
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	
	
	
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	Other transportation
	ΝΕ
	ΝΕ
	ΝΕ
	
	
	
	ΝΕ
	ΝΕ
	ΝΕ
	ΝΕ

	Other sectors
	
	
	
	
	
	
	
	
	
	

	Commercial / Institutional
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	
	
	
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	Residential
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	
	
	
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	Agriculture / Forestry / Fisheries
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	
	
	
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	Fugitive emissions from fuels
	
	
	
	
	
	
	
	
	
	

	Solid fuels
	ΝΕ
	 FORMCHECKBOX 

	ΝΕ
	
	
	
	ΝΑ 4)
	ΝΑ
	ΝΑ
	

	Oil
	ΝΕ
	 FORMCHECKBOX 

	
	
	
	
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	Natural gas
	ΝΕ
	 FORMCHECKBOX 

	ΝΕ
	
	
	
	
	
	ΝΕ
	ΝΕ


	International bunkers 1)
	
	
	
	
	
	
	
	
	
	

	Aviation 
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	
	
	
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	Marine
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	
	
	
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 



1)  Not included in national emissions

2) ΝΕ: Not estimated

3) ΙΕ: Included elsewhere (other industries)

4) ΝΑ: Not applicable 

3.2 Stationary combustion

3.2.1 Overview

As it was already mentioned, stationary combustion includes energy industries, manufacturing industries and construction and the other sectors (agriculture, residential and commercial/ institutional sectors).  

The consumption of fossil fuels in these sectors accounts for 70% - 75% of total fossil fuel consumption in Greece for the period 1990 – 2002 (Figure 3.3).
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Figure 3.3
Consumption of fossil fuels (in PJ) in stationary combustion for the period 1990 – 2002 

The consumption of fossil fuels in 2002 increased by approximately 40% compared to 1990, with a 3% average annual rate of increase for the period 1990 – 2002.

· Fuel consumption in energy industries accounts for 60% to 70% of fuel consumption in stationary combustion. The average annual rate of increase for the period 1990 – 2002 is estimated at 2.5%, resulting in an increase of 34% in 2002 compared to 1990 levels. It is noted, however, that this increase took place mostly after 1996, due to the significant increase of electricity consumption attributed to the improvement of living standards and the weather conditions.

· The consumption of fossil fuels in industry presented a declining trend up to 1995, followed by an upward trend with the exception of 1999. This development is related to the variations of industrial production in Greece. Overall, fuel consumption in 2002 increased by 16% compared to 1990 levels, with an average annual rate of increase estimated at 1.2% for the period 1990 – 2002.

· Fossil fuels consumption in 2002 was more than double compared to 1990 levels, as, according to the national energy balance, energy consumption in 1996 increased by approximately 33% compared to 1995 and remained high since then. 

GHG emissions from stationary combustion follow the trend of fossil fuels consumption, presenting however a lower annual rate of growth. Therefore, GHG emissions in 2002 (81.3 Μt CO2 eq) increased by 27% compared to 1990 (64.2 Μt CO2 eq), with an average annual rate of increase estimated at 2% for the period 1990 – 2002 (Figure 3.4). It is noted that emissions from stationary combustion account for approximately 60% of total national emissions for the period 1990 – 2002, while five key source categories are found in this sector (CO2 emissions from solid, liquid and gaseous fuels –Ν2Ο emissions from solid and liquid fuels). 
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Figure 3.4
GHG emissions (in kt CO2 eq) from stationary combustion for the period 1990 – 2002 

Emissions from stationary combustion per gas and sector are presented in Table 3.5. 

· Carbon dioxide represents the major GHG from stationary combustion with a share in total emissions from stationary combustion being higher than 95%. Overall, CO2 emissions in 2002 increased by 27% compared to 1990 levels, with an average annual rate of increase estimated at 2%. Ν2Ο emissions in 2002 account for 4.5% of emissions from stationary combustion, increasing with an average annual rate of 1.5% during the period 1990 – 2002. CH4 emissions account for the rest 0.5% of total emissions of the sector, presenting the highest rate of increase (3.4% for the period 1990 – 2002) because of the significant increase of energy consumption in the residential sector.   

· Energy industries constitute the major contributor in the overall GHG emissions from stationary combustion, followed by manufacturing industry and construction from 1990 to 1996 and by other sectors since 1997.  

Table 3.5
GHG emissions per gas and source category from stationary combustion for the period 1990 – 2002 

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	Emissions per gas

	CO2 (in Mt)
	61.12
	60.30
	61.52
	61.41
	63.25
	62.83
	64.63
	68.49
	71.63
	70.18
	76.50
	77.89
	77.51

	CH4 (in kt)
	9.94
	9.87
	9.48
	9.67
	10.00
	9.99
	14.49
	14.50
	14.25
	13.97
	14.36
	14.75
	14.78

	N2O (in kt)
	9.26
	9.32
	8.90
	9.35
	9.57
	9.48
	10.02
	10.35
	10.64
	10.25
	11.01
	11.22
	11.11

	Emissions per source category (in Mt CO2 eq)

	Energy industries
	45.09
	43.91
	46.10
	46.25
	48.28
	46.96
	46.11
	49.68
	52.32
	52.26
	57.27
	57.81
	57.32

	Industry
	10.31
	10.21
	9.81
	9.51
	9.38
	10.18
	11.01
	11.16
	11.38
	10.07
	10.98
	11.01
	10.69

	Other sectors
	8.80
	9.27
	8.57
	8.75
	8.77
	8.83
	10.92
	11.17
	11.53
	11.32
	11.96
	12.87
	13.25

	TOTAL (kt CO2 eq)
	64.20
	63.39
	64.48
	64.51
	66.43
	65.98
	68.04
	72.00
	75.23
	73.65
	80.22
	81.68
	81.27


3.2.2 Methodology 

The calculation of GHG emissions from stationary combustion is based on the application of the CORINAIR methodology, which requires the allocation of energy consumption by sector, fuel and technology. Consequently, emissions are calculated by multiplying the consumption, per fuel and technology, with the corresponding emission factor. 

The national energy balance is the main source of information regarding fuel consumption by sector and activity (see Annex ΙΙ). Further analysis of fuel consumption by technology is based on assumptions presented hereafter.

CH4 and N2O emission factors are differentiated by technology and fuel, while CO2 emission factors are differentiated by fuel. Methane and nitrous oxide emissions calculation is based on the emission factors suggested by the IPCC Guidelines, the IPCC Good Practice Guidance and the CORINAIR methodology.

The basic characteristics of fuels used in the Greek energy system and the estimated CO2 emission factors are presented in Table 3.6. 

Table 3.6
Carbon dioxide emission factors (in t CO2 / TJ) and net calorific value (in TJ / kt) by fuel type

	Fuel type
	Net calorific value

(TJ/kt)
	Carbon content

(tC/ΤJ)
	Carbon oxidized

(%)
	Emission factor (tCO2/TJ)

	Liquid fuels
	
	
	
	

	Refinery gas
	48.15
	18.2
	99.0
	66.07

	LPG
	47.31
	17.2
	99.0
	62.44

	Gasoline
	44.80
	18.9
	99.0
	68.61

	Jet fuels
	44.60
	19.5
	99.0
	70.79

	Kerosene
	44.75
	19.6
	99.0
	71.15

	Diesel oil
	43.33
	20.2
	99.0
	73.33

	Heavy fuel oil
	40.19
	21.1
	99.0
	76.59

	Naphtha
	45.01
	20.0
	99.0
	72.60

	Petroleum coke
	31.00
	27.5
	99.0
	99.83

	Other products
	40.19
	20.0
	99.0
	72.60

	Solid fuels
	
	
	
	

	Steam coal
	27.21
	25.8
	98.0
	92.71

	Lignite 
	
	
	
	

	Electricity generation
	
	34.0
	98.0
	122.17

	Other sectors
	
	27.6
	98.0
	99.18

	Oven and gas coke
	29.31
	25.8
	98.0
	92.71

	BKB / Patent fuel
	15.28
	25.8
	99.0
	93.65

	Gaseous fuels
	
	
	
	

	Natural gas
	
	15.3
	99.5
	55.82

	Gas works
	
	15.3
	99.5
	55.82


Concerning the data presented in the table above, the following should be mentioned:

· The IPCC Guidelines constitute the main source of information regarding carbon content and fraction of carbon oxidised by fuel type, except for lignite used for electricity generation (IPCC 1997, Tables 1-1 and 1-6).

· Information on the net calorific value per fuel is provided by the national energy balance, compiled by the Ministry for Development (department for Energy Policy). This information is also submitted by the Ministry annually to both the ΙΕΑ and EUROSTAT.

· Calorific values for gas works (in use until 1997) and natural gas do not appear in the table above, because the relative consumption in the energy balance is given directly in energy units (TJ). 

· The calorific value of lignite is differentiated annually, as it is related to the characteristics of mining fields, and therefore it is presented separately in Table 3.7.

· The carbon content in lignite used for electricity production is based on relative studies of the Public Power Corporation (PPC) and the Ministry for Development.

Table 3.7
Calorific value of lignite by sector (in TJ / kt) for the period 1990 - 2002  

	Year
	Electricity generation
	Industry
	Other sectors

	1990
	5.711
	8.399
	5.740

	1991
	5.447
	8.323
	5.481

	1992
	5.225
	9.504
	5.288

	1993
	5.355
	11.074
	5.443

	1994
	5.355
	11.317
	5.418

	1995
	5.179
	11.300
	5.451

	1996
	4.915
	11.204
	5.037

	1997
	5.384
	11.300
	5.485

	1998
	5.506
	11.380
	5.589

	1999
	5.366
	11.110
	5.421

	2000
	5.346
	10.902
	5.388

	2001
	5.296
	10.006
	5.296

	2002
	5.087
	8.620
	


Public electricity and heat production

Electricity production in Greece increases continuously at average annual rate of 3.7% for the period 1990 - 2002. Electricity production in 2002 (54.2 TWh) was approximately 55% higher compared to 1990 levels (Figure 3.5)
.

Electricity generation relies mostly on the use of fossil fuels (almost 92% of electricity production in 2002). Specifically, 64% of electricity is produced by solid fuels, while the share of liquid fuels and natural gas is 16% and 12% respectively. The rest 8% of electricity production derives from hydropower and wind energy. 
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Figure 3.5
Electricity production (in TWh) by energy type for the period 1990 – 2002 

The allocation of energy consumption by technology was made on the basis of PPC data on the installed capacity and the characteristics of electricity production plants. Therefore:

· Electricity production from lignite is realised exclusively in steam turbines.

· Natural gas is used mainly in steam turbines and secondarily in gas turbines.

· Heavy fuel oil is used in gas turbines and in internal combustion engines (only in the islands’ electricity systems).

· Diesel is used in gas turbines and in internal combustion engines in the islands’ electricity systems.

It is noted that emissions from industrial CHP plants are also included in electricity and heat production (for the period 1990 – 2000), as the available information from the national energy balance is not detailed enough for their allocation in the relative industrial sectors (as it is suggested by the IPCC Guidelines). Additionally, energy consumption for off-road transportation is not considered.

GHG emissions from electricity and heat production for the period 1990 – 2002 are presented in Table 3.8. The emission factors used for CO2 emissions calculations are presented in Table 3.6, while emission factors for CH4 and N2O by fuel type and technology are those proposed by CORINAIR (SNAP 0101 and 0102 – ΕEΑ 2001). 

Table 3.8
GHG emissions from electricity and heat production per gas and fuel type(in kt) and total emissions (in kt CO2 eq) for the period 1990 – 2002  

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	CO2 emissions
	

	Solid fuels
	35257.4
	33594.0
	35671.6
	35798.1
	37713.7
	35953.4
	34940.9
	38465.9
	40500.9
	39763.6
	42259.5
	43219.8
	42443.9

	Liquid fuels
	5902.7
	6272.5
	6235.1
	6354.8
	6132.3
	6759.5
	6446.1
	6253.4
	6062.4
	5693.7
	6452.2
	5980.9
	6044.3

	Gaseous fuels
	42.2
	41.7
	36.5
	35.5
	34.7
	32.6
	38.5
	164.1
	823.8
	2025.1
	2990.3
	2956.4
	3073.3

	CH4 emissions
	

	Solid fuels
	0.173
	0.166
	0.178
	0.176
	0.185
	0.177
	0.172
	0.189
	0.199
	0.195
	0.208
	0.212
	0.209

	Liquid fuels
	0.114
	0.114
	0.121
	0.118
	0.117
	0.126
	0.134
	0.120
	0.119
	0.118
	0.137
	0.129
	0.137

	Gaseous fuels
	0.002
	0.002
	0.002
	0.002
	0.002
	0.002
	0.002
	0.003
	0.003
	0.005
	0.010
	0.009
	0.006

	N2O emissions
	

	Solid fuels
	4.600
	4.441
	5.216
	4.774
	4.978
	4.804
	4.731
	5.115
	5.301
	5.192
	5.522
	5.642
	5.554

	Liquid fuels
	0.887
	0.958
	0.980
	1.006
	1.000
	1.049
	1.049
	0.993
	0.979
	0.992
	1.103
	1.052
	1.058

	Gaseous fuels
	0.005
	0.005
	0.005
	0.004
	0.004
	0.004
	0.005
	0.010
	0.025
	0.057
	0.090
	0.087
	0.083

	TOTAL
	42911.11
	41589.26
	43871.62
	43987.67
	45741.76
	44567.65
	43225.2
	46786.33
	49348.05
	49423.93
	53791.04
	54266.68
	53644.49


GHG emissions from electricity generation in 2002 increased by 25% compared to 1990 levels at an average annual rate of 1.9% for the period 1990 – 2002. CO2 emissions (2002) account for over 96% of total emissions, while emissions from solid fuels consumption account for 82% - 85% of total emissions. However, due to the penetration of natural gas, total emissions per electricity produced by fossil fuels decreased by 17% from 1990 (1300 kg/MWh) to 2002 (1080 kg/MWh).   

Petroleum Refineries

The inventory for the sector of petroleum refining includes emissions from the production of heat, steam and/or electricity in furnaces, gas turbines and internal combustion engines within the refineries as well as emissions from thermal cracking of heavy hydrocarbons. Additionally, emissions from fluid catalytic cracking/CO boiler, flaring and production of chemicals, such as hydrogen, are also included.

GHG emissions from refineries (Table 3.9) are calculated on the basis of fuel consumption (liquid fuels only) which is presented in Annex II, the CO2emission factors presented in Table 3.6 and the emission factors of CH4 and N2O suggested by CORINAIR by fuel type and technology (SNAP 0103, process heaters – ΕΑΑ 2001). 

The total increase of GHG emissions from refineries in 2002, compared to 1990 levels, is estimated at 70%, with an average annual rate of increase estimated at 4.5% for the period 1990 – 2002. 

Table 3.9
GHG emissions (in kt CO2 eq) from petroleum refineries for the period 1990 – 2002 

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	CO2
	2044.95
	2189.61
	2094.97
	2128.51
	2379.42
	2249.42
	2718.89
	2725.32
	2800.73
	2734.25
	3279.15
	3338.03
	3448.62

	CH4
	1.20
	1.25
	1.17
	1.27
	1.36
	1.29
	1.59
	1.58
	1.64
	1.63
	1.98
	2.02
	2.03

	N2O
	74.21
	80.25
	77.26
	78.51
	87.78
	82.64
	100.27
	100.65
	102.85
	99.97
	119.50
	122.03
	126.49

	TOTAL
	2120.36
	2271.10
	2173.40
	2208.29
	2468.57
	2333.34
	2820.75
	2827.56
	2905.22
	2835.85
	3400.63
	3462.07
	3577.13


Other energy industries

The inventory for the other energy industries includes GHG emissions from the combustion of natural gas during oil and gas extraction.  

GHG emissions (Table 3.10) are calculated on the basis of the consumption of natural gas as it is presented in Annex II, the emission factors of CO2 presented in Table 3.6 and the emission factors of CH4 and N2O by fuel type and technology suggested by CORINAIR (SNAP 010504 – ΕΑΑ 2001).

Table 3.10
GHG emissions (in kt CO2 eq) from the other energy industries for the period 1990 – 2002 

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	CO2
	54.76
	50.74
	53.03
	49.51
	63.30
	61.07
	60.29
	59.45
	66.70
	2.96
	77.09
	75.24
	99.14

	CH4
	0.06
	0.06
	0.06
	0.06
	0.07
	0.07
	0.07
	0.07
	0.08
	0.00
	0.09
	0.08
	0.11

	N2O
	2.13
	1.97
	2.06
	1.92
	2.46
	2.37
	2.34
	2.31
	2.59
	0.12
	3.00
	2.93
	3.85

	TOTAL
	56.95
	52.77
	55.15
	51.49
	65.83
	63.51
	62.70
	61.83
	69.37
	3.08
	80.17
	78.25
	103.10


GHG emissions from the other energy industries in 2002 increased by approximately 80% compared to 1990, presenting an average annual rate of 5% for the period 1990 – 2002.

Manufacturing industry and construction

Emissions from energy consumption for the production of steam and process heat are reported under Manufacturing industry and construction. The availability of information regarding the technological structure of energy consumption in the industrial sector is limited and as a result the following assumptions have been adopted:

· The energy consumption recorded in the sector of "Iron and Steel" of the energy balance concerns only the iron and steel foundries. 

· Emissions from non-metallic minerals are reported under "Other" in the CRF.

· Fuel consumption in "Non-Ferrous Metals" is allocated between primary aluminium production and secondary aluminium/copper production.

· Emissions from the rest of industrial sectors are reported under "Food Processing, Beverages and Tobacco" in the CRF. It is noted that non-energy consumption and the relative CO2 emissions are also reported under this sector.

GHG emissions (Table 3.11) are calculated on the basis of fuel consumption as it is presented in Annex II, the emission factors of CO2 presented in Table 3.6 and the emission factors of CH4 and N2O by fuel type and technology suggested by CORINAIR (various activities in SNAP 03 - ΕΑΑ 2001).

Table 3.11
GHG emissions (in kt CO2 eq) from industry for the period 1990 – 2002 

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	CO2
	9792.28
	9695.20
	9327.02
	9070.09
	8897.45
	9660.69
	10412.08
	10570.22
	10771.98
	9552.32
	10414.70
	10435.59
	10142.85

	CH4
	31.28
	26.50
	18.20
	21.37
	51.79
	52.16
	76.18
	76.76
	72.51
	70.36
	76.00
	84.26
	83.45

	N2O
	483.09
	486.45
	461.90
	422.95
	432.85
	465.06
	525.47
	516.15
	531.08
	443.65
	487.82
	492.15
	464.27

	TOTAL
	10306.66
	10208.14
	9807.13
	9514.41
	9382.09
	10177.91
	11013.74
	11163.13
	11375.57
	10066.33
	10978.53
	11012.00
	10690.57


GHG emissions show a decreasing trend until 1994 due to the reduction of industrial activity in Greece, which is followed, despite some fluctuations, by an increasing trend. Overall, GHG emissions from industry in 2002 increased by 4% compared to 1990, with an average annual rate of 0.3% for the period 1990 – 2002.

Residential – Tertiary sector

GHG emissions from the residential – tertiary sector result from energy consumption for heat in order to cover the needs for the space heating, water heating etc. Thermal needs in these sectors are covered almost exclusively by liquid fossil fuels, while the contribution of biomass (fuel wood), especially in the residential sector, is also significant (mainly in rural areas).

Two basic technologies are considered: central heating boilers and other stationary equipment (e.g. oil stoves, fireplaces etc.). For the allocation of fuel consumption by technology, it is assumed that the consumption of diesel, heavy fuel oil, gas works gas (until 1997) and natural gas concern central heating boilers and the consumption of the rest of the fuels concern the other stationary equipment.

GHG emissions (Table 3.12 for the residential sector and Table 3.13 for the commercial/ institutional sector) are calculated on the basis of fuel consumption as it is presented in Annex II, the emission factors of CO2 presented in Table 3.6 and the emission factors of CH4 and N2O by fuel type and technology suggested by CORINAIR (SNAP 0201 and 0202 – ΕΑΑ 2001).

Table 3.12
GHG emissions (in kt CO2 eq) from the residential sector for the period 1990 – 2002 

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	CO2 emissions
	

	Solid fuels
	94.16
	143.15
	144.65
	158.03
	153.44
	147.95
	165.84
	166.00
	142.04
	72.25
	86.89
	81.85
	95.71

	Liquid fuels
	4584.82
	4560.85
	4470.27
	4437.91
	4466.13
	4697.02
	6394.07
	6673.65
	7032.67
	6917.13
	7494.44
	8075.67
	8402.61

	Gaseous fuels
	4.91
	5.69
	8.32
	7.65
	4.52
	6.31
	6.31
	6.53
	31.04
	9.10
	10.33
	12.22
	19.98

	CH4 emissions
	

	Solid fuels
	5.18
	7.85
	8.06
	8.69
	9.02
	8.15
	9.50
	9.69
	8.30
	3.84
	4.60
	4.33
	5.13

	Liquid fuels
	2.71
	2.70
	2.65
	2.60
	2.60
	2.69
	3.65
	3.81
	4.03
	3.97
	4.30
	4.64
	4.82

	Gaseous fuels
	0.01
	0.01
	0.02
	0.01
	0.01
	0.01
	0.01
	0.01
	0.03
	0.01
	0.01
	0.01
	0.02

	Biomass
	139.24
	139.24
	139.24
	139.24
	130.24
	130.24
	197.52
	197.52
	197.52
	197.52
	197.52
	197.52
	197.52

	N2O emissions
	

	Solid fuels
	2.78
	4.22
	4.35
	4.70
	4.90
	4.40
	5.17
	5.26
	4.52
	2.02
	2.42
	2.28
	2.63

	Liquid fuels
	179.56
	178.52
	175.51
	172.11
	171.46
	177.68
	242.31
	252.97
	266.71
	262.39
	284.44
	306.53
	319.14

	Gaseous fuels
	0.07
	0.08
	0.12
	0.11
	0.06
	0.09
	0.09
	0.09
	0.26
	0.08
	0.09
	0.10
	0.17

	Biomass
	70.66
	70.66
	70.66
	70.66
	66.09
	66.09
	100.23
	100.23
	100.23
	100.23
	100.23
	100.23
	100.23


Table 3.13
GHG emissions (in kt CO2 eq) from the commercial/institutional sector for the period 1990 – 2002  

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	CO2 emissions
	

	Solid fuels
	9.92
	8.50
	2.83
	1.42
	1.42
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Liquid fuels
	500.71
	645.33
	607.08
	578.88
	598.21
	646.72
	781.80
	753.43
	762.96
	739.33
	755.88
	973.17
	987.27

	Gaseous fuels
	12.06
	12.84
	12.95
	12.62
	13.12
	12.67
	12.67
	13.29
	0.00
	17.36
	20.10
	28.47
	42.48

	CH4 emissions
	

	Solid fuels
	0.39
	0.34
	0.11
	0.06
	0.06
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Liquid fuels
	0.28
	0.38
	0.36
	0.35
	0.36
	0.40
	0.49
	0.47
	0.47
	0.45
	0.46
	0.58
	0.58

	Gaseous fuels
	0.03
	0.03
	0.03
	0.03
	0.03
	0.03
	0.03
	0.03
	0.00
	0.01
	0.01
	0.01
	0.02

	Biomass
	14.51
	14.51
	14.51
	14.51
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	N2O emissions
	

	Solid fuels
	0.26
	0.22
	0.07
	0.04
	0.04
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Liquid fuels
	21.34
	27.89
	26.25
	24.48
	24.32
	26.25
	31.68
	30.61
	30.97
	30.15
	30.81
	39.01
	40.33

	Gaseous fuels
	0.17
	0.18
	0.18
	0.18
	0.18
	0.18
	0.18
	0.18
	0.00
	0.14
	0.17
	0.24
	0.35

	Biomass
	7.85
	7.85
	7.85
	7.85
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00


GHG emissions from the residential and the commercial/institutional sector in 2002 increased significantly compared to 1990 levels (80% and 90% respectively), as a result of the great increase of liquid fuel consumption since 1996, according to the national energy balance.

Agriculture

GHG emissions from agriculture result from combustion activities related to thermal needs (e.g. space heating in greenhouses) and from agricultural machinery. Fuel consumption is not allocated to forestry or fisheries since the available information does not allow for such a disaggregation.

Thermal needs are covered by diesel and heavy fuel oil in boilers and by lignite and biomass in other stationary equipment. Agricultural machineries use diesel oil and gasoline. The distribution of diesel consumption between thermal needs and machineries is kept constant during the whole period 1990 – 2002.

GHG emissions (Table 3.14) are estimated on the basis of fuel consumption as it is presented in Annex II, CO2 emission factors presented in Table 3.6 and CH4 and N2O emission factors per fuel and technology proposed by CORINAIR (SNAP 0201 for thermal needs and 0806 for movement of agricultural machineries – EEA 2001).

Table 3.14
GHG emissions (in kt CO2 eq) from agriculture for the period 1990 - 2002

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	Thermal needs
	

	CO2
	134.00
	179.34
	170.48
	155.94
	148.18
	135.59
	156.19
	143.60
	143.60
	158.60
	162.76
	170.45
	162.76

	CH4
	0.99
	1.32
	1.68
	1.98
	1.51
	1.95
	2.21
	1.51
	1.51
	2.35
	2.58
	2.54
	2.67

	N2O
	7.27
	10.90
	9.99
	8.34
	8.10
	6.69
	8.32
	7.93
	7.93
	8.40
	8.53
	9.41
	8.57

	Machinery
	

	CO2
	2680.84
	2896.55
	2687.00
	2625.36
	2643.85
	2465.10
	2499.00
	2495.92
	2495.92
	2495.92
	2495.92
	2546.87
	2549.94

	CH4
	6.70
	7.09
	6.71
	6.64
	6.66
	6.46
	6.50
	6.50
	6.50
	6.50
	6.50
	6.48
	6.55

	N2O
	319.17
	345.59
	319.94
	312.18
	314.51
	292.01
	296.28
	295.89
	295.89
	295.89
	295.89
	302.46
	302.49


The majority of GHG emissions from agriculture are attributed to agricultural machinery (approximately 95% for the period 1990 – 2002). In total, in 2002 emissions from agriculture decreased by approximately 4% compared to 1990 emissions.

3.2.3 Recalculations

The recalculations of emissions that were performed in the present inventory, compared to the previous one, concern:

· The allocation of emissions from agricultural machinery (see Table 3.14) to agriculture (1.A.4c) instead of transport.

· The revision of energy data and the allocation of CHP industrial units in the corresponding sectors for 2001. 

Finally, it is noted that some minor differences may be attributed to the way in which values are entered in the CRF (number of decimal digits).

The results of the recalculation of GHG emissions from stationary combustion, namely the difference (%) between present and previous of emissions estimates, are presented in Table 3.15. 

Table 3.15
Recalculation of GHG emissions from stationary combustion

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

	CO2
	4.6%
	5.0%
	4.6%
	4.5%
	4.4%
	4.1%
	4.0%
	3.8%
	3.6%
	3.7%
	3.4%
	3.5%

	CH4
	3.3%
	3.6%
	3.5%
	3.4%
	3.3%
	3.2%
	2.2%
	2.2%
	2.2%
	2.3%
	2.2%
	5.1%

	N2O
	12.5%
	13.6%
	13.1%
	12.1%
	11.9%
	10.9%
	10.6%
	10.1%
	9.8%
	10.3%
	11.1%
	11.8%


3.2.4 Planned improvements

Key issues that need further consideration regarding the emissions inventory by stationary combustion concern the timely availability of energy balance and the availability of information on the share of different technologies used at the level of final energy consumption. Specifically:

13. The date of completion of the national energy balance is not usually in accordance with the deadlines of submission of the annual inventory of GHG emissions in the European Commission and in the Secretariat of the Convention. Thus, the data used, specifically for the last year of the inventory report (e.g. 2002 in the present inventory), are provisional and therefore recalculation (the inventory that will be submitted in 2005) of emissions estimates for this year always takes place in the next inventory. 

14. The available information regarding the share of different technologies used at the level of final energy consumption is limited, resulting in the inevitable adoption of the assumptions presented above. The reliability and the validity of these assumptions, particularly for the industrial sector, have to be examined in a more systematic way.

NOA, in collaboration with the Ministry for Development, are involved in a project (title of project: "Harmonization of energy statistics"), financed by EUROSTAT, with the objective to check the energy balances of the period 1990 – 2000 and the revision of these where necessary. The results of this project (to be completed by the beginning of 2005) are likely to affect the emissions inventory from stationary combustion (if energy data will have to be revised) and are expected to be an important source of information concerning the technological structure of energy demand, especially in large industrial units. 

The incorporation of the project’s results in the emissions inventories is expected to be completed until the submissions of 2006.      

3.3 Transport

Internal aviation, road transportation, railways and internal navigation are included in the transport sector. Emissions from international marine and aviation bunkers are not included in national totals, but are calculated and reported separately as Memo items. 

In total, GHG emissions from transport (Table 3.16) in 2002 increased by approximately 34% compared to 1990 emissions (from 15.65 Mt CO2 eq in 1990 to 20.91 Mt CO2 eq in 2002). The average annual rate of emissions increase from transport for the period 1990 – 2002 was 2.5% and is higher than the corresponding rate that was calculated for stationary combustion (2% for the same period). In an annual base, the higher increase of emissions (compared to the previous year) was observed in 1998 (approximately 9%) and the higher reduction in 2000 (approximately 5%). These changes are due to the fluctuation of energy consumption in navigation (+54% for 1998 and  –42% for 2000) according to the information provided by national energy balance (Table 3.16).

In 2002, the majority of GHG emissions derived from road transport, the contribution of which increased from 77% in 1990 to 84% of total emissions of the sector, since the number of vehicles in the country has doubled between 1990 and 2002.

The share of internal navigation in the emissions of the transport sector decreased from 11.4% in 1990 to 9.4% in 2002. Additionally, the contribution of internal aviation decreased from 9.4% in 1990 to 5.6% in 2002, while the contribution of railways decreased from 1.5% in 1990 to 0.7% in 2002. 

During the period 1990 – 2002 GHG emissions from road transport present an average annual rate of increase of approximately 3.5%, while emissions from internal navigation present a minor increase with an average annual rate of 0.5%. Emissions from internal aviation and railways presented a declining trend with an average annual rate of 1.5% and 2.8% respectively. 

Finally, emissions from international navigation increased slightly with an average annual rate of 1.4% for the period 1990 – 2002, while emissions from international aviation decreased with a rate of 0.4% annually.

Transport is also a major contributor of indirect greenhouse gases emissions (carbon monoxide, oxides of nitrogen and non-methane volatile organic compounds).

Table 3.16
GHG emissions (in Μt CO2 eq) from the transportation sector per category, for the period 1990 – 2002

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002 2)
	(%) 3)

	Emissions (Mt CO2 eq)
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1Α3a
	Aviation
	1.47
	1.47
	1.54
	1.61
	1.35
	1.22
	1.29
	1.24
	1.16
	1.69
	1.58
	1.29
	1.17
	-20,1

	1Α3b
	Road transport 
	12.11
	12.96
	13.29
	13.62
	13.81
	14.24
	14.90
	15.28
	16.01
	16.30
	16.52
	16.95
	17.6
	45,6

	1Α3c
	Railways
	0.23
	0.18
	0.17
	0.18
	0.19
	0.16
	0.16
	0.15
	0.17
	0.14
	0.14
	0.15
	0.15
	-36,5

	1Α3d
	Navigation
	1.84
	1.87
	1.92
	1.76
	1.85
	1.76
	1.51
	1.83
	2.82
	2.79
	1.60
	2.17
	1.96
	6,2

	Total
	15.65
	16.48
	16.92
	17.16
	17.20
	17.39
	17.87
	18.50
	20.15
	20.93
	19.84
	20.55
	20.91
	33.6

	Energy consumption (PJ)
	
	
	
	
	
	
	
	
	
	
	
	
	

	1Α3a
	Aviation
	20.6
	20.6
	21.5
	22.6
	19.0
	17.2
	18.1
	17.3
	16.2
	23.7
	22.2
	18.9
	17.3
	-16,2

	1Α3b
	Road transport 
	170.7
	181.5
	185.7
	190.0
	192.5
	198.1
	207.0
	212.1
	221.6
	225.8
	228.6
	234.4
	242.4
	42,0

	1Α3c
	Railways
	24.8
	24.9
	25.6
	23.4
	24.7
	23.5
	20.1
	24.3
	37.4
	36.9
	21.4
	28.9
	26.2
	5,3

	1Α3d
	Navigation
	2.8
	2.2
	2.1
	2.1
	2.3
	1.9
	2.0
	1.8
	2.0
	1.7
	1.7
	1.8
	1.8
	-35,7

	Total
	218.9
	229.2
	234.9
	238.1
	238.4
	240.6
	247.1
	255.6
	277.3
	288.2
	273.8
	283.9
	287.6
	31.4

	
	

	Memo items 1)
	

	Emissions (CO2 eq)
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	International aviation bunkers
	2.47
	2.15
	2.23
	2.93
	2.81
	2.64
	2.53
	2.44
	2.56
	2.29
	2.53
	2.35
	2.35
	-5.1

	International marine bunkers
	8.11
	7.44
	8.55
	9.97
	10.57
	11.37
	10.00
	10.03
	11.17
	9.94
	11.47
	11.14
	9.99
	23.2

	Total
	10.58
	9.59
	10.77
	12.90
	13.39
	14.00
	12.53
	12.47
	13.73
	12.22
	14.00
	13.49
	12.34
	16.6

	Energy consumption (PJ)
	

	International aviation bunkers
	34.6
	30.1
	31.2
	41.1
	39.4
	36.9
	35.4
	34.2
	35.9
	32.0
	35.4
	32.9
	32.9
	-5.1

	International marine bunkers
	106.6
	97.9
	112.6
	131.1
	139.0
	149.5
	131.4
	131.8
	146.3
	130.4
	150.5
	146.0
	131.2
	23.1

	Total
	141.2
	128.0
	143.8
	172.2
	178.3
	186.4
	166.8
	166.0
	182.2
	162.4
	185.9
	178.8
	164.1
	16.2


1) Emissions from international transport are not included in national emissions

2) The data of 2002 are provisional

3) Change compared to 1990

3.3.1 Methodology 

Road transportation 

The model COPERT III, developed within the framework CORINAIR program, was applied for the estimation of emissions from road transportation (Ntziachristos and Samaras 2000). The model takes into consideration the technology of vehicles, as well as driving conditions and weather conditions.

Road transport is a key source category of CO2 and Ν2Ο emissions. CO2 emissions in 2002 increased by approximately 44% compared to 1990 emissions, while Ν2Ο emissions tripled from 1990 (Table 3.17). 

Table 3.17
GHG emissions (in kt CO2 eq) and energy consumption (in PJ) from road transportation for the period 1990 – 2002 

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	
	Emissions (in kt CO2 eq)

	CO2
	11872.57
	12683.44
	12985.33
	13283.90
	13462.15
	13871.96
	14509.07
	14851.13
	15561.34
	15844.76
	16031.23
	16421.35
	17070.62

	CH4
	100.67
	106.18
	112.88
	118.90
	120.60
	127.03
	132.57
	135.24
	136.86
	142.95
	150.32
	151.85
	154.16

	N2O
	141.67
	172.98
	199.02
	219.79
	228.47
	247.07
	266.29
	293.26
	310.31
	318.68
	336.66
	392.46
	434.31

	TOTAL
	12114.92
	12962.60
	13297.23
	13622.59
	13811.23
	14246.06
	14907.94
	15279.63
	16008.50
	16306.39
	16518.20
	16965.67
	17659.09

	Energy consumption (in PJ)

	Gasoline
	106.31
	109.63
	113.43
	116.21
	118.50
	122.04
	129.47
	133.73
	139.15
	141.79
	144.70
	149.45
	156.49

	Diesel
	59.02
	67.12
	67.46
	68.81
	69.37
	71.93
	74.14
	75.05
	80.20
	81.81
	81.89
	82.11
	83.41

	Other liquid
	1.42
	1.75
	1.99
	2.13
	1.89
	1.89
	1.70
	1.32
	1.28
	0.95
	0.71
	0.76
	0.71

	TOTAL
	166.75
	178.49
	182.89
	187.15
	189.76
	195.86
	205.31
	210.10
	220.63
	224.55
	227.31
	232.32
	240.61


The significant increase of N2O emissions is attributed to the increase of new technology (catalytic) passenger cars, as shown in Figure 3.6. For the same reason, emissions of carbon monoxide and nitrogen oxides emissions decreased. NMVOCs emissions increase is due to the high increase of the number of motorcycles and mopeds favoured by the situation of traffic in urban centres. Finally, the reduction of SO2 emissions is attributed to the improvement of the fuels characteristics (i.e. the reduction of their sulphur content). 
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Figure 3.6
Increase of nitrous oxide emissions compared to the increase of catalytic passenger vehicles

Internal navigation

GHG emissions from internal navigation are calculated according to the default methodology of CORINAIR, which is based on the relative consumption of energy per fuel and default emission factors (SNAP 0804 – EEA 2001). The application of the analytic methodology requires detailed data for the composition of the fleet and the routes performed, which are not available at present. 

Internal navigation constitutes another basic source of carbon dioxide emissions. GHG emissions from navigation in 2002 were 6.2% higher than the emissions in 1990, on the basis of provisional data for fuel consumption from this sector (Table 3.18).

Table 3.18
GHG emissions (in kt CO2 eq) and energy consumption (in PJ) from internal navigation for the period 1990 – 2002 

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	
	Emissions (in kt CO2 eq)

	CO2
	1824.81
	1851.18
	1899.38
	1738.05
	1830.85
	1743.61
	1493.43
	1812.48
	2793.46
	2760.82
	1579.59
	2144.87
	1937.14

	CH4
	3.61
	3.70
	3.80
	3.47
	3.66
	3.48
	2.99
	3.63
	5.61
	5.54
	3.14
	4.28
	3.86

	N2O
	14.21
	14.58
	14.95
	13.66
	14.41
	13.71
	11.76
	14.28
	22.07
	21.82
	12.38
	16.86
	15.20

	TOTAL
	1842.63
	1869.47
	1918.14
	1755.19
	1848.91
	1760.81
	1508.17
	1830.40
	2821.14
	2788.18
	1595.11
	2166.02
	1956.20

	
	Energy consumption (in PJ)

	Diesel
	14.56
	15.47
	15.08
	15.17
	14.08
	12.35
	9.923
	10.23
	15.25
	12.52
	11.4
	14.95
	14.3

	Heavy fuel oil
	9.53
	9.28
	10.25
	8.08
	10.29
	10.77
	9.85
	13.66
	21.62
	23.75
	9.48
	13.46
	11.37

	Lubricants
	0.76
	0.16
	0.24
	0.20
	0.28
	0.36
	0.32
	0.44
	0.52
	0.64
	0.48
	0.48
	0.48

	TOTAL
	24.85
	24.91
	25.57
	23.44
	24.65
	23.48
	20.09
	24.33
	37.4
	36.92
	21.36
	28.89
	26.15


Internal aviation

GHG emissions from internal aviation are calculated according to the Tier 2a methodology suggested by the IPCC Guidelines, which is based on the combination of energy consumption data and air traffic data (Landing and Take off cycles, LTOs). The emission factors used and the distribution of consumption in LTOs and cruise are the suggested IPPC values (IPCC 1997, Table 1-52) for old fleet. 

The data on energy consumption derive from the national energy balance, while data on LTOs are provided by the Civil Aviation Service. However, it seems that (Table 3.19) some inconsistencies may exist, as according to the data LTOs increased by 47% since 1990 while energy consumption decreased by 16%. This issue needs to be examined further. 

GHG emissions from internal aviation decreased by 20.1% since 1990 (Table 3.19).

Table 3.19
GHG emissions (in kt CO2 eq), energy consumption (in PJ) and air movement (in thousands LTOs) for the period 1990 – 2002 

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	
	Emissions (kt CO2 eq)

	CO2
	1455.30
	1458.45
	1521.45
	1597.05
	1338.75
	1212.75
	1275.75
	1225.35
	1146.60
	1675.80
	1565.55
	1272.60
	1162.35

	CH4
	0.25
	0.22
	0.24
	0.26
	0.27
	0.28
	0.30
	0.35
	0.35
	0.42
	0.46
	0.43
	0.37

	N2O
	14.32
	14.35
	14.97
	15.72
	13.18
	11.94
	12.56
	12.06
	11.28
	16.49
	15.41
	12.52
	11.44

	TOTAL
	1469.87
	1473.02
	1536.66
	1613.03
	1352.19
	1224.97
	1288.61
	1237.76
	1158.24
	1692.71
	1581.42
	1285.55
	1174.15

	Energy cons.
	20.60
	20.38
	21.54
	22.61
	18.95
	17.17
	18.06
	17.35
	16.23
	23.72
	22.16
	18.87
	17.26

	Air traffic 
	118.55
	102.66
	112.37
	123.24
	127.58
	135.26
	145.12
	164.88
	167.70
	200.53
	220.07
	202.87
	174.00


Railways

GHG emissions from railways are calculated according to the default methodology proposed in CORINAIR, which is based on the relative consumption of energy per fuel and the typical emission factors (SNAP 0802 – EEA 2001). 

GHG emissions from railways (Table 3.20) decreased by 36.5% from 1990.

Table 3.20
GHG emissions (in kt CO2 eq) from railway transportation for the period 1990 – 2002 

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	CO2
	202.69
	158.21
	154.37
	155.03
	167.74
	139.14
	145.50
	135.97
	149.33
	127.09
	127.09
	128.66
	128.66

	CH4
	2.38
	1.85
	1.78
	1.81
	1.97
	1.63
	1.70
	1.59
	1.78
	1.51
	1.51
	1.51
	1.51

	N2O
	24.22
	18.84
	18.07
	18.45
	19.99
	16.53
	17.30
	16.14
	18.07
	15.38
	15.38
	15.38
	15.38

	TOTAL
	229.29
	178.89
	174.22
	175.29
	189.69
	157.30
	164.50
	153.70
	169.17
	143.98
	143.98
	145.55
	145.55


International navigation and aviation

GHG emissions from international aviation and marine bunkers are calculated with the same methodologies mentioned above for internal aviation and navigation. The allocation of fuel consumption between domestic and international transportation is based on the data of the national energy balance, as declared by oil trading companies. Finally, the allocation of LTOs between domestic and international aviation (Figure 3.7) is based on data provided by the Civil Aviation Service.

GHG emissions from international marine bunkers (Table 3.16) increased by 16.6% since 1990, while the corresponding emissions from aviation decreased by 5.1%. 
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Figure 3.7
Allocation of LTOs to domestic and international aviation for the period 1990 – 2002 

3.3.2 Recalculations

The recalculations of emissions that were performed in the present inventory, compared to the previous one, concern:

· The allocation of emissions from agricultural machinery (see Table 3.14) to agriculture (1.A.4c) instead of transport.

· Re-estimation of CO2 emissions from international aviation, which however are not added in the national emissions totals. 

The results of the recalculation of GHG emissions from transport, namely the difference (%) between present and previous of emissions estimates, are presented in Table 3.21. 

Table 3.21
Recalculation of GHG emissions from transport

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

	CO2
	-14.9%
	-15.2%
	-14.0%
	-13.5%
	-13.6%
	-12.7%
	-12.6%
	-12.2%
	-11.3%
	-10.9%
	-11.0%
	-11.1%

	CH4
	-5.9%
	-5.9%
	-5.3%
	-5.0%
	-5.0%
	-4.7%
	-4.5%
	-4.4%
	-4.3%
	-4.1%
	-4.0%
	-3.7%

	N2O
	-62.2%
	-61.0%
	-36.1%
	-53.9%
	-53.3%
	-50.2%
	-49.1%
	-46.8%
	-45.0%
	-44.3%
	-43.8%
	-39.2%


3.3.3 Planned improvements

Planned improvements for the transport sector (international bunkers included) concern:

· The collection of the necessary data for a more precise distribution of vehicles per technology.

· The examination of the availability of more detailed data on the composition of the fleet (technology of machines etc) and the routes performed in order to apply a more detailed methodology for the estimation of emissions from aviation and navigation. 

· The approaches for the allocation between internal and external transportation will be investigated in collaboration with responsible agencies (Ministry for Development and Civil Aviation Service).

· For the sector of internal navigation, which constitutes a key source category of GHG emissions the necessity of differentiation, compared to those used in the calculations presented in the present report, of the characteristics of fuels consumed (e.g. carbon content) will be investigated. 

3.4 Fugitive emissions

3.4.1 Solid fuels

The geological process of coal formation also produces methane (CH4), some of which remains trapped in the coal seam until it is mined. Generally, deeper underground coal seams contain more in-situ methane than shallower surface seams. 

Coal mining in Greece concerns exclusively the extraction of lignite. All lignite mines in Greece are surface mines and methane is emitted directly into the atmosphere, as the rock strata overlying the coal are removed during the process.

Fugitive emissions from solid fuels are a key source category. CH4 emissions (Table 3.22) from the mining of lignite in 2002 account for 1.4% of total GHG emissions from the energy sector and 1.1% of total national emissions. Moreover, lignite mining is the third more important source of CH4 emissions (following solid waste disposal on land and enteric fermentation) and is responsible for 13% of total methane emissions in 2002. The average annual rate of emissions increase for the period 1990 – 2002, is estimated at 2.6% (a total increase of 36% in 2002 compared to 1990 levels).

Table 3.22
CH4 emissions from lignite mining (in kt) and primary production of lignite (in kt) for the period 1990 – 2002

	Year
	Production (kt)
	CH4 emissions (kt)

	1990
	51896
	52.16

	1991
	52695
	52.96

	1992
	55051
	55.33

	1993
	54800
	55.07

	1994
	56672
	56.96

	1995
	57682
	57.97

	1996
	59781
	60.08

	1997
	58844
	59.14

	1998
	60884
	61.19

	1999
	62051
	62.36

	2000
	63887
	64.21

	2001
	66344
	66.68

	2002
	70468
	70.82


Methodology

CH4 emissions from lignite mining are calculated on the basis of lignite production and the use of typical emission factor (Tier 1 methodology), as information with regard to the availability of measurements that would allow the calculation of national factors do not exist. More specifically:

· The national energy balance is the basic source for the activity data (production of lignite, see Table 3.22) used for the calculation of emissions.  

· The typical emission factor (1.5 m3 / t of lignite) suggested by the Good Practice Guidance of IPCC (IPCC 2000), which also covers emissions from post-mining activities, is used. The density of methane has been considered equal to 0.67 kg / m3. 

Recalculation of emissions

CH4 emissions from lignite mining have been recalculated because of the change of the emission factor used. In the previous inventory, the average of the suggested CH4 emission factors from the IPCC Guidelines and CORINAIR was used. For the compilation of the present inventory, the emission factor used is the one proposed by the Good Practice Guidance of IPCC for cases where available background information to assist a more reliable choice does not exist. 

The change implied by the above-mentioned recalculation is presented in the following table.

Table 3.23
Recalculation of CH4 emissions from lignite mining 

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

	Difference (%)
	18.24%
	18.24%
	18.24%
	18.24%
	18.24%
	18.23%
	18.24%
	18.23%
	18.24%
	18.24%
	18.24%
	0.00%


Emissions estimates for the year 2001 have not been changed since in the previous submission the new emission factor had already been used for this year.

Planned improvements

Taking into consideration that lignite mining is a key source category, the availability of measurements will be investigated on the basis of which a national emission factor will be calculated.

3.4.2 Oil and natural gas 

Activities related to primary production (extraction), processing, storage and transmission/ distribution of crude oil, petroleum products and natural gas are included in this sector. Methane released in the atmosphere during these operations is the direct result of leaks, disruptions and maintenance procedures. Moreover, the sector includes also emissions resulting from venting and flaring of gases that cannot be controlled by other means. 

· The Greek market of oil and petroleum products comprises four refineries, approximately 50 companies activated in the marketing of petroleum products and a large number of retailers and gas stations. The annual refining capacity of the four refineries amounts to 19.7 Mt of crude oil. 

· The basic infrastructure with respect to system of transport, storage and distribution of natural gas in Greece includes (a) the main pipeline with a length of 512 km, and branch pipelines to several cities with a length of 450 km, (b) the terminal of the liquefied natural gas which includes two storage tanks with a total capacity of 130,000 m3 and (c) the medium and low pressure distribution network of natural gas. The expected length of the low pressure network, in order to cover the needs of four major Greek cities (Athens, Thessalonica, Larissa and Volos) is 6,500 km. 

CH4emissions (Table 3.24) from oil and natural gas systems account for 0.18% of total GHG emissions from the sector of energy and for 0.14% of total national emissions. The average annual rate of emissions increase for the period 1990 – 2002 was 14% (emissions in 2002 were five times over the level of 1990). This increase took place after 1997, when natural gas was introduced in Greece, and since then the consumption is rapidly increasing (Table 3.25). Oil market, on the contrary, seems to remain rather stable (Table 3.25). 

Table 3.24
CH4 emissions (in kt) from oil and natural gas systems for the period 1990 - 2002

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

	Oil
	1.10
	0.97
	1.03
	0.86
	1.00
	1.10
	1.29
	1.31
	1.32
	1.11
	1.38
	1.34

	Natural gas
	0.71
	0.71
	0.65
	0.48
	0.25
	0.23
	0.25
	0.77
	3.15
	5.23
	7.34
	7.26

	Venting and flaring
	0.07
	0.07
	0.06
	0.05
	0.05
	0.04
	0.04
	0.04
	0.03
	0.00
	0.02
	0.02


Methodology

Methane emissions from oil and natural gas systems are calculated according to the Tier 1 methodology described in the IPCC Guidelines (IPCC 1997). This methodology is based on the correlation of emissions with the amounts of oil (or natural gas) produced, processed etc. Specifically:

· The national balance of energy is the only source of information regarding the activity data (see Table 3.25) used for the calculation of emissions.  

· The emission factors used are the average of the typical ones suggested by the IPCC Guidelines for Western Europe (Table 1.58, IPCC 1997). 

Table 3.25
Basic activity data for the calculation of CH4 emissions from oil and natural gas systems for the period 1990 - 2002

	Year
	Primary production
	Imports
	Consumption

	
	Crude oil (kt)
	Natural gas (TJ)
	Crude oil (kt)
	Natural gas (TJ)

	1990
	773
	5783
	14539
	5783

	1991
	789
	5752
	12362
	5752

	1992
	653
	5279
	13967
	5279

	1993
	537
	3893
	11777
	3893

	1994
	500
	1992
	12914
	1992

	1995
	435
	1837
	15329
	1837

	1996
	483
	1939
	17529
	2064

	1997
	436
	1879
	17957
	7160

	1998
	293
	1687
	18569
	30372

	1999
	15
	105
	15944
	50994

	2000
	256
	1308
	19371
	71305

	2001
	171
	1683
	18906
	70466

	2002
	165
	1776
	19116
	75408


Recalculations

Methane emissions from the natural gas systems presented in the current inventory are significantly higher from relevant estimates reported in the previous inventory. The recalculations result from:

15. Emissions from venting & flaring are estimated and reported for the first time.

16. Complete emission estimates for transport, refining and storage of crude oil and petroleum products for the whole period.

17. Complete emission estimates for primary production of natural gas for the whole period. 

18. The emission factor used for the calculation of emissions from transmission and distribution of natural gas has changed.

The results of the recalculations, in the form of % change between calculated emissions in the present inventory and relevant estimates in the previous inventory, are presented in the following table.

Table 3.26
Recalculation of CH4 emissions (in kt) from oil and natural gas systems 

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

	Oil
	1.01
	0.87
	0.95
	0.80
	0.94
	1.05
	1.23
	1.26
	1.28
	1.11
	1.35
	0.11

	Natural gas
	0.59
	0.59
	0.54
	0.40
	0.21
	0.19
	0.21
	0.62
	2.51
	4.16
	5.85
	0.09

	Venting and flaring
	0.07
	0.07
	0.06
	0.05
	0.05
	0.04
	0.04
	0.04
	0.03
	0.00
	0.02
	0.02


Planned improvements

The Tier 1 methodology described in the IPCC Good Practice Guidance is based on a detailed description and analysis of activities within oil and natural gas systems and on emission factors referring to the USA and Canada systems. However, the available data do not allow for the application of this methodology. Therefore, its application was not possible and emission estimates for CO2 and Ν2Ο are not included in the present inventory. 

Consequently, actions for the improvement of the emissions inventory for oil and natural gas systems will focus on the collection of the required data for the application of the new Tier 1 methodology and on the examination of the applicability of the suggested emission factors for the Greek conditions. 

Non-energy use of fuels

Non-energy fuel use concern the consumption of fuels as raw materials (e.g. in chemical industry, metal production) for the production of other products or the use of fuels for non-energy purposes (e.g. bitumen). Part of the carbon content of fuels is stored in final products and is not oxidized into carbon dioxide for a certain time period. The fraction of the carbon contained in final products and the time period for which carbon is stored in them, depend on the type of fuel used and of the products produced.

The oxidation of the carbon stored in final products occurs either during the use of the product (e.g. solvents) or during their decomposition (e.g. through combustion). It should be noted that emissions during production processes (e.g. ammonia production) should be reported under the sector of industrial processes, while emissions from burning of products should be reported under the waste sector or energy sector (as long as energy exploitation takes place).

Non-energy use of fuels in Greece refers to the consumption of:

· naphtha, natural gas and lignite (for the period 1990 – 1991) in chemical industry, 

· petroleum coke in the production of non-ferrous metals,

· lubricants in transport (including of-road transportation),

· bitumen in construction and 

· other petroleum products in the industrial and residential sectors

The calculation of carbon dioxide emissions from non-energy use of fuels is based on the relevant consumption by fuel type (Table 3.27) and the fraction of the carbon stored by fuel type (Table 3.28), according to the following equation.   
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where, Ε represent carbon emissions, f is the index of fuel type, FCf is non-energy consumption of fuel f, CCf is the carbon content of fuel f and CSf is the fraction of carbon stored from the non-energy use of fuel f. 

Data on the non-energy consumption of fuels derive from the national energy balance. However, the availability of more detailed data regarding non-energy consumption of fuels and industrial activity in Greece should be examined, as current data from the energy balance do not provide enough information about 

· the characteristics of non-energy fuel use in the production of non-ferrous metals (e.g. carbon electrodes for aluminium primary production, use as reducing agent for the secondary production of non-ferrous metal etc.) 

· non-energy fuel use in the production of iron, steel and ferroalloys and

· further analysis of non-energy fuel use in chemical industry (production of plastics, ammonia etc.).

Because of the lacking information mentioned above, carbon dioxide emissions from ammonia production and from the primary production of aluminium are included both in the energy sector and the sector of industrial processes (i.e. are double-counted).  

Table 3.27
Non-energy fuel use (in PJ) for the period 1990 – 2002

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	Naphtha
	2.66
	3.15
	2.66
	2.34
	1.49
	3.20
	3.92
	2.21
	0.72
	1.04
	2.12
	1.71
	0.90

	Lubricants
	5.31
	3.46
	0.60
	3.42
	3.46
	2.97
	2.45
	2.89
	2.01
	2.41
	2.25
	3.18
	2.17

	Bitumen
	10.69
	9.48
	10.69
	10.61
	11.41
	13.06
	13.10
	12.70
	15.19
	14.79
	19.25
	16.64
	17.32

	Natural gas
	4.05
	4.10
	3.68
	2.37
	0.24
	0.16
	0.15
	1.68
	8.43
	6.26
	5.09
	2.48
	3.03

	Lignite
	3.33
	2.07
	
	
	
	
	
	
	
	
	
	
	

	Petroleum coke
	1.77
	2.14
	2.17
	1.67
	1.61
	1.46
	1.52
	1.52
	1.52
	1.77
	1.80
	1.89
	3.53

	Other petroleum products
	
	
	
	
	
	
	
	
	
	
	
	3.74
	4.74


Table 3.28
Carbon stored (%) by fuel type

	
	Naphtha
	Lubricants
	Bitumen
	Natural gas
	Lignite
	Petroleum coke
	Other petroleum products

	Carbon stored (%)
	75%
	50%
	100%
	33%
	100%
	80%
	100%


Carbon dioxide emissions from non-energy fuel use, as well as the amount of carbon stored in the final products are presented in Table 3.29. Carbon dioxide emissions in 2002 decreased by 36% compared to 1990 levels, as the consumption of bitumen (100% carbon stored) increased and the consumption of fuels used in chemical industry decreased due to the reduction of the relative production. 

Table 3.29
CO2 emissions (in kt) from non-energy use and total amount of carbon stored (in kt) for the period 1990 – 2002

	Year
	Carbon stored (kt)
	CO2 emissions (kt)

	1990
	479.08
	427.38

	1991
	409.70
	378.54

	1992
	351.80
	350.24

	1993
	331.87
	288.54

	1994
	321.78
	193.44

	1995
	371.76
	200.96

	1996
	379.47
	196.01

	1997
	357.93
	238.27

	1998
	410.72
	431.62

	1999
	405.90
	375.57

	2000
	504.51
	346.28

	2001
	519.05
	276.75

	2002
	569.55
	279.07


3.5 Comparison of sectoral approach with reference approach

According to the IPCC Guidelines, carbon dioxide emissions from the energy sector should be calculated using both the reference and the sectoral approach (see Sections 3.2 – 3.3). The reference approach (see Annex ΙΙΙ for an analytical presentation of the methodology) is based on detailed data on primary energy consumption, which lead to the calculation of apparent consumption and to the consequent calculation of CO2 emissions, while the sectoral approach is based on a detailed disaggregation of energy consumption by sector, fuel and technology for the calculation of CO2 emissions. 

The application of the reference approach can be considered as a quality control procedure, as the deviation of estimations should not be significant (deviations in the order of (2%) or else explanations should be provided. 

The estimation of carbon dioxide emissions according to the two methodologies is presented in Table 3.30.

Table 3.30
CO2 emissions (in kt) according to the reference and the sectoral approach for the period 1990 – 2002   

	Year
	Reference approach
	Sectoral approach
	Deviation

	1990
	76371.88
	76471.07
	-0.13%

	1991
	76642.95
	76447.28
	0.26%

	1992
	78940.75
	78082.24
	1.10%

	1993
	77874.40
	78188.28
	-0.40%

	1994
	81079.60
	80049.18
	1.29%

	1995
	80986.33
	79795.51
	1.49%

	1996
	81943.38
	82056.31
	-0.14%

	1997
	85703.20
	86515.80
	-0.94%

	1998
	90337.91
	91285.39
	-1.04%

	1999
	90221.14
	90590.11
	-0.41%

	2000
	94447.87
	95802.69
	-1.41%

	2001
	97823.04
	97862.16
	-0.04%

	2002
	97211.80
	97811.58
	-0.61%


As shown in the table above, the estimated deviation (which ranges from –0.94% to 1.49%) is within the threshold defined by the IPCC Guidelines. The existing differences result mainly from:

19. Statistical differences in fuel consumption. The sectoral approach uses the actual consumption of the different fuels, while the reference approach uses their apparent consumption. Theoretically, both consumption estimates should be equal, but there is usually a difference between them (statistical differences) due to the collection of information from different sources. The reference approach does not provide for the calculation of these differences. The deviation in the calculation of the consumption of liquid fuels (Table 3.31) is mainly attributed to the statistical differences.

20. Losses from transformation, transport and distribution. During the refining of crude oil and the transmission/distribution of natural gas losses may occur, due to possible leaks in the refining systems, the transmission/distribution pipelines etc. These losses are not taken into account in the reference approach.

21. Emission factors. In the reference approach, CO2 emissions from liquid fuel consumption are mainly estimated assuming "combustion" of crude oil. On the contrary, the sectoral approach calculates emissions using the actual consumption per liquid fuel and appropriate emission factors. Additionally, the emission factor as well as the calorific value of solid fuels (lignite) is differentiated by sector, resulting in deviations in the calculated energy consumption (Table 3.31). The major differences in the calorific value of lignite are observed in the period 1995 – 1996, resulting in high the deviations presented in Table 3.31 for these years. 

Table 3.31
Deviations during the calculation of energy consumption (apparent and actual) for the period 1990 – 2002

	Year
	Liquid fuels
	Solid fuels
	Gaseous fuels

	1990
	-0.68%
	0.92%
	0.34%

	1991
	0.14%
	0.86%
	-9.70%

	1992
	1.37%
	0.70%
	-10.61%

	1993
	-1.96%
	0.97%
	-13.72%

	1994
	2.08%
	0.74%
	-21.95%

	1995
	-0.84%
	4.76%
	-24.72%

	1996
	-1.05%
	2.84%
	-22.64%

	1997
	-1.87%
	0.79%
	-6.35%

	1998
	-2.93%
	1.66%
	0.32%

	1999
	-1.32%
	0.99%
	-0.05%

	2000
	-1.79%
	-0.21%
	0.69%

	2001
	-0.99%
	-0.47%
	0.55%

	2002
	-0.92%
	-0.71%
	1.18%


Finally, the significant deviation in the consumption of gaseous fuels (for the period 1991 – 1997) is attributed to the gas works gas, which is taken into account only in the sectoral approach since it is a secondary fuel.

4. Industrial processes

4.1 Overview

This chapter includes information on GHG emissions from industrial processes and description of the methodologies applied per source for the calculation emissions.

According to the IPCC Guidelines, the following source categories are found in this sector:

· Mineral products

· Chemical industry

· Metal production

· Other production

· Production of halocarbons and SF6
· Consumption of halocarbons and SF6
The remainder of this chapter is organized as follows. Section 4.1 continues with the presentation of emissions trends from industrial processes, a brief description of the methodology applied for the calculation of GHG emissions and the assessment of the completeness of the GHG inventory for the industrial processes sector. Then (Sections 4.2 – 4.7) detailed information on the methodologies applied (including references on the activity data and the emission factors used) for the calculation of GHG emissions per source of emissions presented.

4.1.1 Emissions trends

In 2002, GHG emissions from industrial processes increased by 18% compared to base year emissions and by 51% compared to the emissions of 1990 (Figure 4.1), while the average annual rate of increase is estimated at 3.5% for the period 1990 – 2002. 

Emissions from industrial processes are characterized by intense fluctuations during the period 1990 – 2002, reaching a minimum value of 7.96 Μt CO2 eq in 1992 and a maximum value of 12.48 Μt CO2 eq in 2000, that are mainly attributed to changes in industrial production.
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Figure 4.1
Total GHG emissions (in kt CO2 eq) from industrial processes for the period 1990 - 2002

The sector of industrial processes is responsible for emissions of carbon dioxide, nitrous oxide and F-gases. Emissions per gas from industrial processes are presented in Table 4.1. 

Table 4.1
GHG emissions (in kt CO2 eq) per gas from industrial processes for the period 1990 – 2002

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	CO2
	6177.08
	6221.28
	6188.33
	6182.59
	6217.04
	6756.51
	6834.14
	6969.98
	6852.28
	6844.66
	7481.39
	7489.48
	7537.05

	N2O
	712.96
	587.83
	614.73
	583.74
	567.54
	564.75
	644.92
	566.42
	566.42
	566.42
	566.42
	566.42
	566.42

	HFCs
	935.06
	1106.82
	908.39
	1637.92
	2209.01
	3369.00
	3916.16
	4194.38
	4052.99
	4156.43
	4281.03
	3844.91
	3998.55

	PFCs
	257.62
	257.55
	252.30
	152.59
	93.62
	82.97
	71.74
	165.11
	203.79
	131.75
	148.40
	91.36
	88.39


Carbon dioxide represents the major GHG from industrial processes, with a contribution ranging from 58% to 76%. Totally, CO2 emissions in 2002 increased by 22% from 1990, with an average annual rate of increase estimated at 1.7%. CO2 emissions derive mainly from mineral products and metal production.

The contribution of HFCs in total emissions from industrial processes is also significant, increasing from 10% in 1990 to 33% in 2002. Total HFCs emissions in 2002 are four times higher than the 1990 levels, presenting an average annual rate of increase of 13%. HFCs emissions arise from the production of halocarbons and SF6 (production of HCFC-22) and the consumption of halocarbons and SF6 (refrigeration and air-conditioning equipment).

Nitrous oxide emissions (from chemical industry) and PFCs emissions (from aluminium production) present a declining trend during the period 1990 – 2002, with an average annual rate of change of –1.9% and –8.5% respectively. The reduction of N2O and PFCs emissions in 2002 compared to 1990 levels is 20% and 65% respectively. 

The main sources of emissions from the industrial processes sector (Figure 4.2) are mineral products and production of halocarbons and SF6. Emissions from both source categories show an upward trend and account for at least 80% of GHG emissions from industrial processes, for the period 1990 – 2002. On the contrary, the contribution of the chemical industry and metal production in total emissions of the sector has been reduced. Consumption of halocarbons and SF6 accounts for 7% of total GHG emissions from industrial processes in 2002 and presents the highest average annual rate of increase recorded among all source categories in the Greek GHG inventory (43% for the period 1993 – 2002).
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Figure 4.2
GHG emissions (in kt CO2 eq) from industrial processes, per main source category, for the period 1990 – 2002

4.1.2 Methodology

The calculation of GHG emissions from industrial processes is based on the methodologies and emission factors suggested by the IPCC Guidelines and the IPCC Good Practice Guidance. PFCs emissions from the primary aluminium production are measurement data provided by the respective industry. 

The National Statistical Service of Greece (NSSG) provides the activity data used in the calculation of emissions from industrial processes. It should be noted that in some cases such data are considered confidential and, therefore, are not presented in the current report or in the CRFs. These cases concern:

· The chemical industry

· The primary aluminium production and

· The production of HCFC-22

The methodology applied for the calculation of emissions per source category is briefly presented in Table 4.2, while a detailed description is given in the corresponding sections (Sections 4.2 – 4.7).

Table 4.2
Methodology for the estimation of emissions from industrial processes

	
	CO2
	CH4
	N2O
	HFCs
	PFCs

	
	Method
	Emission factor
	Method
	Emission factor
	Method
	Emission factor
	Method
	Emission factor
	Method
	Emission factor

	Mineral products
	T1, T2 1)
	D 2)
	
	
	
	
	
	
	
	

	Chemical industry
	
	
	
	
	T1
	D
	
	
	
	

	Metal production
	T1
	D
	
	
	
	
	
	
	CS 3)
	CS

	Production of halocarbons and SF6
	
	
	
	
	
	
	T1
	D
	
	

	Consumption of halocarbons and SF6
	
	
	
	
	
	
	T2a 1)
	D
	
	


1) T1, T2, T2a: IPCC methodology Tier 1, 2 and 2a respectively 

2) D: IPCC default methodology and emission factor

3) CS: Country specific emission factor and methodology 

Key sources

The key sources included in the industrial processes sector are presented in Table 4.3 (see Section 1.5 for a complete presentation of the results of the key sources analysis and Annex I for the presentation of the relevant calculations).

Table 4.3
Key sources from industrial processes

	IPCC source category 
	Greenhouse gas
	Level assessment
	Trend assessment

	Cement production
	CO2
	 FORMCHECKBOX 

	 FORMCHECKBOX 


	HCFC-22 manufacture
	HFC-23
	 FORMCHECKBOX 

	 FORMCHECKBOX 


	Consumption of halocarbons and SF6
	HFCs
	
	 FORMCHECKBOX 



Uncertainty

The results of the uncertainty analysis are presented in Chapter 1.7, while the detail calculations are presented in Annex ΙV.

4.1.3 Completeness

Table 4.4 gives an overview of the IPCC source categories included in this chapter and presents the status of emissions estimates from all sub-sources in the industrial processes sector.

The availability of activity data constitutes the main problem for the calculation of GHG emissions from industrial processes, and as a result no emission estimates are reported in many cases ("ΝΕ" in the table below). The source category of Food and Drink production is an exception, as emissions are not estimated due to the lack of appropriate emission factors. Ammonia production constitutes a special case as the activity data are not available for the whole period but filling in the gaps (e.g. by means of interpolation) was not considered appropriate. Finally, it should be noted that only actual emissions are calculated regarding consumption of halocarbons and SF6, as, for the time being, imports/exports of the relative compound are not reported separately and therefore the estimation of potential emissions is not possible.

Table 4.4
Industrial processes – Completeness

	
	CO2
	CH4
	N2O
	HFCs
	PFCs
	SF6

	A.  Mineral products
	
	
	
	
	
	

	1.  Cement production
	 FORMCHECKBOX 

	
	
	
	
	

	2.  Lime production
	 FORMCHECKBOX 

	
	
	
	
	

	3.  Limestone and dolomite use
	ΝΕ 1)
	
	
	
	
	

	4.  Soda ash production and use
	ΝΕ
	
	
	
	
	

	5.  Asphalt roofing
	ΝΕ
	
	
	
	
	

	6.  Road paving with asphalt
	ΝΕ
	
	
	
	
	

	7.  Other
	
	
	
	
	
	

	Glass production
	 FORMCHECKBOX 

	
	
	
	
	

	B.  Chemical industry 
	
	
	
	
	
	

	1.  Ammonia production
	 FORMCHECKBOX 
 / ΝΕ
	ΝΕ
	
	
	
	

	2.  Nitric acid production 
	
	
	 FORMCHECKBOX 

	
	
	

	3.  Adipic acid production
	
	
	ΝΟ 2)
	
	
	

	4.  Carbide Production
	ΝΟ
	ΝΟ
	
	
	
	

	5.  Other
	
	
	
	
	
	

	Sulphuric acid production
	ΝΑ 3)
	ΝΑ
	ΝΑ
	
	
	

	Organic chemicals production
	ΝΑ
	ΝΑ
	ΝΑ
	
	
	

	C.  Metal production
	
	
	
	
	
	

	1.  Iron and steel production
	 FORMCHECKBOX 

	ΝΕ
	
	
	
	

	2.  Ferroalloys production
	ΝΕ
	ΝΕ
	
	
	
	

	3.  Aluminium production
	 FORMCHECKBOX 

	ΝΕ
	
	
	 FORMCHECKBOX 

	

	4.  SF6 used in aluminium and magnesium foundries
	
	
	
	
	
	

	D.  Other production
	
	
	
	
	
	

	1.  Pulp and paper
	
	
	
	
	
	

	2.  Food and drink
	ΝΕ
	
	
	
	
	

	E.  Production of halocarbons and SF6
	
	
	
	
	
	

	1.  Production of HCFC-22
	
	
	
	 FORMCHECKBOX 

	
	

	2.  Fugitive
	
	
	
	ΝΟ
	ΝΟ
	ΝΟ

	F.  Consumption of halocarbons and SF6
	
	
	
	
	
	

	1.  Refrigerating and air conditioning equipment 
	
	
	
	 FORMCHECKBOX 

	ΝΑ
	ΝΑ

	2.  Foam blowing
	
	
	
	ΝΕ
	ΝΕ
	NE

	3.  Fire extinguishers
	
	
	
	ΝΕ
	ΝΕ
	NE

	4.  Aerosols/metered dose inhalers 
	
	
	
	ΝΕ
	ΝΕ
	NE

	5.  Solvents
	
	
	
	ΝΕ
	ΝΕ
	NE

	6.  Semiconductor manufacture
	
	
	
	ΝΕ
	ΝΕ
	NE

	7.  Electrical equipment
	
	
	
	ΝΕ
	ΝΕ
	NE


1) ΝΕ: not estimated 

2) ΝΟ: not occurring  

3) ΝΑ: not applicable

4.2 Mineral products

4.2.1 Cement production

Emissions of CO2 occur during the production of clinker, which is an intermediate component in the cement manufacturing process. CO2 emissions are attributed to the calcination of limestone (mainly CaCO3), to produce lime (CaO) and carbon dioxide as a by-product. 

Cement production (CO2 emissions) is a key source. CO2 emissions from cement production in 2002 (Table 4.5) accounted for 57% of total GHG emissions from industrial processes and for 5% of total national emissions. The average annual rate of increase of CO2 emissions from cement production during the period 1990 – 2002 was2.4% (emissions increased by 33% from 1990 to 2002). The significant increase of emissions in 2000, compared to 1999 levels (approximately 10%) and their subsequent stabilisation in high levels, is attributed to the increase in clinker production because of the significant infrastructure investments undertaken and the preparation for the Olympic Games of 2004. 

Table 4.5
CO2 emissions from cement production (in kt) and clinker production (in kt) for the period 1990 - 2002 

	Year
	Clinker production (kt)
	CO2 emissions (kt)

	1990
	9971
	5189.34

	1991
	10248
	5333.59

	1992
	10525
	5477.84

	1993
	10815
	5628.72

	1994
	10930
	5688.77

	1995
	11744
	6112.06

	1996
	11796
	6139.31

	1997
	11832
	6157.80

	1998
	11789
	6135.68

	1999
	11912
	6199.72

	2000
	13169
	6853.94

	2001
	13211
	6875.62

	2002
	13297
	6920.30


Methodology

Calculation of CO2 emissions from cement production is based on clinker production (Tier 2 methodology) according to the following equation (IPCC 2000):

CO2 = 0.785 * (% CaO Content in Clinker) * (Clinker Production) * (CKD) 

The factor CKD in the equation above is a correction factor used to account for the CO2 contained in the non-recycled calcined cement kiln dust. 

In relation to the estimation of CO2 emissions from cement production, it should be noted that:

· The lime content in clinker is considered to be 65%, as suggested by the IPCC Good Practice Guidance (IPCC 2000).

· The CKD factor is equal to 1.02, implying a 2% increment in CO2 emissions due to cement kiln dust (IPCC 2000).  

· Activity data (clinker production) are provided by the NSSG. However, it should be noted, that the official data cover only the period 1993 – 2001. For that reason, data for the period 1990 – 1992 and for 2002 are calculated by means of linear extrapolation.

Recalculations

CO2 emissions from cement production have been recalculated because of the application of the Tier 2 methodology described in the IPCC Good Practice Guidance. This change was considered necessary as:

22. Cement production (CO2 emissions) is a key source and, according to the IPCC Good Practice Guidance, the Tier 2 methodology, which is based on clinker rather than cement production, should be applied.

23. The methodology of emissions calculation used until the 2003 submission (default methodology of the IPCC Guidelines) is not considered to be a good practice method, according to the IPCC Good Practice Guidance.

The results of the recalculation of CO2 emissions, namely the difference (%) between present and previous emissions estimates, are presented in Table 4.6. 

Table 4.6
Recalculation of CO2 emissions from cement production

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

	Difference (%)
	-23.2%
	-21.2%
	-20.0%
	-19.6%
	-16.1%
	-14.3%
	-16.2%
	-15.4%
	-16.3%
	-15.4%
	-6.5%
	-8.0%


Planned improvements

Activity data for 1990 – 1992 and 2002 will be updated as soon as they become available. Moreover, the validity, with respect to national circumstances, of the assumptions regarding the lime content of clinker and the correction factor CKD will be investigated. 

4.2.2 Lime production

Lime production leads to carbon dioxide emissions because of the calcination of limestone (CaCO3) or dolomite (CaCO3.MgCO3) to produce lime or dolomitic lime. Lime production in Greece is exclusively based on limestone, while high-calcium lime, hydrated lime and hydraulic lime are included among the final products.

Lime production (CO2 emissions) is not a key source. CO2 emissions from lime production (Table 4.7) account for 3% of total GHG emissions from industrial processes and for 0.3% of total national emissions. The average annual rate of increase of CO2 emissions from lime production, for the period 1990 – 2002, is estimated at 2.1% (emissions have increased by 28% from 1990 to 2002).

Table 4.7
CO2 from lime production for the period 1990 - 2002 

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	Emissions (kt)
	279.19
	261.62
	216.38
	319.84
	310.01
	316.98
	322.30
	450.63
	303.17
	392.29
	370.01
	356.29
	356.29


Methodology

The calculation of carbon dioxide emissions from lime production is based on the lime production (high-calcium lime and hydrated lime), according to the following equation (IPCC 2000):
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where, Ε is carbon dioxide emissions, pCaO is the content of lime in the final product, PROD is the total production of high-calcium lime and hydrated lime, x is the proportion of hydrated lime in total production and y the water content in hydrated lime. 

It should be noticed that emissions from the production of hydraulic lime have not been estimated, because the available data (Table 4.8) do not allow for a reliable estimation.

In relation to the estimation of CO2 emissions from lime production, it should be noted that:

· The lime content in the final product (pCaO) is considered to be 95%, as suggested by the IPCC Good Practice Guidance (IPCC 2000).

· The water content in hydrated lime (y) is equal to 28% (IPCC 2000).  

· The activity data (Table 4.8) used for the calculation of emissions are provided by the NSSG. However, it should be noted that (α) activity data for 2002 are not available, and therefore the data of 2001 have been used instead and (b) production of hydrated lime for the period 1990 – 1992 is not available and it is estimated taking account of the average ratio of hydrated lime to high-calcium lime for the period 1993 – 2001. 

· The fraction of hydrated lime in total production (x) is calculated according to the data presented in Table 4.8.

Table 4.8
Production of high calcium, hydrated and hydraulic lime (kt) for the period 1990 – 2002

	Year
	High calcium lime (kt)
	Hydrated lime (kt)
	Hydraulic lime (kt)

	1990
	281.1
	129.6
	

	1991
	263.4
	121.4
	

	1992
	217.8
	100.4
	

	1993
	314.0
	159.6
	13.1

	1994
	336.8
	109.5
	

	1995
	326.2
	137.2
	17.1

	1996
	317.4
	159.4
	19.9

	1997
	451.5
	212.1
	18.8

	1998
	300.6
	147.1
	

	1999
	397.8
	178.1
	

	2000
	371.6
	173.0
	

	2001
	347.3
	181.2
	

	2002
	347.3
	181.2
	


Recalculations

CO2 emissions from lime production have been recalculated because of:

24. The change of the lime content in the final product from 100% (IPCC Guidelines) into 95% (IPCC Good Practice Guidance). 

25. The availability of new data concerning the production of hydrated lime.

The results of the recalculation of CO2 emissions, namely the difference (%) between present and previous emissions estimates, are presented in Table 4.9. 

Table 4.9
Recalculation of CO2 emissions from lime production

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

	Difference (%)
	25,8%
	25,7%
	25,7%
	28,9%
	16,5%
	23,0%
	28,6%
	26,3%
	27,6%
	34,9%
	24,6%
	29,8%


Planned improvements

Activity data for the years mentioned above will be updated as soon as they become available.

4.2.3 Glass production

Glass production leads to carbon dioxide emissions due to the thermal decomposition of carbonate compounds included in raw materials. 

CO2 emissions from glass production are not a key source. CO2 emissions have been significantly decreased during the examined period (Table 4.10). However, it should be mentioned that this reduction is mainly attributed to the lack of sufficient activity data (Table 4.10) and to a smaller extent in a reduction of production. 

Table 4.10
Glass production (in t) and CO2 emissions (in t) for the period 1990 - 2002 

	Year
	Glass production (t)
	CO2 emissions (t)

	1990
	49904
	2046.06

	1991
	38417
	1575.10

	1992
	5017
	205.70

	1993
	5017
	205.70

	1994
	2190
	89.79

	1995
	2570
	105.37

	1996
	389
	15.95

	1997
	285
	11.69

	1998
	144
	5.90

	1999
	160
	6.56

	2000
	163
	6.68

	2001
	163
	6.68

	2002
	163
	6.68


Methodology

CO2 emissions from glass production are calculated on the basis of glass production, according to the following general equation:

CO2 = (Glass Production) * (Emission Factor)

The emission factor used is 41 kg CO2 / t glass. 

Planned improvements

Gaps in activity data time series will be filled in as soon as new data become available. 

4.3 Chemical industry

4.3.1 Ammonia production

Carbon dioxide is emitted as an intermediate product during the production of anhydrous ammonia. Catalytic steam reforming of the fuel used as feedstock (carbon source) takes place during the production process, leading to the release of CO2 emissions.

CO2 emissions from ammonia production for the period 1990 – 2002 are presented in Table 4.11. Emissions for several years are not estimated because of the lack of production data due to confidentiality reasons, according to the National Statistical Service of Greece. 
Table 4.11
CO2 emissions (kt) from ammonia production

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	Emissions (kt)
	469.54
	383.42
	251.91
	NE
	NE
	119.80
	165.41
	150.86
	181.47
	NE
	NE
	NE
	NE


1) ΝΕ: not estimated 

Methodology

The national energy balance does not provide any information regarding the use of fuels as feedstock for ammonia production. Therefore, the calculation of CO2 emissions is based on the amount of ammonia produced, according to the following equation:

CO2 emissions = ammonia production * CO2 emission factor

Data on ammonia production are provided by the NSSGR and the emission factor used is the one suggested by the IPCC Guidelines (Norway: 1.5 t CO2 / t ΝΗ3 produced).

Planned improvements

Improvements planned are mainly related to the collection of the necessary data regarding fuel use in ammonia production since at the moment CO2 emissions are double-counted in the sectors of industrial processes and energy (non-energy use). Moreover, the availability of a consistent time series of ammonia production data will be also examined. 
4.3.2 Nitric acid production

Emissions of nitrous oxide generate during nitric acid production and specifically from the process of catalytic oxidation of ammonia under high temperature.

Nitrous oxide emissions from nitric acid production in 2002 (Table 4.12), account for 4.6% of total GHG emissions from industrial processes and for 0.4% of total national emissions. Emissions have decreased by 21% from 1990 to 2002, with an average annual rate of 1.9 %.

Table 4.12
Nitric acid production (in kt) and Ν2Ο emissions (in kt) for the period 1990 – 2002 

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	ΗΝΟ3 production (kt)
	511.08
	421.38
	440.65
	418.45
	406.84
	404.84
	462.31
	406.04
	406.04

	Ν2Ο emissions (kt)
	2.30
	1.90
	1.98
	1.88
	1.83
	1.82
	2.08
	1.83
	1.83


Methodology

The calculation of Ν2Ο emissions from nitric acid production is based on the IPCC default methodology, according to the following equation:

CO2 emissions = nitric acid production * CO2 emission factor

The emission factor used is the average of the default values suggested by the IPCC Guidelines for units operating under atmospheric pressure (4.5 kg Ν2Ο / t HNO3). Data on nitric acid production (Table 4.12) are provided by the NSSGR for the period 1990 – 1997. For the following years until 2002 data are considered confidential and therefore nitric acid production as well as N2O emissions are kept constant at 1997 levels (Table 4.12).
Planned improvements

The availability of a consistent time series of nitric acid production data will be examined and activity data will be updated as soon as they become available.

4.4 Metal production

4.4.1 Iron and steel production

Secondary steel production in Greece is based on the use of electric arc furnaces (EAF). There are no integrated iron and steel plants for primary production, but there are several iron and steel foundries while there are not any units of primary production of iron. CO2 emissions included in the current inventory are related only to the consumption of electrodes in EAFs. 

Carbon dioxide emissions from steel production in 2002 (Table 4.13), account for 0.05% of total GHG emissions from industrial production and for 0.005% of total national emissions. The average annual rate of emissions increase, for the period 1990 – 2002, is estimated at 2.1% (emissions have increased by 28% from 1990 to 2002). 

Table 4.13
Steel production (in kt) and CO2 emissions (in kt) for the period 1990 – 2002 

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	Steel production (kt)
	999.10
	980.00
	924.00
	980.00
	848.00
	939.00
	848.00
	1016.00
	1109.00
	951.00
	1088.00
	1281.00
	1281.00

	CO2 emissions (kt)
	5.00
	4.90
	4.62
	4.90
	4.24
	4.70
	4.24
	5.08
	5.55
	4.76
	5.44
	6.41
	6.41


Methodology

Since the national energy balance does not provide any information regarding fuel use (as a reducing agent) in iron and steel units, the relative CO2 emissions are not estimated. Moreover, there is no information regarding the carbon content in raw materials used in EAFs or in steel produced. Consequently, CO2 emissions estimates are related only to the consumption of electrodes in EAFs.

Data on steel production (Table 4.13) are provided by the International Iron and Steel Institute (IISI 2001, 2002), while the emission factor used (5 kg CO2 / t steel) is the default one suggested by the IPCC Good Practice Guidance. 
Recalculations

Carbon dioxide emissions from steel production are included for the first time in the Greek GHG inventory. 

Planned improvements

The main priority is the collection of data concerning non-energy fuel use in iron and steel units, in order to include, in future submissions, sources that are not currently covered (e.g. iron and steel foundries). 
At the same time, the possibility of collecting data regarding the carbon content in raw materials used and in steel produced in EAFs will be examined.
4.4.2 Aluminium production

Primary aluminium production is responsible for emissions of CO2 and PFCs. Carbon dioxide is produced when, during electrolysis, the carbon of the anode reacts with alumina (Αl2O3). Two PFCs (CF4 and C2F6) are formed during the phenomenon known as the anode effect, when the aluminium oxide concentration in the reduction cell electrolyte is low.

Emissions of CO2 and PFCs from aluminium production (Table 4.14) account for 2.1% and 0.7%, respectively, of total GHG emissions from industrial processes and for 0.2% and 0.1%, respectively, of total national emissions. The average annual rate of increase of CO2 emissions during the period 1990 – 2002 was0.8% (emissions increased by 9.5% in 2002 compared to 1990 levels). PFCs emissions in 2002 decreased by approximately 65.5% compared to 1990, with an average annual rate of decrease estimated at 8.5%, while emissions have increased by 6.5%, compared to base year emissions (1995).  

Emissions of CO2 depend directly on aluminium production, while PFCs emissions are influenced as well from actions on the restriction of the anode effect.  

Table 4.14
CO2 emissions (in kt) and PFCs emissions (in kt CO2 eq) from primary aluminium production, for the period 1990 – 2002 

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	CO2 (kt)
	231.96
	236.17
	237.37
	228.92
	213.93
	202.87
	202.86
	205.60
	226.40
	247.89
	251.99
	251.16
	254.05

	PFCs (kt CO2 eq)
	257.62
	257.55
	252.30
	152.59
	93.62
	82.97
	71.74
	165.11
	203.79
	131.75
	148.40
	91.36
	88.39


Methodology

Carbon dioxide emissions from primary aluminium production are calculated on the basis of aluminium production and a reference emission factor. It should be noticed that data on aluminium production are confidential and therefore are not presented in the current report. 
PFCs emissions estimates are based on measurements data made by the aluminium industry according to the PESHINEY methodology.

Recalculations

Due to a transcript error, the value reported for PFCs emissions in 2001 was incorrect. In this submission, the value has been corrected and as a result there is a difference of approximately 12.5% between present and previous emissions estimate for 2001.

4.5 Production of halocarbons and SF6
HFC-23 is generated as a by-product during the manufacture of HCFC-22 and emitted through the plant condenser vent.

Production of HCFC-22 (HFCs emissions) is a key source. HFC-23 emissions from HCFC-22 manufacture in 2002 (Table 4.15) account for 26.2% of total GHG emissions from industrial processes and for 2.4% of total national emissions. The average annual rate of increase of HFC-23 emissions, for the period 1990 – 2002, is estimated at 10.8% (emissions in 2002 are more than three times above 1990 levels).  

Table 4.15
ΗFC-23 emissions (in kt CO2 eq) from ΗCFC-22 production, for the period 1990 – 2002 

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	HFC-23 (kt CO2 eq)
	935.06
	1106.82
	908.39
	1606.64
	2143.91
	3253.07
	3746.34
	3960.22
	3744.00
	3744.00
	3744.00
	3181.46
	3194.57


Methodology

According to the IPCC Good Practice Guidance, the analytical methodology (Tier 2) should be applied for the calculation of HFC-23 emissions from HCFC-22 production, as it constitutes a key source. This methodology is based on the collection and elaboration of on site measurement data. 

However, due to the lack of such data, calculation of emissions is based on production statistics and a reference emission factor. It should be noticed that data on the production of HCFC-22 are confidential and therefore are not presented in the current report.

Recalculations

Recalculation of HFC-23 emissions was realized only for the year 2001, because new data regarding the HCFC-22 production became available. As a result, there is a difference (%) of approximately -15.1% between present and previous emissions estimate for 2001.

Planned improvements

The possibility of collecting on site measurements data in order for the analytical methodology of HFC-23 emissions calculation to be applied will be examined.

4.6 Consumption of halocarbons and SF6
Emissions of HFCs/PFCs are generated during the manufacturing, operation/maintenance and final disposal of the following materials/equipment:

· Refrigerating and air conditioning equipment

· Foam blowing

· Fire extinguishers

· Aerosols / metered dose inhalers

· Solvents

· Semiconductor manufacture

· Electrical equipment

In order to obtain a reliable estimation of HFCs/PFCs emissions, collection of detailed data for all activities mentioned above (e.g. number of refrigerators, type and amount of refrigerant used by each market label, substitutions of refrigerants that took place the late years etc.) is required. The availability of official data in Greece is limited and, therefore, the estimations presented hereafter cover only a portion of the materials/equipments mentioned above. 

Specifically, only emissions (HFCs) from refrigerating (only domestic sector) and air conditioning (plus mobile air conditioning) equipment are included, which, however, are considered to represent the basic source of the respective emissions. Additionally, it is assumed that the use of F-gases as refrigerants in refrigerating and air conditioning equipment started in 1993 (100% of new equipment both domestic production and imports). As for mobile air conditioning, it is assumed that since 1995 the refrigerant used belongs to the category of F-gases.

The consumption of halocarbons and SF6 is a key source of emissions, as it has a significant contribution in emissions trend (trend assessment), and, moreover, its future contribution to total GHG emissions in Greece is expected to be high. HFCs emissions from the consumption of halocarbons and SF6 in 2002 (Table 4.16) account for 6.5% of total GHG emissions from industrial processes and for 0.5% of total national emissions. The average annual rate of emissions increase for the period 1993 – 2002 is estimated at 43%, while emissions in 2002 are more than seven times higher that 1995 levels (base year). The significant increase of emissions is attributed to the increased use of air conditioning equipment, because of the living standards improvement and the restriction in CFCs use, according to the provisions of the Montreal Protocol for ozone depleting substances.   

Table 4.16
HFCs emissions (in kt CO2 eq) per gas, from the consumption of halocarbons and SF6 for the period 1990 – 2002 

	Year
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	HFC-32
	4.09
	8.87
	14.35
	19.88
	26.44
	34.14
	44.49
	57.53
	70.54
	84.32

	HFC-125
	18.32
	39.52
	63.77
	88.31
	117.32
	151.31
	196.77
	253.83
	310.89
	371.25

	HFC-134a
	8.87
	16.73
	37.84
	61.63
	90.40
	123.54
	171.16
	225.68
	284.55
	348.42

	TOTAL
	31.28
	65.12
	115.96
	169.82
	234.17
	308.99
	412.41
	537.03
	665.98
	803.99


4.6.1 Methodology

F-gases emissions are estimated according to the Tier 2a methodology described in the IPCC Good Practice Guidance. It is a bottom-up approach based on detailed equipment data and emission factors representing various types of leakage per equipment category. It should be noted that the application of the Tier 1 methodology (calculation of potential emissions based on imports, exports and domestic consumption of each gas) and Tier 2b (calculation of actual emissions based on detailed sales data per gas and activity) is not possible, as the available information is not reported in the way required by these methodologies.

Total emissions are calculated as the sum of assembly emissions (emissions associated with product manufacturing, even if the products are eventually exported), operation emissions that include annual leakage from equipment stock in use (regardless of where they were manufactured) as well as servicing emissions and disposal emissions that include the amount of refrigerant released from scrapped systems, regardless of where they were manufactured. 

· Assembly emissions are related to (a) the number of units produced in the country (domestic production) that use F-gases as refrigerants, (b) the amount of refrigerant used per unit and (c) the losses during assembly. 

· Operation emissions are related to (a) the total number of equipment with F-gases as refrigerant (domestic production and imports) and (b) the leakage rate per equipment type. 

· Disposal emissions depend on the available amount of refrigerant in the equipment, as well as on the existence of disposal practices.  

As it was already mentioned, only HFCs emissions from refrigerating (domestic sector only) and air conditioning (including mobile air conditioning) are included in the present inventory. Furthermore, air conditioning equipment is divided in three categories:

· Split unit systems and semi-central systems.

· Central air conditioning – Chillers

· Other applications of central air conditioning

Regarding the activity data (number of equipment, Table 4.17) the following should be mentioned: 

· Data on the equipment stock for the period 1993 – 2000 are provided by market surveys (ICAP 2000, 2002), while data for years 2001 and 2002 are not available and hence are estimated on the basis of historical data by extrapolation.

· For mobile air conditioning, and due to the lack of other data, it is assumed that the share of new vehicles with air conditioning increases from 65% in 1995 to 100% in 2002.

Table 4.17
Apparent consumption of refrigerating and air conditioning equipment for the period 1993 – 2002

	Year 
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	Refrigeration – Residential only
	311000
	320991
	370863
	353411
	403547
	459639
	432727
	436867
	454078
	419580

	Domestic production
	80000
	82000
	90000
	120000
	185000
	235000
	260000
	320000
	328000
	336200

	Imports
	283000
	316438
	361261
	354171
	375910
	420981
	400290
	380616
	413158
	377637

	Exports 
	52000
	77447
	80398
	120760
	157363
	196342
	227563
	263749
	287079
	294256

	Stationary air-conditioning 
	
	
	
	
	
	
	
	
	
	

	Split units and semi-central systems
	89570
	126730
	154200
	150880
	188900
	224550
	330655
	433385
	428052
	453298

	Domestic production
	12320
	17550
	22000
	21200
	2800
	2250
	1750
	1750
	0
	0

	Imports
	82250
	115180
	141200
	137380
	189700
	235000
	342205
	445035
	441287
	467314

	Exports 
	5000
	6000
	9000
	7700
	3600
	12700
	13300
	13400
	13235
	14016

	Chillers
	1100
	1080
	1120
	1180
	1140
	1200
	1255
	1395
	1356
	1398

	Domestic production
	350
	380
	400
	430
	420
	450
	450
	490
	474
	489

	Imports
	750
	700
	740
	770
	780
	840
	835
	945
	881
	909

	Exports 
	0
	0
	20
	20
	60
	90
	30
	40
	0
	0

	Other applications of central air-conditioning
	28800
	31500
	32000
	35700
	39850
	42950
	44850
	47600
	50514
	53316

	Domestic production
	32900
	33500
	35200
	34300
	34500
	37730
	37920
	40165
	42937
	45319

	Imports
	4900
	5300
	6300
	9300
	9600
	11820
	12130
	12635
	12629
	13329

	Exports 
	9000
	7300
	9500
	7900
	4250
	6600
	5200
	5200
	5051
	5332

	Mobile air-conditioning
	 
	 
	133757
	141589
	166778
	183857
	268716
	302620
	314745
	327356

	Domestic production
	 
	 
	0
	0
	0
	0
	0
	0
	0
	0

	Imports
	 
	 
	133757
	141589
	166778
	183857
	268716
	302620
	314745
	327356

	Exports 
	 
	 
	0
	0
	0
	0
	0
	0
	0
	0


The values of the basic parameters used for the estimation of emissions, as well as the type of refrigerant used in each category are presented in Table 4.18.

Table 4.18
Basic assumptions for the calculation of HFCs 

	 
	Charge
	Leakages (%)
	Lifetime
	Refrigerant

	 
	(kg/unit)
	Cherge
	Operation
	(years)
	used

	Refrigeration in the Residential sector
	0.275
	0.6
	0.3
	15
	HFC-134a

	Air conditioning – Split units and semi central systems
	2.5
	0.6
	3
	15
	R-410a

	Central air conditioning – Chillers 
	50
	0.6
	3
	25
	R-407c

	Other applications of central air conditioning
	10
	0.6
	3
	15
	R-407c

	Passenger cars air conditioning
	0.8
	0.5
	15
	12
	HFC-134a


HFCs emissions from refrigeration and air-conditioning during the period 1993 – 2002 are presented in Figure 4.3. Emissions increased with an average annual rate that varies from 29% for refrigeration to 52% for mobile air conditioning. Split units and semi-central systems constitute the main source of emissions, with a contribution estimated at 40% for the period 1993 – 2002 and an average annual rate of 45%. 

[image: image17.emf]0

150

300

450

600

750

900

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002

Mobile air conditioning

Other applications

Cooling systems

Split  & semi central

systems

Refrigerators

(kt CO

2

 eq)


Figure 4.3
HFCs emissions (in kt CO2 eq) from refrigeration and air conditioning for the period 1993 – 2002 

4.6.2 Planned improvements

The contribution of consumption of halocarbons and SF6 to total GHG emissions is at the moment very low (0.5% of total emissions in 2002). However, this source category has a significant contribution in emissions trend (trend assessment), and, moreover, its future contribution to total GHG emissions in Greece is expected to be high. Therefore, a reliable and accurate estimation of emissions is necessary.

Actions foreseen include the following:

26. Investigation of the validity of the assumption regarding the starting year of F-gases introduction in Greece, in co-operation with the involved private enterprises, the National Statistical Service of Greece and other relevant public authorities.

27. Activity data will be updated as soon as they become available.

28. Data availability regarding (a) sub-sources included in refrigeration and air-conditioning and (b) other sources that is currently not reported would be examined, with a view to improve completeness in reporting GHG emissions from industrial processes.

5. Solvents and other products use

5.1 Overview

Most solvents are part of a final product, e.g. paint, and will sooner or later evaporate to the atmosphere. This evaporation of solvent and other products containing volatile organic compounds represents a major source of NMVOCs emissions that once released into the atmosphere will react with reactive molecules (mainly HO-radicals) or high energetic light to finally form CO2. This sector also includes evaporative emissions of greenhouse gases arising from other types of product use (e.g. N2O emissions from medical use). 

According to the IPCC Guidelines, the following source categories are included in this sector: 
· Paint application 

· Degreasing and Dry Cleaning

· Chemical products, manufacture and processing

· Other including other products use as well as uses of solvents not listed above.

The remainder of this chapter is organised as follows. Section 5.1 continues with the presentation of emissions trends from industrial processes, the assessment of the completeness of the GHG inventory for the sector of solvents and other products use and the presentation of planned improvements. Then in Section 5.2 methodological issues are addressed. 

5.1.1 Emissions trends

Table 5.1 presents CO2 and NMVOCs emissions from the sector of Solvents and other products use. Carbon dioxide emissions in 2002 were 155.2 kt (0,1% of the total GHG emissions in Greece), while NMVOCs emissions have been estimated at 52.5kt, accounting for the almost 20% of the total NMVOCs emissions in the country.

CO2 and NMVOCs emissions in 2002 decreased by 8.9% and 7.6% respectively compared to 1990 levels, due to a decrease in the amount of products processed with solvents (e.g. fat edible and non edible oil extraction, wood preservation). 

Table 5.1
NMVOCs and CO2 emissions (in kt) from solvents and other products use for the period 1990 – 2002 

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002
	%1)

	CO2
	170.32
	175.82
	172.31
	169.24
	162.09
	153.35
	150.78
	151.70
	151.15
	158.98
	145.10
	154.57
	155.20
	-8.9

	NMVOCs
	56.8
	58.3
	57.3
	55.9
	53.9
	51.2
	50.6
	51.0
	51.0
	53.4
	49.3
	52.3
	52.5
	-7.6


1)  Change from 1990

It should be mentioned that the emissions estimates presented in this section are associated with a high level of uncertainty that is related to both the emission factors used and the available activity data.

5.1.2 Completeness

The main problem concerning the estimation of emissions from this sector is the availability of reliable activity data. Table 5.2 gives an overview of the IPCC source categories included in this chapter and presents the status of emissions estimates from all sub-sources in the sector. 

Table 5.2
Solvents and other products use -Completeness

	Solvents and other products use 1)
	ΝMVOCs
	CO2
	CH4
	N2O
	HFCs
	PFCs
	SF6

	A.  Paint application
	
	
	
	
	
	
	

	1.  Vehicle manufacture and Vehicle refinishing
	ΝΕ 3)
	ΝΕ
	
	ΝΕ
	
	
	

	2.  Domestic use and construction
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	
	ΝΕ
	
	
	

	3.  Shipping-paint applications
	ΝΕ
	ΝΕ
	
	ΝΕ
	
	
	

	4.  Wood paint applications
	ΝΕ
	ΝΕ
	
	ΝΕ
	
	
	

	5.  Other paint applications in industry
	ΝΕ
	ΝΕ
	
	ΝΕ
	
	
	

	6.  Other non-industrial paint applications
	ΝΕ
	ΝΕ
	
	ΝΕ
	
	
	

	B.  Degreasing and dry cleaning
	
	
	
	
	
	
	

	1.  Metal degreasing
	ΝΕ
	ΝΕ
	
	ΝΕ
	
	
	

	2.  Dry cleaning 
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	
	ΝΕ
	
	
	

	3.  Industry of electric equipment
	ΝΕ
	ΝΕ
	
	ΝΕ
	
	
	

	4.  Other cleaning applications in Industry 
	ΝΕ
	ΝΕ
	
	ΝΕ
	
	
	

	C. Chemical Products, Manufacture and Processing
	
	
	
	
	
	
	

	1.  Production of chemical and pharmaceutical products 
	 FORMCHECKBOX 

	
	
	
	
	
	

	2.  Asphalt blowing
	ΝΕ
	
	
	
	
	
	

	D.  Other
	
	
	
	
	
	
	

	1.  Domestic use (except  3.Α.2)  
	 FORMCHECKBOX 

	
	
	
	
	
	

	2.  Wood preservation
	 FORMCHECKBOX 

	
	
	
	
	
	

	3.  Fat edible and non edible Oil Extraction
	 FORMCHECKBOX 

	
	
	
	
	
	

	4.  Printing industry
	 FORMCHECKBOX 

	
	
	
	
	
	

	5.  Use of Ν2Ο in medicine 2)
	
	
	
	ΝΕ
	
	
	

	6.  Ν2Ο from fire extinguishers 2)  
	
	
	
	ΝΕ
	
	
	

	7.  Ν2Ο from aerosol cans 2) 
	
	
	
	ΝΕ
	
	
	

	8.  Other use of Ν2Ο 2)
	
	
	
	ΝΕ
	
	
	


1) Disaggregation of IPCC source categories is based on the CORINAIR methodology
2) Lack of appropriate methodology 
3) NE: Not estimated

5.1.3 Planned improvements

The possibility (a) to collect the necessary activity data for the whole time period (1990 to date) in order to estimate the emissions from all possible sources in Greece and (b) to develop national emission factors, representative for the practices followed and weather conditions will be examined.

5.2 Methodology

The calculation of NMVOCs emissions requires a very detailed analysis of the use of solvents and other products containing volatile organic compounds. There are two basic approaches for the estimation of emissions from Solvent and Other Product Use, which depend on the availability of data on the activities producing emissions and the emission factors.

· Production-based. In cases that solvent or coating use is associated with centralised industrial production activities (e.g. automobile and ship production), it is generally possible to develop NMVOC emission factors based on unit of product output. Next, annual emissions are estimated on the basis of production data.

· Consumption-based. In many applications of paints, solvents and similar products, the end uses are too small-scale, diverse, and dispersed to be tracked directly. Therefore, emission estimates are generally based on total consumption (i.e. sales) of the solvents, paints, etc. used in these applications. The assumption is that once these products are sold to end users, they are applied and emissions generate relatively rapidly. Emission factors developed on the basis of this assumption can then be applied to data from sales for the specific solvent or paint products. 

The application of both approaches needs detailed activity data, concerning either e.g. the amount of pure solvent consumed or the amount of solvent containing products consumed. The availability of such activity data in Greece is limited and as a result the default CORINAIR methodology is applied for the estimation of NMVOCs emissions.

It should be mentioned that evaporative emissions of GHG arising from other types of product use (e.g. N2O emissions from medical use), are not estimated since appropriate methodologies have not been developed yet. 

Carbon dioxide emissions are calculated from NMVOCs emissions, assuming that the carbon content of NMVOCs is 85%.

Paint application

Data availability concerning the use of products containing solvents for "Vehicle manufacture and Vehicle refinishing" is limited and as a result the respective emissions are not estimated. 

Emissions from "Domestic use and construction" are estimated on the basis of population figures and default emission factors from CORINAIR (0.5 kg / capita).

Metal Degreasing and Dry Cleaning 

Emission estimates are given only for the dry cleaning sector. These estimates are based on population figures and default emission factors from CORINAIR (0.25 kg /capita) that is applicable to all types of dry cleaning equipment.

Other Use of Solvents and Related Activities 

The emission factors used for some of the activities defined in CORINAIR and for which it was possible to obtain the corresponding activity data from the National Statistical Service of Greece, are:

· Production and processing of PVC: 40 kg / t of product produced or processed.

· Production of pharmaceutical products: 14 g /capita.

· Ink production: 30 kg /t of product.

· Glue production, applied emission factor: 20 kg /t of product

· For the wood preservation: 24 kg / t of wood preserved

· For fat edible and non edible oil extraction: 14 kg NMVOCs/ t of seed processed

· For domestic solvent use (except paint application): 2.6 kg NMVOCs/capita/year

In the case of printing industry, the estimation of emissions was based on the consumption of ink. Printing ink is mostly used for the publishing of newspapers, books and various leaflets. According to the estimations of one publishing organisation, the amount of ink used for the printing of a daily newspaper is approximately 3.7 g of ink. The quantity of ink used for printing books etc. was calculated by subtracting the total quantity used for the newspapers from the total ink consumed The emission factor applied (260 kg /t ink) is the average of emission factors for newspaper printing (54 kg /t ink) and for books and other leaflets printing (132-800 kg /t ink).

6. Agriculture

6.1 Overview

In this chapter, estimates for GHG emissions from the sector of agriculture are presented and the relative methodologies of emissions calculation per source are described.

According to the IPCC Guidelines, the following sources of emissions are included in this sector:

· Enteric fermentation

· Manure management

· Rice cultivation

· Agricultural soils

· Field burning of agricultural residues 

The remainder of this chapter is organized as follows. Section 6.1 continues with the presentation of emissions trends from agriculture, a brief description of the methodology applied for the calculation of GHG emissions and the assessment of the completeness of the GHG inventory for agriculture. Then (Sections 6.2 – 6.6) detailed information on the methodologies applied (including references on the activity data and the emission factors used) for the calculation of GHG emissions per source category is presented.

6.1.1 Emissions trends

GHG emissions from agriculture decreased by 6.5% between 1990 and 2002 (Figure 6.1), while the average annual rate of decrease for this period was 0.55%. 

Emissions from agriculture, especially o Ν2Ο emissions from agricultural soils, are characterized by intense fluctuations during the period 1990 – 2002. The annual variations of agricultural production and of the amount of synthetic fertilizers applied are the main causes for these fluctuations. Agricultural production data derived from the National Statistical Service of Greece (NSSG), while data for the quantities of synthetic fertilizers applied in soils were provided by the industry.
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Figure 6.1
Total greenhouse gases emissions (in kt CO2 eq) from agriculture for the period 1990 – 2002

Agriculture is responsible for methane and nitrous oxide emissions. Emissions per gas from agriculture are presented in Table 6.1. 

Table 6.1
GHG emissions (in kt CO2 eq) per gas from agriculture for the period 1990 – 2002

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	Ν2Ο
	10025.41
	9858.62
	9329.15
	9170.30
	9233.88
	8713.78
	9018.66
	9402.11
	9273.82
	9164.89
	9713.66
	9129.04
	9098.79

	CΗ4
	3568.65
	3529.61
	3500.82
	3518.13
	3544.94
	3565.552
	3582.77
	3592.34
	3594.76
	3600.41
	3599.47
	3605.457
	3619.02


Nitrous oxide represents the major GHG from agriculture, with a contribution ranging from 71% to 73.7%. Nitrous oxide emissions in 2002 decreased by 9.2% compared to 1990 levels, with an average annual rate of decrease estimated at 0.8%.

Agricultural soils are the main source of emissions from the agricultural sector (Figure 6.2), accounting for 68.6% - 71.5% of total emissions from agriculture. 
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Figure 6.2
GHG emissions (in kt CO2 eq) from agricultural sector per source category, for the period 1990 – 2002

6.1.2 Methodology

The calculation of GHG emissions from agriculture is based on the methodologies and emission factors suggested by the IPCC Guidelines and the IPCC Good Practice Guidance 

Data on animal population, agricultural production and cultivated areas used for the emissions calculation were provided by the NSSG, while data on the amount of synthetic fertilizers applied to soils were provided by the industry.

The methodology applied for the calculation of emissions per source category is briefly presented in Table 6.2, while a detailed description is given in the corresponding sections (Sections 6.2 – 6.6).

Table 6.2
Methodology for the estimation of emissions from agriculture

	 
	CH4
	N2O

	 
	Method
	Emission factor
	Method
	Emission factor

	Enteric fermentation
	T1 1)
	D 2)
	 
	 

	Manure management
	T1
	D
	D
	D, CS 3)

	Rice cultivation
	D
	D
	 
	 

	Agricultural soils
	 
	 
	Τ1a, T1b 1)
	D

	Field burning of agricultural residues
	D
	D
	D
	D


1) T1, Τ1a and T1b: IPCC methodology Tier 1, 1a and 1b respectively 

2) D: IPCC default methodology and emission factor

3) CS: Country specific emission factor 

Key sources

Enteric fermentation and agricultural soils are the key source categories found in agriculture (see Section 1.5 for a complete presentation of the results of the key sources analysis and Annex I for the presentation of the relevant calculations).

According to the IPCC Good Practice Guidance, emissions from key source categories should be estimated using the most rigorous methodologies. In the case of enteric fermentation, the Tier 2 methodology should be applied at least for the animal species that account for a significant part of the emissions from this source category. However, the information available is not sufficient for the development of country-specific emission factors. Concerning agricultural soils, both simple and detailed methodologies (Tier 1a and Tier 1b) are proposed, as well as their combination depending on data availability. 

Uncertainty

The results of the uncertainty analysis undertaken for the Greek GHG emissions inventory are presented in Section 1.7, while the detailed calculations are presented in Annex ΙV.

6.1.3 Completeness

Table 6.3 gives an overview of the IPCC source categories included in this chapter and presents status of emissions estimates from all sub-sources in agriculture. 

Table 6.3
Agriculture – Inventory completeness

	
	CO2
	CH4
	N2O

	A. Enteric fermentation
	
	 FORMCHECKBOX 

	

	Β. Manure management
	
	 FORMCHECKBOX 

	 FORMCHECKBOX 


	C. Rice cultivation
	
	 FORMCHECKBOX 

	

	D. Agricultural soils 
	
	
	

	1. Direct soil emissions
	
	ΝΕ 1)
	 FORMCHECKBOX 


	2. Animal production
	
	ΝΕ
	 FORMCHECKBOX 


	3. Indirect emissions 
	
	ΝΕ
	 FORMCHECKBOX 


	E. Prescribed burning of savannas
	
	NO
	NO 2)

	F. Field burning of agricultural residues
	
	 FORMCHECKBOX 

	 FORMCHECKBOX 



1) ΝΕ: Not estimated

2) NO: Not occurring

Methane emissions from agricultural soils are not estimated since appropriate methodologies have not been developed yet. 

6.2 Enteric fermentation

Methane is produced during the normal digestion of herbivorous animals and the amount emitted depends on the animal species, their digestive system and feed intake. 

Enteric fermentation is a key source category. As it has been already mentioned, the application of the Tier 2 methodology is not yet feasible. In the case of Greece, the Tier 2 method should be used for the estimation of methane emissions from the enteric fermentation of sheep, as they constitute 50% of total methane emissions from enteric fermentation. The application of Tier 2 methodology requires the development of national emission factors, based on detailed data about animal feeding, the availability of which is limited.

Methane emissions from enteric fermentation in 2002 account for 23.6% of total GHG emissions from agriculture and for 2.3% of total national emissions. The average annual rate of increase, for the period 1990 – 2002, is estimated at 0.1% (1% increase in 2002 compared to 1990). Emissions from enteric fermentation are presented in Table 6.4.

Table 6.4
CH4 emissions (kt) from enteric fermentation

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	CH4 emissions (kt)
	141.70
	140.02
	139.14
	138.97
	139.46
	140.11
	140.47
	140.76
	141.39
	142.15
	142.67
	142.86
	143.06


Methodology

Methane emissions from enteric fermentation are estimated according to the Tier 1 IPCC methodology. 

The application of this methodology requires livestock population data and emission factors per animal species. Population data were obtained from the NSSG and the emission factors used were the ones suggested by IPCC Guidelines (for cattle: Eastern European countries, Table 4-4, IPCC 1997 - for the rest animal categories: Developed countries, Table 4-3, IPCC 1997).

The number of animals used for the calculation of methane emissions (Table 6.5) is a three-year average centred at the year of reference. 

Table 6.5
Number of animals (in 1000s) by category (three-year average) 

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000 1)
	2001 1)
	2002 1)

	Dairy cows
	246
	242
	238
	235
	233
	230
	229
	229
	233
	238
	240
	239
	239

	Other cattle
	380
	363
	351
	346
	347
	350
	352
	352
	356
	357
	359
	358
	356

	Buffalo
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	Sheep
	8692
	8673
	8688
	8725
	8792
	8856
	8883
	8904
	8922
	8955
	8984
	9017
	9050

	Goats
	5339
	5345
	5360
	5395
	5449
	5513
	5565
	5595
	5610
	5625
	5647
	5679
	5711

	Horses
	46
	42
	40
	38
	36
	35
	33
	32
	31
	29
	28
	27
	26

	Mules and ashes
	187
	174
	161
	150
	140
	130
	122
	114
	108
	104
	97
	91
	85

	Swine
	994
	994
	1000
	1008
	1005
	997
	993
	995
	990
	986
	972
	969
	967

	Poultry
	28747
	28648
	28972
	29151
	29231
	29198
	29266
	29482
	30005
	30199
	30859
	31154
	31453


1) Provisional figures

Recalculations

CH4 emissions from enteric fermentation have been recalculated because of 

· The availability of updated data on livestock population and, 

· The separation of buffalos from cattle and the subsequent use of the appropriate emission factor for the specific animal species. 

The results of the recalculation of CH4 emissions, namely the difference (%) between present and previous emissions estimates, are presented in Table 6.6.
Table 6.6
Recalculation of CH4 emissions from enteric fermentation

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

	Difference (%)
	0.00%
	0.00%
	0.00%
	0.01%
	0.02%
	0.03%
	0.02%
	0.47%
	1.25%
	2.14%
	2.62%
	0.00%


Planned improvements

Activity data will be updated as soon as they become available. Moreover, the possibility to develop national emission factors for the enteric fermentation of sheep (basic sub-source category), in order to apply the Tier 2 methodology, as suggested by the IPCC Good Practice Guidance, will be examined.

6.3 Manure management

Manure management is responsible for methane and nitrous oxide emissions. Methane is produced during the anaerobic decomposition of manure, while nitrous oxide is produced during the storage and treatment of manure before its use as fertilizer.

CH4 and Ν2Ο from manure management in 2002 account for 3.9% and 2.3% of total GHG emissions from agriculture respectively, and for 0.4% and 0.2% of total national emissions respectively. CH4 emissions in 2002 decreased by 1.4% compared to 1990 levels, with an average annual rate of decrease estimated at 0.1% for the period 1990 - 2002. Ν2Ο emissions in 2002 decreased by 3.8% compared to 1990 levels, with an average annual rate of decrease estimated at 0.3%. CH4 and Ν2Ο emissions from manure management for the period 1990 – 2002 are presented in Table 6.7.

Table 6.7
CH4 and Ν2Ο emissions (in kt) from manure management, for the period 1990 - 2002 

	Year 
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	CΗ4 emissions (kt)
	23.66
	23.30
	23.15
	23.11
	23.07
	23.01
	23.00
	23.05
	23.20
	23.31
	23.36
	23.35
	23.34

	Ν2Ο emissions (kt)
	0.97
	0.95
	0.93
	0.92
	0.91
	0.91
	0.91
	0.91
	0.92
	0.93
	0.94
	0.94
	0.94


Methodology

CH4 emissions from manure management were estimated according to the IPCC Tier 1 methodology, which is similar to the one used for the enteric fermentation. Livestock population has been already presented in Table 6.5, while the choice of emission factors follows the same criteria as for the case of enteric fermentation (IPCC 1997, Tables 4-5 and 4-6).

In order to calculate Ν2Ο emissions from manure management, the default IPCC methodology was used, according to the following equation.
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where Ε is Ν2Ο emissions, Τ is the animal species index, S is the manure management system index, N(Τ) is the livestock population, Νex(T) the annual average N excretion per head of species, MS(T,S) the fraction of total annual excretion for each livestock species that is managed in system S, EF(S) is the Ν2Ο emission factor for system S.

Livestock population has been already presented in Table 6.5, while the emission factors for N excretion and Ν2Ο-N/N are those suggested by the IPCC Guidelines. Especially for N excretion, the values referring to Mediterranean countries were chosen (IPCC 1997, Table 4-20). The shares of manure management systems per animal species (Table 6.8), are estimated on the basis of proposed (IPCC 1997, Table 4-21) and country-specific values, depending on the availability of valid national data, and are kept constant for the period 1990 – 2002.

Table 6.8
Manure management systems  

	Manure management systems
	Anaerobic lagoon
	Liquid system
	Daily spread
	Solid storage and dry lot
	Pasture/ range/ paddock 
	Other system

	Dairy cows
	0%
	0%
	2%
	90%
	8%
	0%

	Other cattle
	0%
	0%
	3%
	62%
	33%
	2%

	Buffalo
	0%
	0%
	3%
	62%
	33%
	2%

	Poultry
	0%
	0%
	0%
	0%
	72%
	28%

	Sheep
	0%
	0%
	0%
	0%
	100%
	0%

	Swine
	0%
	90%
	0%
	10%
	0%
	0%

	Horses
	0%
	0%
	0%
	0%
	100%
	0%

	Mules and ashes
	0%
	0%
	0%
	0%
	100%
	0%

	Goats
	0%
	0%
	0%
	0%
	100%
	0%


Recalculations

CH4 emissions from manure management have been recalculated because of 

· The availability of updated data on livestock population and, 

· The separation of buffalos from cattle and the subsequent use of the appropriate emission factor for the specific animal species. 

The results of the recalculation of CH4 and N2O emissions, namely the difference (%) between present and previous emissions estimates, are presented in Table 6.9.
Table 6.9
Recalculation of CΗ4 and Ν2Ο emissions from manure management

	Difference (%)
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001

	CΗ4
	-0.02%
	0.00%
	-0.06%
	0.00%
	0.01%
	0.03%
	0.02%
	0.69%
	1.83%
	3.20%
	3.87%
	-0.02%

	Ν2Ο
	0.04%
	-0.05%
	0.00%
	0.10%
	0.05%
	0.06%
	0.09%
	1.44%
	4.31%
	8.71%
	9.67%
	-0.03%


Planned improvements

Activity data will be updated as soon as they become available. Additionally, the availability of information regarding manure management systems applied in the country for each animal species will be examined.

6.4 Rice cultivation

Rice cultivated in Greece is grown in continuously flooded fields. This process results in methane production from anaerobic decomposition of organic matter, and consequently leads to the release of the gas in the atmosphere through the rice plants.

CH4 emissions from rice cultivation in 2002 account for 0.8% of total GHG emissions from agriculture and for 0.1% of total national emissions. CH4 emissions increased by 38% in 2002 compared to 1990, with an average annual rate of increase estimated at 2.7% for the period 1990 - 2002. CH4 emissions from rice cultivation for the period 1990 – 2002 are presented in Table 6.10.

Table 6.10
CH4 emissions (in kt) from rice cultivation, for the period 1990 - 2002

	Year 
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	CH4 emissions (kt)
	3.29
	2.95
	2.94
	4.05
	4.74
	5.22
	5.72
	5.82
	5.25
	4.67
	3.98
	4.13
	4.55


The fluctuations in emissions trends are attributed to the annual changes in the cultivated areas as provided by the NSSG.

Methodology

In order to estimate methane emissions from rice cultivation, the default methodology suggested by the IPCC Good Practice Guidance was followed. The cultivated areas and the proposed default emission factor (20 g CH4 / m2) were used for the emissions calculation. 

Rice cultivated in Greece is grown in continuously flooded fields without the use of organic amendments and one cropping period is considered annually.

Recalculations

CH4 emissions from rice cultivation have been recalculated because of 

· The availability of updated data regarding cultivated areas and, 

· The new default emission factor used, as it is suggested from the IPCC Good Practice Guidance. 

The results of the recalculation of CH4 emissions, namely the difference (%) between present and previous emissions estimates are presented in Table 6.11. 

Table 6.11
Recalculation of CΗ4 emissions from rice cultivation

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

	Difference (%)
	-31.27%
	-31.27%
	-31.27%
	-31.28%
	-31.27%
	-33.23%
	-31.27%
	-31.27%
	-30.47%
	-28.29%
	-31.27%
	-33.27%


6.5 Agricultural soils

Agricultural soils constitute the largest anthropogenic source of nitrous oxide emissions. Ν2Ο is produced naturally in soils through the microbial processes of nitrification and denitrification. Agricultural activities add nitrogen to soils, increasing the amount of Ν2Ο in the atmosphere. Anthropogenic Ν2Ο emissions from agriculture are produced either directly from nitrogen inputs to soils or indirectly, after the removal of nitrogen from soils. 

Direct Ν2Ο emissions from agricultural soils in 2002 account for 44% of total GHG emissions from agriculture and for 4% of total national emissions. Direct emissions in 2002 decreased by 8% compared to 1990 levels, with an average annual rate of decrease estimated at 0.7% for the period 1990 - 2002. Indirect Ν2Ο emissions in 2002 accounted for 25% of total GHG emissions from agriculture and for 2.4% of total national emissions. Indirect emissions in 2002 decreased by 11.7% compared to 1990 levels, with an average annual rate of decrease estimated at 1% for the period 1990 - 2002. Direct and indirect emissions from agricultural soils for the period 1990 – 2002 are presented in Table 6.12.

Table 6.12
 Ν2Ο emissions (kt) from agricultural soils

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	Direct emissions
	19.72
	19.47
	18.48
	18.20
	18.33
	17.38
	17.96
	18.67
	18.42
	18.22
	19.23
	18.16
	18.13

	Indirect emissions
	11.62
	11.35
	10.65
	10.43
	10.50
	9.78
	10.19
	10.71
	10.54
	10.38
	11.12
	10.31
	10.25


The reduction of Ν2Ο emissions from agricultural soils is due mainly to the reduction in the use of synthetic nitrogen fertilizers. Additionally, the annual changes in the amount of fertilizers used and the agricultural production are the basic factors that account for the fluctuation of emissions during the period 1990 – 2002.

6.5.1 Methodology

Direct Ν2Ο emissions from agricultural soils

Direct Ν2Ο emissions from agricultural soils derive from:

· The use of synthetic fertilizers

· Animal manure used as fertilizers 

· The cultivation of N-fixing crops

· Crop residues that remain in soils

· Animal manure that remain in soils during pasture, range and paddock

For the estimation of Ν2Ο emissions from the use of synthetic fertilizers, Tier 1a methodology suggested by the IPCC Good Practice Guidance was applied. In order to calculate Ν2Ο emissions, detailed information on the type and amount of fertilizer used, as well as on the nitrogen content of different types, has been collected. As a part of the nitrogen contained in the fertilizer is volatised in ammonia and nitrogen oxides, the relevant conversion factor suggested by IPCC was used (IPCC 1997, Table 4-19). The amount of synthetic nitrogen applied to soils and the subsequent Ν2Ο emissions for the period 1990 – 2002 are presented in Table 6.13.

Table 6.13
Synthetic nitrogen applied (in kt) and Ν2Ο emissions (in kt) from synthetic fertilizers 

	Years
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	N applied
	383.90
	367.45
	320.77
	305.01
	307.40
	256.07
	281.48
	315.25
	303.02
	290.80
	339.58
	283.51
	278.17

	N2O emissions
	7.54
	7.22
	6.30
	5.99
	6.04
	5.03
	5.53
	6.19
	5.95
	5.71
	6.67
	5.56
	5.46


The basic methodology was also applied for the estimation of Ν2Ο emissions from the use of animal manure as a fertilizing agent. Specifically, the total nitrogen excretion from animals was calculated, as in the case of manure management, and then it was corrected to account for the fraction that volatises in ammonia and nitrous oxides and the fraction that is deposited in soils through pasture, range and paddock, by using the default emission factors (IPCC 1997, Table 4-19). In Table 6.14 nitrogen input to soils from animal manure and subsequent Ν2Ο emissions are presented, for the period 1990 – 2002.

Table 6.14
Νitrogen input to soils from animal manure (in kt) and Ν2Ο emissions (in kt) from animal manure used as fertilizers 

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	N input
	39.49
	38.76
	38.40
	38.24
	38.11
	37.94
	37.88
	37.98
	38.28
	38.55
	38.61
	38.54
	38.47

	N2O emissions
	0.78
	0.76
	0.75
	0.75
	0.75
	0.75
	0.74
	0.75
	0.75
	0.76
	0.76
	0.75
	0.75


For the estimation of Ν2Ο emissions from N-fixing crops and crop residues, the Tier 1b methodology suggested by the IPCC Good Practice Guidance has been followed, using the default factors per crop regarding residue to crop product ratio, dry matter fractions and nitrogen content (IPCC 2000, Table 4-16). 

The fraction of residues that is burned on-site in fields, which needs to be subtracted, was assumed to be 10% according to IPCC Good Practice Guidance (IPCC 2000, Appendix 4Α-2). Data on agricultural crop production used for the calculation of emissions was obtained from the NSSG for the period 1990 – 2001, while the estimation of production for 2002 was based on the cultivated areas and productivity indicators per crop, developed according to the observed trends of the last decade.

Ν2Ο emissions from N-fixing crops and crop residues for the period 1990 – 2002 are presented in Table 6.15.

Table 6.15
 Ν2Ο emissions (in kt) from N-fixing crops and crop residues

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	N-fixing crops
	0.022
	0.025
	0.024
	0.023
	0.021
	0.022
	0.024
	0.022
	0.021
	0.022
	0.022
	0.019
	0.021

	Crop residues
	0.463
	0.581
	0.516
	0.504
	0.520
	0.490
	0.502
	0.515
	0.466
	0.470
	0.491
	0.480
	0.498


The estimation of Ν2Ο emissions from pasture, range and paddock was based on the methodology used for the calculation of Ν2Ο from manure management, using the default factors suggested by IPCC Guidelines (see Section 6.3). Nitrogen input from pasture, range and paddock and Ν2Ο emissions for the period 1990 – 2002 are presented in Table 6.16.

Table 6.16
Nitrogen input from pasture, range and paddock (in kt) and Ν2Ο emissions (in kt) from pasture, range and paddock

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	N input
	347.27
	346.25
	346.36
	347.68
	350.18
	353.06
	355.15
	356.34
	357.14
	358.09
	359.32
	360.79
	362.29

	N2O emissions
	10.91
	10.88
	10.89
	10.93
	11.01
	11.10
	11.16
	11.20
	11.22
	11.25
	11.29
	11.34
	11.39


Indirect Ν2Ο emissions from agricultural soils

Indirect Ν2Ο emissions from agricultural soils derive from:

· Volatilisation of nitrogen included in synthetic fertilizers and animal manure (used as fertilizers) as ΝΟx and NH3, followed by atmospheric deposition as ΝΟx, HNO3 and ΝΗ4 on soils and surface waters and subsequent Ν2Ο formation.

· Leaching and runoff of nitrogen contained in applied fertilizers (synthetic and animal manure).

For both sources of Ν2Ο emissions, the Tier 1a methodology suggested by IPCC Good Practice Guidance has been applied. The activity data on the amount of nitrogen from synthetic fertilizers and animal manure are those used for the calculation of direct emissions. The emission factors used are the default ones suggested by IPCC (IPCC 1997, Table 4-23). The emission factor for atmospheric deposition reflects the fraction of nitrogen that volatiles as ammonia and nitrous oxides, while for leaching and runoff it reflects the fraction of nitrogen that leaks from synthetic fertilizers and animal manure. The amount of nitrogen deposited and the indirect Ν2Ο emissions for the period 1990 – 2002 are presented in Table 6.17.

Table 6.17
Deposited nitrogen (in kt) and indirect Ν2Ο emissions (in kt) from agricultural soils

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	Atmospheric deposition
	
	
	
	
	
	
	
	
	
	
	
	
	

	N deposited
	121.98
	119.77
	114.51
	112.99
	113.72
	108.55
	111.78
	115.79
	114.67
	113.57
	119.25
	113.30
	112.99

	N2O emissions
	1.92
	1.88
	1.80
	1.78
	1.79
	1.71
	1.76
	1.82
	1.80
	1.78
	1.87
	1.78
	1.78

	Leaching/Runoff
	
	
	
	
	
	
	
	
	
	
	
	
	

	N deposited
	246.96
	240.89
	225.23
	220.32
	221.81
	205.50
	214.58
	226.22
	222.50
	218.82
	235.47
	217.20
	215.84

	N2O emissions
	9.70
	9.46
	8.85
	8.66
	8.71
	8.07
	8.43
	8.89
	8.74
	8.60
	9.25
	8.53
	8.48


6.5.2 Recalculations

Direct Ν2Ο emissions from agricultural soils have been recalculated because of 

· The availability of updated data regarding livestock population and crop production, 

· The use of Tier 1b methodology for N-fixing crops and crop residues and 

· The new estimate on the fraction of agricultural residues burned on fields. 

The results of the recalculation of direct Ν2Ο emissions, namely the difference (%) between present and previous emissions estimates, are presented in Table 6.18.

Table 6.18
Recalculation of direct Ν2Ο emissions from agricultural soils

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

	Animal production 
	-0.55%
	0.19%
	0.58%
	0.16%
	-0.19%
	0.71%
	0.56%
	0.81%
	2.72%
	5.16%
	5.64%
	0.02%

	N-fixing crops
	-25.62%
	-16.29%
	-18.96%
	-21.81%
	-28.49%
	-26.52%
	-20.99%
	-26.88%
	-30.15%
	-27.25%
	-27.08%
	-27.63%

	Crop residues
	-72.92%
	-71.54%
	-73.66%
	-72.77%
	-71.74%
	-72.33%
	-71.00%
	-71.72%
	-69.93%
	-71.36%
	-72.89%
	-72.78%

	Pasture/range/paddock
	0.04%
	0.02%
	-0.04%
	-0.03%
	-0.04%
	0.00%
	0.02%
	-0.01%
	-0.05%
	-0.14%
	-0.24%
	-0.01%


Indirect Ν2Ο emissions from agricultural soils are included for the first time in the Greek GHG emissions inventory.

6.6 Field burning of agricultural residues

The generation of crop residues is a result of the farming practices used. Disposal practices for residues include ploughing them back into the ground, composting, landfilling and burning them on-site. According to the IPCC Good Practice Guidance, it is estimated that 10% of the residues are burned annually on the field. Burning of agricultural residues is responsible for emissions of CH4, Ν2Ο, CO and NOx. 

CH4 and Ν2Ο emissions from field burning of agricultural residues in 2002 accounted for 0.3% of total GHG emissions from agriculture and for 0.03% of total national emissions. Emissions in 2002 increased by 8% compared to 1990 levels, with an average annual rate of increase estimated at 0.7%. CH4 and Ν2Ο emissions from field burning of agricultural residues for the period 1990 – 2002 are presented in Table 6.19.

Table 6.19
GHG emissions (in kt CO2 eq) from field burning of agricultural residues

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	CΗ4 emissions
	27.06
	37.93
	30.86
	29.54
	32.23
	30.26
	29.65
	29.97
	28.13
	27.62
	29.21
	28.31
	29.23

	Ν2Ο emissions
	10.05
	13.59
	11.31
	10.93
	11.69
	10.92
	10.96
	11.13
	10.30
	10.22
	10.72
	10.44
	10.88


Methodology

For the estimation of CH4 and Ν2Ο emissions from field burning of agricultural residues, the default methodology suggested in IPCC Guidelines has been applied. In order to calculate the biomass that is burned, agricultural production per crop (as in the sector of agricultural soils) and the default factors proposed by IPCC (IPCC 2000, Table 4-16 and IPCC 1996, Table 4-17) were used. The emission factors used were the typical ones suggested by IPCC Guidelines (IPCC 1997, Table 4-16). 
Recalculation

CH4 and Ν2Ο emissions from field burning of agricultural residues have been recalculated because of the availability of updated data on agricultural production, but mostly because of the new estimate concerning the fraction of residues that is burned, in accordance with the IPCC Good Practice Guidance. This fraction has been considerably reduced, from 25% to 10%, resulting in a large difference in emissions between the present and the previous inventory, in the order of 50%. 

The results of the recalculation of emissions, namely the difference (%) between present and previous emissions estimates are presented in Table 6.20. 

Table 6.20
Recalculation of CΗ4 and Ν2Ο emissions from field burning of agricultural residues

	Difference (%)
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001

	CH4
	-50.4%
	-52.4%
	-51.3%
	-50.3%
	-50.9%
	-51.0%
	-49.5%
	-49.1%
	-49.8%
	-51.1%
	-50.4%
	-50.0%

	N2O
	-48.7%
	-50.5%
	-49.7%
	-49.2%
	-49.5%
	-48.3%
	-46.4%
	-48.7%
	-0.6%
	-47.8%
	-47.4%
	-47.2%


The low difference in N2O emissions for 1998 (even though the fraction of residues that is burned has been reduced from 25% to 10%) is due to a transcript error while filling in the data in the CRF. 

Planned improvements

The possibility for developing country specific values regarding the residue to crop product ratios and the fraction residues burnt per crop will be examined, in order to come up with an improved estimation of GHG emissions from field burning of agricultural residues. 

7. Land use change and forestry

7.1 Overview

In this chapter emissions and removals of greenhouse gases from the sector "Land Use Change and Forestry" are presented, and methodologies used to estimate emissions/removals by each source/ sink category are described. 

According to the IPCC Guidelines, the following source/sink categories are included in this sector: 

· Changes in forest and other woody biomass stocks,

· Forest and grassland conversion

· Abandonment of managed lands.

· CO2 emissions and removals from soil

The IPCC Guidelines were followed for the estimation of the emissions/removals from these activities. In order to obtain estimates from these activities, the availability of a comprehensive database with information on human activities relevant to land use, land use change and forestry is required. The Greek Ministry for Agriculture has published several reports dealing, in general, with forests and grassland areas in Greece. Unfortunately, so far, data in a usable format for the purposes of a GHG emissions/removals inventory have not become readily available. The major sources of information for the compilation of this inventory are the First National Forest Inventory (GDFNE 1992, 1994) and the annual "Report of Activities of the Forest Service" published by the General Directorate for the Forests and the Natural Environment (GDFNE) of the Greek Ministry for Agriculture (e.g. GDFNE 2001). The first National Forest Inventory (NFI) published in 1992 and is based on data collected during the period 1963-1985. A second NFI has not been conducted yet, whereas information on changes of forests during this period and since then is not available. Therefore, the estimates presented here are only indicative of the level of the possible emissions/removals from the sector and are not officially accepted figures.

The remainder of this chapter is organized as follows. Section 7.1 continues a brief presentation of background information regarding land use and forestry in Greece, a presentation of emissions trends from LUCF, and the assessment of the completeness of the GHG inventory for the LUCF sector. Then (Sections 7.2 – 7.5) information on the methodologies applied (including references on the activity data and the emission factors used) for the calculation of GHG emissions per source of emissions is presented, while in the last section the planned improvements are discussed.

7.1.1 Land use and forestry in Greece

According to the data of the National Statistical Service of Greece (NSSG), the total land area of Greece is 13,195,740 ha. The various forms of land use are presented in Figure 7.1, where the category "Other uses" includes urban areas, industrial areas and internal waterways.

[image: image21.wmf]Forests

25%

Grasslands

11%

Cultivations

31%

Other uses

8%

Semi-forested 

areas

24%

Rocky areas

1%

 


Figure 7.1
Distribution of the area of Greece by land cover category 

According to the results of the first National Forest Inventory (GDFNE 1992, 1994), forests and other wooded lands in Greece cover 6,513,068 ha (49.3% of the Greek territory), of which 3,359,186 ha are considered as productive (industrial) forests
. From this land, 1,429,610 ha are coniferous trees and 1,929,576 ha are broadleaves. The area and growing stock of the main forest species are presented in Table 7.1. The rest 3,153,882 ha are considered as other wooded land
.

Table 7.1
Area and growing stock of the main forest species in Greece 

	Forest species
	Area

(Ha)
	Growing stock

(volume overbark 1000 m3)
	Mean growing stock

(volume overbark m3/ha)

	Conifers 
	

	Abies sp.
	543,308
	47,406
	87.25

	Pinus halepensis & P. brutia
	567,731
	14,986
	26.40

	Pinus nigra
	281,692
	15,269
	54.20

	Pinus sylvestris
	20,955
	2,574
	122.83

	Pinus leucodermis 
	8,300
	2,230
	268.67

	Picea abies
	2,754
	941
	341.77

	Broadleaves
	

	Quercus sp.
	1,471,839
	26,537
	18.03

	Fagus sp.
	336,640
	30,437
	90.41

	Platanus orientalis
	86,579
	2,116
	24.44

	Castanea vesca
	33,081
	1,862
	56.29


As the majority of Greek forests and other wooded lands are situated on the mountainous region, their management during the last century was mainly directed to soil and water protection. The large proportion of state forests and other wooded lands (74.1%) is considered as favourable, because it better serves the environmental and social role of forests. However, their productivity is low in relation to the mean productivity of European forests. Their condition from the point of view of density, quality and quantity of growing stock is not satisfactory mainly due to human induced activities as forest fires, grazing, illegal felling, as well as lack of systematic silvicultural treatment. The merchantable
 volume of forests has been estimated as 138,107,132 m3, (or 41.1 m3/ha). The corresponding net annual increment of these forests is estimated to be 3,812,538 m3, from which 50.3% comes from conifers and 49.7% from broadleaves.

7.1.2 Emissions trends

The main characteristic of the Land Use Change and Forestry sector is the large annual fluctuations of GHG emissions/removals. As a result of this fluctuation that is attributed to the annual fluctuation of burnt areas by wildfire the sector is a net source of emissions for most of the years in the period 1990 – 2002 and a net sink for the rest of the years (Figure 7.2).
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Figure 7.2
Emissions / removals of greenhouse gases (in kt CO2 eq) from the Land Use Change and Forestry for the period 1990-2002

CO2 emissions represent the largest share of the total GHG emissions from the Land Use Change and Forestry sector. Methane and nitrous oxide are released in smaller quantities during biomass burning. 

Table 7.2
Emissions / removals of greenhouse gases (in kt CO2 eq) from the Land Use Change and Forestry sector

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	CO2
	1473.59
	583.71
	2302.46
	1664.11
	1499.99
	-402.08
	-72.25
	-403.87
	2830.26
	19.14
	4169.74
	-1295.06
	-1891.79

	CH4
	120.09
	48.14
	198.28
	147.16
	123.68
	51.45
	56.76
	53.86
	328.05
	41.72
	376.08
	55.34
	8.05

	N2O
	12.99
	5.77
	21.72
	15.95
	15.12
	5.70
	7.30
	6.84
	36.58
	4.63
	41.35
	6.53
	0.92


7.1.3 Completeness 

Table 7.3 summarizes the completeness of the inventory for the sector Land Use Change and Forestry.

Table 7.3
Land Use Change and Forestry – Completeness of emission / removal inventory

	IPCC Source / Sink categories
	CO2 emissions
	CO2 removals
	CH4
	N2O

	A.   Changes in Forest and Other Woody Biomass Stocks
	
	
	
	

	1.  Tropical Forests
	ΝΟ 1)
	ΝΟ
	
	

	2.  Temperate Forests
	ΝΑ 2)
	 FORMCHECKBOX 

	
	

	3.  Boreal Forests
	ΝΟ
	ΝΟ
	
	

	4.  Grasslands/Tundra
	ΝΟ
	ΝΟ
	
	

	5.  Other
	
	
	
	

	Harvested Wood
	 FORMCHECKBOX 

	ΝΟ
	
	

	Fuelwood consumption
	 FORMCHECKBOX 

	ΝΟ
	
	

	B.  Forest and Grassland Conversion
	
	
	
	

	1.  Tropical Forests
	ΝΟ
	
	ΝΟ
	ΝΟ

	2.  Temperate Forests
	 FORMCHECKBOX 

	
	 FORMCHECKBOX 

	 FORMCHECKBOX 


	3.  Boreal Forests
	ΝΟ
	
	ΝΟ
	ΝΟ

	4.  Grasslands/Tundra
	 FORMCHECKBOX 

	
	 FORMCHECKBOX 

	 FORMCHECKBOX 


	5.  Other
	
	
	
	

	C.  Abandonment of Managed Lands
	
	
	
	

	1.  Tropical Forests
	ΝΟ
	ΝΟ
	
	


	2.  Temperate Forests
	ΝΕ 3)
	ΝΕ
	
	

	3.  Boreal Forests
	ΝΟ
	ΝΟ
	
	

	4.  Grasslands/Tundra
	ΝΟ
	ΝΟ
	
	

	5.  Other
	
	
	
	

	D.  CO2 emissions/removals from soils
	
	
	
	

	1.  Cultivation of Mineral Soils
	ΝΕ
	 FORMCHECKBOX 
 / ΝΕ
	
	

	2.  Cultivation of Organic Soils
	ΝΑ
	ΝΑ
	
	

	3.  Liming of Agricultural Soils
	ΝΟ
	ΝΟ
	
	

	4.  Forest Soils
	ΝΕ
	ΝΕ
	
	

	5.  Other
	
	
	
	


1) ΝΟ: Not occurring 

2) ΝΑ: Not applicable

3) ΝΕ: Not estimated

7.2 Changes in forest and other woody biomass stocks

The methodology applied is consistent with the default method described in the IPCC Guidelines and relies on the carbon flux approach, since information from only one NFI is available. Activities under the category Changes in forest and other woody biomass stocks that result in carbon dioxide emissions or removals are the net annual increment of forest biomass and the wood harvest (commercial harvest and fuelwood consumption). The carbon balance of woody biomass was calculated as:

Net Annual Increment – Annual Felling

The fundamental principle of sustainable forest management is the annual felling to be less than the net annual increment. For the decade 1990-2000, mean annual felling from Greek forests constituted approximately 60% of net annual increment, and resulted in a positive carbon balance in this category (sink of CO2).

The estimation of CO2 removal by forest increment was based on the net annual increment of the growing stock of forests that was calculated as the difference between the gross annual increment and the natural loses. Annual CO2 removals by each forest species were calculated as:

CO2 Uptake = Area of Forest (ha) ( Net Annual Increment (m3/ha/yr) ( Biomass Conversion Factor (t dm/m3) ( C Fraction of Dry Matter (t C/t dm) ( 44/12

· To obtain the carbon store of the woody biomass the IPCC default value for the carbon fraction of dry matter (0.5) was used throughout this inventory.

· The factor 44/12 is used for the conversion of carbon uptake to carbon dioxide uptake.

CO2 removals from forest increment found to be 4,005 kt CO2/yr for the whole period. It was assumed that net annual increment of growing stock did not change during this period, it was not affected by annual variation of climatic conditions and it did not change since the first National Forest Inventory was conducted.

These estimates of CO2 removals from forest increment refer only to annual increment of industrial forests of Greece. Possible CO2 removals from biomass increment of other wooded lands are not included in this inventory due to the lack of statistical data for growth in these areas. Non-forest trees (outside the boundary of forest and other wooded land) are not considered to be a significant component of total changes in biomass stock and have not been taken into account in this inventory.

For the estimation of CO2 emissions from commercial harvest and fuelwood consumption the default assumption, that all carbon in harvested biomass is oxidized in the year of removal, was made. Data for the volume of commercial harvest, fuelwood and informally gathered fuelwood is given in the annual Activities Report of the Forestry Service. Annual CO2 emissions from wood harvest were calculated as:

CO2 Emission = Volume of Extracted Wood (m3 of roundwood) ( Biomass Conversion Factor (t dm/m3) ( C Fraction of Dry Matter (t C/t dm) ( 44/12

In this chapter only carbon dioxide emissions from wood harvest are presented. However, during off-site fuelwood burning, non-CO2 trace gases (CH4, CO, N2O, NOx) are released, that, according to IPCC Guidelines, are reported under the Energy sector.
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Figure 7.3
Carbon dioxide emissions from commercial harvest and fuelwood consumption during 1990-2002

CO2 emissions from commercial harvest and fuelwood consumption vary during the period 1990-2002 between 4023 kt CO2 in 1990 and 2209 kt CO2 in 2001. Fuelwood consumption accounts for approximately 70% of these emissions, while commercial harvest is responsible for the remaining 30%. During this period there is a significant reduction in total wood harvest that corresponds to a similar reduction in the amount of CO2 released to the atmosphere. This reduction, that is sharper in fuelwood category than in commercial harvest, is due mainly to the substitution of wood as heating source by liquid fuels and electricity, the urbanization and the low competitiveness of Greek timber in the international market. 

7.3 Forest and grassland conversion

This category includes conversion of existing forests and natural grasslands to other land uses, such as agriculture, settlements etc. In a global scale, the predominant current cause of forest clearing is conversion to pasture and cropland in the tropics. Greek laws prohibit the land use change of forests and other wooded lands. Forests and other wooded lands burnt by wildfires are proclaimed to be under reforestation and the change of their forest character is prohibited. The majority of forest area burned recovers naturally, while in areas where natural regeneration is not sufficient (lack of seeds, soil degraded by repeated burning), artificial regeneration activities, supervised by the Forest Service, are carried out. Wildfires in Greece are caused by negligence or arson and do not consist means to change land use, as it is the case in tropical forests. Consequently, GHG emissions should rather be reported in category "Changes in forest and other woody biomass stocks". They are reported in “Forest and grassland conversion” though for practical reasons related to the reporting of non-CO2 trace gases in the common reporting format.

Methodology

Forest fires, apart from the direct release of large quantities of CO2, lead to a reduction in soil carbon as a result of decreased carbon inputs and enhanced decomposition from the disturbed soil. Erosion (by wind or water) after fire can be a significant factor in carbon losses (or redistribution). On the other hand, productivity, and therefore CO2 capture, is usually higher after fire when the forest regenerates. The effects of these processes are not accounted for in this inventory since they are associated with a high level of uncertainty and with poorly quantified data. In order to estimate CO2 emissions by wildfires, the following assumptions were made: (a) all carbon contained in aboveground biomass is oxidized to the atmosphere in the inventory year, (b) the soil carbon stock does not change after fire, and (c) the total net annual increment as calculated in chapter 7.2 is not affected by wildfires. Annual CO2 emissions by forest fires were calculated as:

CO2 Emission = Area Burnt (ha) ( Biomass Density (m3/ha) ( Biomass Conversion Factor (t dm/m3) ( C Fraction of Dry Matter (t C/t dm) ( 44/12

According to IPCC Guidelines, CH4 and CO emissions were estimated as ratios to carbon fluxes emitted during burning, and N2O and NΟx emissions as ratios to total nitrogen. Nitrogen content was calculated based on the nitrogen-carbon ratio (N/C was taken as 0.01, IPCC Guidelines).

The estimation of CO2, CH4, CO, NΟx and N2O emissions from grassland burning was made according to the CORINAIR methodology and default emission factors and other parameters due to the lack of data for biomass density on these areas.

Wildfires constitute the most important disturbance to Greek forests and significant source of greenhouse gases. CO2 emissions by wildfires vary during the period 1990-2002 between 94 kt CO2 (2002) and 4227 kt CO2 (2000). The high annual fluctuation in burnt areas results in similar fluctuation in the carbon balance in this sector (Figure 7.4).
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Figure 7.4
Total emissions of greenhouse gases (in kt CO2 eq) from Forest and Grassland Conversion and area burnt (in kHa) by wildfires during 1990-2002

Possible emissions of greenhouse gases caused by grassland conversion to croplands have not been estimated due to lack of statistical data. Conversion of grassland to cultivated land may result in net CO2 emissions to the atmosphere due to soil disturbance and the resultant oxidation of soil carbon. Emissions from biomass reduction as a result of this conversion are generally small in comparison with other changes in carbon stocks in terrestrial systems. This is due to the fact that biomass densities of grasslands are approximately the same as that of croplands, and therefore, according to IPCC guidelines, these emissions can be assumed as negligible.

Recalculations

GHG emissions from Forest and Grassland Conversion have been recalculated because of:

29. The inclusion of emissions from grassland burning. 

30. The correction of the emission factor used for the estimation of N2O emissions from grassland burning. 

It is noted that some minor differences may be attributed to the way in which values are entered in the CRF (number of decimal digits).

The results of the recalculation of GHG emissions per gas, namely the difference (%) between present and previous emissions estimates, are presented in Table 7.4.

Table 7.4
Recalculation of GHG emissions from Forest and Grassland Conversion

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

	CO2
	2.29%
	-4.25%
	5.49%
	3.64%
	6.71%
	-5.52%
	0.43%
	-0.65%
	7.93%
	-8.51%
	7.80%
	5.15%

	CH4
	0.08%
	0.27%
	-0.01%
	0.11%
	-0.01%
	0.32%
	0.10%
	0.18%
	0.01%
	0.33%
	2.65%
	5.30%

	N2O
	-38.84%
	-58.54%
	-43.19%
	-42.83%
	-64.64%
	-49.43%
	-70.55%
	-68.47%
	-48.69%
	-25.30%
	11.22%
	22.49%


7.4 Abandonment of managed lands

Abandonment of managed land, e.g. croplands and pastures, may result in carbon re-accumulation in biomass and soil. The effect of abandonment on carbon balance of these areas depends upon many factors, like soil type, climate, type, intension and length of time of previous use and the type of original ecosystem. However, in some cases the abandoned land may be too infertile, saline or degraded for revegetation to occur. In this case, either the land remains in its current state or it may further degrade and lose additional carbon.

In Greece, urbanization during the last decades resulted in the abandonment of many cultivations and their natural afforestation. Data on the area of these lands as well as the rate of carbon re-accumulation have not been available and consequently the quantification and reporting of this potential sink is not yet possible.

7.5 CO2 emissions and removals from soils

CO2 emissions / removals from soils are associated with changes in the amount of organic carbon stored in soils. These changes are a function of the balance between inputs to soil of photosynthetically–fixed carbon and losses of soil carbon via decomposition. The quantity and quality of organic matter inputs and the rate of decomposition of soil organic carbon are determined by the interaction of climate, soil and land use. In natural ecosystems, climate and soil conditions are the primary determinants of the carbon balance, because they control both production and decomposition rates. In agricultural systems, land use and management act to modify both the input of organic matter (via crop selection, fertilization, harvest procedures, and residue production and management), and the rate of decomposition (by modifying microclimate and soil conditions through crop selection, tillage, irrigation and fertilization).

In natural ecosystems carbon dioxide fluxes from soil tend to be in a balance and it can be assumed that their soil carbon is in a steady state. Changes in soil carbon in non-logged forests and selectively logged forests (that consist the majority of Greek forests) can also be assumed to be negligible. However, there are significant carbon fluxes from forest soils where clear-cutting is practiced, when forest is burned, in agricultural soils and when land use changes. In Greece there are some regional studies on soil carbon content but data concerning land use changes and their effect on soil carbon balance are limited. Under this category, there have been estimated only carbon dioxide removals by agricultural lands that were afforested after 1994, according to EC Regulation No 2080/92.
7.6 Improvements planned

For the estimations of CO2 emissions / removals from forest biomass increment, wood harvest and forest fires, only the biomass of stemwood was considered, since the volumetric and growth data provided in the NFI refer to the merchantable volume of forest only. The inclusion of total ecosystem biomass in these calculations will significantly improve the inventory precision. To evaluate the contribution of other carbon pools of forest ecosystems (leaves, branches, stumps, roots) in the carbon cycle, stemwood volumes need to be converted to the biomass of all tree parts, by applying some special Biomass Expansion Factors (BEF). However, such conversion factors have not been developed yet for Greek forests. The development and adoption of biomass expansion factors for each forest species / type is a priority for future improvement.

Estimations of CO2 removals from forest increment refer to the annual increment of the industrial forests only. Carbon balance in other wooded lands has not been quantified, and forms an area for further investigation. The collection of data on forest condition, available in local authorities (forest offices, prefectures), is expected to provide important information in future for activities under this sector.

Significant lack of information exists on abandonment of croplands and deforestation near urban centres and islands, where urban development encroaches on forestland. It is believed that sufficient such information will be compiled during the completion of the National Land Survey and Forest Maps, and principally the acquisition of remote sensed data. Earth Observation (EO), particularly, will comprise a valuable instrument in future inventories, as, apart from the accuracy, precision and homogeneity of provided data, it has the unique advantage of giving information for past time series, necessary for the assessment of land use change.

International research initiatives and actions (CarboEurope, Cost E21, CarboInvent) developed lately, have already started to supply with valuable data and methodologies, the utilization of which will give solidity to the inventory of greenhouse gases from this sector.

Lastly, the use of the IPCC Good Practice Guidance for the sector "Land Use, Land Use Change and Forestry", adopted at COP9 (December 2003), which is planned for the next submission, is expected to contribute significantly to the methodological improvement and the uncertainty quantification and reduction.

8. Waste

8.1 Overview

In this chapter the emissions of greenhouse gases from the sector of waste are presented and the relative methodologies of emissions calculation per source are described. 

According to the IPCC Directives, the following sources of emissions are included in this sector:

· Solid waste disposal on land

· Wastewater handling

· Waste incineration

The remainder of this chapter is organized as follows. Section 8.1 continues with the presentation of emissions trends from the waste sector, a brief description of the methodology applied for the calculation of GHG emissions and the assessment of the completeness of the GHG inventory for the waste sector. Then (Sections 8.2 and 8.3) detailed information on the methodologies applied (including references on the activity data and the emission factors used) for the calculation of GHG emissions per source of emissions is presented.

8.1.1 Emissions trends

In 2002 GHG emissions from waste increased by 44% compared to 1990 levels (Figure 8.1), while the average annual rate of increase of emissions for the period 1990 – 2002 is estimated at 3%. 
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Figure 8.1
Total greenhouse gases emissions (in kt CO2 eq) from waste for the period 1990 – 2002

The sector of waste is responsible for methane and nitrous oxide emissions. GHG emissions from waste per gas are presented in Table 8.1. 

Table 8.1
Greenhouse gases emissions (in kt CO2 eq) from waste per gas for the period 1990 – 2002

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	CΗ4
	3854.65
	3882.85
	4042.31
	4178.88
	4383.93
	4528.70
	4688.99
	4809.43
	5066.09
	5309.19
	5450.56
	5497.11
	5664.44

	Ν2Ο
	327.25
	331.93
	336.78
	334.86
	348.01
	351.91
	352.15
	362.26
	364.93
	368.94
	378.11
	374.35
	373.54


Methane represents the major GHG from the waste sector, with a contribution ranging from 92% to 94%. Totally, CH4 emissions in 2002 increased by 47% compared to 1990 levels, with an average annual rate of increase estimated at 3%.

The major source category from the waste sector (Figure 8.2) is solid waste disposal on land with a contribution increasing from 67% in 1990 to 87% in 2002. On the contrary, GHG emissions from wastewater handling present a declining trend, with an average annual rate of -5% for the period 1990 – 2002.
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Figure 8.2
Greenhouse gases emissions (in kt CO2 eq) from waste per source category for the period 1990 – 2002

8.1.2 Methodology

The calculation of GHG emissions from waste is based on the methodologies and emission factors suggested by the IPCC Guidelines and the IPCC Good Practice Guidance. 

Data on population are provided by the National Statistical Service of Greece, while the main sources of information for the rest of the necessary data and parameters are the Ministry for Environment, Physical Planning and Public Works, various research studies and international databases.

The methodology applied for the calculation of emissions per source category is briefly presented in Table 8.2, while a detailed description is given in the corresponding sections (Sections 8.2 and 8.3).

Table 8.2
Methodology for the estimation of emissions from waste 

	
	CH4
	N2O

	
	Method
	Emission factor
	Method
	Emission factor

	Solid waste disposal on land
	T1 1)
	D 2)
	
	

	Wastewater handling
	D
	D
	D
	D


1) T1: Tier 1 IPCC methodology 

2) D: Default IPCC methodology / emission factor 

Key sources

Solid waste disposal on land constitutes the only key source category in the waste sector (see Section 1.5 for a complete presentation of the results of the key sources analysis and Annex I for the presentation of the relevant calculations). Wastewater handling contributes significantly only in emissions trends, and according to the criteria presented in Section 1.5 it is not considered as a key source category.

According to the IPCC Good Practice Guidance, the Tier 2 methodology should be applied for the estimation of emissions from solid waste disposal on land. However due to the lack of the detailed data required, its application is not yet feasible.

Uncertainty

The results of the uncertainty analysis undertaken for the Greek GHG emissions inventory are presented in Section 1.7, while the detailed calculations are presented in Annex ΙV.

8.1.3 Completeness

Table 8.3 gives an overview of the IPCC source categories included in this chapter and presents the status of emissions estimates from all sub-sources in the waste sector. 

	Table 8.3
Completeness of the GHG inventory for the waste sector


	CO2
	CH4
	N2O

	A. Solid waste disposal on land
	
	
	

	1. Managed waste disposal on land
	ΝΟ 1)
	 FORMCHECKBOX 

	

	2. Unmanaged waste disposal on land
	ΝΟ
	 FORMCHECKBOX 

	

	B. Wastewater handling 
	
	
	

	1. Industrial wastewater
	
	 FORMCHECKBOX 

	ΝΕ

	2. Domestic and commercial wastewater 
	
	 FORMCHECKBOX 

	 FORMCHECKBOX 


	C. Waste incineration
	ΝΕ 2)
	ΝΕ
	ΝΕ


1) ΝΟ: Not occurring
2) ΝΕ: Not estimated 

The main reason that GHG emissions from waste incineration are not calculated is the complete lack of data that are necessary for the estimation of these emissions. Industrial wastewater is a possible source of N2O emissions, but the lack of available methodologies does not allow for an estimation of these emissions.

8.2 Solid waste disposal on land

Methane is emitted during the anaerobic decomposition of organic waste disposed of in various solid waste disposal sites (SWDS). The main characteristic of this process is that organic waste decomposes at a diminishing rate over time and takes many years to decompose completely. Moreover, other factors as the type of waste disposed, the characteristics of the disposal sites and the climate conditions affect the decomposition rate.

Solid waste disposal on land constitutes the only key source category in the waste sector. As it was already mentioned, the application of the Tier 2 methodology suggested by the IPCC Good Practice Guidance is not yet feasible, as it relies on detailed historical data concerning the produced quantities and characteristics of waste, the management practices and the characteristics of the various disposal sites. In Greece, the lack of an integrated national system for the collection of those data, as well as the numerous unmanaged solid waste disposal sites to date do not allow for the reliable and accurate implementation of this methodology.

CH4 emissions from solid waste disposal on land in 2002 account for 87% of total GHG emissions from the waste sector and for 4% of total national emissions. The average annual rate of increase of emissions from solid waste disposal on land, for the period 1990 – 2002 is estimated at 5% (88% between 1990 and 2002). In Table 8.4 CH4 emissions from managed and unmanaged solid waste disposal sites are presented.

Table 8.4
CH4 emissions (in kt) from managed and unmanaged solid waste disposal

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	Managed SWDS 
	59.36
	62.44
	66.39
	70.27
	79.01
	84.64
	90.06
	95.20
	107.84
	124.26
	136.85
	149.81
	158.95

	Unmanaged SWDS 
	74.48
	74.36
	78.68
	82.54
	84.00
	86.69
	89.63
	92.05
	92.13
	90.29
	90.57
	90.61
	92.24


Emissions from managed solid waste disposal sites in 2002 are more than 2.5 times higher that 1990 levels, while the corresponding increase for unmanaged solid waste disposal sites is 25% approximately. This difference is due to the reduction of the number of unmanaged solid waste disposal sites.

8.2.1 Methodology

For the estimation of methane emissions from solid waste disposal on land, the default IPCC methodology was used, which is based on the assumption that that all potential CH4 is released in the year the waste is disposed of. The equations used for the estimation of CH4 emissions are the following:

CH4 emissions = [(MSWT * MSWF * Lo)-R] * (1 - OX)

Lo = MCF * DOC * DOCF * F * 16/12

Where MSWT is the total municipal solid waste (MSW) generated, MSWF is the fraction of MSW disposed at solid waste disposal sites, Lo is the methane generation potential, R is the recovered CH4, ΟΧ is the oxidation factor, MCF is the methane correction factor, DOC is the degradable organic carbon, DOCF is the fraction DOC dissimilated and F the fraction by volume of CH4 in landfill gas.

The basic steps followed for the calculation of methane emissions are presented hereafter.

Generated quantities of municipal solid waste 

At national level, there is a lack of official records regarding the composition and quantity of generated municipal solid waste (MSW). Only a limited number of recent measurements on solid waste composition exist, while the acquisition of data from disposal sites on weighted solid waste quantities is extremely difficult. Furthermore, prefectural authorities often face problems in hiring adequate and skilled personnel, a fact which results to significant shortages concerning maintenance and processing of related databases. Additional difficulties arise from the fact that even at present, a large number of unmanaged SWDS exists: in 1987 and for a number of about 6000 local authorities, almost 4690 unmanaged SWDS were registered (MEPPPW 1987). According to the Ministry of Environment, Physical Planning and Public Works, 2182 unmanaged SWDS were still operating in 2000 (MEPPPW 2001). 

Estimates on solid waste quantities generated are contained in various reports, research programmes and studies, but refer to specific points in time rather than to complete time series, while different assumptions are applied in each source for the estimation of generated quantities. Therefore, on the one hand there is a lack of data for some years, while on the other hand the evolution of quantities between years for which official data are available cannot always be considered as reliable. For this reason, a re-estimation of generated quantities of municipal solid wastes for the whole period 1990-2002 was carried out, on the basis of population figures and coherent assumptions regarding generation rates per capita and day, in order to derive complete time series for generated quantities. 

Permanent population on prefectural level was disaggregated in urban, semi-urban and rural, while foreign visitors overnight stayings were taken into consideration, as well as the number of emigrants. The estimated total population served is presented in Table 8.5.

Table 8.5
Total population served (in thousands)

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	Population served 
	10307
	10344
	10430
	10500
	10582
	10645
	10708
	10791
	10871
	10953
	11030
	11095
	11127


For 1997, MSW generation rates were considered in the order of 0.8 – 1.1 kg/ capita and day, depending on the type of region (rural, semi-urban, urban, large urban regions). For the estimation of generation rates for the years before and after 1997, the following assumptions were made taking into account relevant estimations developed by the MEPPPW: the MSW generation rate was assumed to change annually by 0.028 kg/ capita and day, while a higher figure (annual increase by 0.035 kg/capita and day) was assumed for the regions of Athens, Central Macedonia, Crete and the islands of South Aegean. A higher figure for MSW generation rate (2.1 kg/ capita and day) was considered for foreign visitors.

On the basis of the above, the following generated MSW quantities for the years 1990 – 2002 were estimated (Table 8.6).

Table 8.6
Estimated generated quantities of MSW (in kt)

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	Generated MSW (kt)
	3089.93
	3120.38
	3259.95
	3388.17
	3526.64
	3652.11
	3777.94
	3921.18
	4079.28
	4241.17
	4400.11
	4557.65
	4699.39


It should be noted that the figures regarding the generated MSW quantities for the years 1991 and 1997 are in agreement with the official estimations developed in the past by the Ministry for the Environment, Physical Planning and Public Works (MEPPPW 1987, 1998) for these two years.

Composition of generated municipal solid waste 

As mentioned before, accurate data on the composition of generated municipal solid waste at national level are not available, as a comprehensive analysis at national scale covering a complete time period  (so as to take into consideration seasonal variations because of tourist activity) has not been accomplished yet. However, measurements in some regions have been carried out, although they refer to different time periods (e.g. ULAPA 1996, MEPPPW 1999). Recent estimates of the composition of MSW at national level exist only for 1997 (MEPPPW 1998). In order to estimate the composition of generated MSW on an annual basis, considering the estimation for 1997 as base, the following assumptions were made (MEPPPW 2001a): 

· The share of putrescibles is assumed to decrease by 0.3% annually.

· The share of paper and plastics is assumed to increase by 0.2% annually.

The estimated composition of generated MSW on an annual basis is presented in Table 8.7.

Table 8.7
Estimated composition (%) of generated MSW for the period 1990 - 2002

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	Putrescibles
	49.1
	48.8
	48.5
	48.2
	47.9
	47.6
	47.3
	47.0
	46.7
	46.4
	46.1
	45.8
	45.5

	Paper
	18.6
	18.8
	19.0
	19.2
	19.4
	19.6
	19.8
	20.0
	20.2
	20.4
	20.6
	20.8
	21.0

	Plastics
	7.1
	7.3
	7.5
	7.7
	7.9
	8.1
	8.3
	8.5
	8.7
	8.9
	9.1
	9.3
	9.5

	Metals
	5.2
	5.1
	5.0
	4.9
	4.8
	4.7
	4.6
	4.5
	4.4
	4.3
	4.2
	4.1
	4.0

	Glass
	4.6
	4.6
	4.6
	4.6
	4.6
	4.5
	4.5
	4.5
	4.5
	4.5
	4.4
	4.4
	4.4

	Rest
	15.4
	15.4
	15.4
	15.4
	15.4
	15.5
	15.5
	15.5
	15.5
	15.5
	15.6
	15.6
	15.6


Quantities and composition of MSW at disposal sites

In order to estimate the quantities of MSW that end up at disposal sites (managed or unmanaged), data on the recycling of paper, aluminum, metals, plastics, and glass in different regions were collected. Recycled quantities estimated include also the part of putrescibles used for compost production. For 1997, the percentage of MSW recycled is estimated at 8.4%. It was assumed that after the abstraction of recycled materials, the remaining quantities of municipal solid waste end up to various disposal sites (managed or unmanaged). However, it should be mentioned that a certain amount of this remaining quantity is open-burned in an incontrollable manner, but there are no accurate data to quantify this amount. 

The estimated composition of the disposed municipal solid wastes in the two categories of SWDS (managed and unmanaged) is presented in Table 8.8.

Table 8.8
Estimated composition of MSW disposed for the period 1990 - 2002

	
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	Putrescibles
	54.2
	53.8
	53.3
	52.8
	52.3
	51.8
	51.3
	50.4
	50.0
	49.5
	49.1
	48.7
	48.3

	Paper
	11.6
	11.9
	12.4
	12.9
	13.4
	13.8
	14.2
	14.8
	15.2
	15.6
	16.0
	16.4
	16.8

	Plastics
	7.8
	8.0
	8.2
	8.4
	8.6
	8.8
	9.0
	9.3
	9.5
	9.6
	9.8
	10.0
	10.2

	Metals
	5.7
	5.6
	5.4
	5.2
	5.1
	5.0
	4.9
	4.8
	4.6
	4.5
	4.4
	4.3
	4.1

	Glass
	3.7
	3.7
	3.7
	3.7
	3.7
	3.7
	3.8
	3.8
	3.8
	3.8
	3.8
	3.8
	3.8

	Rest
	17.0
	17.0
	16.9
	16.9
	16.9
	16.8
	16.8
	16.9
	16.9
	16.9
	16.8
	16.8
	16.8


Out of the various existing disposal sites, it is estimated that 25 of them fulfill the criteria set by the IPCC guidelines so as to be considered as "managed". For each one of these sites, the start year of operation was taken into account, together with data and estimations on the quantities and composition of generated MSW in the areas served by these sites, as well as data on the quantities of recycled materials in these areas. 

The remaining part of MSW (after the abstraction of the corresponding quantities of the recycled materials in the remaining regions) is disposed at unmanaged disposal sites (Table 8.9).

Table 8.9
Estimated quantity of MSW disposed at the two categories of disposal sites and Degradable Organic Carbon (DOC) per category

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	Managed SWDS
	
	
	
	
	
	
	
	
	
	
	
	
	

	MSW quantities
	1166.38
	1203.38
	1248.97
	1296.23
	1406.37
	1476.57
	1542.86
	1606.16
	1765.24
	1971.09
	2127.74
	2288.23
	2398.96

	DOC 
	115.63
	121.64
	129.32
	136.90
	153.92
	164.89
	175.44
	185.46
	210.08
	242.06
	266.59
	291.84
	309.64

	Unmanaged SWDS
	
	
	
	
	
	
	
	
	
	
	
	
	

	MSW quantities
	1633.44
	1626.88
	1717.27
	1797.26
	1824.87
	1878.99
	1938.10
	1985.81
	1983.02
	1938.86
	1940.35
	1936.68
	1966.93

	DOC 
	241.83
	241.43
	255.44
	267.97
	272.73
	281.47
	291.01
	298.86
	299.14
	293.16
	294.06
	294.18
	299.47


It should be mentioned that for the time being, the estimated disposed quantities of solid waste presented above do not include the quantity of sludge from wastewater treatment plants, as well as other kinds of waste (e.g. clinical waste), as until the completion of the present inventory no data on these waste quantities for the years 1990-2002 were available.

Other parameters

· Methane Correction Factor (MCF): 1 for managed SWDS, 0.6 for unmanaged SWDS (the particular conditions in the various disposal sites are unknown).

· Fraction of DOC dissimilated (DOCF): 0.77 (default value).

· Fraction of methane in landfill gas (F): 50% (default value).

· Recovered methane (R): for the time being it is considered to be equal to 0, as until the completion of the present inventory no data on the recovered methane from managed disposal sites were available.

· Oxidation factor (ΟΧ): 0 (default value).

8.2.2 Recalculations

CH4 emissions from solid waste disposal on land have been recalculated because of the availability of updated population data due to the Population Census of 2001. 

The results of the recalculation of CH4 emissions from solid waste disposal on land, namely the difference (%) between present and previous emissions estimates are presented in Table 8.10.  

Table 8.10
Recalculation of CH4 emissions from solid waste disposal on land

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

	Difference (%)
	0.00%
	0.00%
	0.02%
	0.05%
	0.07%
	0.10%
	0.12%
	0.14%
	0.16%
	0.18%
	0.18%
	0.19%


8.2.3 Planned improvements

The collection of data concerning the quantities of MSW disposed – at least in managed SWDS – as well as the integration of data from potential systematic measurements of the composition of disposed wastes and the emitted biogas in these sites (particularly in managed sites) carried out by the responsible governmental agencies, local authorities etc., will provide a proper basis for the application  - in the future - of the Tier 2 methodology as suggested by the IPCC Good Practice Guidance.

8.3 Waste-water handling

Domestic and industrial wastewater handling under anaerobic conditions produces CH4. In Greece, domestic wastewater handling in aerobic treatment facilities shows a substantial increase since 1999, while in the industrial sector only a few units exist where wastewater is handled under anaerobic conditions. CH4 emissions from wastewater handling in 2002 account for 0.3% of total GHG emissions and 6.5% of GHG emissions from waste. 

Ν2Ο emissions from human consumption of food and their subsequent treatment through wastewater handling systems (indirect emissions) are also included in the wastewater handling source category. Ν2Ο emissions from this source in 2002 account for 0.3% of total greenhouse gases emissions and 6.2% of greenhouse gases emissions from waste.

Wastewater handling is not a key source category, while only CH4 emissions have a substantial contribution in emissions trends (trend assessment). In Table 8.11 CH4 and Ν2Ο emissions from wastewater handling for the period 1990 – 2002 are presented.

Table 8.11
CH4 and Ν2Ο emissions (in kt) from wastewater handling

	Year
	GHG
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	Domestic and commercial wastewater 
	CH4
	44.68
	43.80
	42.68
	40.81
	40.22
	39.44
	38.52
	37.22
	35.64
	33.75
	26.33
	15.19
	12.99

	Industrial wastewater 
	CH4
	5.04
	4.29
	4.75
	5.38
	5.52
	4.87
	5.07
	4.55
	5.63
	4.52
	5.80
	6.16
	5.56

	Human sewage 
	Ν2Ο
	1.06
	1.07
	1.09
	1.08
	1.12
	1.14
	1.14
	1.17
	1.18
	1.19
	1.22
	1.21
	1.20



CH4 emissions from industrial wastewater and indirect Ν2Ο emissions in 2002 increased by 10% and 14% respectively between 1990 and 2002. On the contrary, CH4 emissions from domestic wastewater handling in 2002 decreased by 71% compared to 1990 levels, with an average annual rate of decrease estimated at 10%. The reduction of emissions from domestic wastewater handling is mainly due to the increased number of wastewater handling facilities under aerobic conditions. According to estimates provided by the Ministry for the Environment, Physical Planning and Public Works the penetration of such facilities increased from 32% (of total population served) in 1999 and to 75% in 2002. 

8.3.1 Methodology

CH4 and N2O emissions from wastewater handling were estimated according to the default methodologies suggested by IPCC. 

Domestic and commercial wastewater handling

Methane emissions from domestic and commercial wastewater handling are calculated using the following equations:

CH4 emissions = TOW * EF – MR 

TOW = P*Ddom
EF = Bo*MCFs

The parameters used are presented hereafter:

· Total organic waste, TOW. The calculation of total organic waste is based on population data (P), as presented in Table 8.5, and the degradable organic component Ddom, that is set equal to 0.05 kg ΒΟD/person/day (suggested value for Europe).

Emission factor, EF. The emission factor is estimated considering the maximum methane production potential Βο (suggested value for Europe 0.25 kg CH4/kg BOD) and the weighted average of the methane conversion factors (MCFs), for the different wastewater treatment systems used in the country. The MCF indicates the extent to which the methane producing potential (Bo) is realised in each type of treatment method. The default values for these factors are 0 for aerobic conditions and 1 for anaerobic conditions (and these values were applied in the calculations).

· Methane recovery MR is considered to be equal to zero.

In Table 8.12 the degradable organic waste (as BOD) for the period 1990 – 2002, is presented.

Table 8.12
Total BOD (in kt) from domestic and commercial wastewater for the period 1990 – 2002 

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	BOD(kt)
	188.11
	188.77
	190.32
	191.58
	193.05
	194.18
	195.29
	196.79
	198.22
	199.69
	201.07
	202.48
	203.07


Industrial wastewater handling

The methodology for calculating methane emissions from industrial wastewater is similar to the one used for domestic wastewater. In order to estimate the total organic waste produced through anaerobic treatment, the following basic steps were accomplished:

· Collection of data (from the National Statistical Service of Greece) regarding industrial production of approximately 25 industrial sectors / sub-sectors for the period 1990 – 2001. Data on industrial production for 2002 were not available and for this reason production was estimated through linear extrapolation.

· Calculation of generated wastewater, by using the default factors per industrial sector (m3 of wastewater/t product) as suggested by the IPCC Good Practice Guidance. 

· Calculation of degradable organic fraction of waste, by using the default factors (kg COD/m3 wastewater) suggested by the IPCC Good Practice Guidance for each sector / sub-sector.

· The distribution between aerobic and anaerobic treatment of industrial wastewater for each industrial sector was estimated on the basis of data derived from a relevant project financed by the Ministry for the Environment, Physical Planning and Public Works (2001b). The maximum methane production potential factors Βο and the methane conversion factors for aerobic and anaerobic treatment, which were used for the final estimation of methane emissions, are similar to those used for domestic wastewater handling.

In Table 8.13 the degradable organic waste (as COD) for the period 1990 – 2002, is presented.

Table 8.13
Total COD (in kt) from industrial wastewater for the period 1990 – 2002 
	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	COD (kt)
	20.15
	17.17
	19.01
	21.52
	22.10
	19.48
	20.30
	18.19
	22.52
	18.09
	23.22
	24.64
	22.24


Indirect Ν2Ο emissions from human consumption of food

Indirect nitrous oxide emissions from human consumption of food and their subsequent treatment through wastewater handling systems are estimated by the following equation:

Ν2Ο emissions = Protein*P*FracNPR*EF (N2O-N/N)

Protein consumption (Protein) is provided by the database of the Food and Agricultural Organization (FAO) of the United Nations. The population (P) used, is the one presented in Table 8.5, while the values of the parameters regarding the fraction of protein that is nitrogen (FracNPR) and the conversion of nitrogen to nitrous oxide [EF (N2O-N/N)] are those suggested by the IPCC Guidelines.

In Table 8.14 the consumption of protein (kg/person/year) for the period 1990 – 2002, is presented.

Table 8.14
Annual protein consumption (in kg/person) for the period 1990 - 2002

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	Protein (kg/person/yr)
	40.73
	41.17
	41.43
	40.92
	42.19
	42.41
	42.19
	43.07
	43.07
	43.22
	43.98
	43.29
	43.07


8.3.2 Recalculations

CH4 emissions from domestic and commercial wastewater handling have been recalculated because of the availability of updated population data due to the Population Census of 2001.

The results of the recalculation of CH4 emissions from domestic and commercial wastewater handling, namely the difference (%) between present and previous emissions estimates is presented in Table 8.15.

Table 8.15
Recalculation of CH4 emissions from domestic and commercial wastewater handling

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

	Difference (%)
	
	
	0.02%
	0.04%
	0.06%
	0.08%
	0.10%
	0.12%
	0.14%
	0.16%
	0.18%
	0.20%


CH4 emissions from industrial wastewater handling and indirect Ν2Ο emissions are included for the first time in the Greek GHG inventory.

9. Recalculations and improvements

9.1 Overview of recalculations

According to the IPCC Good Practice Guidance, the reasons for recalculations can be classified as follows:

31. Changes or refinements in methods. A methodological change occurs when an inventory agency uses a different tier to estimate emissions from a source category (e.g. for key source categories) or when it moves from a tier described in the IPCC Guidelines to a national method. Methodological changes are often driven by the development of new and different data sets. A methodological refinement occurs when an inventory agency uses the same tier to estimate emissions but applies it using a different data source or a different level of aggregation.

32. Inclusion of new sources. A new source is defined as a source for which estimates (all or some gases) did not exist in previous inventories either due to lack of data or because it has just been identified.

33. Correction of errors. This case concerns errors during calculating emissions (e.g. transcript errors) or while filling in the required information in the CRF tables.

The justification of the recalculations made in the present submission has been presented in details in Chapters 3 – 8. Table 9.1 provides an overview of the recalculations made with regards to the previous submission according to the classification presented above. 

Table 9.1
Overview of recalculations

	IPCC source/sink categories
	Gas
	Explanation

	1.Α
	Energy – Fuel combustion activities
	CO2 / CH4 / N2O
	Method

	1.B
	Energy – Fugitive emissions from fuels
	CH4
	Method

	2.A
	Mineral products
	CO2
	Method

	2.C
	Metal production
	CO2
	New source

	
	
	PFCs
	Correction

	2.E
	Production of halocarbons and SF6
	HFCs
	Method

	3
	Solvents and other products use
	CO2
	Method

	4.A
	Enteric fermentation
	CH4
	Method

	4.B
	Manure management
	CH4
	Method

	
	
	Ν2Ο
	Method

	4.C
	Rice cultivation
	CH4
	Method

	4.D
	Agricultural soils
	Ν2Ο
	Method / New source

	4.F
	Field burning of agricultural residues
	CH4
	Method

	
	
	Ν2Ο
	Method

	5.Β
	Forests and grassland conversion
	CO2 / CH4
	New source / Correction

	
	
	N2O
	Correction

	6.Α
	Solid waste disposal on land
	CH4
	Method

	6.Β
	Wastewater handling
	CH4
	Method / New source

	
	
	Ν2Ο
	New source / Correction


9.2 Implications for emissions levels 

In Tables 9.2 – 9.4 the difference of emissions estimates in the present inventory, compared to the previous one, per gas (carbon dioxide, methane and nitrous oxide respectively) and sector is presented. Concerning F-gases, the recalculations made, affect only emissions for 2001 (reduction of HFC -23 emissions from the production of HCFC-22 and PFCs emissions from the primary production of aluminium by 565.08 kt CO2 eq and 10.19 kt CO2 eq, respectively).     

Table 9.2
Recalculation of carbon dioxide emissions (in kt)

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

	1
	Energy
	-2.92
	-2.95
	-3.03
	-3.21
	-2.69
	17.07
	-2.55
	-2.45
	-2.30
	-3.35
	121.02
	144.64

	1.A
	Fuel combustion
	-2.92
	-2.95
	-3.03
	-3.21
	-2.69
	17.07
	-2.55
	-2.45
	-2.30
	-3.35
	121.02
	144.64

	2
	Industrial processes
	-1508.63
	-1377.59
	-1322.64
	-1299.01
	-1042.68
	-952.55
	-1112.83
	-1021.31
	-1121.05
	-1021.90
	-395.59
	-513.57

	2.A
	Mineral products
	-1513.62
	-1382.49
	-1327.26
	-1303.91
	-1046.92
	-957.24
	-1117.08
	-1026.39
	-1126.60
	-1026.65
	-401.03
	-519.97

	2.C
	Metal production
	5.00
	4.90
	4.62
	4.90
	4.24
	4.69
	4.24
	5.08
	5.55
	4.75
	5.44
	6.40

	3
	Solvents
	-6.19
	-5.49
	-5.55
	-4.25
	-5.41
	-2.80
	-6.41
	-6.65
	-7.14
	-6.98
	-23.51
	0.28

	5
	LUCF
	32.54
	-25.89
	125.07
	62.59
	94.10
	-36.41
	2.93
	-4.24
	292.07
	-47.02
	329.84
	32.83

	 
	TOTAL
	-1485.19
	-1411.91
	-1206.15
	-1243.88
	-956.68
	-974.70
	-1118.86
	-1034.66
	-838.42
	-1079.25
	31.75
	-335.82


Table 9.3
Recalculation of methane emissions (in kt)

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

	1
	Energy
	9.72
	9.71
	10.09
	9.74
	9.97
	10.22
	10.75
	11.04
	13.26
	14.90
	17.12
	0.63

	1.A
	Fuel combustion activities
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.43

	1.B
	Fugitive emissions from fuels
	9.72
	9.71
	10.09
	9.74
	9.97
	10.22
	10.75
	11.04
	13.27
	14.89
	17.12
	0.20

	4
	Agriculture
	-2.81
	-3.34
	-2.90
	-3.25
	-3.72
	-4.05
	-3.96
	-3.21
	-1.47
	0.48
	1.29
	-3.42

	4.A
	Enteric fermentation
	0.00
	0.00
	0.00
	0.01
	0.02
	0.04
	0.03
	0.66
	1.74
	2.98
	3.65
	0.00

	4.B
	Manure management
	0.00
	0.00
	-0.01
	0.00
	0.00
	0.01
	0.00
	0.16
	0.42
	0.72
	0.87
	0.00

	4.C
	Rice cultivation
	-1.50
	-1.34
	-1.34
	-1.84
	-2.16
	-2.60
	-2.60
	-2.65
	-2.30
	-1.84
	-1.81
	-2.06

	4.F
	Field burning of agr. residues
	-1.31
	-1.99
	-1.55
	-1.42
	-1.59
	-1.50
	-1.38
	-1.38
	-1.33
	-1.38
	-1.41
	-1.35

	5
	LUCF
	0.00
	0.01
	0.00
	0.01
	0.00
	0.01
	0.00
	0.00
	0.00
	0.01
	0.46
	0.13

	6
	Waste
	5.04
	4.29
	4.80
	5.47
	5.67
	5.06
	5.33
	4.86
	22.89
	4.96
	6.25
	6.64

	6.A
	Solid waste disposal on land
	0.00
	0.00
	0.04
	0.07
	0.12
	0.16
	0.21
	0.27
	0.32
	0.38
	0.40
	0.45

	6.B
	Wastewater handling
	5.04
	4.29
	4.76
	5.40
	5.55
	4.90
	5.11
	4.59
	5.68
	4.58
	5.85
	6.19

	
	TOTAL
	11.95
	10.67
	11.98
	11.96
	11.92
	11.23
	12.13
	12.70
	17.80
	20.34
	25.13
	4.00


Table 9.4
Recalculation of nitrous oxide emissions (in kt)

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

	1
	Energy
	-0.01
	0.00
	0.00
	0.00
	0.00
	-0.01
	0.00
	0.00
	0.00
	0.00
	0.15
	0.28

	1.A
	Fuel combustion activities
	-0.01
	0.00
	0.00
	0.00
	0.00
	-0.01
	0.00
	0.00
	0.00
	0.00
	0.15
	0.28

	2
	Industrial processes
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	2.B
	Chemical industry
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	4
	Agriculture
	10.33
	9.84
	9.16
	9.04
	9.13
	8.46
	8.93
	9.38
	9.50
	9.27
	9.86
	8.99

	4.B
	Manure management
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.04
	0.07
	0.08
	0.00

	4.D
	Agricultural soils
	10.37
	9.88
	9.20
	9.08
	9.16
	8.50
	8.96
	9.40
	9.47
	9.23
	9.81
	9.02

	4.F
	Field burning of agr. residues
	-0.03
	-0.04
	-0.04
	-0.03
	-0.04
	-0.03
	-0.03
	-0.03
	0.00
	-0.03
	-0.03
	-0.03

	5
	LUCF
	-0.03
	-0.03
	-0.05
	-0.04
	-0.09
	-0.02
	-0.06
	-0.05
	-0.11
	-0.01
	0.01
	0.00

	6
	Waste 
	1.06
	1.07
	1.09
	1.08
	1.12
	1.14
	1.14
	1.17
	1.18
	1.19
	1.22
	1.21

	6.B
	Wastewater handling
	1.06
	1.07
	1.09
	1.08
	1.12
	1.14
	1.14
	1.17
	1.18
	1.19
	1.22
	1.21

	 
	TOTAL 
	11.36
	10.88
	10.20
	10.09
	10.16
	9.57
	10.01
	10.50
	10.57
	10.45
	11.24
	10.48


In Table 9.5 the effect of the recalculations made on the total GHG emissions in Greece as well as on a per gas level is presented. 

Table 9.5
Comparison of the 2003 inventory results with the results of the present inventory

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

	CO2 emissions (Mt)
	
	
	
	
	
	
	
	
	
	
	
	

	2003 Submission
	85.78
	84.84
	87.95
	87.45
	88.88
	87.28
	90.09
	94.27
	101.96
	98.69
	107.57
	104.55

	2004 Submissions
	84.29
	83.43
	86.75
	86.20
	87.93
	86.30
	88.97
	93.23
	101.12
	97.61
	107.60
	104.21

	Difference (%)
	-1.7%
	-1.7%
	-1.4%
	-1.4%
	-1.1%
	-1.1%
	-1.2%
	-1.1%
	-0.8%
	-1.1%
	0.0%
	-0.3%

	CH4 emissions (Mt CO2 eq)
	
	
	
	
	
	
	
	
	
	
	
	

	2003 Submission
	8.74
	8.70
	9.01
	9.11
	9.36
	9.50
	9.81
	9.92
	10.44
	10.41
	10.89
	11.12

	2004 Submissions
	8.99
	8.93
	9.26
	9.36
	9.61
	9.73
	10.07
	10.19
	10.81
	10.84
	11.41
	11.21

	Difference (%)
	2.9%
	2.6%
	2.8%
	2.8%
	2.7%
	2.5%
	2.6%
	2.7%
	3.6%
	4.1%
	4.8%
	0.8%

	N2O emissions (Mt CO2 eq)
	
	
	
	
	
	
	
	
	
	
	
	

	2003 Submission
	10.62
	10.52
	10.47
	10.14
	10.26
	9.90
	10.33
	10.63
	10.62
	10.41
	11.01
	10.74

	2004 Submissions
	14.14
	13.89
	13.63
	13.27
	13.41
	12.86
	13.44
	13.88
	13.90
	13.66
	14.49
	13.99

	Difference (%)
	33.1%
	32.1%
	30.2%
	30.8%
	30.7%
	30.0%
	30.0%
	30.6%
	30.8%
	31.1%
	31.7%
	30.2%

	F-gases emissions (Mt CO2 eq)   
	
	
	
	
	
	
	
	
	
	
	
	

	2003 Submission
	1.19
	1.36
	1.16
	1.79
	2.30
	3.45
	3.99
	4.36
	4.26
	4.29
	4.43
	4.49

	2004 Submissions
	1.19
	1.36
	1.16
	1.79
	2.30
	3.45
	3.99
	4.36
	4.26
	4.29
	4.43
	3.94

	Difference (%)
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	-12.4%

	Total emissions (MCO2 eq)
	
	
	
	
	
	
	
	
	
	
	
	

	2003 Submission
	106.34
	105.43
	108.58
	108.49
	110.81
	110.13
	114.22
	119.18
	127.28
	123.81
	133.89
	130.91

	2004 Submissions
	108.62
	107.62
	110.79
	110.62
	113.25
	112.35
	116.46
	121.66
	130.09
	126.39
	137.94
	133.35

	Difference (%)
	2.2%
	2.1%
	2.0%
	2.0%
	2.2%
	2.0%
	2.0%
	2.1%
	2.2%
	2.1%
	3.0%
	1.9%


CO2 emissions estimates in the present inventory are lower than those reported in the previous one, while the opposite happens for CH4 and N2O emissions. 

· The reduction of CO2 emissions is mainly due to the recalculation of emissions from cement production because of the application of Tier 2 methodology instead of the default methodology described in IPCC guidelines. 

· The increase of CH4 emissions is attributed to the change of the methodology for calculating emissions from coal mining and handling (source category 1.B.1) and the calculation, for the first time, of emissions from industrial wastewater handling (source category 6.B.1).

· The main reason for the increase of N2O emissions compared to the previous submissions is the inclusion, for the first time, of indirect emissions from agricultural soils in the source categories reported.

Total GHG emissions have increased by approximately 2% on an annual base, while a similar increase is also recorded regarding base year emissions (from 108.6 Mt CO2 eq according to the inventory of 2003 to 110.9 Mt CO2 eq in the present inventory).

9.3 Implications for emissions trends

As it was mentioned above, total GHG emissions in the present inventory are by 2% higher compared to the emissions reported in the inventory submitted in 2003. Taking into consideration that in most cases the recalculations concerned the whole period (see Tables 9.2  – 9.4), emissions trends have not been affected significantly (Figure 9.1). 

Thus, the average annual rate of emissions increase for the period 1990 – 2001 in the present inventory is calculated to be shortly lower compared to the one that had been calculated in the previous inventory (1.88% and 1.91% respectively).  
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Figure 9.1
Emissions trends in Greece for the period 1990 – 2001 according to the inventories submitted in 2003 and 2004

9.4 Planned improvements

The development and the implementation (in the next inventory to be submitted in 2005) of an integrated QA/QC plan, represents the most important horizontal improvement planned.

Details on the improvements planned per source/sink category have been presented in the respective chapters (Chapters 3 – 8). Summarizing:  

34. National energy balances are under revision, as a relevant project that is implemented by the National Observatory of Athens in collaboration with the Ministry for Development and financed by EUROSTAT, is in progress. The results of this work may influence the calculated emissions and to lead in a wide scale of recalculations.  

35. The improvement of the completeness of the GHG emissions inventory will be further investigated.

36. The possibility to implement methodologies consistent with the IPCC Good Practice Guidance for the key source categories (e.g. solid waste disposal on land) will be examined taking into consideration any technical and/or economic restrictions. 

Finally, it should be mentioned that the results and the proposals that will arise from the review of the present inventory, within the technical review process defined in relevant decisions of the Conference of the Parties, will be integrated in the plan for the improvement of the GHG emissions inventory. 
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ANNEXES

Annex I : Key source analysis

The IPCC Good Practice Guidance defines procedures (in the form of decision trees) for the choice of estimation methods within the context of the IPCC Guidelines. The decision trees formalize the choice of the estimation method most suited to national circumstances considering at the same time the need for accuracy and the available resources (both financial and human). Generally, inventory uncertainty is lower when emissions are estimated using the most rigorous methods, but due to finite resources, this may not be feasible for every source category. Therefore, it is good practice to identify those source categories (key source categories) that have the greatest contribution to overall inventory uncertainty in order to make the most efficient use of available resources.

In that context, a "key source category" is one that is prioritised within the national inventory system because its estimate has a significant influence on a country’s total inventory of direct greenhouse gases in terms of the absolute level of emissions (level assessment), or/and to the trend of emissions (trend assessment). As far as possible, key source categories should receive special consideration in terms of two important inventory aspects. 

37. The use of source category-specific good practice methods is preferable, unless resources are unavailable. 

38. The key source categories should receive additional attention with respect to quality assurance (QA) and quality control (QC).

The determination of the key source categories for the Greek inventory system is based on the application of the Tier 1 methodology (Tables I.1 and I.2) described in the IPCC Good Practice Guidance, adopting the categorization of sources that is presented in table 7.1 of the IPCC Good Practice Guidance. 

It should be mentioned that:

· Source category uncertainty estimates are not taken into consideration. 

· The contribution of various sources in total national emissions was examined only for 2002 

· Base year estimates have been calculated considering 1990 as base year for carbon dioxide, methane and nitrous oxide and 1995 for F - gases.   
For the Greek inventory system, the source categories that are considered as key source categories  (Table I.3) are those that contribute up to 95%  

· of total emissions and the observed trend or 

· of total emissions. 

Road transport (N2O emissions) and Consumption of halocarbons and SF6 (HFCs emissions) represent the only exceptions to the above-mentioned rule, as they are identified as key source categories only by the trend assessment. Considering, however, that the high rates of emissions increase are expected to continue in the future, resulting in significant contribution to the total GHG emissions, they are also identified as key source categories.  

Table Ι.1
Key source analysis – Level assessment

	IPCC source categories
	Direct Greenhouse Gas
	Base year estimate (Gg CO2eq)
	Current year estimate

(Gg CO2eq)
	Level Assessment
	Cumulative total 

	Stationary combustion - Solid fuels
	CO2
	39521.2
	45276.2
	0.33
	0.33

	Stationary combustion - Liquid fuels
	CO2
	21311.5
	28112.4
	0.21
	0.54

	Mobile combustion - Road vehicles
	CO2
	11872.6
	17070.6
	0.13
	0.67

	Cement production
	CO2
	5189.3
	6920.3
	0.05
	0.72

	Agricultural soils - Direct
	N2O
	6112.1
	5618.8
	0.04
	0.76

	Solid waste disposal on land
	CH4
	2810.7
	5274.8
	0.04
	0.80

	Stationary combustion - Gas
	CO2
	282.9
	4124.2
	0.03
	0.83

	HCFC-22 manufacture
	HFC-23
	3253.1
	3194.6
	0.02
	0.85

	Indirect N2O from nitrogen used in agr.
	N2O
	3601.8
	3180.6
	0.02
	0.88

	Enteric fermentation
	CH4
	2975.7
	3004.2
	0.02
	0.90

	Mobile combustion - Navigation
	CO2
	1824.8
	1937.1
	0.01
	0.91

	Stationary combustion - Solid fuels
	N2O
	1651.1
	1874.5
	0.01
	0.93

	Coal mining and handling
	CH4
	1095.3
	1487.2
	0.01
	0.94

	Stationary combustion - Liquid fuels
	N2O
	1137.4
	1383.6
	0.01
	0.95

	Mobile combustion - Aircraft
	CO2
	1455.3
	1162.4
	0.01
	0.96

	Substitutes for ODS
	F-gases
	115.9
	804.0
	0.01
	0.96

	Wastewater handling
	N2O
	651.3
	742.8
	0.01
	0.97

	Nitric acid production
	N2O
	713.0
	566.4
	0.00
	0.97

	Manure management
	CH4
	496.8
	490.1
	0.00
	0.98

	Mobile combustion - Road vehicles
	N2O
	141.7
	434.3
	0.00
	0.98

	Wastewater handling
	CH4
	1044.0
	389.6
	0.00
	0.98

	Lime production
	CO2
	279.2
	356.3
	0.00
	0.99

	Manure management
	N2O
	301.5
	289.8
	0.00
	0.99

	Stationary combustion - Biomass
	CH4
	153.7
	261.7
	0.00
	0.99

	Aluminium production
	CO2
	232.0
	254.0
	0.00
	0.99

	Oil and gas operations
	CH4
	39.6
	191.3
	0.00
	0.99

	Solvents
	CO2
	170.3
	155.2
	0.00
	0.99

	Mobile combustion - Road vehicles
	CH4
	100.7
	154.2
	0.00
	1.00

	Stationary combustion - Biomass
	N2O
	78.5
	133.3
	0.00
	1.00

	Mobile combustion - Railways
	CO2
	202.7
	128.7
	0.00
	1.00

	Rice cultivation
	CH4
	69.1
	95.6
	0.00
	1.00

	Aluminium production
	PFCs
	83.0
	88.3
	0.00
	1.00

	Stationary combustion - Gas
	N2O
	4.3
	52.9
	0.00
	1.00

	Agricultural residues burning
	CH4
	27.1
	29.0
	0.00
	1.00

	Stationary combustion - Solid fuels
	CH4
	35.5
	25.0
	0.00
	1.00

	Stationary combustion - Liquid fuels
	CH4
	19.2
	22.5
	0.00
	1.00

	Mobile combustion - Railways
	N2O
	24.2
	15.4
	0.00
	1.00

	Mobile combustion - Navigation
	N2O
	14.2
	15.2
	0.00
	1.00

	Mobile combustion - Aircraft
	N2O
	14.3
	11.4
	0.00
	1.00

	Agricultural residues burning
	N2O
	10.0
	11.0
	0.00
	1.00

	Iron and Steel Production
	CO2
	5.0
	6.4
	0.00
	1.00

	Mobile combustion - Navigation
	CH4
	3.6
	3.9
	0.00
	1.00

	Mobile combustion - Railways
	CH4
	2.4
	1.5
	0.00
	1.00

	Stationary combustion - Gas
	CH4
	0.2
	1.0
	0.00
	1.00

	Mobile combustion - Aircraft
	CH4
	0.2
	0.4
	0.00
	1.00

	Other Mineral (Glass)
	CO2
	2.0
	0.0
	0.00
	1.00

	Ammonia Production
	CO2
	469.5
	0.0
	0.00
	1.00

	TOTAL
	 
	109599.6
	135352.5
	1.00
	 


Table Ι.2
Key source analysis – Trend assessment

	IPCC source categories
	Direct Greenhouse Gas
	Base year estimate

(Gg CO2 eq)
	Current year estimate (Gg CO2eq)
	Trend Assessment
	Contribution to trend

(%)
	Cumulative total 

	Stationary combustion - Gas
	CO2
	282.9
	4124.2
	0.023
	16.5
	0.165

	Stationary combustion - Solid fuels
	CO2
	39521.2
	45276.2
	0.021
	15.5
	0.320

	Mobile combustion - Road vehicles
	CO2
	11872.6
	17070.6
	0.014
	10.6
	0.426

	Agricultural soils - Direct
	N2O
	6112.1
	5618.8
	0.012
	8.5
	0.510

	Solid waste disposal on land
	CH4
	2810.7
	5274.8
	0.011
	7.9
	0.589

	Stationary combustion - Liquid fuels
	CO2
	21311.5
	28112.4
	0.011
	7.9
	0.668

	Indirect N2O from nitrogen used in agr.
	N2O
	3601.8
	3180.6
	0.008
	5.6
	0.724

	Wastewater handling
	CH4
	1044.0
	389.6
	0.005
	3.9
	0.763

	HCFC-22 manufacture
	HFC-23
	3253.1
	3194.6
	0.005
	3.6
	0.799

	Enteric fermentation
	CH4
	2975.7
	3004.2
	0.004
	2.9
	0.829

	Substitutes for ODS
	F-gases
	115.9
	804.0
	0.004
	2.9
	0.857

	Mobile combustion - Aircraft
	CO2
	1455.3
	1162.4
	0.004
	2.8
	0.885

	Cement production
	CO2
	5189.3
	6920.3
	0.003
	2.2
	0.908

	Mobile combustion - Navigation
	CO2
	1824.8
	1937.1
	0.002
	1.4
	0.922

	Nitric acid production
	N2O
	713.0
	566.4
	0.002
	1.4
	0.935

	Mobile combustion - Road vehicles
	N2O
	141.7
	434.3
	0.002
	1.1
	0.947

	Stationary combustion - Solid fuels
	N2O
	1651.1
	1874.5
	0.001
	0.7
	0.954

	Oil and gas operations
	CH4
	39.6
	191.3
	0.001
	0.6
	0.960

	Coal mining and handling
	CH4
	1095.3
	1487.2
	0.001
	0.6
	0.966

	Manure management
	CH4
	496.8
	490.1
	0.001
	0.5
	0.971

	Mobile combustion - Railways
	CO2
	202.7
	128.7
	0.001
	0.5
	0.977

	Manure management
	N2O
	301.5
	289.8
	0.000
	0.4
	0.980

	Stationary combustion - Biomass
	CH4
	153.7
	261.7
	0.000
	0.3
	0.984

	Wastewater handling
	N2O
	651.3
	742.8
	0.000
	0.3
	0.986

	Solvents
	CO2
	170.3
	155.2
	0.000
	0.2
	0.989

	Stationary combustion - Gas
	N2O
	4.3
	52.9
	0.000
	0.2
	0.991

	Stationary combustion - Biomass
	N2O
	78.5
	133.3
	0.000
	0.2
	0.992

	Aluminium production
	CO2
	232.0
	254.0
	0.000
	0.1
	0.994

	Mobile combustion - Road vehicles
	CH4
	100.7
	154.2
	0.000
	0.1
	0.995

	Stationary combustion - Liquid fuels
	N2O
	1137.4
	1383.6
	0.000
	0.1
	0.996

	Stationary combustion - Solid fuels
	CH4
	35.5
	25.0
	0.000
	0.1
	0.997

	Mobile combustion - Railways
	N2O
	24.2
	15.4
	0.000
	0.1
	0.998

	Aluminium production
	PFCs
	83.0
	88.3
	0.000
	0.1
	0.998

	Lime production
	CO2
	279.2
	356.3
	0.000
	0.1
	0.999

	Rice cultivation
	CH4
	69.1
	95.6
	0.000
	0.0
	0.999

	Mobile combustion - Aircraft
	N2O
	14.3
	11.4
	0.000
	0.0
	0.999

	Agricultural residues burning
	CH4
	27.1
	29.0
	0.000
	0.0
	1.000

	Other Mineral (Glass)
	CO2
	2.0
	0.0
	0.000
	0.0
	1.000

	Mobile combustion - Navigation
	N2O
	14.2
	15.2
	0.000
	0.0
	1.000

	Mobile combustion - Railways
	CH4
	2.4
	1.5
	0.000
	0.0
	1.000

	Agricultural residues burning
	N2O
	10.0
	11.0
	0.000
	0.0
	1.000

	Stationary combustion - Liquid fuels
	CH4
	19.2
	22.5
	0.000
	0.0
	1.000

	Stationary combustion - Gas
	CH4
	0.2
	1.0
	0.000
	0.0
	1.000

	Mobile combustion - Navigation
	CH4
	3.6
	3.9
	0.000
	0.0
	1.000

	Iron and Steel Production
	CO2
	5.0
	6.4
	0.000
	0.0
	1.000

	Mobile combustion - Aircraft
	CH4
	0.2
	0.4
	0.000
	0.0
	1.000

	Ammonia Production
	CO2
	469.5
	0.0
	 
	 
	 

	TOTAL
	 
	109599.6
	135352.5
	0.14
	100
	 


Table Ι.3
Key source categories for the Greek GHG emissions inventory

	IPCC key source categories
	Direct greenhouse gas
	Key source category flag
	Criteria 
	Comments

	Energy
	 
	 
	 
	 

	Stationary combustion - Solid fuels
	CO2
	Yes
	Level, Trend
	 

	Stationary combustion - Solid fuels
	N2O
	Yes
	Level, Trend
	 

	Stationary combustion - Solid fuels
	CH4
	 
	 
	 

	Stationary combustion - Liquid fuels
	CO2
	Yes
	Level, Trend
	 

	Stationary combustion - Liquid fuels
	N2O
	Yes
	Level, Trend
	 

	Stationary combustion - Liquid fuels
	CH4
	 
	 
	 

	Stationary combustion - Gas
	CO2
	Yes
	Level, Trend
	 

	Stationary combustion - Gas
	N2O
	 
	 
	 

	Stationary combustion - Gas
	CH4
	 
	 
	 

	Stationary combustion - Biomass
	CH4
	 
	 
	 

	Stationary combustion - Biomass
	N2O
	 
	 
	 

	Mobile combustion - Road vehicles
	CO2
	Yes
	Level, Trend
	 

	Mobile combustion - Road vehicles
	N2O
	Yes
	Trend
	 

	Mobile combustion - Road vehicles
	CH4
	 
	 
	 

	Mobile combustion - Navigation
	CO2
	Yes
	Level, Trend
	 

	Mobile combustion - Navigation
	N2O
	 
	 
	 

	Mobile combustion - Navigation
	CH4
	 
	 
	 

	Mobile combustion - Aircraft
	CO2
	Yes
	Trend
	 

	Mobile combustion - Aircraft
	N2O
	 
	 
	 

	Mobile combustion - Aircraft
	CH4
	 
	 
	 

	Mobile combustion - Railways
	CO2
	 
	 
	 

	Mobile combustion - Railways
	N2O
	 
	 
	 

	Mobile combustion - Railways
	CH4
	 
	 
	 

	Coal mining and handling
	CH4
	Yes
	Level, Trend
	 

	Oil and gas operations
	CH4
	 
	 
	 

	Industrial processes
	 
	 
	 
	 

	Cement production
	CO2
	Yes
	Level, Trend
	 

	Lime production
	CO2
	 
	 
	 

	Aluminium production
	CO2
	 
	 
	 

	Iron and Steel Production
	CO2
	 
	 
	 

	Other Mineral (Glass)
	CO2
	 
	 
	 

	Ammonia Production
	CO2
	 
	 
	 

	Nitric acid production
	N2O
	
	Trend
	 

	Aluminium production
	PFCs
	 
	 
	 

	HCFC-22 manufacture
	HFC-23
	Yes
	Level, Trend
	 

	Substitutes for ODS
	F-gases
	Yes
	Trend
	 

	Agriculture
	 
	 
	 
	 

	Enteric fermentation
	CH4
	Yes
	Level, Trend
	 

	Manure management
	CH4
	 
	 
	 

	Manure management
	N2O
	 
	 
	 

	Agricultural soils - Direct
	N2O
	Yes
	Level, Trend
	 

	Indirect N2O from nitrogen used in agriculture
	N2O
	Yes
	Level, Trend
	 

	Rice cultivation
	CH4
	 
	 
	 

	Agricultural residues burning
	CH4
	 
	 
	 

	Agricultural residues burning
	N2O
	 
	 
	 

	Waste
	 
	 
	 
	 

	Solid waste disposal on land
	CH4
	Yes
	Level, Trend
	 

	Wastewater handling
	CH4
	
	Trend
	 

	Wastewater handling
	N2O
	 
	 
	 

	Solvents and other products use
	 CO2
	 
	 
	 


Annex ΙΙ: CO2 emissions from fuel combustion – Sectoral approach

The calculation of GHG emissions from the energy sector is based on the application of the CORINAIR methodology, according to which the allocation of energy consumption by sector, fuel and technology is required. Emissions are consequently estimated multiplying the consumption per fuel and technology with the relative emission factor. 

· The national energy balance is the main source of information regarding fuel consumption per fuel and sub-sector. Further analysis of fuel consumption by technology within each sub-sector is made on the basis of the assumptions presented in Chapter 3. 

· The emission factors for methane and nitrous oxide are differentiated per technology, while the emission factors for carbon dioxide are differentiated per fuel. The calculation of methane and nitrous oxide emissions is based on reference emission factors suggested by the IPCC Guidelines and the CORINAIR methodology.  

· Emission factors of carbon dioxide by fuel depend exclusively on fuel characteristics (see Table 3.6 which presents emission factors of carbon dioxide by fuel). 

Table ΙΙ.1 presents the correspondence between the sectors of the energy balance (as it is compiled by the Ministry for Development based on the joint questionnaires of IEA and EUROSTAT), the CORINAIR activities and the IPCC source categories. In Tables ΙΙ.2 – ΙΙ.8 information from the national energy balance on lignite, natural gas, heavy fuel oil, diesel, gasoline, the other liquid fuels and other solid fuels is presented.

Table ΙΙ.1
Correspondence between IPCC source categories, energy balance sectors and CORINAIR activities   

	Energy balance sectors
	IPCC source categories
	
	CORINAIR activities

	Production
	Reference approach
	
	

	Imports
	Reference approach
	
	

	Exports
	Reference approach
	
	

	International marine bunkers
	Reference approach /Bunkers
	
	080404 – International marine bunkers

	Stock changes
	Reference approach
	
	

	TRANSFORMATION
	
	
	

	Electricity plants
	1.Α.1a
	
	0101 – Public power / steam turbines, gas turbines, stationary engines

	CHP plants
	1.Α.1a
	
	

	Heat plants
	1.Α.1a
	
	

	ENERGY SECTOR
	
	
	

	Petroleum refineries
	1.A.1b
	
	0103 – Petroleum refining plants

	Oil and gas extraction
	1.Α.1c
	
	010504 – Coal mining, oil/gas extraction, pipeline compressors / gas turbines

	INDUSTRY SECTOR
	
	
	

	Iron and steel
	1.A.2a
	
	030303 – Grey iron foundries

	Chemical industry
	1.A.2e
	
	0301 – Industry / Combustion in boilers, gas turbines and stationary engines

	of which: Feedstocks
	Non-energy use
	
	

	Non-ferrous metals
	1.A.2b
	
	030309 – Secondary copper production

030310 – Secondary aluminium production

030322 – Alumina production

	Non-metallic minerals
	1.A.2f
	
	030311 – Cement

030312 – Lime

	Transport equipment
	1.A.2e
	
	0301 – Industry / Combustion in boilers, gas turbines and stationary engines

	Machinery
	1.A.2e
	
	

	Mining
	1.A.2e
	
	

	Food and tobacco
	1.A.2e
	
	

	Paper, pulp 
	1.A.2e
	
	

	Wood and wood products
	1.A.2e
	
	

	Construction
	1.A.2e
	
	

	Textile and leather
	1.A.2e
	
	

	Non-specified
	1.A.2e
	
	

	TRANSPORT SECTOR
	
	
	

	International civil aviation
	Reference approach/Bunkers
	
	080502 and 080504 – International airport/cruise traffic

	Domestic air
	1.A.3a
	
	080501 and 080503 – Domestic airport/cruise traffic

	Road
	1.A.3b
	
	07 (except 0707 and 0708) – Road transport per type of vehicle

	Rail
	1.A.3c
	
	0802 – Diesel and gasoline machinery in railways

	Internal navigation
	1.A.3d
	
	080402 – National sea traffic within EMEP area

	OTHER SECTORS
	
	
	

	Agriculture
	1.A.4c
	
	0203 – Combustion plants in agriculture

0806 – Diesel and gasoline machinery in agriculture

	Comm. and public. services 
	1.A.4a
	
	0201 – Commercial and institutional plants

	Residential
	1.A.4b
	
	0202 – Residential plants

	Non-specified
	1.A.4c
	
	0203 – Plants in agriculture

0806 – Diesel and gasoline machinery in agriculture

	NON-ENERGY USE
	Non-energy use
	
	


Table ΙΙ.2
Energy balance of lignite (in Mt) for the period1990 – 2002

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	Production
	51.90
	52.70
	55.05
	54.80
	56.67
	57.68
	59.78
	58.84
	60.88
	62.05
	63.89
	66.34
	70.47

	Imports
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Exports
	0.00
	0.00
	0.01
	0.00
	0.00
	0.00
	0.00
	0.02
	0.01
	0.02
	0.02
	0.00
	0.00

	Inter. marine bunkers
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Stock changes
	0.16
	-1.14
	-0.54
	0.37
	1.30
	-0.72
	-1.63
	-0.14
	-0.22
	-1.04
	0.72
	0.91
	-1.75

	DOMESTIC SUPPLY
	52.05
	51.55
	54.49
	55.17
	57.97
	56.96
	58.15
	58.68
	60.66
	60.99
	64.59
	67.26
	68.72

	Transfers
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Statistical differences
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	TRANSFORMATION
	50.88
	50.62
	53.99
	54.48
	57.46
	56.43
	57.51
	58.15
	60.20
	60.68
	64.12
	67.01
	68.57

	Electricity plants
	50.53
	50.27
	53.79
	54.31
	57.25
	56.24
	57.35
	57.98
	51.55
	60.55
	63.89
	62.54
	64.02

	CHP plants
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	8.52
	0.00
	0.00
	4.20
	4.20

	BKB plants
	0.35
	0.35
	0.20
	0.18
	0.21
	0.19
	0.16
	0.17
	0.13
	0.12
	0.24
	0.27
	0.35

	FINAL CONSUMPTION
	1.17
	0.94
	0.50
	0.68
	0.51
	0.53
	0.64
	0.53
	0.46
	0.31
	0.46
	0.25
	0.16

	INDUSTRY SECTOR
	0.52
	0.43
	0.38
	0.55
	0.41
	0.41
	0.50
	0.42
	0.36
	0.24
	0.38
	0.17
	0.16

	Iron and steel
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Chemical industry
	0.20
	0.09
	0.01
	0.09
	0.06
	0.06
	0.06
	0.06
	0.01
	0.00
	0.00
	0.00
	0.00

	of which: feedstock
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Non-ferrous metals
	0.30
	0.32
	0.36
	0.45
	0.33
	0.34
	0.44
	0.36
	0.36
	0.23
	0.38
	0.17
	0.16

	Non-metallic minerals
	0.02
	0.02
	0.01
	0.02
	0.02
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	TRANSPORT 
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	OTHER SECTORS
	0.08
	0.13
	0.12
	0.13
	0.10
	0.12
	0.14
	0.11
	0.10
	0.08
	0.08
	0.08
	0.00

	Agriculture
	0.02
	0.03
	0.03
	0.04
	0.03
	0.04
	0.05
	0.03
	0.03
	0.05
	0.05
	0.05
	0.00

	Commercial and public  
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Residential
	0.06
	0.10
	0.09
	0.09
	0.07
	0.08
	0.09
	0.08
	0.07
	0.03
	0.03
	0.03
	0.00

	Non-specified
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	NON-ENERGY USE
	0.58
	0.38
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Industry
	0.58
	0.38
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Transport
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Other sectors
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00


Table ΙΙ.3
Energy balance of natural gas (in PJ) for the period 1990 – 2002

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	Production
	5.78
	5.75
	5.28
	3.89
	1.99
	1.84
	1.94
	1.88
	1.69
	0.11
	1.31
	1.68
	1.78

	Imports
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.32
	5.42
	28.90
	50.92
	70.61
	69.59
	73.46

	Stock changes
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	-0.20
	-0.14
	-0.21
	-0.03
	-0.62
	-1.17
	0.17

	DOMESTIC SUPPLY
	5.78
	5.75
	5.28
	3.89
	1.99
	1.84
	2.06
	7.16
	30.37
	50.99
	71.31
	70.10
	75.41

	Transfers
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Statistical differences
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.06
	0.00
	0.00
	0.00

	TRANSFORMATION
	0.76
	0.75
	0.65
	0.64
	0.62
	0.58
	0.69
	2.94
	14.76
	36.28
	53.57
	52.96
	55.06

	Electricity plants
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	1.91
	14.27
	35.73
	53.57
	51.87
	55.06

	CHP plants
	0.76
	0.75
	0.65
	0.64
	0.62
	0.58
	0.69
	1.03
	0.49
	0.55
	0.00
	1.10
	0.00

	ENERGY SECTOR
	0.98
	0.91
	0.95
	0.89
	1.13
	1.09
	1.08
	1.15
	1.20
	0.09
	1.85
	1.84
	1.80

	Oil and gas extraction
	0.98
	0.91
	0.95
	0.89
	1.13
	1.09
	1.08
	1.06
	1.20
	0.05
	1.38
	1.35
	1.78

	Distribution losses
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.08
	0.04
	0.03
	0.47
	0.49
	0.02

	FINAL CONSUMPTION
	4.05
	4.10
	3.68
	2.37
	0.24
	0.16
	0.30
	3.07
	14.38
	14.69
	15.88
	15.29
	18.55

	INDUSTRY SECTOR
	4.05
	4.10
	3.68
	2.37
	0.24
	0.16
	0.30
	3.07
	13.83
	14.21
	15.30
	14.75
	16.93

	Iron and steel
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.10
	1.19
	2.07
	2.70
	2.23
	2.88

	Chemical industry
	4.05
	4.10
	3.68
	2.37
	0.24
	0.16
	0.15
	1.68
	8.56
	6.59
	5.36
	5.20
	3.73

	Of which: Feedstocks
	4.05
	4.10
	3.68
	2.37
	0.24
	0.16
	0.15
	1.68
	8.43
	6.26
	5.09
	4.90
	3.03

	Non-ferrous metals
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.23
	1.09
	1.43
	1.59
	1.78

	Non-metallic minerals
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.09
	1.10
	1.19
	1.55
	1.58
	2.93

	Transport equipment
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.07
	0.06
	0.07
	0.04
	0.05

	Food and tobacco
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.14
	1.06
	1.63
	2.23
	2.90
	2.54
	2.90

	Paper, pulp
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.06
	0.38
	0.27
	0.35
	0.49
	1.04

	Construction
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.08

	Textile and leather
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.07
	0.66
	0.72
	0.94
	0.87
	1.13

	Non-specified
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.21
	0.41

	TRANSPORT 
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.50

	Road
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.40

	Pipeline transport
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.10

	OTHER SECTORS
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.56
	0.47
	0.55
	0.54
	1.12

	Commercial and public  
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.31
	0.36
	0.35
	0.76

	Residential
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.56
	0.16
	0.19
	0.20
	0.36

	NON-ENERGY USE
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00


Table ΙΙ.4
Energy balance of heavy fuel oil (in kt) for the period 1990 – 2002

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	Production
	5596
	5374
	5284
	4419
	5308
	6061
	7424
	7149
	6959
	6351
	7478
	7361
	7328

	Imports
	2233
	1806
	2040
	1955
	1342
	733
	151
	435
	411
	298
	174
	169
	36

	Exports
	2026
	1217
	1710
	654
	832
	616
	1032
	696
	196
	280
	220
	255
	564

	International marine bunkers
	2063
	1846
	2052
	2444
	2557
	2641
	2399
	2413
	2798
	2452
	2898
	2933
	2624

	Stock changes
	-80
	-223
	121
	196
	204
	81
	-72
	7
	-41
	45
	-32
	25
	-66

	DOMESTIC SUPPLY
	3660
	3894
	3683
	3472
	3465
	3618
	4072
	4482
	4335
	3962
	4502
	4367
	4110

	Transfers
	-733
	-404
	-287
	-445
	-453
	-579
	-653
	-1135
	-1125
	-741
	-1360
	-1324
	-1050

	Statistical differences
	246
	-191
	-143
	19
	36
	178
	-139
	-60
	117
	89
	-37
	-72
	-38

	TRANSFORMATION
	1456
	1603
	1564
	1670
	1638
	1755
	1645
	1580
	1515
	1609
	1661
	1558
	1516

	Electricity plants
	1422
	1562
	1506
	1603
	1580
	1697
	1590
	1541
	1483
	1585
	1634
	1539
	1516

	CHP plants
	34
	41
	58
	67
	58
	58
	55
	39
	32
	24
	27
	19
	0

	ENERGY SECTOR
	266
	279
	260
	210
	273
	274
	295
	294
	318
	313
	372
	358
	397

	Petroleum refineries
	266
	279
	260
	210
	273
	274
	295
	294
	318
	313
	372
	358
	397

	FINAL CONSUMPTION
	1451
	1417
	1429
	1166
	1137
	1188
	1340
	1413
	1494
	1388
	1146
	1199
	1185

	INDUSTRY SECTOR
	1152
	1107
	1096
	910
	841
	899
	1067
	1045
	928
	769
	882
	830
	867

	Iron and steel
	101
	96
	97
	86
	78
	47
	21
	16
	18
	8
	18
	19
	20

	Chemical industry
	92
	45
	43
	26
	24
	29
	106
	124
	159
	81
	87
	82
	82

	Of which: Feedstock
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Non-ferrous metals
	185
	157
	161
	157
	144
	142
	162
	185
	151
	211
	214
	216
	232

	Non-metallic minerals
	159
	174
	188
	177
	165
	179
	178
	182
	94
	67
	89
	86
	86

	Transport equipment
	0
	0
	0
	0
	0
	0
	2
	2
	2
	2
	3
	3
	3

	Machinery
	0
	0
	0
	0
	0
	0
	13
	13
	13
	12
	15
	15
	15

	Mining
	22
	21
	23
	21
	20
	50
	67
	52
	42
	42
	43
	43
	45

	Food and tobacco
	241
	250
	255
	257
	240
	235
	249
	224
	236
	181
	208
	187
	203

	Paper, pulp 
	84
	81
	80
	71
	65
	59
	77
	85
	66
	66
	81
	66
	67

	Wood and wood products
	0
	3
	2
	2
	2
	4
	3
	1
	2
	2
	2
	2
	2

	Construction
	0
	27
	26
	22
	21
	50
	20
	17
	21
	18
	30
	36
	35

	Textile and leather
	111
	93
	108
	91
	82
	88
	140
	137
	101
	79
	92
	75
	77

	Non-specified
	157
	160
	113
	0
	0
	16
	29
	7
	23
	0
	0
	0
	0

	TRANSPORT 
	237
	231
	255
	201
	256
	268
	245
	340
	538
	591
	236
	335
	283

	Internal navigation
	237
	231
	255
	201
	256
	268
	245
	340
	538
	591
	236
	335
	283

	OTHER SECTORS
	62
	79
	78
	55
	40
	21
	28
	28
	28
	28
	28
	31
	35

	Agriculture
	0
	20
	21
	15
	15
	10
	15
	15
	15
	15
	15
	18
	18

	Commercial and public  
	13
	20
	19
	15
	10
	11
	13
	13
	13
	13
	13
	13
	17

	Residential
	36
	35
	38
	25
	15
	0
	0
	0
	0
	0
	0
	0
	0

	Non-specified
	13
	4
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	NON-ENERGY USE
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0


Table ΙΙ.5
Energy balance of diesel (in kt) for the period 1990 – 2002

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	Production
	3663
	3289
	3786
	3259
	3723
	3987
	4760
	5144
	5544
	4857
	5687
	5452
	5624

	Imports
	2303
	2474
	2042
	2370
	2198
	2293
	2788
	2292
	2539
	2738
	2013
	2435
	2993

	Exports
	556
	496
	509
	201
	267
	342
	493
	185
	284
	586
	576
	794
	891

	International marine bunkers
	510
	514
	657
	718
	801
	966
	776
	771
	758
	706
	750
	612
	549

	Stock changes
	-169
	162
	99
	-51
	-32
	67
	-166
	-133
	-468
	419
	108
	35
	-251

	DOMESTIC SUPPLY
	4731
	4915
	4761
	4659
	4821
	5039
	6113
	6347
	6573
	6722
	6482
	6516
	6926

	Transfers
	0
	0
	0
	-25
	0
	-171
	-554
	-667
	-592
	-637
	-248
	89
	36

	Statistical differences
	-7
	23
	47
	150
	2
	176
	177
	158
	244
	83
	-98
	-61
	-16

	TRANSFORMATION
	315
	319
	339
	287
	272
	305
	381
	367
	371
	336
	382
	376
	465

	Electricity plants
	314
	312
	338
	287
	272
	305
	381
	367
	371
	336
	382
	376
	465

	CHP plants
	1
	7
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	ENERGY SECTOR
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	FINAL CONSUMPTION
	4409
	4619
	4469
	4497
	4551
	4739
	5355
	5471
	5854
	5832
	5950
	6290
	6513

	INDUSTRY SECTOR
	354
	319
	290
	296
	320
	457
	490
	500
	525
	560
	504
	500
	500

	Iron and steel
	41
	20
	20
	26
	28
	18
	5
	11
	12
	20
	13
	13
	15

	Chemical industry
	15
	12
	11
	11
	12
	8
	5
	3
	9
	10
	9
	9
	9

	Of which: Feedstock
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Non-ferrous metals
	0
	25
	24
	25
	27
	38
	28
	13
	21
	23
	23
	23
	20

	Non-metallic minerals
	49
	30
	31
	31
	34
	48
	36
	40
	49
	53
	49
	48
	42

	Transport equipment
	0
	2
	2
	2
	2
	12
	12
	7
	15
	17
	16
	15
	15

	Mining
	43
	32
	31
	32
	35
	49
	43
	45
	41
	42
	41
	40
	40

	Food and tobacco
	33
	35
	33
	39
	42
	59
	45
	37
	49
	53
	51
	51
	50

	Paper, pulp 
	12
	11
	10
	14
	15
	8
	5
	10
	9
	10
	10
	10
	10

	Wood and wood products
	0
	0
	0
	0
	0
	0
	2
	2
	2
	3
	2
	1
	1

	Construction
	0
	1
	1
	1
	1
	1
	75
	94
	118
	126
	130
	130
	135

	Textile and leather
	17
	16
	15
	20
	22
	18
	10
	3
	5
	8
	10
	10
	7

	Non-specified
	144
	135
	112
	95
	102
	198
	224
	235
	195
	195
	150
	150
	156

	TRANSPORT SECTOR
	1761
	1955
	1952
	1986
	1978
	1988
	1985
	2010
	2245
	2217
	2193
	2280
	2295

	Road
	1362
	1549
	1557
	1588
	1601
	1660
	1711
	1732
	1851
	1888
	1890
	1895
	1925

	Rail
	63
	49
	47
	48
	52
	43
	45
	42
	42
	40
	40
	40
	40

	Internal navigation
	336
	357
	348
	350
	325
	285
	229
	236
	352
	289
	263
	345
	330

	OTHER SECTORS
	2294
	2345
	2227
	2215
	2253
	2294
	2880
	2961
	3084
	3055
	3253
	3510
	3718

	Agriculture
	820
	888
	822
	802
	808
	750
	761
	760
	760
	760
	760
	770
	850

	Commercial and public services
	145
	167
	155
	150
	160
	165
	200
	192
	195
	195
	203
	270
	278

	Residential
	1292
	1290
	1250
	1263
	1285
	1379
	1919
	2009
	2129
	2100
	2290
	2470
	2590

	Non-specified
	37
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	NON-ENERGY USE
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0


Table ΙΙ.6
Energy balance of gasoline (in kt) for the period 1990 – 2002

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	Production
	3379
	3128
	3581
	3445
	3543
	3545
	3383
	3607
	3671
	3222
	3780
	3770
	3802

	Imports
	213
	162
	345
	242
	98
	217
	180
	45
	152
	477
	415
	116
	514

	Exports
	1097
	884
	1238
	1077
	1094
	881
	780
	556
	645
	653
	1011
	678
	809

	Stock changes
	-45
	59
	-171
	11
	141
	34
	-4
	-115
	-69
	169
	-27
	3
	-122

	DOMESTIC SUPPLY
	2450
	2465
	2517
	2621
	2688
	2915
	2779
	2981
	3109
	3215
	3157
	3211
	3385

	Transfers
	0
	0
	0
	0
	0
	0
	42
	4
	28
	0
	0
	167
	153

	Statistical differences
	-27
	36
	65
	23
	7
	-141
	119
	50
	19
	0
	-123
	-7
	-5

	TRANSFORMATION
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	ENERGY SECTOR
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	FINAL CONSUMPTION
	2423
	2501
	2582
	2644
	2695
	2774
	2940
	3035
	3156
	3215
	3280
	3385
	3543

	INDUSTRY
	0
	2
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	TRANSPORT
	2373
	2447
	2532
	2594
	2645
	2724
	2890
	2985
	3106
	3165
	3230
	3336
	3493

	Road transport
	2373
	2447
	2532
	2594
	2645
	2724
	2890
	2985
	3106
	3165
	3230
	3336
	3493

	OTHER SECTORS
	50
	52
	50
	50
	50
	50
	50
	50
	50
	50
	50
	49
	50

	Agriculture
	50
	52
	50
	50
	50
	50
	50
	50
	50
	50
	50
	0
	50

	Non specified
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	49
	0

	NON ENERGY USE
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0


Table ΙΙ.7
Energy balance of other liquid fuels (in PJ) for the period 1990 – 2002

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	Production
	168.27
	146.21
	146.85
	131.06
	163.25
	180.46
	209.14
	209.78
	215.34
	192.79
	234.49
	217.17
	208.18

	Imports
	48.78
	50.93
	40.12
	49.50
	27.13
	20.06
	17.71
	21.37
	10.18
	29.60
	21.97
	25.09
	21.99

	Exports
	110.25
	76.44
	60.28
	43.51
	72.74
	68.82
	88.24
	92.45
	88.63
	88.22
	95.58
	91.73
	65.44

	International marine bunkers
	1.57
	1.45
	1.65
	1.77
	1.49
	1.53
	1.41
	1.37
	1.04
	1.57
	1.53
	1.57
	1.97

	Stock changes
	9.36
	-9.49
	-0.40
	-4.34
	21.43
	-1.17
	-2.49
	-1.83
	5.22
	0.50
	-11.00
	8.20
	-3.15

	DOMESTIC SUPPLY
	114.58
	109.76
	124.64
	130.94
	137.59
	129.00
	134.71
	135.49
	141.06
	133.10
	148.35
	157.16
	159.61

	Transfers
	0.00
	0.06
	-5.81
	-4.54
	-1.71
	-0.94
	-5.20
	-2.08
	-8.14
	-3.20
	-5.37
	-17.14
	-17.70

	Statistical differences
	1.18
	0.66
	-3.27
	3.51
	-9.60
	-0.65
	2.23
	-0.57
	-0.08
	-0.66
	0.28
	-1.77
	0.13

	TRANSFORMATION
	7.08
	5.54
	6.06
	5.47
	4.54
	7.00
	3.46
	4.27
	3.32
	0.00
	0.00
	0.00
	0.00

	CHP plants
	6.36
	4.91
	5.20
	4.57
	3.42
	5.87
	2.60
	3.37
	3.32
	0.00
	0.00
	0.00
	0.00

	Gas works
	0.72
	0.63
	0.86
	0.90
	1.13
	1.13
	0.86
	0.90
	0.00
	0.00
	0.00
	0.00
	0.00

	ENERGY SECTOR
	16.47
	18.09
	17.29
	20.16
	21.03
	19.11
	25.03
	25.12
	25.06
	24.79
	29.82
	31.39
	31.23

	Petroleum refineries
	16.47
	18.09
	17.29
	20.16
	21.03
	19.11
	25.03
	25.12
	25.06
	24.79
	29.82
	31.39
	31.23

	FINAL CONSUMPTION
	92.21
	86.86
	92.22
	104.26
	100.72
	101.30
	103.26
	103.46
	102.84
	104.45
	112.88
	110.40
	110.54

	INDUSTRY SECTOR
	11.94
	13.10
	14.17
	16.27
	17.72
	21.42
	24.41
	27.01
	26.35
	24.88
	26.79
	27.73
	28.42

	Iron and steel
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.43
	0.57
	0.76
	0.99
	0.95
	0.95
	0.85

	Chemical industry
	4.48
	5.25
	4.82
	4.92
	4.39
	5.91
	6.54
	5.50
	4.25
	3.79
	4.92
	4.32
	3.17

	Of which: Feedstock
	2.66
	3.15
	2.34
	2.34
	1.49
	3.20
	3.92
	2.21
	0.72
	1.04
	2.12
	1.71
	0.90

	Non-ferrous metals
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.80
	1.04
	1.32
	1.61
	1.66
	1.56
	1.42

	Non-metallic minerals
	3.16
	2.98
	3.63
	5.30
	6.14
	6.67
	7.51
	9.93
	9.05
	9.31
	10.38
	11.78
	13.90

	Transport equipment
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.09
	0.09
	0.09
	0.09
	0.05
	0.05
	0.05

	Mining
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.57
	0.71
	0.90
	1.04
	1.09
	1.04
	1.18

	Food and tobacco
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.76
	0.95
	1.18
	1.42
	1.47
	1.61
	1.51

	Paper, pulp 
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.52
	0.66
	0.85
	1.04
	1.04
	1.04
	0.95

	Wood and wood products
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.09
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Construction
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.05
	0.09
	0.09
	0.09
	0.09
	0.09
	0.05

	Textile and leather
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05

	Non-specified
	4.31
	4.87
	5.72
	6.06
	7.19
	8.85
	7.05
	7.43
	7.80
	5.44
	5.11
	5.25
	5.29

	TRANSPORT 
	56.67
	52.23
	54.69
	65.80
	60.22
	55.98
	55.12
	52.87
	53.40
	56.68
	58.23
	52.49
	50.83

	International civil aviation
	34.65
	30.10
	31.17
	41.07
	39.37
	36.92
	35.36
	34.20
	35.89
	32.02
	35.36
	32.86
	32.86

	Domestic air
	20.60
	20.38
	21.54
	22.61
	18.95
	17.17
	18.06
	17.35
	16.23
	23.72
	22.16
	18.87
	17.26

	Road
	1.42
	1.75
	1.99
	2.13
	1.89
	1.89
	1.70
	1.32
	1.28
	0.95
	0.71
	0.76
	0.71

	OTHER SECTORS
	5.84
	6.45
	6.91
	6.41
	6.25
	6.41
	6.42
	6.46
	5.89
	5.13
	4.56
	4.74
	3.52

	Comm. and public. services
	0.00
	0.85
	0.90
	0.90
	0.95
	1.42
	1.70
	1.66
	1.66
	1.28
	1.14
	1.18
	0.80

	Residential
	5.84
	5.60
	6.01
	5.51
	5.31
	4.99
	4.71
	4.80
	4.23
	3.85
	3.42
	3.56
	2.72

	NON-ENERGY USE
	17.76
	15.08
	16.44
	15.78
	16.52
	20.69
	17.31
	17.11
	17.20
	17.76
	23.30
	25.44
	27.77

	Industry
	12.94
	11.91
	13.26
	12.69
	13.43
	18.12
	15.18
	14.50
	15.51
	12.94
	21.49
	22.75
	25.76

	Transport
	4.70
	3.05
	3.09
	3.01
	3.05
	2.57
	1.97
	2.41
	1.53
	4.70
	1.73
	2.61
	1.93

	Other sectors
	0.12
	0.12
	0.08
	0.08
	0.04
	0.00
	0.16
	0.20
	0.16
	0.12
	0.08
	0.08
	0.08


Table ΙΙ.8
Energy balance of other solid fuels (in PJ) for the period 1990 – 2002

	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	Production
	1.94
	1.86
	0.95
	0.87
	1.63
	1.42
	1.34
	1.51
	1.18
	1.12
	2.15
	2.11
	2.75

	Imports
	38.49
	39.05
	58.66
	37.00
	41.08
	38.66
	45.42
	33.62
	37.45
	32.76
	33.91
	37.20
	27.05

	Exports
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	1.22
	1.66
	1.90
	2.04
	1.61
	1.33
	0.84

	Stock changes
	0.29
	3.45
	-6.23
	3.00
	-1.45
	1.98
	-4.19
	0.00
	-0.74
	-2.61
	-1.77
	-2.34
	-0.61

	DOMESTIC SUPPLY
	40.72
	44.36
	53.38
	40.86
	41.26
	42.06
	41.35
	33.47
	35.98
	29.23
	32.69
	35.64
	28.35

	Transfers
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Statistical differences
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	4.27
	0.00
	0.00
	0.00
	0.00
	0.00

	TRANSFORMATION
	0.00
	1.55
	14.39
	2.90
	2.80
	3.97
	5.40
	3.56
	1.04
	0.73
	0.53
	0.39
	0.49

	Electricity plants
	0.00
	0.00
	14.39
	2.90
	2.80
	3.97
	5.40
	3.56
	1.04
	0.73
	0.53
	0.39
	0.49

	CHP plants
	0.00
	1.55
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	ENERGY SECTOR
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	FINAL CONSUMPTION
	40.72
	42.81
	38.98
	37.96
	38.47
	38.09
	35.94
	34.18
	35.43
	28.49
	32.16
	35.25
	27.86

	INDUSTRY SECTOR
	40.07
	42.04
	38.23
	37.28
	37.67
	37.44
	35.24
	33.32
	34.76
	27.97
	31.58
	34.70
	27.61

	Non ferrous metals
	4.27
	3.75
	2.30
	1.80
	2.97
	2.80
	3.16
	2.34
	2.10
	1.77
	3.08
	5.06
	5.97

	Non metallic minerals
	35.18
	37.77
	35.37
	35.02
	34.20
	34.31
	31.65
	30.39
	32.08
	26.20
	28.46
	29.52
	21.55

	Machinery
	0.18
	0.18
	0.15
	0.12
	0.12
	0.15
	0.12
	0.18
	0.09
	0.00
	0.03
	0.12
	0.09

	Food and tobacco
	0.44
	0.35
	0.41
	0.35
	0.38
	0.18
	0.32
	0.41
	0.00
	0.00
	0.00
	0.00
	0.00

	TRANSPORT 
	0.03
	0.03
	0.05
	0.03
	0.03
	0.03
	0.03
	0.03
	0.00
	0.00
	0.00
	0.00
	0.00

	Rail
	0.03
	0.03
	0.05
	0.03
	0.03
	0.03
	0.03
	0.03
	0.00
	0.00
	0.00
	0.00
	0.00

	OTHER SECTORS
	0.62
	0.75
	0.70
	0.65
	0.77
	0.62
	0.67
	0.84
	0.67
	0.52
	0.58
	0.55
	0.25

	Comm. and public. services
	0.11
	0.09
	0.03
	0.02
	0.02
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Residential 
	0.51
	0.65
	0.67
	0.64
	0.76
	0.62
	0.67
	0.84
	0.67
	0.52
	0.58
	0.55
	0.25

	NON-ENERGY SECTOR
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00


Annex ΙΙΙ: CO2 from fuel combustion – Reference approach

The Reference Approach requires statistics for production of fuels and their external trade as well as changes in their stocks. It also needs a limited number of figures for the consumption of fuels used for non-energy purposes where carbon may be stored. It uses a simple assumption: once carbon is brought into a national economy in fuel, it is either saved in some way (e.g., in increases of fuel stocks, stored in products, left unoxidised in ash) or it must be released to the atmosphere.

The estimation process is divided in six steps that are described below.

Step 1: Estimation of apparent consumption. 

This step concerns the estimation of apparent consumption in natural units or in the units commonly used for the recording of the relative fuel amounts. For secondary fuels production data are not included in the apparent consumption calculation, since they are already accounted for in the primary fuel consumption, from which they derive. Therefore, the apparent consumption of primary fuels is estimated by the following equation:

Apparent consumption = Primary production + Imports - Exports – International bunkers + Stock change 

The apparent consumption of secondary fuels is estimated by the following equation:

Apparent consumption = Imports - Exports - International bunkers + Stock change

Step 2: Conversion of fuel data to a common energy unit. 

This step concerns the conversion of apparent consumption, which was estimated in the first step in natural units, in a common energy unit (e.g. TJ). This conversion is based on net calorific value of fuels (see Tables ΙΙΙ.1 and III.2).

Step 3: Estimation of carbon content. 

Total carbon included in each fuel is calculated by multiplying energy consumption by an emission factor (see Table ΙΙΙ.1) that reflects the amount of carbon per energy unit for each fuel. The result gives the maximum amount of carbon that could be potentially released if all carbon in the fuels were converted to CO2.

Step 4: Estimation of carbon stored in products. 

Depending on the end use, non-energy uses of fuels can result in the storage of some or all of the carbon contained in the fuel to the non-energy product. The non-energy consumption of fuels is multiplied by an emission factor that reflects the amount of the carbon content of the fuel stored in non-energy product (see Table ΙΙΙ.1). The result is the maximum amount of carbon that could potentially be sequestered if that amount of carbon were stored in the non-energy product. By subtracting this amount from the total carbon calculated in step 3, the amount of carbon that could be theoretically converted in CO2 is calculated.

Step 5: Estimation of carbon unoxidised during fuel use. 

The amount of carbon that was previously calculated is reduced by a fraction up to 2%, depending on fuel type, in order to take account of the fact that a small part of the fuel carbon entering combustion escapes oxidation (see Table ΙΙΙ.1). It is assumed that the carbon that remains unoxidised is stored indefinitely.

Step 6: Estimation of CO2 emissions. 

Carbon emissions from all fuels are multiplied by 44/12 to be converted to CO2 emissions, and are summed, giving the total amount of CO2 released in the atmosphere.

Table ΙΙΙ.1
CO2 emission factors (in t CO2 / TJ) and basic fuel characteristics

	Fuel types
	Net calorific value

(TJ/kt)
	Carbon content

(tC/ΤJ)
	Carbon stored 

(%)
	Carbon oxidized

(%)
	Emission factor (tCO2/TJ)

	Liquid fuels
	
	
	
	
	

	Crude oil
	42.75
	20.0
	
	99.0
	

	NGL (Natural Gas Liquids)
	45.22
	17.2
	
	99.0
	

	Refinery feedstocks
	42.50
	20.0
	
	99.0
	

	Refinery gas
	49.99
	18.2
	
	99.0
	66.07

	LPG
	47.31
	17.2
	
	99.0
	62.44

	Gasoline
	44.80
	18.9
	
	99.0
	68.61

	Jet fuels
	44.60
	19.5
	
	99.0
	70.79

	Kerosene
	44.75
	19.6
	
	99.0
	71.15

	Diesel oil
	43.33
	20.2
	
	99.0
	73.33

	Heavy fuel oil
	40.19
	21.1
	
	99.0
	76.59

	Naphtha
	45.01
	20.0
	75
	99.0
	72.60

	Petroleum coke
	31.00
	27.5
	80
	99.0
	99.83

	Lubricants
	40.19
	20.0
	50
	99.0
	72.60

	Other products
	40.19
	20.0
	100
	99.0
	72.60

	Solid fuels
	
	
	
	
	

	Steam coal
	27.21
	25.8
	
	98.0
	92.71

	Lignite 
	
	
	
	
	

	Electricity production
	
	34.0
	
	98.0
	122.17

	Other sectors
	
	27.6
	
	98.0
	99.18

	Oven and gas coke
	29.10
	25.8
	
	98.0
	92.71

	BKB 
	15.49
	25.8
	
	99.0
	93.65

	Dry lignite
	15.07
	25.8
	
	99.0
	93.65

	Gaseous fuels
	
	
	
	
	

	Natural gas
	
	15.3
	33
	99.5
	55.82

	Gas works gas
	
	15.3
	
	99.5
	55.82


As it was mentioned in Chapter 3.2, the net calorific value of lignite is differentiated on an annual basis according to the characteristics of the mining field from which it is extracted and therefore it is presented separately in Table ΙΙΙ.2. 

Table ΙΙΙ.2
Heating value for lignite during primary production and by consumption sector  (in TJ / kt) for the period 1990 - 2002

	Year
	Primary production
	Electricity generation
	Industry
	Other sectors

	1990
	5.744
	5.711
	8.399
	5.740

	1991
	5.485
	5.447
	8.323
	5.481

	1992
	5.321
	5.225
	9.504
	5.288

	1993
	5.472
	5.355
	11.074
	5.443

	1994
	5.472
	5.355
	11.317
	5.418

	1995
	5.451
	5.179
	11.300
	5.451

	1996
	5.037
	4.915
	11.204
	5.037

	1997
	5.485
	5.384
	11.300
	5.485

	1998
	5.589
	5.506
	11.380
	5.589

	1999
	5.421
	5.366
	11.110
	5.421

	2000
	5.388
	5.346
	10.902
	5.388

	2001
	5.296
	5.296
	10.006
	5.296

	2002
	5.099
	5.087
	8.620
	


The application of the reference approach for each year is presented below (Tables 1.Α(b) of the Common Reporting Format).

Table ΙΙΙ.3
Reference approach - 1990
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Table ΙΙΙ.4
Reference approach - 1991
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Table ΙΙΙ.5
Reference approach - 1992
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Table ΙΙΙ.6
Reference approach - 1993
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Table ΙΙΙ.7
Reference approach - 1994
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Table ΙΙΙ.8
Reference approach - 1995
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Table ΙΙΙ.9
Reference approach - 1996
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Table ΙΙΙ.10
Reference approach - 1997

[image: image42.png]FUEL TYFES Unit | Production | Tmports | Exports | International | Stockchange | spparent | Conversion spparent | Cabonemission | Catbon | Cabon | Netcarbon | Fractionof | Actusl COy
hunkers consumption | factor © @ | consumption factor content | stored | emissions | cabon emissions

Tty a acmy 20 | G20 | g0 | wdtmed | GgC0»

Tl [Prmey O O o B600[ 1795710020400 50 15,17400) P e 765% 50 2030] 155%.7] 15,5387 055] 640574
Fossl [Pl [Odsion it 00| ew 00| 00| 00| 059) 000]
Natunl Gas Tigas [t ] om| 20 2| 2] wev, 50434] FEF ) 1.1 059) il

Secondary [Gasoline it S| ss600) 11500) “62610) 4450] Nev, AT 1390 52005 53003 05] 192407

Fuk  [Tet Remosene it 31.00] _5400) 76700 20| 15000 e i 68,1517 1950 13407 1307 055] 436100

[Other Kemosene it 60| 600 w50 Nev, -268.0) a5 52 059) 1512

Shele O it 00| New 00| 00| 00| 059) 000]

[Gas I Disse1 O it 252001500 100 JEEI] 12100 P i 5212599 2070 Loaoa]  a00|  105204] 0s5[3am9

Residual Furl O it 500 _69610) 241300) 700 266100 @.10] Nov | 107,867 2110 26164 226164 095] 521975

] it 10200) 20 5500 31[ wev, 4606 716 -%056] o 05 059) TS

ET it 00| New 00| 00 om) 00| 059) 000]

[Nephita it 500 B a1 0) R il ERE) O ST N 055]_ 20ma

[Bitunen it @] 15500) “1600) @.19] Nev, 466204 0] 9324 a0 324 05] 1260

Cebrcasts it 1500 4100 3400) 6000 0.19] v, 241140 o] ez %04 Bk 059) 2011

[Petaclewn Coke it 400 T10%0) 35400 3100] NCv, 107400) FIE IV I 2%73] 059) o754

Refuery Feedstocks _[1t 59300 2470) 5000 250] v, 21650 200] 26 6 055] L5752

[Otterol e 200 20 “0.19] v, EES FO VY Lot 059) 544

il sl Totds [ T321004] 504 1185940) EEEE
Solid [Prinay [ athuarite @ M 000) Nev o) o) o) 03] o)
Fossl [Fuels  [ColngCosl it 0| New 0| om0 0| 053] 0m0)

[Other Bt Coal it 121400 _é1on 115300 a1 wev, EEEE PR .43 [E T

Subit ool it 00| New 000) 00| 00| 053] 010)

Ligite it I 7| 14| a0 SB[ wev e 30| 1052234 105234 [EA

[Oi Shale it 00| New 00| 00| 00| 053] 000]

Peat it 00| New 00| 00| 00| 053] [

Secondary [BKE & Patest Ful __[it 00| 510 wew 00| a0 oo 00| 053] 000]

Fuk [Coke OvenlGas Coke [t 200 2010) 2.30] Y, 52600 58] 150 5.2 05| 543

Sold Fuel Totds 35580196 Tha7al] om0 1674l 0]

Gaseous Fossil [Natural Ges (Dry) T 1375.00] 541500 135.00] 7,150.00 00| eV 7,150.00 1530] 109,53 2.40] 101.04] 00| 36364
Tonl 950.00432 2408697] 35093 7012805 w5709
Bionass ol T3,01060 346 000 340564 15,6247
o Biswass B 38,9400 38,9400 0] WOV | L13,01060 0] 3485642 3455642 055 123,624

Ciid Biorasss 00| New 00| 00| 00| 000]

s 0.00] NCY 00| 00| 00| 000}





[image: image43.png]FUEL TYPES Reference approach National approach Difference
Energy o, Tnergy co, Energy <o,
consumtion emissions consumption emissions consumption emissions
® ©» ® ©» ) )
Liquid Fusk (chuding ntemmatiralbunkers) o075 00 o10.5%) OB 1D| 15 10
Sold Fuels Greluing ntorational burkers) 35381 28421 35104 221658] 07 019
Gaseons Fueks 716 36264 764 57 635 654
Other™ 1 00 0 00 0|
Toal ™ 968.94] 570320 978.24) 86,515.80) 95





Table ΙΙΙ.11
Reference approach - 1998
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Table ΙΙΙ.12
Reference approach - 1999
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Table ΙΙΙ.13
Reference approach - 2000
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Table ΙΙΙ.14
Reference approach - 2001
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Table ΙΙΙ.15
Reference approach - 2002
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Annex ΙV: Uncertainty estimation

For the estimation of uncertainties per gas, a combination of the information provided by the IPCC and critical consideration of data from indigenous sources was utilised. The classification of source categories does not coincide absolutely with the relevant one used for the identification of key sources, because it was accomplished in a level that appropriate information existed.

For computational purposes, it was assumed that for each category, the activity data for all years have a negligible correlation between them and therefore minor uncertainties, while the opposite is considered to hold for emission factors. The total uncertainty of emissions from a specific source and for specific gas, results from the square root of the sum of squares of the allocated uncertainties, which are related with the emission factor and with the activity data. During uncertainty assessment, the distribution of estimations was considered symmetrical.

It should be noticed that, for the uncertainty calculation, only the estimates included in the IPCC Good Practice Guidance have been used, as there are not relative estimates in national level.

In the following table, the analytical calculations of the emissions estimates uncertainty are presented. 

Table IV.1
Estimation of uncertainty

	
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M

	 
	 
	 
	Gg CO2 eq.
	Gg CO2 eq.
	%
	%
	%
	%
	%
	%
	%
	%
	%

	1A 1,2,4
	Stationary Combustion - solid fuels
	CO2
	39.521,25
	45.276,19
	5
	5
	7,1
	2,4
	-0,0356
	0,4198
	-0,18
	2,97
	2,97

	1A 1,2,4
	Stationary Combustion - liquid fuels
	CO2
	21.311,51
	28.112,43
	5
	5
	7,1
	1,5
	0,0150
	0,2607
	0,08
	1,84
	1,84

	1A 1,2,4
	Stationary Combustion - gaseous fuels
	CO2
	282,94
	4.124,19
	5
	5
	7,1
	0,2
	0,0350
	0,0382
	0,17
	0,27
	0,32

	1A3 
	Road transport
	CO2
	11.872,57
	17.070,62
	5
	1
	5,1
	0,6
	0,0214
	0,1583
	0,02
	1,12
	1,12

	1A3
	Navigation
	CO2
	1.824,81
	1.937,14
	5
	5
	7,1
	0,1
	-0,0031
	0,0180
	-0,02
	0,13
	0,13

	1A3
	Civil Aviation
	CO2
	1.455,30
	1.162,35
	5
	5
	7,1
	0,1
	-0,0060
	0,0108
	-0,03
	0,08
	0,08

	2A1
	Cement Production
	CO2
	5.189,34
	6.920,30
	2
	2
	2,8
	0,1
	0,0044
	0,0642
	0,01
	0,18
	0,18

	2A2
	Lime Production
	CO2
	279,19
	356,29
	25
	15
	29,2
	0,1
	0,0001
	0,0033
	0,00
	0,12
	0,12

	2C1
	Iron and Steel Production
	CO2
	5,00
	6,41
	5
	5
	7,1
	0,0
	0,0000
	0,0001
	0,00
	0,00
	0,00

	 
	 
	Total CO2 
	81.741,92
	104.965,91
	 
	 
	 
	 
	 
	 
	 
	 
	 

	1A 1,2,4
	Stationary Combustion - all fuels
	CH4
	208,66
	310,28
	5
	100
	100,1
	0,2
	0,0005
	0,0029
	0,05
	0,02
	0,05

	1A3
	Road transport
	CH4
	100,67
	154,16
	5
	40
	40,3
	0,0
	0,0003
	0,0014
	0,01
	0,01
	0,01

	1A3
	Navigation
	CH4
	3,61
	3,86
	5
	100
	100,1
	0,0
	0,0000
	0,0000
	0,00
	0,00
	0,00

	1A3
	Civil Aviation
	CH4
	0,25
	0,37
	5
	100
	100,1
	0,0
	0,0000
	0,0000
	0,00
	0,00
	0,00

	1B
	Oil and Natural gas
	CH4
	39,63
	191,28
	5
	300
	300,0
	0,4
	0,0013
	0,0018
	0,40
	0,01
	0,40

	1B
	Coal Mining
	CH4
	1.095,27
	1.487,23
	2
	200
	200,0
	2,2
	0,0012
	0,0138
	0,23
	0,04
	0,24

	4A
	Enteric fermentation
	CH4
	2.975,72
	3.004,18
	1
	50
	50,0
	1,1
	-0,0064
	0,0279
	-0,32
	0,04
	0,32

	4B
	Manure management
	CH4
	496,76
	490,06
	1
	50
	50,0
	0,2
	-0,0012
	0,0045
	-0,06
	0,01
	0,06

	4C
	Rice cultivation
	CH4
	69,10
	95,55
	1
	40
	40,0
	0,0
	0,0001
	0,0009
	0,00
	0,00
	0,00

	4F
	Field burning of agr. residues
	CH4
	27,06
	29,00
	50
	20
	53,9
	0,0
	0,0000
	0,0003
	0,00
	0,02
	0,02

	6A1
	Managed solid waste disposal
	CH4
	1.246,52
	3.337,92
	12
	40
	41,8
	1,0
	0,0166
	0,0310
	0,66
	0,53
	0,85

	6A2
	Unmanaged solid waste disposal
	CH4
	1.564,16
	1.936,94
	12
	72
	73,0
	1,1
	-0,0001
	0,0180
	0,00
	0,30
	0,30

	6B
	Wastewater handling
	CH4
	1.043,97
	389,59
	30
	30
	42,4
	0,1
	-0,0084
	0,0036
	-0,25
	0,15
	0,30

	 
	 
	Total CH4 
	8.871,37
	11.430,40
	 
	 
	 
	 
	 
	 
	 
	 
	 

	1A 1,2,4
	Stationary Combustion - all fuels
	N2O
	2.871,29
	3.444,18
	5
	300
	300,0
	7,7
	-0,0012
	0,0319
	-0,35
	0,23
	0,41

	1A3
	Road transport
	N2O
	141,67
	434,31
	5
	50
	50,2
	0,2
	0,0024
	0,0040
	0,12
	0,03
	0,12

	1A3
	Navigation
	N2O
	14,21
	15,20
	5
	300
	300,0
	0,0
	0,0000
	0,0001
	-0,01
	0,00
	0,01

	1A3
	Civil Aviation
	N2O
	14,32
	11,44
	5
	300
	300,0
	0,0
	-0,0001
	0,0001
	-0,02
	0,00
	0,02

	2B
	Nitric Acid 
	N2O
	712,96
	566,42
	5
	100
	100,1
	0,4
	-0,0030
	0,0053
	-0,30
	0,04
	0,30

	4B
	Manure management
	N2O
	301,45
	289,82
	50
	75
	90,1
	0,2
	-0,0008
	0,0027
	-0,06
	0,19
	0,20

	4D
	Agricultural soils - direct emissions
	N2O
	6.112,08
	5.618,75
	10
	400
	400,1
	16,8
	-0,0183
	0,0521
	-7,34
	0,74
	7,37

	4D
	Agricultural soils - indirect emissions
	N2O
	3.601,83
	3.180,60
	10
	50
	51,0
	1,2
	-0,0120
	0,0295
	-0,60
	0,42
	0,73

	4F
	Field burning of agr. residues
	N2O
	10,05
	11,04
	50
	20
	53,9
	0,0
	0,0000
	0,0001
	0,00
	0,01
	0,01

	 
	 
	Total N2O 
	13.779,86
	13.571,76
	 
	 
	 
	 
	 
	 
	 
	 
	 

	2E
	HFC-23  Emissions from HCFC-22 Manufacture
	HFC
	3.253,07
	3.194,57
	50
	50
	70,7
	1,7
	-0,0079
	0,0296
	-0,39
	2,09
	2,13

	2F
	Substitutes for ODS
	HFC
	115,93
	803,99
	5
	200
	200,1
	1,2
	0,0061
	0,0075
	1,22
	0,05
	1,22

	 
	 
	Total HFC 
	3.369,00
	3.998,56
	 
	 
	 
	 
	 
	 
	 
	 
	 

	2C
	PFC from Aluminium
	PFC
	82,97
	88,32
	1
	1
	1,4
	0,0
	-0,0001
	0,0008
	0,00
	0,00
	0,00

	 
	TOTAL GHG EMISSIONS
	
	107.845,12
	134.054,96
	 
	 
	
	19,1
	 
	 
	 
	
	8,7


	Legend
	

	A: IPCC Source category 2002

B: Gas

C: Base year emissions 1990

D: Year t emissions 2001

E: Activity data uncertainty

F: Emission factor uncertainty

G: Combined uncertainty


	H: Combined uncertainty as % of total national emissions in year t 

I: Type A sensitivity

J: Type B sensitivity

K: Uncertainty in trend in national emissions introduced by emission factor uncertainty

L: Uncertainty in trend in national emissions introduced by activity data uncertainty

M: Uncertainty introduced into the trend in total national emissions



Annex V: Indirect greenhouse gases SO2  

Nitrogen oxides

Emissions of nitrogen oxides in 2002 increased by 10.3% compared to 1990 levels, with an average annual rate of increase estimated at 0.8% for the period 1990 - 2002. Emissions of ΝΟx derive by 99% from the energy sector and especially from transport, which is responsible for the 44% of total ΝΟx emissions. In Table V.1 ΝΟx emissions by source category for the period 1990 – 2002 are presented.  

Table V.1
ΝΟx emissions (in kt) by source category, for the period 1990 - 2002

	 
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	TOTAL (kt)
	287.98
	295.42
	295.45
	290.80
	297.70
	294.80
	304.25
	307.87
	332.53
	324.63
	318.60
	321.04
	317.76

	Energy
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Fuel combustion 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Energy industries
	59.63
	59.22
	63.17
	63.47
	68.03
	67.81
	70.05
	70.71
	67.01
	64.40
	75.22
	83.37
	89.33

	Man. Industry and Construction
	34.40
	34.17
	32.45
	32.39
	33.25
	36.10
	37.83
	38.30
	38.98
	35.12
	37.78
	39.49
	37.05

	Transport 
	142.30
	147.42
	146.93
	143.88
	145.76
	143.92
	146.19
	148.73
	172.92
	175.06
	151.01
	146.22
	139.64

	Other sectors
	47.01
	50.58
	47.25
	46.11
	46.01
	43.26
	46.29
	46.40
	46.61
	46.47
	46.86
	48.22
	48.48

	Fugitive emissions from fuels
	0.36
	0.42
	0.46
	0.52
	0.41
	0.51
	0.42
	0.43
	0.45
	0.51
	0.50
	0.43
	0.51

	Industrial processes
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Nitric acid production
	1.30
	1.07
	1.12
	1.06
	1.03
	1.03
	1.17
	1.03
	1.03
	1.03
	1.03
	1.03
	1.03

	Aluminium production
	0.32
	0.33
	0.33
	0.32
	0.30
	0.28
	0.28
	0.29
	0.31
	0.34
	0.35
	0.35
	0.35

	Pulp and paper
	0.06
	0.05
	0.05
	0.03
	0.03
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04

	Agriculture
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Field burning of agricultural residues
	1.15
	1.56
	1.29
	1.24
	1.32
	1.22
	1.22
	1.24
	1.15
	1.15
	1.21
	1.18
	1.23

	Land use change and forestry
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Forest and grassland conversion
	1.46
	0.61
	2.41
	1.78
	1.57
	0.63
	0.74
	0.70
	4.02
	0.51
	4.59
	0.69
	0.10


The calculation of NOx emissions from the energy sector (area sources) is based on the emission factors per source, fuel type and technology suggested by CORINAIR. For point sources, measurement data from the relative plants were used. The NOx emission factor for paper pulp production (1500 gr/tn of product), derive from IPCC Guidelines. Emissions estimates for field burning of agricultural residues and of forest and grassland conversion are calculated by using the emission factors suggested by the IPCC Guidelines and the CORINAIR methodology (grassland conversion). 

Carbon monoxide

Emissions of carbon monoxide in 2002 decreased by 8% compared to 1990 levels, with an average annual rate of decrease estimated at 0.7% for the period 1990 – 2002. CΟ emissions derive by 95.4% from the energy sector and especially from transport, which is responsible for the 66% of total CO emissions. In Table V.2 CO emissions by source category for the period 1990 – 2002 are presented.  

Table V.2
CO emissions (in kt) by source category, for the period 1990 - 2002

	 
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	TOTAL (kt)
	1271.3
	1246.2
	1286.8
	1252.2
	1229.4
	1215.9
	1321.1
	1322.2
	1465.3
	1354.5
	1505.9
	1206.7
	1169.5

	Energy
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Fuel combustion 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Energy industries
	36.49
	34.91
	36.96
	37.09
	38.89
	37.27
	36.31
	39.86
	42.41
	42.55
	46.08
	46.91
	46.30

	Man. Industry and Construction
	16.63
	14.79
	9.53
	12.21
	14.73
	15.92
	19.40
	20.14
	20.41
	19.91
	24.42
	28.70
	30.08

	Transport 
	894.62
	886.15
	878.62
	866.75
	862.80
	885.27
	925.12
	922.77
	947.41
	960.74
	958.81
	792.34
	770.86

	Other sectors
	223.21
	229.09
	224.88
	224.95
	208.90
	207.83
	267.87
	267.90
	267.14
	264.99
	266.08
	265.14
	268.07

	Fugitive emissions from fuels
	0.19
	0.22
	0.24
	0.28
	0.22
	0.27
	0.23
	0.23
	0.24
	0.27
	0.27
	0.23
	0.27

	Industrial processes
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Glass production
	0.005
	0.004
	0.001
	0.001
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	Ammonia production
	2.47
	2.02
	1.33
	0.00
	0.00
	0.63
	0.87
	0.79
	0.96
	0.00
	0.00
	0.00
	0.00

	Aluminium production
	20.20
	20.57
	20.67
	19.94
	18.63
	17.67
	17.67
	17.91
	19.72
	21.59
	21.95
	21.87
	22.13

	Paper and pulp
	0.22
	0.18
	0.18
	0.10
	0.10
	0.16
	0.16
	0.16
	0.16
	0.16
	0.16
	0.16
	0.16

	Agriculture
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Field burning of agricultural residues
	26.44
	37.37
	30.20
	28.61
	31.04
	28.94
	28.27
	28.62
	26.95
	26.56
	28.29
	27.38
	28.20

	Land use change and forestry
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Forest and grassland conversion
	50.83
	20.93
	84.19
	62.32
	54.06
	21.91
	25.17
	23.79
	139.92
	17.77
	159.83
	23.96
	3.46


For the calculation of CO emissions from the energy sector the emissions factors per source, fuel type and technology suggested by CORINAIR were used. In the sector of industrial processes, CO emission factors for paper – pulp and ammonia production (5600 and 7900 gr/tn of product respectively), come from the IPCC Guidelines. Emissions estimates for field burning of agricultural residues and of forest and grassland conversion are calculated by using the emission factors suggested by the IPCC Guidelines and the CORINAIR methodology (grassland conversion).

Non-methane volatile organic compounds

Emissions of non-methane volatile organic compounds increased by 4% in 2002 compared to 1990, with an average annual rate of increase estimated at 0.3%. NMVOC emissions derive by 80% from the energy sector and especially from transport, which is responsible for the 57% of total NMVOC emissions. In Table V.3 NMVOC emissions by source category for the period 1990 – 2002 are presented.

Table V.3
NMVOC emissions (in kt) by source category for the period 1990 - 2002

	 
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	TOTAL (kt)
	257.3
	260.7
	263.3
	272.9
	275.7
	275.3
	286.3
	287.4
	292.0
	293.6
	290.6
	270.1
	267.6

	Energy
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Fuel combustion 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Energy industries
	5.15
	5.31
	5.26
	5.18
	5.51
	5.35
	5.35
	5.77
	5.66
	5.61
	6.15
	6.31
	6.04

	Man. Industry and Construction
	4.88
	4.35
	3.83
	4.43
	6.75
	6.75
	9.27
	8.75
	8.37
	7.52
	8.87
	9.38
	9.58

	Transport 
	143.88
	147.50
	151.28
	161.52
	165.98
	164.82
	169.56
	171.83
	174.97
	178.63
	177.08
	156.62
	152.87

	Other sectors
	21.00
	21.84
	21.24
	21.17
	19.43
	19.07
	24.06
	23.97
	23.91
	23.74
	23.81
	23.86
	23.88

	Fugitive emissions from fuels
	16.03
	15.58
	16.55
	16.47
	16.64
	18.56
	18.39
	19.37
	20.09
	19.74
	20.74
	20.51
	21.53

	Industrial processes
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Glass production
	0.22
	0.17
	0.02
	0.02
	0.01
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Ammonia production
	1.47
	1.20
	0.79
	0.00
	0.00
	0.38
	0.52
	0.47
	0.57
	0.00
	0.00
	0.00
	0.00

	Organic chemical compounds
	0.21
	0.20
	0.21
	0.28
	0.21
	0.23
	0.23
	0.23
	0.23
	0.23
	0.23
	0.23
	0.23

	Paper and pulp
	0.15
	0.12
	0.12
	0.07
	0.07
	0.11
	0.11
	0.11
	0.11
	0.11
	0.11
	0.11
	0.11

	Food and drink
	7.43
	6.18
	6.73
	7.93
	7.15
	8.78
	8.24
	5.91
	7.15
	4.59
	4.33
	0.82
	0.82

	Solvents and other products use
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	56.84
	58.29
	57.28
	55.87
	53.94
	51.22
	50.61
	50.98
	50.96
	53.43
	49.26
	52.31
	52.52


For the calculation of NMVOC emissions from the energy sector the emission factors per source, fuel type and technology suggested by CORINAIR were used. In the sector of industrial processes, the NMVOC emission factor for the production of glass (4500 gr/tn of product), ammonia (4700 gr/tn of product) and paper-pulp (3700 gr/tn of product), as well as the emission factors for organic chemicals, food and drinks, are those suggested by the IPCC Good Practice Guidance. 

NMVOCs emission factors for the Solvents and other products use have been already presented in Chapter 5 of the present inventory.

Sulphur dioxide

Sulphur dioxide emissions in 2002 increased by 3.6% compared to 1990 levels, with an average annual rate of increase estimated at 0.3% for the period 1990 - 2002. SO2 emissions derive by 98.3% from the energy sector and mainly from the energy industries, which are responsible for the 75.4% of total SO2 emissions. In Table V.4 SO2 emissions by source category for the period 1990 – 2002 are presented.

Table V.4
SO2 emissions (in kt) by source category, for the period 1990 - 2002

	 
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	TOTAL (kt)
	491.1
	533.4
	546.1
	543.0
	512.2
	534.7
	522.1
	515.1
	524.1
	536.9
	490.2
	498.1
	508.7

	Energy
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Fuel combustion 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Energy industries
	300.23
	342.20
	364.16
	376.81
	378.73
	403.99
	382.92
	376.43
	373.19
	394.88
	363.68
	368.04
	383.32

	Man. Industry and Construction
	114.95
	112.26
	108.11
	96.93
	69.16
	71.66
	78.58
	75.27
	70.23
	57.89
	66.42
	64.91
	62.24

	Transport 
	38.69
	40.12
	35.75
	32.33
	36.21
	30.48
	29.08
	30.66
	45.30
	48.87
	23.95
	28.32
	24.66

	Other sectors
	21.60
	23.51
	22.83
	21.36
	13.59
	13.27
	17.22
	17.59
	18.17
	17.59
	18.87
	20.47
	21.26

	Fugitive emissions from fuels
	6.51
	6.56
	7.29
	8.06
	6.78
	6.86
	5.82
	6.43
	8.35
	8.44
	8.67
	7.93
	8.71

	Industrial processes
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Cement production
	2.99
	3.07
	3.16
	3.24
	3.28
	3.52
	3.54
	3.55
	3.54
	3.57
	3.95
	3.96
	3.99

	Glass production
	0.08
	0.07
	0.01
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Ammonia production
	0.01
	0.01
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Sulfuric acid production
	3.61
	3.19
	2.35
	2.09
	2.39
	2.88
	2.91
	3.13
	3.07
	3.16
	2.12
	1.96
	1.96

	Aluminium production
	2.13
	2.16
	2.17
	2.10
	1.96
	1.86
	1.86
	1.88
	2.07
	2.27
	2.31
	2.30
	2.33

	Paper and pulp
	0.27
	0.22
	0.23
	0.13
	0.13
	0.20
	0.20
	0.20
	0.20
	0.20
	0.20
	0.20
	0.20


The calculation of SO2 emissions from the energy sector (area sources) is based on the emission factors per source, fuel type and technology suggested by CORINAIR. For point sources, measurement data from the relative plants were used. In the sector of industrial processes, SO2 emission factors for the production of cement (300 gr/tn of product), ammonia (30 gr/tn of product) and paper pulp (7000 gr/tn of product) are those suggested by the IPCC Guidelines. Emission factor for sulphuric acid production (3800 gr/tn of product) is based on data from the relevant industries.




































































































� Data for the year 2002 are provisional.


� Data for 2002 are provisional


� "Forest: Land with tree crown cover (stand density) of more than 20% of the area. Continuous forest with trees usually growing to more than 7m in height and able to produce wood. This includes both closed forest formations where trees of various height and undergrowth cover a high proportion of the ground and open forest formations with a continuous grass layer in which existing trees cover at least 10% of the ground”.


� "Other wooded land: land which has some forest characteristics but is not forest as defined above. It includes open woodland and scrub, shrub and brushland, whether or not used for pasture or range. It does not include land occupied by ‘Trees outside the forest" (GDFNE 2000).


� Merchantable volume = Growing stock – volume of the tops of the trees
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