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PREFACE

Estonian National Inventory Report under the UNFCCC contains the following parts:

Part I. Description of the greenhouse gas emission inventory according to the UNFCCC new reporting guidelines (FCCC/SBSTA/2002/L.5/Add.1) containing description of the organisation of the national greenhouse gas inventory, IPCC and other methods applied in calculation of the year 2003 emissions and exemptions to the previous inventories. A summarising table of the emissions data for the years 1990-2003 is included as well as description of the current emission trends.

Part II. CRF (Common Reporting Format) data tables of Estonian updated greenhouse gas emission inventories for the years 1990-2003.

Methodological improvements in accordance with the Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories and the Good Practice Guidance and Uncertainty Management in National Greenhouse Gas Inventories, and according to the recommendations by the Expert Review Teams, have been implemented in the present inventory as far as possible and will be implemented in their entirety as soon as possible.

The contact in the Ministry of Environment is Ms. Heidi Hallik. (Heidi.Hallik@ekm.envir.ee).

In matters related to the content of the National Inventory Report and the CRF datatables Ministry of Environment would like to recommend to contact directly to Institute of Ecology, prof. Jaan-Mati Punning (mati@eco.edu.ee).
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Executive summary

Estonia signed the Framework Convention on Climate Change at the United Nations Conference on Environment and Development held in Rio de Janeiro in June 1992. In 1994 Estonia ratified the UN FCCC and in 2002, the Kyoto Protocol. The present National Inventory Report was prepared following the UNFCCC guidelines.

This report presents the national inventory of greenhouse gas (GHG) emissions and removals from 1990 to 2003. The components covered are carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O). Data on F-gases – hydrofluorocarbons (HFCs), perfluorocarbons (PFCs) and sulphur hexafluoride (SF6) – are not provided. Thus emissions of this kind were not estimated, though a data collection system is currently under development. Estimates of the emission data for nitrogen oxides (NOx), carbon monoxide (CO), non-methane volatile organic compounds (NMVOCs) and sulphur dioxide (SO2) were also included in inventory data. 

The report and associated Common Reporting Format (CRF) tables were prepared in accordance with the UNFCCC reporting Guidelines on Annual Inventories. The methodology used in calculations of emissions is harmonised with the Guidelines for National Greenhouse Gas Inventories and those of Good Practice Guidance and Uncertainty Management in National Greenhouse Gas Inventories published by the Intergovernmental Panel of Climate Change (IPCC). The methodology is described in detail in the Estonia’s Third National Communication (2001).

The main sources of data were the Statistical Yearbooks and other publications issued by the Statistical Office of Estonia. Unfortunately the availability and reliability of data from different sectors differs, especially for the first years of independence regained in 1991. During the last 10 years Estonia has made great efforts in all directions, including in order to increase the reliability of statistical data. The quality of data on the emissions for different years and sectors is variable. It is not possible to quantify the margin of error, and the estimates are mainly expert estimates. By the expert estimates in the energy sector the reliability of statistical data on fuel consumption is 10%. In the transport and landfills and waste sectors it is somewhat higher, exceeding 15%, and in the LUCF even somewhat higher.

The Institute of Ecology at Tallinn Pedagogical University and Tallinn Technical University, in conjunction with the Ministry of the Environment, co-ordinated the preparation of the national inventory of emissions and removals of GHGs. The active contribution of the Tartu University and Estonian Agricultural University should also be mentioned. 

In 2003 no recalculations of previous data were performed. 

In 2003 the total emission of GHGs, measured as CO2-equivalents, was 12,670 Gg, without CO2 from LUCF 19,502 Gg. From 1990 to 2003 the emissions decreased by 45%. This drastic decrease was mainly caused by the transition from planned economy to market economy and successful implementation of necessary reforms. Table 1 shows the trends in the total emissions during the period 1990–2003.

In Estonia much attention is paid in all levels of education and media to informing people about problems connected with GHG emissions. There are special curricula for all levels of learning. As the compilers of the National Communication are working at universities, they were directly involved in the teaching process and they gave lectures and information through all media channels.

On 30th of April 2004 Estonian Government approved the National Program for reduction of Greenhouse Gas Emissions for years 2003-2012.

Table 1. Emissions and removals of greenhouse gases for the years 1990–2003

GREENHOUSE GAS EMISSIONS
Base year
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003


CO2 equivalent (Gg)

Net CO2 emissions/removals 
31,787
31,787
28,752
18,325
10,858
13,773
11,533
10,657
11,118
9,795
8,664
8,484
7,685
8,726
10,389

CO2 emissions (without LUCF)
38,107
38,107
35,915
26,142
20,553
21,378
19,315
20,264
20,225
18,318
16,771
16,849
17,103
17,290
19,106

CH4
4,363
4,363
3,668
2,976
2,409
2,631
2,561
2,694
2,866
2,664
2,451
2,403
1,969
1,898
1,968

N2O
1,024
1,024
1,002
817
527
473
410
387
423
430
359
414
364
314
313

HFCs
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE

PFCs
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE

SF6
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE

Total (with net CO2 emissions/removals)
37,174
37,174
33,422
22,118
13,794
16,877
14,505
13,738
14,407
12,889
11,473
11,301
10,018
10,938
12,670

Total (without CO2 from LUCF) 
43,494
43,494
40,585
29,934
23,490
24,482
22,287
23,345
23,514
21,412
19,580
19,666
19,436
19,502
21,387



































GREENHOUSE GAS SOURCE AND SINK CATEGORIES
Base year
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003


CO2 equivalent (Gg)

1.  Energy 
38,829
38,829
36,606
26,735
20,958
21,874
19,891
20,948
20,873
18,717
17,155
17,308
17,590
17,734
19,645

2.  Industrial Processes
614
614
615
313
193
215
221
207
226
368
347
354
356
340
276

3.  Solvent and Other Product Use
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE

4.  Agriculture 
2,440
2,440
2,328
2,050
1,480
1,358
1,117
909
921
911
775
808
769
702
732

5.  Land-Use Change and Forestry 
-6,317
-6,317
-7,160
-7,814
-9,693
-7,603
-7,782
-9,607
-9,107
-8,522
-8,107
-8,365
-9,417
-8,564
-8,717

6.  Waste 
1,608
1,608
1,033
834
856
1,033
1,057
1,281
1,494
1,416
1,304
1,196
721
748
733

7.  Other
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO

Chapter 1. Introduction

1.1. Background and institutional arrangement

Estonia signed the Framework Convention on Climate Change at the United Nations Conference on Environment and Development held in Rio de Janeiro in June 1992. In 1994 Estonia ratified the UN FCCC and in 2002, the Kyoto Protocol. In response to UNFCCC requirements Estonia has prepared the present emission National Inventory Report.

In 1994 an Interministerial Committee of Climate Change was created at the Estonian Government. The Chairman of this Committee is the Minister of the Environment and members are from key ministries, scientists as well as representatives of NGOs. This Committee deals with the problems connected with the implementation of UN FCCC, organises monitoring of emissions of GHG, national communications etc. 

The Ministry of the Environment organises the practical providing of GHG inventories. Financial resources for this purpose are planned in the State Budget. Practical work has been done on the basis of contracts. The Institute of Ecology at Tallinn Pedagogical University is responsible for the inventories and National Communications. The Institute of Ecology informs regularly the Ministry of the Environment as well as the Interministerial Committee about advances and problems.

The committee consisted of representatives from ministries, agencies and research institutes.

This report presents the national inventory of greenhouse gas (GHG) emissions and removals from 1990 to 2003. The components covered are carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O). Data on F-gases – hydrofluorocarbons (HFCs), perfluorocarbons (PFCs) and sulphur hexafluoride (SF6) – were not provided. Thus emissions of that kind were not estimated, though a data collection system is currently under development. Estimates of the emission data for nitrogen oxides (NOx), carbon monoxide (CO), non-methane volatile organic compounds (NMVOCs) and sulphur dioxide (SO2) were also included in the inventory data. 

1.2. Brief description of the process of inventory preparation

The current inventory report is in practise compiled by team of researches from the Institute of Ecology at Tallinn Pedagogical University and Tallinn Technical  University. Eight specialists were involved in this work. Most of them have long experience since 1993 when a new project, Estonian Country Study, was initiated within the U.S. Country Studies Program. The project was of great help to Estonian specialists in starting with the work to compile the GHG inventory, to find contemporary trends in the investigation of the impact of climate change on Estonian ecosystems and economy and to formulate national strategies for Estonia for addressing global climate change.  

Methodological improvements in accordance with the Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories and the Good Practice Guidance and Uncertainty Management in National Greenhouse Gas Inventories, and according to the recommendations by the Expert Review Teams, have been implemented in the present inventory as far as possible and will be implemented in their entirety as soon as possible.

1.3. Database information and methodologies

More detailed description of the methodologies and activity data sources is presented in the “Estonia`s third National Communication”which is also available in the UNFCCC website. Main data sources used in current inventory are given in Table 2.

Table 1.1. Methodology, activity data and emission factor sources used

IPCC category
Methodology (1)
Emission factor (1) 
Activity data

1. Energy
Revised 1996 IPCC methodology
Revised 1996 IPCC methodology
Energy balances provided by the Statistical Office of Estonia

A. Fuel Combustion
D (T1)
D (T1)
Energy balances

B. Fugitive Emissions
D (T1)
D (T1),

 CS for CH4 emissions from oil shale mining
Statistical Year Book

2. Industrial Processes
Revised 1996 IPCC methodology
Revised 1996 IPCC methodology
Statistical Year Book

A. Mineral Products
Not indicated
Not indicated


4. Agriculture
Revised 1996 IPCC methodology
Revised 1996 IPCC methodology
Statistical Year Book, Estonia

A. Enteric Fermentation
D (T1)
D (T1)
Statistical Year Book, Estonia

B. Manure Management
D (T1)
D (T1)
Statistical Year Book, Estonia

D. Agricultural Soils
Not indicated
Not indicated
Statistical Year Book

5. LUCF
Revised 1996 IPCC methodology
Revised 1996 IPCC methodology
Forest Year Book

A. Changes in Forest and Other Woody Biomass Stocks
IPCC 1994, D (T1) IPCC 1996
IPCC 1994, D (T1) IPCC 1996
Forest Year Book

B. Forest and Grassland Conversion
CS
CS
Estonian Forest Inventory Centre

C. Abandonment of Managed Lands
D
D
Estonian Forest Inventory Centre

D. CO2 Emissions and Removals from Soil
D
D
Forest Year Book

6. Waste
Revised 1996 IPCC methodology
Revised 1996 IPCC methodology
Statistical Year Book, Estonia

A. Solid Waste Disposal on Land
D (T1)
D (T1)
Statistical Year Book

B. Wastewater Handling
D (T1)
D (T1)


(1) Notation keys: D (IPCC default), T1 (IPCC Tier 1), CS (Country Specific).

As a key sources the emission sources which have a significant influence on the total inventory in terms of the absolute level of 2003 emissions and their trends since 1990 have selected. As suggested in the Good Practice Guidance the analysis are carried out without considering LUCF. For that Tier 1 method was used (Table 3).

Table 1.2. Key sources in 2003 (Tier 1) 

Key Source
Gas
1990 

Gg CO2-eq
2003 

Gg CO2-eq
Level 

assessment
Cumulative 

total

Stationary combustion – oil shale
CO2
25018.6
14230.4
0.67
0.67

Mobile combustion - road vehicles 
CO2
1769.4
1781.6
0.08
0.75

Stationary combustion - gas
CO2
2895.9
1470.7
0.07
0.82

Stationary combustion - oil
CO2
6905.8
971.5
0.05
0.86

Solid waste disposal sites
CH4
1416.0
465.0
0.02
0.88

Fugitive emissions:  oil & gas operations
CH4
793.2
425.7
0.02
0.90

Enteric fermentation in domestic livestock
CH4
1092.4
405.4
0.02
0.92

Waste-water handling
CH4
191.8
268.0
0.01
0.94

Cement production
CO2
467.6
252.4
0.01
0.95

Fugitive emissions:  coal mining & handling 
CH4
407.7
229.4
0.01
0.96

Mobile combustion - Civil Aviation
CO2
102.8
55.6
0.00
0.97

Mobile combustion - Other Transport
CO2
192.7
145.9
0.01
0.98

Fuel Combustion
N2O
0.0
44.8
0.00
0.99

Agricultural Soils
N2O
951.8
257.8
0.01
0.99

Fuel Combustion
CH4
86.7
115.5
0.01
1.00

Table 1.3. Key source categories by trend (Tier 1)

Key Source
Gas
1990 

Gg CO2-eq
2003 

Gg CO2-eq
Trend

assessment
Contribution 

on to Trend
Cumulative

total

Stationary combustion - oil
CO2
6905.8
971.5
0.23
0.22
0.49

Stationary combustion – oil shale
CO2
25018.6
14230.4
0.18
0.18
0.18

Mobile combustion - road vehicles 
CO2
1769.4
1781.6
0.09
0.08
0.27

Mobile combustion - Navigation
CO2
604.9
25.8
0.03
0.02
0.59

Solid waste disposal sites
CH4
1416.0
465.0
0.02
0.02
0.52

Agricultural Soils
N2O
951.8
257.8
0.02
0.02
0.63

Waste-water handling
CH4
191.8
268.0
0.02
0.02
0.55

Enteric fermentation in domestic livestock
CH4
1092.4
405.4
0.01
0.01
0.53

Mobile combustion - Railways
CO2
23.2
137.6
0.01
0.01
0.56

Manure Management
CH4
371.9
58.9
0.01
0.01
0.61

Fuel Combustion
CH4
86.7
115.5
0.01
0.01
0.64

Mobile combustion - Other Transport
CO2
192.7
145.9
0.00
0.00
0.59

Lime Production
CO2
146.2
24.0
0.00
0.00
0.60

Stationary combustion - gas
CO2
2895.9
1470.7
0.00
0.00
0.27

Fuel Combustion
N2O
0.0
44.8
0.00
0.00
0.63

Fugitive emissions:  oil & gas operations
CH4
793.2
425.7
0.00
0.00
0.52

Fugitive emissions:  coal mining & handling 
CH4
407.7
229.4
0.00
0.00
0.55

Cement production
CO2
467.6
252.4
0.00
0.00
0.55

Mobile combustion - Civil Aviation
CO2
102.8
55.6
0.00
0.00
0.56

Manure Management
N2O
24.4
10.2
0.00
0.00
0.64

Estonia, like other East European countries, had many objective difficulties. At first problems were faced in getting basic data. The main sources of data are the Statistical Yearbooks and other publications issued by the Statistical Office of Estonia. Unfortunately, the availability and reliability of data from different sectors differs, especially for the first years of regained independence from 1991 onward. During the last 10 years Estonia has made great efforts in all directions, including those aimed at increasing the reliability of statistical data. The quality of data on the emissions for different years and sectors is variable. It is not possible to quantify the margin of error and the estimates are mainly expert assessments. By the expert estimates, in the energy sector the reliability of statistical data on fuel consumption is 10%. In the transport and landfills and waste sectors it is somewhat higher, exceeding 15%. In the LUCF the reliability is even somewhat higher.

For estimating the emissions of GHG and sinks, as well as the uncertainties associated with them, the IPCC top-down method according to the IPCC Guidelines (IPCC Greenhouse Gas Inventory Reporting Instructions: Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories, Volumes I, II and III, 1997) was used. 

The Estonian inventory also includes carbon monoxide (CO), nitrogen oxides (NOx), non-methane volatile organic compounds (NMVOCs) and sulphur oxides (SO2). Sulphur gases – primarily SO2 – are believed to contribute negatively to the greenhouse effect.

Estonia has prepared already three climate reports. The Third National Communication covers the GHG inventories of the years 1990 to 1999 including also the years for which inventories have been reported earlier but have now been recalculated. The purpose of all recalculations was to improve the accuracy and completeness. Now, the inventory of all years is estimated using the same methodology, adjusted statistical data and emission factors.

The general trends in the emissions and sinks are obvious. In 2003 the net emission in GWP units was only 22% of that in 1990 and the decreasing trend is continuing. The sink comprises from total emissions in CO2 equivalents about 30%. The favourable trends are mainly due to the restructuring of economy but also political measures. On 30th of April 2004 Estonian Government approved the National Program for reduction of Greenhouse Gas Emissions for years 2003-2012.

Due to the sparse population and specificity of land-use structure (ca 50% of the territory is covered by forest, 21% by wetlands, there are more than 1500 small lakes, the proportion of abandoned lands is growing) the sink of GHG by Estonian nature is great. Presently we can consider only the CO2 sink by forest, which compensates for about 30% of the emissions. In reality the sink is much greater being roughly comparable with total emission. Research demonstrates that during the second half of the 20th century Estonian peatlands were strongly influenced by drainage for agricultural, forestry and peat industry purposes. The ongoing restoration projects are directed toward increasing peat increment and thus also the accumulation of GHG, which may be about 3.37 t ha–1 yr–1. Large areas previously used for agricultural purposes are now abandoned and covered by bushes and forest. Soil and vegetative cover provide a potential sink for carbon emissions. Today we have not enough trustful data to calculate the changes in the accumulation of GHG for those areas.

Thanks to long traditions of developing natural sciences and the relatively small territory, all natural components are well investigated and mapped in Estonia. The existing large-scale topographical, geological, geomorphological, hydrological, soil, vegetation and landscape maps together with long-term meteorological and hydrological observation data make it possible to evaluate on high confidence level whatever part of the territory. Developing incremental scenarios is the simplest possibility of obtaining climate change scenarios. They provide a wide range of potential regional climate changes and help to identify sensitivities to changes in temperature and precipitation. Increases in temperature (+2ºC, +4ºC, +6ºC) have been combined with no change, and with ±10% and ±20% changes in precipitation. As a result, 3  5 = 15 incremental climate change scenarios were developed. 

Chapter 2. Energy

2.1. Methodology 

2.1.1.
Recalculations

In this submission following recalculations have been made for the energy sector:

General

 The largest changes in estimated emissions due activity data changes are made in Fuel Combustion Activities (Reference and Sectoral Approaches). The Statistical Office of Estonia, who is the main source of activity data used for GHG Inventory, makes every year some recalculations of the past year data. For example the Energy Balance 2002 annual publication includes energy balance of the year 2002 and also recalculated and updated energy balance of the year 2001 (already published in 2001). The correctness probability of energy balance database by Statistical Office of Estonia is about 95%.

Fuel combustion activities

The main changes in estimated emissions due methodological changes are made in Fuel Combustion Activities (Sectoral Approach). Gasoline and diesel fuels used in Residential sector (Other Sectors) are from the year 2001 included to the transport Sector (Road transport) (Table 1-2 (5-6) and 1-2 (11-12) in IPCC work Tables; CRF 1.A.3. and 1.A.4.).

SO2 Emissions from Fuel Combustion

Sulphur content of Shale Oil and Fuelwood (%) for estimation of SO2 Emissions from Fuel Combustion by Source Categories (Tier 1, IPCC Energy 1-4; CRF 1.1; 1.2.). From the year 2001 the sulphur content of shale oil is 0.7 (instead 0.62) and fuelwood 0.05 (instead 0.2).

Industrial Processes

Some small changes are made in estimations of CO2 from Cement production.  In GHG Inventory submission 2002 Emission factor (t CO2/t clinker or cement produced) for estimation of CO2 from cement production are specified, different values for cement and clinker production (Emission factor (t CO2/t cement production = 0.5071 and for clinker production = 0.4987; old EF was 0.4985).  

2.2.
 Fuel combustion - general method

Tier 1 Methods by IPCC methodology (Greenhouse ... Workbook, Vol. 3, 1996)

- CO2 emissions


Reference Approach


By main source categories

- Non-CO2 from fuel combustion by source categories

Emissions from all sources of combustion are estimated on the basis of the quantities of fuel consumed and average emission factors. The IPCC Reference Approach for CO2 is presented together with new methods for the estimation of CO2 and non-CO2 emissions from the main source categories.

When estimating CO2 emissions from fuel combustion there are a number of points of a statistical, technical nature, which affect several of the estimation methods.

Fuel Carbon and Energy Content. All fuel supply and consumption data for combustion emission calculations must be expressed in energy units.

Unoxidised Carbon. During the combustion of fuels not all the carbon in the fuel oxidises to CO2 due to inefficiencies in the combustion process.

Stored Carbon. Some of the fuel is used as a raw material (or feedstock) for manufacture of products or in non-energy use. The amounts stored for long periods are called stored carbon and should be deducted from the carbon emission calculation.

Bunker Fuels. The IPCC methodology subtracts the quantities delivered to and consumed by sips or aircraft for international transport from the fuel supply to the country. The CO2 emissions arising from use of international bunkers are not included in the national total and should be brought together in a separate table.

Biomass Fuels. Biomass fuels are included in the national energy and emissions account for completeness. These emissions should not be included in national CO2 emissions from fuel consumption.

2.2.1. CO2 from Fuel Combustion Activities - Reference Approach

The IPCC methodology breaks of CO2 emissions from fuel combustion into six steps:

estimate apparent fuel consumption in original units;

convert to common energy unit;

multiply by emission factors to compute the carbon content;

compute carbon stored;

correct for carbon unoxidised;

convert carbon oxidised to CO2 emissions.

The first step of the Reference Approach is to estimate apparent consumption of fuel within the country. To calculate the supply of fuels to the country, the following data are required for each fuel and inventory year:

the amount of primary fuels produced (production of secondary fuels and fuel products is excluded);

the amounts of primary and secondary fuels and fuel products imported;

the amounts of primary and secondary fuels and fuel products exported;

the amounts of primary and secondary fuels used in international bunkers;

the net increases or decreases in stocks of fuels.

The apparent consumption of primary fuels is calculated as follows:


Apparent Consumption = Production + Imports - International Bunkers - Stock Change

Apparent consumption of secondary fuels should be added to primary apparent consumption. Apparent consumption of secondary fuels is calculated as follows:


Apparent Consumption = Imports - Exports - International Bunkers - Stock Change

The basic formula for estimating total carbon content is:


Total Carbon Content (GgC) =  Apparent Energy Consumption (by fuel type in TJ) x Carbon Emission Factor (by fuel type in tC/TJ) x 10-3 

2.2.2.
CO2 Emissions by Source Categories

A sectoral breakdown of national CO2 emissions using the defined IPCC source categories is needed for monitoring and abatement policy discussions. The more detailed calculations used for this approach are essentially similar in content to those used for the Reference Approach. 

The formula is:


Carbon Emissions =  Fuel Consumption Expressed in Energy Units (TJ) for Each  Sector x Carbon Emission Factor - Carbon Stored  x     Fraction Oxidised

There are seven key considerations calculating CO2 emissions by sector some of which have already been discussed in the Reference Approach:

Identification of the quantities of fuels consumed (combusted) in energy industries;

A clear understanding of how emissions from electricity generation and heat are treated;

Identification of the fraction of carbon released during the use of fuels for non-energy purposes;

Adjustment for carbon unoxidised;

Identification of the quantities of fuels used for international transport;

Separation of the emissions from the combustion of biofuels;

Separation of the quantities of fuels used in the Agriculture/Forestry/Fisheries between mobile sources and stationary plant.

CO2 from fuel combustion by source categories are calculated by IPCC Guidelines (1996) for:

Energy Industry;

Manufacturing Industries and Construction;

Transport Sector;

Commercial/Institutional Sector;

Residential Sector;

Agriculture/Forestry/Fisheries.

2.2.3.
Non-CO2 from Fuel Combustion by Source Categories

Methane (CH4) emissions from fuel combustion

The general method for estimating CH4 can be described as:


Emissions =  (Efab x Activityab)



(1.3.2.1)

where:
EF
- Emission Factor (kg/TJ) Table 1-7);


Activity - Energy Input (TJ);


a
- fuel type;


b
- sector-activity.

Nitrous Oxide (N2O) emissions from fuel combustion

Nitrous oxide is produced directly from the combustion of fossil fuel. By combustion at the temperature below 800 K or over 1200 K the emissions of N2O are negligible. Compared to emissions from conventional stationary combustion units, emissions of nitrous oxides from fluidised bed combustion are relatively high.

N2O emissions can be calculated with formula (1.3.2.1). N2O Emission Factors from Table 1-8 were used.

Nitrogen oxides (NOx) emissions from fuel combustion

Nitrogen oxides are indirect greenhouse gases. Fuel combustion activities are the most significant anthropogenic source of NOx. Within fuel combustion, the most important sources are the energy industries and mobile sources.

NOx emissions can be calculated with formula (1.3.2.1). NOx. Emission Factors from Table 1-9 were used.

Carbon monoxide (CO) emissions from fuel combustion

Carbon monoxide is an indirect greenhouse gas. The majority of CO emissions from fuel combustion come from motor vehicles. Another large contributor is the residential sector with small combustion equipment.

CO emissions can be calculated with formula (1.3.2.1). CO Emission Factors from Table 1-10 were used.

Non-Methane Volatile Organic Compounds (NMVOC) emissions from fuel combustion

NMVOC are indirect greenhouse gases. The most important sources NMVOCs from fuel combustion activities are mobile sources and residential combustion (especially biomass combustion).

NMVOC emissions can be calculated with formula (1.3.2.1). NMVOC Emission Factors from Table 1-11 were used.

Sulphur dioxide (SO2) emissions from fuel combustion

Sulphur dioxide is not a greenhouse gas but its presence in the atmosphere may influence climate. SO2 emissions can be calculated with formula (1.3.2.1). The SO2 Emission Factors can be estimated (Greenhouse ... Workbook, Vol. 3, 1996) as:

EFSO2 (kg/TJ) = 2 x S x 10-2 x Q-1 x 106 x (100-r) x 10-2 x (100-n) x 10-2 

where:
EF
- Emission Factor (kg/TJ);


SO2
- SO2/S (kg/kg);


S
- Sulphur content in fuel (%);


r
- Retention of sulphur in ash (%);


Q
- Net calorific value (TJ/kt);


106
- (Unit) conversion factor;


n
- Efficiency of abatement technology and/or reduction efficiency (%).

Sulphur appears in solid fuels as pyritic sulphur, organic sulphur, sulphur salts and elemental sulphur. The sulphur is released when the fuel is burnt, mainly to SO2. Usually less than 12 percent of the total sulphur is released as SO3.

Default values of sulphur content in fuels by IPCC and Corinair 90 are given in Table 1-12. In Estonia the oil shale power plants are the biggest source of SO2. The medium sulphur content of oil shale is 1.7% and the medium sulphur retention in ash is about 75% (Yu.Rundygin et.al., Oil Shale, 1997). Theoretically the molar Ca/S ratio of 810 in oil shale should be high enough for effective sulphur removal, but the high temperature in pulverised combustion processes, the SO2 capture efficiency is low. To reduce the level of SO2 emissions to internationally acceptable values the sulphur retention in ash should be higher than 95%. In 2004 two reconstructed energy blocks (215 MWel each) were launched (block no. 8 of Estonian Power Plant and block no. 11 of Boltic Power Plant). The new cleaner circulating fluidised bed combustion technology was used. The first results of measurements show that the sulphur retention rate in ash is 99%. Because of lower specific fuel combustion, the effect of circulating fluidised bed firing is even more significant to diminish the emissions per produced net power, enabling ~18% decrease of CO2 per MWh. 

Crude shale oil is used as a fuel in medium and small boilers. The crude shale oil has low solidification point (-10C), a moderate sulphur content S<0.8% (2002 - 0.62%) and ash residue content is below 0.3%. The calorific value of shale oil is 39.040.0 MJ/kg (2002 - 39.08 MJ/kg).

2.3.
GHG Emissions from Mobile Sources

Estimation of emissions from mobile source is very complex undertaking that requires consideration of many parameters, including transport class fuel consumed, operating characteristics, emission controls, maintenance procedures, fleet age.

The basic calculation for estimating greenhouse gases emissions can be expressed as:

Emissions =  (EFabc x Activityabc)

where:
EF
- emission factor;


Activity - amount of energy consumed or distance travelled for a given mobile source activity;


a
- fuel type (diesel, gasoline, LPG, bunker, etc.);


b
- vehicle type (e.g. passenger, light-duty or heavy-duty for road 



   vehicles);


c
- emission control.

For estimation of mobile sources in Estonia is not any emission factors. For emission calculations was used emission factors from IPCC Guidelines (Greenhouse ... Workbook, Vol. 3, 1996).

2.4. Feedstocks and Non-Energy Use of Fuels

All fossil fuels are used for non-energy purposes to some degree. For the IPCC Reference Approach, the suggested formula for estimating carbon stored in products for each country is:


Total Carbon Stored (GgC) = Non-Energy Use (103 t) x Conversion Factor (TJ/103t) x  Emission Factor (tC/TJ) x Fraction Carbon Stored x 10-3 

Currently the fraction stored applied to the Carbon from the use or destruction of the products in short term. The fraction is therefore lower than the fraction of carbon entering the products. The emissions resulting from the use or destruction of the products may occur in:

industrial processes - both the production of non-fuel products from energy feedstocks, and the emission from use of these products in industrial processes;

other end uses of products (e.g., lubricants oxidised in transportation);

waste disposal - particularly incineration of plastics and other fossil fuels based products.

In Estonia shale oil is produced from oil shale in internal combustion vertical retort and in solid heat carrier retorting units. In thermal processing of Estonian oil shale in internal combustion vertical retort semicoke is formed. The semicoke has the considerable calorific value. Up to now the oil shale semicoke has not used and is deposited in spent shale dumps. Analyses show that the energy of semicoke forms about 21% from consumption of oil shale energy for conversion to shale oil. In solid heat carrier retorting units practically all energy of oil shale semicoke is utilised.

Natural gas is used for fertilise production in Estonia.

Carbon Unoxidised During Fuel Use

A small part of the fuel carbon entering combustion escapes oxidation. It is assumed that the carbon that remains unoxidised is stored indefinitely. The IPCC  recommended that 1 per cent of the carbon in fossil fuels would remain unoxidised. From the available information a single global default assumption of 1 per cent unoxidised carbon is not always accurate. The Reference Approach requires data only on the amount of fuels consumed in a country, not data by technology type or sector of the economy Recommended values of Fraction of Carbon Oxidised are: coal (0.91) 0.98 , oil and oil products - 0.99 , gas - 0.995 , peat for electricity generation - 0.99.

2.5.
Fugitive Emissions from Solid Fuels. Oil and Natural Gas

2.5.1. Methane Emissions from Oil Shale Mining and Handling Activities

This section covers fugitive emissions of greenhouse gases from production, processing, handling and utilisation of coal. In Estonia only oil shale is mined and burned for energy generation and shale oil production. For approximate estimations of fugitive emissions from oil shale mining and handling were used methods suggested in IPCC Guidelines for coal.

The structure of the CH4 emissions from mining (underground and surface mining) and post mining activities (underground and surface mining) is (Greenhouse ... Workbook, Vol. 3, 1996):


CH4 emissions (Gg) = CH4 Emission Factor (m3 CH4/ton of oil shale mined) x Oil Shale Production (Mt) x Conversion Factor (Gg/106 m3)

Conversion Factor converts the volume of CH4 to a weight measure and is the density of methane at 20C and 1 atmosphere, namely 0.67 Gg/106 m3. The emission factors (m3 CH4/t) for underground and surface mining and for post-mining activities of oil shale were received from local specialists - geologists of oil shale. The emission factors (m3CH4/t) for oil shale are: 


a) underground mines: mining - 2.0 , post-mining - 0.2 and 


b) surface mines: mining - 0.3 , post-mining - 0.1.

2.5.2. Fugitive Emissions from Shale Oil and Natural Gas Activities

Sources of fugitive emissions within oil and gas systems include releases during normal operation, such as emissions associated with venting and flaring, chronic leaks or discharge from process vents, emissions during maintenance, and emissions during system upsets and accidents. In Estonia liquid fossil fuels and natural gas are mainly imported. Only shale oil is produced in Estonia.

The equation for calculating CH4 emissions from oil and gas activities is:


CH4 Emissions (Gg CH4) =Activity (PJ) x Emission Factor (kg CH4/PJ)/106 

Emission factors of oil and gas activities are estimated on bases of dates in Table 1-8 IPCC Guidelines and on bases of expert meaning of specialists from Oil Shale Institute in Kohtla-Järve.

Table 2.1. CH4 emission factors for fugitive emissions from oil and gas activities

OIL
Emission Factor
Unit

Production (only Shale Oil)
4 000
kg CH4/PJ

Transport of oil products
745
kg CH4/PJ

Storage of oil products
200
kg CH4/PJ

GAS



Production (only landfill gas)
458 000
kg CH4/PJ

Transmission and distribution (of natural gas)
458 000
kg CH4/PJ

Other Leakage



Non-residential gas consumed
279 500
kg CH4/PJ

Residential gas consumed
139 500
kg CH4/PJ

Venting and flaring from oil/gas production



Oil
4000
kg CH4/PJ

Gas
18 000
kg CH4/PJ

2.5.3.
Burning Traditional Biomass Fuels

For all burning of biomass fuels, IPCC Guidelines requires that net CO2 emissions are treated as zero in the energy sector. Non-CO2 gases are emitted from burning of biomass fuels. Emissions of methane, carbon monoxide, nitrous oxide, and oxides of nitrogen are net emissions and are accounted for as energy emissions.

Step 1:
The general equation for estimating carbon emissions is:


Carbon Released from Biomass Fuel = Total Biomass Consumed (kt dm) x Fraction Oxidised x Carbon Fraction

Step 2:
Non-CO2 trace gas emissions from burning calculation is summarised as follows:


CH4 Emissions = Carbon Released x Emission Ratio x 16/12


CO Emissions = Carbon Released x Emission Ratio x 28/12


N2O Emissions = Carbon Released x N/C Ratio x Emission Ratio x 44/28


NOx Emissions = Carbon Released x N/C Ratio x Emission Ratio x 46/14

In Estonia only wood is used as the biomass fuel. All calculations of emissions from burning Estonian biomass (wood) fuel are carried out using constant from IPCC Guidelines.

2.6. International Bunkers and Multilateral Operations

In Energy Balance of Statistical Office of Estonia quantities of delivered fuel for marine bunkers are given. There are no statistical data of fuels used in international air transport. Therefore calculations of emissions from international bunkers are carried out only for international marine transport by methodology (Greenhouse ... Workbook, Vol. 2 and 3, 1996).

2.7. Overview of Thermal Values and used Emission Factors

2.7.1. Calorific Values and Emission Factors

Calorific values and emission factors of used fuels in 2003 (Energy Balance, 2004) are given in Table 2:

Table 2.2. Calorific values and CEF 


EF (t C/TJ)
Fraction of Carbon Oxidised
NCV

average
Unit

Natural Gas Liquids
17.2
0.99
45.8
GJ/t

Gasoline
18.9
0.99
43.01
GJ/t

Jet Gerosene
19.5
0.99
43.65
GJ/t

Other Kerosene
19.6
0.99
40.94
GJ/t

Shale Oil
21.1
0.98
39.17
GJ/t

Diesel Oil
20.2
0.99
42.33
GJ/t

Residuel Fuel Oil
21.1
0.98
40.52
GJ/t

Antracite
26.8
0.98
27.33
GJ/t

Oil Shale
29.1
0.98
8.82
GJ/t

Peat
28.9
0.97
9.20
GJ/t

Peat Briquette
28.9
0.97
16.04
GJ/t

Oil Shale Coke
29.5
0.97
25.89
GJ/t

Natural Gas
15.3
0.995
32.48
GJ/1000 m3

Solid Biomass
29.9
0.98
6.74
GJ/m3 s

Calorific values of used fuels were found from Energy Balance of Statistical Office Yearbook of Estonia 2002. CEF of used fuels were taken from IPCC Guidelines (Greenhouse ... Workbook, Vol. 2, 1996) and only the shale oil CEF was taken from Act No.58, 08.Sept., 1998 of Ministry of the Environment. Calorific values of some fuels are changeable. Most of all are changeable caloric values of oil shale and that of solid biomass (wood waste).

IPCC Guidelines (1994, 1995) did not contain information about Estonian oil shale and its carbon emission factor. As oil shale is the main indigenous fuel of Estonia therefore its short description is given below. Estonian oil shale as fuel is characterised by high ash content (45-50%), a moderate content of moisture (11-13%) and sulphur (1.4-1.8%), a low net caloric value (8.5-9 MJ/kg), a high content of volatile matter in combustible part (up to 90%). The dry matter of Estonian oil shale considered to consist of three main parts: organic, sandy-clay and carbonate.

Oil shale is produced in two qualities: with the grain size of 025 mm and 25125 mm. The enriched lumpy oil shale (25125 mm) with higher calorific value is used in oil shale industry to produce oil shale oil and as fuel in cement kilns. About 77 % of the mined oil shale (grain size 025 mm) with lower calorific value is used as boiler fuel in large power plants. Net calorific value of oil shale is decreasing, because the best quality oil shale layers are mostly exhausted already.

From the point of view of greenhouse gas emissions it is important that during combustion of powdered oil shale CO2 has been formed not only as a burning product of organic carbon, but also as a decomposition product of ash carbonate part. Therefore the total quantity of carbon dioxide increases up to 25% in flue gases of oil shale.

A formula compiled by A.Martins for calculation of Estonian oil shale carbon emission factor, taking in consideration the decomposition of its ash carbonate part, is as follow:


CEFoil shale = 10 x Crt + k x (CO2)rM x 12/44 / Qri            
 (tC/TJ),

where:
Qri
- net calorific value oil shale as it burned, MJ/kg;


Crt 
- carbon content of oil shale as it burned, %;


(CO2)rM
- mineral carbon dioxide content of oil shale as it burned, %;


k
- decomposition rate of ash carbon part (k = 0.951.0 for pulverised 

                          combustion of oil shale) (Kull, et al., 1974).

Net calorific value of oil shale is changeable, showing decrease tendency, because of the oil shale layers with best quality are mostly exhausted already. In 1990 medium net calorific value of oil shale, burned in power plants, was 8.6 MJ/kg (data from Estonian Energy).

Calculation of oil shale carbon emission factor:


CEFoil shale = 10 (20.6 + 0.95 x 17.0 x 12/44) / 8.6 = 29.1 ,  
 (tC/TJ).

Oil shale emission factor 29.1 tC/TJ is included into IPCC Guidelines (Greenhouse ... Workbook, Vol. 2, 1996).

2.7.2. Emission Factors of non- CO2 Gases from Fuel Combustion

The emissions of non-CO2 gases from fuel combustion are given in Tables 3-7.

Table 2.3. CH4 from fuel combustion (kg/TJ)


Coal
Natural Gas
Oil
Wood
Peat/ Briquette

Energy Industries
1
1
3
30
30

Manufacturing
10
5
2
30
30

Transport






Domestic Aviation


2



Road

50
20/5*



Railways
10

5



National Navigation
10

5



Commercial
10
5
10
300
300

Residental
300
5
10
300
300

Agriculture






Stationary
300
5
10
300
300

Mobil

5
5



*Gasoline/Diesel

Sourse: IPCC96 Default value

Table 2.4. N2O from fuel combustion (kg/TJ)


Coal
Natural Gas
Oil
Wood
Peat/ Briquette

Energy Industries
1.0
0.1
0.6
4
4

Manufacturing
1.4
0.1
0.6
4
4

Transport






Domestic Aviation


2



Road

0.1
0.6/0.6*



Railways
1.4

0.6



National Navigation
1.4

0.6



Commercial
1.4
0.1
0.6
4
4

Residental
1.4
0.1
0.6
4
4

Agriculture






Stationary
1.4
0.1
0.6
4
4

Mobil

0.1
0.6



*Gasoline/Diesel

Sourse: IPCC96 Default value

Table 2.5. NOx from fuel combustion (kg/TJ)


Coal
Natural Gas
Oil
Wood
Oil Shale
Peat/ Briquette

Energy Industries
300
150
200
100
125
100

Manufacturing and Construction
300
150
200
100
123
100

Transport







Domestic Aviation


300




Road

600
600/800*




Railways
300

1200




National Navigation
300

1500




Commercial
100
50
100
100
123
100

Residental
100
50
100
100
123
100

Agriculture
100
50
100
100
123
100

Stationary







Mobil

1000
1200




*Gasoline/Diesel

Sourse: IPCC96 Default value

Table 2.6. CO from fuel combustion (kg/TJ)


Coal
Natural Gas
Oil
Wood
Oil Shale
Peat/ Briquette

Energy Industries
20
20
15
1000
26
1000

Manufacturing and Construction
150
30
10
2000
87
4000

Transport







Domestic Aviation


100




Road

400
800/1000*




Railways
150

1000




National Navigation







Commercial
2000
50
20
5000
87
5000

Residental
2000
50
20
5000
87
5000

Agriculture







Stationary
2000
50
20
5000
87
5000

Mobil

400
1000




*Gasoline/Diesel

Sourse: IPCC96 Default value

Table 2.7. NMVOC from fuel combustion (kg/TJ)


Coal
Natural Gas
Oil
Wood
Peat/ Briquette

Energy Industries
5
5
5
50
50

Manufacturing and Construction
20
5
5
50
50

Transport






Domestic Aviation


50



Road

5
1500/200*



Railways
20

200



National Navigation
20

200



Commercial
200
5
5
600
600

Residental
200
5
5
600
600

Agriculture






Stationary
200
5
5
600
600

Mobil

5
200



*Gasoline/Diesel

Sourse: IPCC96 Default value

2.8. Overview of the energy sector

The energy sector is the largest source of greenhouse gas emissions with about 90 % share of the total emissions. Estonian greenhouse gas emissions in CO2 equivalents from the energy sector 1990 - 2003 are presented in Figure 1. After sharp decrease in 1991-1993 follow rather the stabile emissions ca 20 000 Gg CO2 per year up to 2003.
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Figure 2.1. Estonian greenhouse gas emissions from energy sector 1990 - 2003.

Chapter 3. Industrial processes

3.1. Emissions of CO2

3.1.1.Cement Manufacturing

Carbon dioxide emitted during the cement production process represents the most important source of global carbon dioxide emissions from Estonian industry.

The equation for calculation CO2 emissions from cement manufacturing is:


CO2 Emissions (Gg CO2) = Cement Production (t) x Emission Factor 




                  (t CO2/t cement)/1000

In GHG Inventory submission 2002 Emission Factor for estimation of CO2 from cement production are specified, different values for cement and clinker production. Emission Factor for cement production is 0.5071 tCO2/t and for clinkers production 0.4987 tCO2/t.

3.1.2. Lime Manufacturing

For calculation CO2 emissions from lime manufacturing could be used the formula of CO2 emissions from cement production. Emission factor of CO2 for lime manufacturing is taken equal to molecular weight ratio of CO2/CaO = 44/56 = 0.7857.

3.1. Emissions of NOx , SO2 , NMVOC, CH4 and N2O

3.2.1. Pulp and Paper Industries

The formula for estimation of NOx , NMVOC, CO and SO2 emitted is:


Pollutant Emitted (Gg) = Quantity of Air Dried Pulp Produced (t) x Emission Factor x 10-6

The Emission Factors of NOx , MNVOC and CO are taken from Table 2-22 (Greenhouse ... Workbook, Vol.3, 1996) and amounts of production from Statistical Yearbook 2003.

3.2.2. Alcoholic Beverages Production

The formula for estimations of NMVOC from alcoholic beverages is:


NMVOC Emitted (Gg) = Quantity of Alcoholic Beverage Produced (hl) x 




           Emission Factor x 10-6

The Emission Factors of NMVOC are taken from Table 2-24 (Greenhouse ... Workbook, Vol.3, 1996) and quantity of Alcoholic Beverage produced from Statistical Yearbook 2003.

3.2.3. Bread and Other Food Production

The formula for estimation of NMVOC from production is:


NMVOC Emitted (Gg) = Quantity of Food Produced (t) x Emission Factor x 10-6

The Emission Factors of NMVOC are taken from Table 2-25 (Greenhouse ... Workbook, Vol.3, 1996) and quantity of food produced from Statistical Yearbook 2003.

3.2. Overview of the industrial processes sector

The most important industrial greenhouse gas emissions are CO2 emissions from cement and lime production. The emission of greenhouse gas emissions in CO2 equivalents from industrial processes are presented in Figure 2.
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Figure 3.1. Estonian greenhouse gas emissions from the industrial processes sector 1990 - 2003.

Chapter 4. Agriculture

4.1. General methods and activity data

The methodology (Tier 1) used in the “Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories”. Activity data is mainly based on official Estonian statistics, provided by the Statistical Office of Estonia. We used default emission factors for the calculations. 

Agriculture contributes to emissions of greenhouse gases in a variety of ways. IPCC guidelines discuss the following emissions: 

CH4 emissions from stockbreeding (enteric fermentation and manure or liquid manure management)

Emissions of N2O and CH4 from agricultural soils

The two most important gases emitted from agricultural activities in Estonia are methane and nitrous oxide. In Estonia we do not have emissions from rice cultivation and from burning of savannas. 

Estonian agricultural greenhouse gases emissions in 2003 were 732 Gg CO2 in total.

4.2.
Methane from Enteric Fermentation

Livestock is the main contributor to greenhouse gas emissions from agriculture. Methane emission from enteric fermentation forms about 75% of total CH4 emission from agriculture. The methane emissions from this source are released as a result of fermentation in the digestive systems of the ruminant animals. This process depends on the kind of animals and the feed intake.

Data for the number of livestock are provided by the Statistical Office of Estonia (Table 4.1). Since 1990 the total number of animals has decreased about 60%, due to the rapid changes in the economy of Estonia. Since 1996 official statistics include number of goats separately from number sheep. 

Table 4.1. Number of livestock (thousand heads)


1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003

Non-dairy cattle
477
444
361
237
208
185
171
158
149
129
122
132
138
140

Dairy cattle
281
264
253
227
211
185
172
168
159
138
131
129
116
117

Poultry
6537
5538
3418
3226
3130
2911
2325
2602
2636
2462
2366
2295
2096
1945

Sheep & goats
140
143
124
83
62
50
39
36
31
31
32
32
34
34

         ….goats
-
-
-
-
-
-
1.6
1.7
2.1
2.7
3.2
3.6
3.9
3.5

Swine
860
799
541
424
460
449
298
306
326
286
300
345
341
345

Horses
9
8
7
5
5
5
4
4
4
4
4
6
5
6

Emissions from enteric fermentation are calculated according to IPCC methodology (Tier 1) (Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories), since 2003 emission factors for the developed countries and Western Europe are used  (Table 4.2).

Table 4.2. Enteric fermentation methane emission factors

Enteric Fermentation
Emission factor,

kg CH4/animal/yr
Reference of source

        Dairy Cattle
100
IPCC

        Non-Dairy Cattle
48
IPCC

        Sheep
8
IPCC

        Goats
5
IPCC

        Horses
18
IPCC

        Swine
1.5
IPCC

        Poultry
0
IPCC
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As a result of decreased number of animals, CH4 emission from enteric fermentation has decreased also, but has more-or-less stabilized in the pervious few years (Figure 4.1).

Figure 4.1. Methane emission from enteric fermentation, Gg.

4.3. Methane from Manure Management 

Significant quantities of methane are emitted during the decomposition of animal excreta. Under anaerobic conditions, methane-producing bacteria convert organic matter into methane. The quantities of produced methane are largely dependent on the type of manure management system and environment temperature. Storing manure in lagoons or as liquid manure produces significantly greater quantities of methane compared to grazing on pasture or solid manure storage. Main producers of methane are cattle and swine. Sheep, goats, horses and poultry contribute only a comparatively small portion of total emission of methane in Estonia.

Annual quantities of decomposable organic matter have been estimated on the basis of data that were used in calculating emissions from enteric fermentation. IPCC methods (1997) have been applied. 

Table 4.3. Manure management methane emission factors (Eastern Europe, cool climate)

Manure management
Emission factor,

kg/head/yr
Reference of source

        Dairy Cattle
14.0
IPCC

        Non-dairy Cattle
6.0
IPCC

        Sheep
0.19
IPCC

        Goats
0.12
IPCC

        Horses
1.4
IPCC

        Swine
3.0
IPCC

[image: image5.wmf]0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

40.0

45.0

50.0

55.0

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

2000

2001

2002

2003

Methane from enteric fermentation, Gg

        Poultry
0.08
IPCC

Figure 4.2. Methane from manure management, Gg.

Rapid decrease in 1996 is partly caused by some earlier recalculations (e.g. including number of goats separately in input data and use of different emission factors). 

4.4. Emissions of Nitrous Oxide from Domestic Animals 

Domestic animals are a very small direct source of nitrous oxide and have not been considered in estimating emissions of greenhouse gases. A good deal of nitrous oxide is emitted during storage of animal waste. Nitrous oxide emitted from urine and faeces of grazing animals in the pasture is attributed to emissions from agricultural soils. Emissions of nitrous oxide have been estimated on the basis of data on the number of domestic animals in Estonia (see Table 4.1). Calculations are made on the basis of IPCC Guidelines (1997) (Figure 4.3).

Table 4.4. Nitrogen excretion for animal waste management system

Manure management
Nitrogen excretion kg/head/yr
Reference of source

        Non-Dairy Cattle
50
IPCC

        Dairy Cattle
70
IPCC

        Poultry
0.6
IPCC

        Sheep
16
IPCC

        Swine
20
IPCC
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4.5.Emission of nitrous oxide from Agricultural Soils 

The methodology of calculating emissions of nitrous oxide from agricultural soils as put forward in the chapter Greenhouse Gas Emissions from Agricultural Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories) determines two sources of emission of N2O into environment, namely direct and indirect emissions. In calculations IPCC methodologies and emission factors are used.

Major sources of nitrogen, causing direct and indirect emissions of nitrous oxide into the atmosphere, are the following: 

· mineral fertilizers

· organic fertilizers (manure and liquid manure) from animal husbandry

· animal faeces and urine excreted in pasture

· biological fixation of nitrogen

· crop residue

· cultivation of high-organic content (peat) soil

· volatilization of ammonia and nitrogen oxides (NOx) 

· nitrogen leaching and surface runoff/drainage into surface waters, groundwater, and water watercourses.

One of the main sources of nitrogen emission into the atmosphere in Estonia is use of N-fertilizers. The use of N-fertilizers has decreased during the last decade about 60-70% (Figure4.4). As compared with developed agricultural countries, the application of fertilizers in Estonia is very low, but in 2003 use of fertilizer has increased.
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Figure 4.4. Use of N-fertilisers, t N/yr.
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Total N2O emission from agricultural soils in Estonia has decreased rapidly in 1991- Figure  4.5. Nitrous oxide emission from agricultural soils, Gg.

1992 and since that time has a slight trend to decrease (Figure 4.5). 

In the table 4.5 are given the emissions from the agriculture 1990-2003.

Table 4.5. Emissions from agriculture, Gg CO2-Eq

Emissions from agriculture, Gg CO2-Eq.
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003

CH4 from enteric fermentation
1092
1024
985
764
709
557
505
483
460
401
377
387
372
405

CH4 from manure management
372
347
281
219
210
192
65
65
64
57
56
60
59
59

N2O from manure management
24
23
19
15
14
12
11
11
10
9
9
11
10
10

N2O from agricultural soils
952
934
764
483
425
355
327
362
377
308
366
311
261
258

Total
2440
2328
2050
1480
1358
1117
909
921
911
775
808
769
702
732
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Figure 4. 6. Emissions from agriculture, Gg CO2-Eq.

The QA/QC in the agricultural sector is under development. Collecting of the activity data and documentation of the method has been improved. Estonia is undertaken new documentation method from the EU and all statistical data and their processing has been improved compared to pervious inventory.

Chapter 5. Land-use changes and forestry

The state of the Estonian forests has been inventoried and reported regularly by Estonian Forest Survey Centre (EFSC). In 1996, the EFSC invented a statistical method of National Forest Inventory (SNFI), which enables to characterise the state of forests on large territory and to estimate the confidence levels for measured variables. The second method applied by the Forest Survey Centre is so called standwise forest inventory (SFI). While in case of SNFI forests are inventoried in randomly selected sample plots over whole Estonia, the SFI involves visiting and measuring of all stands in a distinct area. The data used for assessing CO2 removals/emissions in forestry section in 1990-1999 were collected by using mainly SFI (forestry districts were periodically inventoried and generalisations were made to characterise whole country). For 2000-2003, the data of SNFI were used.

5.1. Changes in forest biomass

The CO2 removals/emissions presented in tables 5.1.1. – 5.1.3. were calculated using volume data of the forest biomass increment and harvest. The volume data was converted to biomass using default factors (0.65 t dm m3 for deciduous trees and 0.45 t dm m3 for coniferous trees) suggested by IPCC Guidelines (1994). Relative part of coniferous forests was found from different sources and it ranged from 50 to 67% (Karoles et al., 1994; Yearbook of Forest ’94, 1995; Yearbook of Forest ’95, 1996; Yearbook of Forest ’98, 1998; Yearbook of forest ’99, 1999; www.stat.ee). Part of tops, branches and stumps was taken as 35% and was added to volume data of forest biomass increment (Kellomäki et al., 1992). Biomass carbon fraction was taken 0.45 – default value of IPCC Guidelines (1996). Carbon content in CO2 – 27%.

Table 5.1. CO2 removals by forest biomass increment

Year
The area of managed forest stands, kha
Growth rate of forest biomass,   m3 ha-1
Growth rate of forest biomass,  t dm ha-1
Total increment of forest biomass, kt dm 
Total increment, Gg CO2
Error term,

±% + unc.

1990
1,555
4.98
3.98
6,187
10,208.40
5 + 0.7

1991
1,575
4.98
3.98
6,267
10,341.06
5 + 0.7

1992
1,595
4.98
3.98
6,348
10,473.71
5 + 0.7

1993
1,615
4.98
3.98
6,428
10,606.36
5 + 0.7

1994
1,635
4.98
3.98
6,651
10,739.02
5 + 0.7

1995
1,652
5.13
4.10
6,774
11,177.81
5 + 0.7

1996
1,675
5.34
4.27
7,153
11,801.92
5 + 0.7

1997
1,695
5.34
4.27
7,236
11,940.01
5 + 0.7

1998
1,714
5.35
4.28
7,337
12,106.39
5 + 0.7

1999
1,734
5.35
4.28
7,421
12,244.80
5 + 0.7

2000
1,754
5.15
4.12
7,226
11,923.70
10 + 0

2001
1,908
5.80
5.00
9,541
15,742.60
10 + 0

2002
1,925
5.80
5.00
9,628
15,886.20
10 + 0

2003
1,943
5.80
5.00
9,581
15,808.45
10 + 0

General comments

The area of forest stands for 1990-2000 was obtained from Karoles et al. (1994) and for 2001-2003 from the Statistical Office of Estonia (www.stat.ee). Growth rate for 1990-1999 was obtained from Karoles et al. (1994), those for 2000-2003 from SOE (www.stat.ee). The calculation of CO2 removals for 2003 is given as an example: Annual biomass growth rate of forests was 5.8 m3 yr-1 (www.stat.ee). Conversion ratio of volume data to dry mass was 0.55 t m-3. (Default values for converting volume data to tons are 0.65 t m-3 for deciduous trees and 0.45 t m-3 for conifers [IPCC Guidelines, 1994]; approximately 49% of Estonian forests were conifers in 2003 (www.stat.ee), hence conversion ratio = 0.49*0.45+0.51*0.65=0.55.) Part of tops, branches and stumps form about 35% of the biomass of boreal trees (Kellomäki et al. 1992); hence converted growth rate was increased by 35% (5.8*0.55*1.54=5 t dm ha-1). The removals of CO2 = 1,925.6 kha*5 t dm ha-1*0.45*(44/12)=15,886.2 Gg CO2

Assessment of uncertainties 

The feature of input data changed in 2000, when the estimates of relative error became available. Before that, the erroneous of data was hard to assess and it involved a great deal of uncertainties. In principle, specialists had to visit and measure all stands during SFI, but in some cases it happened that the survey of a forestry districts was based merely on the results of previous inventory. (The inventory specialists extrapolated available data by a time step grounding on their personal experiences.) The error terms are therefore considered to consist of two parts — one calculated from the relative errors of input data and from an uncertainty. The uncertainty in its turn is expressed by indexes indicating how many inputs were with unknown errors (e.g. uncertainty 1.0 shows that the relative errors of all inputs were unknown and the known part cannot be estimate; error term 10% + 0.5unc. shows that according to known data the CO2 value may by ±10%, but half of the inputs are uncertain).

Table 5.2. CO2 emissions by forest biomass harvest 

Year
Total harvest, m3 (documentation)
Total harvest, t dm
Total harvest Gg CO2
Total harvest, m3 (SNFI)
Error term,

%

1990
3,199,997
1,663,998
2,745.60

Unknown (50?)

1991
2,949,997
1,533,998
2,531.10

Unknown (50?)

1992
2,219,998
1,154,399
1,904.76

Unknown (50?)

1993
2,439,193
1,268,380
2,092.83

Unknown (50?)

1994
3,620,392
1,882,604
3,106.30

Unknown (50?)

1995
3,819,495
1,986,137
3,277.13

Unknown (50?)

1996
4,028,597
2,094,870
3,456.54

Unknown (50?)

1997
5,504,691
2,862,439
4,723.03

Unknown (50?)

1998
6,060,996
3,151,718
5,200.34

Unknown (50?)

1999
6,703,990
3,486,075
5,752.03
12,697,000
89

2000
6,439,200
3,348,384
5,524.84
12,748,000
98

2001
7,217,100
6,134,540
10,122.0
11,976,000
66

2002
7,558,731
6,424,900
10,601.1
11,526,000
52

2003
7,810,554
6,639,596
10,955.3
Not available
Unknown

General comments

Annual harvest (volume data of total harvest) for years 1990-1994 was obtained from the Yearbook of Forest ’94 (1995), those for years 1995-1999 from the Yearbook of Forest ’99 (1999) and those for years 2000-2003 from SOE (www.stat.ee). These data are basing on harvest documentation. The calculation of CO2 emissions for 2003 is given as an example: Total harvest was 7,810,554 m3 in 2003 (SOE, based on harvest documentation). That was converted to tons by using ratio 0.85 t m-3 (default values for converting volume data to tons are 0.65 t m-3 for deciduous trees and 0.45 t m-3 for conifers [IPCC Guidelines, 1994]; approximately 49% of Estonian forests were conifers in 2003 (www.stat.ee), hence conversion ratio = 0.49*0.45+0.51*0.65=0.55.). Part of tops, branches and stumps form about 35% of the biomass of boreal trees (Kellomäki et al. 1992); hence converted growth rate was increased by 35% (0.55*1.54=0.85 t dm ha-1). The results of SNIF were nearly two times higher than documentation data (e.g. harvest was 7.5 Mm3 according to documentation and 11.8 Mm3 according to SNIF in 2002; www.stat.ee). Thus, the exact values of forest harvest are not known for the period of 1990–2003.

Assessment of uncertainty

The estimation of CO2 emissions from harvest based on two inputs: the amounts of harvested wood and the relative area of coniferous stands. Although, at least in theory, the harvest data should be absolute values because according to law the harvested wood must be documented, the comparisons of SNFI with harvest documents shows nearly twofold difference. The accuracy of harvest data is therefore assessed as the difference (in percentages) between documented harvest and SNFI data. The quality assessment was done only for years to which SNFI data were available. 

Table 5.3. CO2 removed by regrowth in abandoned lands

Year
Forest land area t-20, ha
Forest land area t, ha
20-year total area abandoned, ha
Growth rate of forest biomass,  t dm ha-1
CO2 removed by regrowth, Gg
Error term,

% + unc.

1990
1,554,500
1,856,800
302,299
3.98
1,985.20
5 + 0.5

1991
1,574,700
1,877,900
303,199
3.98
1,991.11
5 + 0.5

1992
1,594,900
1,899,000
304,099
3.98
1,997.02
5 + 0.5

1993
1,615,100
1,920,000
304,900
3.98
2,002.28
5 + 0.5

1994
1,635,300
1,854,742
219,400
3.98
1,440.8
5 + 0.5

1995
1,652,300
1,850,300
197,999
4.10
1,339.47
5 + 0.5

1996
1,675,100
1,919,400
244,300
4.27
1,721.22
5 + 0.5

1997
1,694,700
1,918,900
224,199
4.27
1,579.60
5 + 0.5

1998
1,714,300
1,942,500
228,200
4.28
1,611.55
5 + 0.5

1999
1,733,900
2,059,000
325,100
4.28
2,295.86
5 + 0.5

2000
1,753,500
2,114,759
361,259
4.12
2,455.84
15 +0

2001
1,908,200
2,250,700
343,000
5.00
2,835.41
15 + 0

2002
1,925,600
2,205,800
280,200
5.00
2,311.65
15 + 0

2003
1,943,200
2,267,300
324,100
5.00
2,636.64
15 + 0

General comments

Forest area t-20 for 1990-2000 was obtained from Karoles et al. (1994) and for 2001-2003 from the SOE (www.stat.ee). Forest area for current years was obtained from the SOE (www.stat.ee). The average growth rate of Estonian forests was used although the forests on abandoned lands are young and they grow faster than mature forests. (Growth data for 1990-1999 was obtained from Karoles et al. [1994], those for 2000-2003 from SOE [www.stat.ee].) Thus, the amounts of CO2 removed by regrowth are probably underestimated. The calculation of CO2 removals for 2003 is given as an example: Area of managed forests in 1983 was 1,943,200 ha and in 2003 it was 2,267,300 ha (SOE, www.stat.ee). 20-year total area abandoned and regrowing was estimated as difference in forest areas – 324,100 ha. Annual rate of aboveground biomass growth was taken the same as in table 5.1.1. Total area abandoned for more than 20 years was 0 for the whole period. All such lands have been already taken into account as managed forests.

Assessment of uncertainty

The error terms in table 5.3 were estimated according to the same methodology as in table 5.1. 

5.2. Forest/grassland conversion

Although forest/grassland conversion data were presented in CRF worksheets, the importance of that sector in CO2 emissions is small. The main reason is that the road building and drainage in forests have stopped and there is no need for new ditches in Estonia. Besides, as Estonian agriculture has declined, there is neither need for new agricultural land. That sector is not officially inventoried and input data base on personal opinions of forestry experts. As the wood harvested during road building or ditching is in principle included to total harvest data, the calculation of CO2 emissions from forest/grassland conversion is probably an overestimation. Therefore this sector was not assessed since 2001. 

Table 5.4. Forest/grassland conversion

Year
Area converted annually, ha
Average growing stock, t dm ha-1
Biomass cleared, t dm
Fraction of biomass burned on site
CO2 released by burning, Gg
10-year average area converted annually, ha
Fraction of biomass left to decay
CO2 released by decay, Gg

1990
1.01
123.2
124.4
0.2
36.96
1.26
0.15
38.42

1991
0.89
123.2
109.6
0.2
32.57
1.21
0.15
36.9

1992
0.77
123.2
94.9
0.2
28.17
1.2
0.15
36.59

1993
0.65
123.2
80.1
0.2
23.78
1.17
0.15
35.68

1994
0.54
123.2
66.5
0.2
19.76
1.17
0.15
35.68

1995
0.06
134.4
8.1
0.15
1.8
1.03
0.25
45.68

1996
0.06
141.6
8.5
0.15
1.89
0.8
0.25
37.38

1997
0.06
141.6
8.5
0.1
1.26
0.61
0.35
35.63

1998
0.06
144.8
8.7
0.1
1.29
0.61
0.35
36.44

1999
0.06
144.8
8.7
0
0
0.42
0.35
35.12

2000
0.06
146.2
8.8
0
0
0.32
0.35
27.02

2001
0
0
0
0
0
0
0
0

2002
0
0
0
0
0
0
0
0

2003
0
0
0
0
0
0
0
0

General comments

Input data were obtained as personal opinions of different forestry experts. However, it should be considered that all harvest activities carried out in forestlands were also included in harvest documentation. Therefore, the emissions of CO2 in this section are likely overestimations that have already taken into account in total harvest data.

Assessment of uncertainty

The only input to which the relative error was known was average growing stock (for year 2000-2002). Other inputs were expert opinion. Therefore, the uncertainties were not assessed in that section.

5.3. CO2 removals/emissions from soil

There is not yet a system for monitoring changes in carbon stocks in Estonian soils. The distribution of different soil types among different land categories is still uncertain (not inventoried annually). The emissions from soils are approximate opinions of experts grounding on various data sources. In last years of the period, however, some stability in the estimations has been achieved.

Table 5.5.Forest soils

Year
Mineral soils area, Mha
Organic soils area, ha
CO2 emissions from mineral soils, Gg
CO2 emissions from organic soils, Gg
Total CO2 emissions from soils, Gg

1990
1.17
9,427
2,904
148.67
3,052.67

1991
1.17
6,640
2,464
104.73
2,568.73

1992
1.18
13,992
2,464
220.69
2,684.69

1993
1.2
6,392
660
100.82
760.82

1994
1.18
10,092
1,254
159.17
1,413.17

1995
1.18
10,866
1,239.33
171.38
1,410.71

1996
1.2
3,853
359.33
60.77
420.1

1997
1.2
1,703
-374
26.86
-347.14

1998
1.19
2,424
-80.67
38.23
-42.44

1990
1.21
1,923
616
30.33
646.33

2000
1.23
1,923
432.67
30.32
462.99

2001
2.84
1,923
-997.33
30.32
-967.01

2002
2.84
1,923
-997.33
30.32
-967.01

2003
2.84
1,923
-997.33
30.32
-967.01

General comments

The distribution of different soil types have calculated according to Kask (1990), the distribution of land categories according to SOE (www.stat.ee).

Quality assessment for CO2 removals/emissions in table 5.5.

There were not yearly inputs available for calculating CO2 values for soils. Instead data on the average distribution of soil types were applied. The error terms might be as great as ±50%.

Chapter 6. Wastes

6.1. Introduction 

In waste management methane is produced in landfills of biologically degradable municipal and industrial wastes and in the treatment of municipal and industrial sewage. In 2003 the emission of methane produced in waste management made up 37% of the total CH4 emissions in Estonia. In waste management, in turn, the bulk of the methane – 63% – was emitted from biologically degradable municipal and industrial wastes in landfills, 9% was generated in the course of sewage treatment and 28% from industrial wastewater treatment. In 2002-2003 the emission of methane decreased by about 4% (in 2002 – 36,37 Gg and in 2003 – 34,90 Gg).

In Estonia waste disposal sites have been so far the major source of methane emissions in the waste management sector. To improve the situation, a number of measures have been and will be taken. Resolution No. 34 of the Estonian Minister of the Environment from 26 June 2001 introduced most of the EU requirements concerning waste disposal sites as implemented with Directive 1999/31/EU. The Waste Disposal Act came into force on 1 September 2001. As of the end of 1999 the Estonian register of waste disposal sites included 221 operating sites for municipal waste and 47 for industrial waste. In connection with the enforcement of the Waste Disposal Act and opening of new sites their number was significantly reduced. In year 2003 the number of operating waste disposal sites for municipal waste was 37, for permanent waste 3 sites and for hazardous waste 10 sites. The draft waste management plan envisages 8–9 regional municipal waste disposal sites in Estonia. A landfill for hazardous wastes at Vaivara and regional landfills at Väätsa, Torma, Uikala and Jõelähtme for municipal waste has been completed. When some large waste disposal sites (Aardlapalu, Pärnu, Narva, Kotinuka) are closed down measures will be taken to reduce methane emissions. According to the Waste Disposal Act from 16 July 2009 wastes can be dumped only at sites meeting the requirements established by the Act.

To cut the amount of methane emitted by waste disposal sites it is necessary to reduce the proportion of biologically degradable wastes among municipal wastes. In the year 2000 municipal wastes contained on average 60% of biologically degradable material but according to the Waste Disposal Act this proportion may not be over 45% (mass per cent) after 16 July 2010 and not over 30% after 16 July 2013. Waste disposal sites where biologically degradable wastes are dumped will be equipped with gas trapping and collection units. The operator of the landfill has to arrange recovery of methane. The methane collected can be used for example for power generation. The collected methane that cannot be used must be burnt. Presently methane is recovered only at Pääsküla landfill in Tallinn where it is used for combined generation of electricity and heat.

Considering that in the period 2003–2012 the volume of wastes disposed of in Estonian landfills will be by at least 25% smaller than today thanks to recycling part of the waste and the proportion of biologically degradable wastes will be smaller, we can expect that the amount of methane emitted by the waste management sector will decrease by about 7.5 Gg.

In Estonia the major source of CH4 emissions is waste management are solid waste disposal on land; domestic  wastewater treatment and industrial wastewater treatment.

Table 6.1. Waste management, 2003


CH4, Gg
Share, %

Landfills
22.14
63

Wastewater handling

a) industrial wastewater

b) domestic and commercial wastewater
12.76

9.79

2.97
37

28

9

Total
34.90
100

Table 6.2. CH4  emission from municipal waste and wastewater, Gg

Year
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003

CH4 emission from municipal waste and wastewater (thousand tonnes)
76.6
49.2
39.7
40.8
49.2
50.3
61.0
71.2
67.4
62.1
56.9
34.3
36.4
34.9

6.2.Solid waste

6.2.1. Waste treatment in Estonia 

The situation concerning waste management has been constantly improving since the early 1990s irrespective of the fact that the amount of municipal waste per capita increased in 1993–1997 due to new consumption habits and emergence of new materials on the Estonian market. In 1997–2001 the amount of municipal waste per capita decreased (Table 6.3.). The Estonian Environmental Strategy envisages that the volume of municipal waste per capita should be stabilised at 250–300 kg per inhabitant a year. One of the key aims in the near future in stabilising the generation of municipal waste is reduction of package waste and promotion of recycling and reuse of packaging materials. The aim set in the Estonian Environmental Strategy is to increase the share of recycled waste to 50% by the year 2010.

Table 6.3. Generation on mixed municipal waste, 1993–2003


1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003

Generation of mixed municipal waste (thousand tonnes)
337
473
522
565
593
557
569
544
376
397
445

Population (million)
1.527
1.507
1.492
1.476
1.462
1.454
1.446
1.439
1.367
1.359
1.356

Generation of mixed municipal waste (kg per capita)
221
314
350
383
406
383
393
378
275
292
328

The main method of disposing of municipal waste in Estonia is dumping in landfills. This method will remain the predominant one also in the near future. So far attention has been focused on the development of landfill sites and dumping. In recent years we have started to develop a modern network of waste management sites. In the course of this work over 300 operating sites for mixed municipal waste were shut down in the period from November 1999 to December 2002. From July 2009 it will not be allowed to dump waste in sites that do not meet the requirements of the EU directive 1999/31/EU. Presently there exist eight projects for constructing landfill sites for ordinary waste. On their basis five landfills have already been constructed: at Väätsa, Torma, Uikala, Rakke and Jõelähtme.

In 2003 municipal waste was dumped at 37 landfills of which 5 have been newly constructed and meet the EU requirements. Restructuring of waste management has helped to control waste dumping and improve the reliability of the relevant data.

6.2.2. Methodologies

The method used for estimating methane emissions from MSW (municipal solid waste) in Estonia is the Tier 1-methodology, the Default method. The MSW amount was taken from national waste statistics. Other used factors are default values:

MCF (methane correction factor) – 1

Fraction of DOC (degradable organic carbon) in MSW – 0.17

Fraction of DOC that actually degrades – 0.6 

Fraction on carbon released as methane – 0.5

The amount of methane recovered per year is the average value that is calculated by the Estonian Energy Institute – 2.35 Gg.

The quantity of MSW disposed of in SWDSs (solid waste disposal site) is a specific amount and it is taken from national waste statistics. In year 2003 was that amount 360,18 Gg.

According to the data of the Information and Technology Centre of the Estonian Ministry of the Environment in 2003 the municipal consumption of water was 42,4 million m3 per year and industrial consumption of water was 43,1 million m3 per year. As compared to previous years this amount is smaller (Figure 6.1.).
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Figure 6.1. Water use in the domestic sector, industry and argiculture, 1992-2003.

The main sources of water in Estonia are surface water and groundwater. The amount of water taken is from a few thousand to hundreds of thousands cubic metres per year. Of Estonian towns Tallinn and Narva use surface water for their water supply. Outside these two towns groundwater is the only source of potable water. The second half of the 1990s saw a rapid fall in the use of groundwater. Consumers responded to the rising water prices with economy. In the same period also numerous industrial enterprises were shut down. From the mid-1990s to the end of the 1990s efforts were made to arrange production so that the consumption of water could be reduced. In recent years water consumption has stabilised. Settlements and industry are replacing water pipes. This is expected to cut losses and thus also water intake. However, if production increases also water use may increase.

The average daily water use in the domestic sector (including public buildings) has been in recent years 88 litres per inhabitant. Taking into consideration that about 70% of the population of Estonia live in apartment houses with a common water supply system, water consumption will be 126–128 litres a day.

In 2003 the amount of wastewater needing treatment was 303 million m3. The experience of building and applying water treatment facilities has shown that it often happens that the cycle of water treatment remains unfinished. The treatment of sludge is random. No treatment systems that would operate continuously have been developed. Sludge is dumped in waste disposal sites, washed into secondary purification ponds, floodplains or directly into water bodies. The treatment of the sludge is poorly arranged even in the case of large water treatment systems, not to speak of small ones. Over the years large amounts of sludge have accumulated in biological ponds on whose quantity and quality we have no data. The sludge in biological ponds causes secondary contamination. 

Until 2000 Estonia had no reliable database on the amount of sludge generated in the course of wastewater treatment and the total amounts of wastewater were estimates. Since that year the figures have become more exact and according to the data of the Information and Technology Centre of the Estonian Ministry of the Environment 338 thousand tonnes of sludge were generated in 2003. In addition, biological water treatment and phosphorus removal are becoming more widely used in Estonia than earlier. 

In six major towns and some wastewater treatment units sludge is used to make compost. Most of this compost is used to fertilise green areas. The use of compost is highly random, mostly it is given free of charge to firms responsible for green areas or to private gardeners. There are no exact data on the cost of sludge management and compost production.

The calculations are for two basic types of wastewater handling:

Domestic and commercial wastewater

Industrial wastewater

In Estonia most domestic water is handled by sewer systems with aerobic treatment. Emissions of CH4 from domestic wastewater handling systems are estimated by using the IPCC method and default parameters:

DOC (degradable organic component) – 18,250 kg BOD/1000 person/yr

Fraction of wastewater treated by the handling system – 0.8 (80%)

Methane conversion factor for the handling system – 0.6 (60%)

The calculations about industrial wastewater and sludge handling are for 2 types of industries:

Food and beverage

Paper and pulp

The industrial water handling system is also with aerobic treatment. The CH4 emissions for all industries are estimated by using default values for COD data from Table 6-6 of IPCC Guidelines, Vol. 3. In Estonia there are not enough data to estimate methane emissions from the sludge handling system or indirect nitrous oxide emissions from human sewage.

The uncertainties in the estimates on CH4  emissions from waste are large. The data on composition and amount of waste landfilled is still based on rough estimates on experts. Statistics on both municipal and industrial waste management are currently improving and futur emissions will at least to some extent be based on more reliable data. At present, no verification has been carried out for the specific source sector emissions.
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Annex 1 . Energy balance 2003, TJ



Coal
Coke
Oil shale
Milled peat
Sod peat
Peat bri-quette
Fire-wood
Wood waste
Briquet-te and pellets
Natu-ral gas
Lique-fied gas
Heavy fuel oil
Shale oil
Light- fuel oil and diesel
Motor gasoline
Aviation gasoline
Other fuels
Total fuels
Electri-city
Heat
Total energy






peat
wood
wasteb
gas
oil
Gasoline
gasoline
fuelsa
fuels
city
energy
























a        Due to rounding, the values of the aggregate data may differ from the sum.

















1
In stocks at the beginning of the year
294
17
7,124
1,808
645
447
305
348
-
-
45
1,131
785
1,799
847
25
-
15,620
-
-
15,620

2
Production of primary energy
-
-
132,096
2,157
1,374
-
12,139
12,073
-
-
-
-
-
-
-
-
113b
159,952
68c
-
160,020

4
Imports
1,549
23
8,924
-
-
-
-
-
-
27,509
285
3,462
-
24,090
12,062
838
-
78,742
334
-
79,076

5
Resources of primary energy (1+2+4)
1,843
40
148,144
3,965
2,019
447
12,444
12,421
-
27,509
330
4,593
785
25,889
12,909
863
113
254,314
402
-
254,716

6
Exports
-
825c
77
-
785
1,623
-
-
2,947
-
-
-
6,455
-
-
-
-
12,712
7,161
-
19,873

7
Marine bunkering
-
-
-
-
-
-
-
-
-
-
-
2,831
-
1,880
-
0
-
4,711
-
-
4,711

8
In stocks at the end of the year
641
43
11,637
816
474
428
449
565
442
0
43
546
1,486
1,200
437
77
5
19,289
-
-
19,289

9
Supply of primary energy (5-6-7-8)
1,202
-828
136,430
3,149
760
-1,604
11,995
11,856
-3,389
27,509
287
1,216
-7,156
22,809
12,472
786
108
217,602
-6,759
-
210,843

10
Consumption for conversion to other forms of energy
437
-
133,554
3,024
745
44
893
6,723
53
19,221
3
1,141
4,458
1,439
-
-
5,220
176,955
82
-
177,037


for electricity generation
-
-
96,570
213
-
-
-
-
-
2,484
-
-
376
10
-
-
2,213
101,866
-
-
101,866


for heat generation
427
-
7,957
844
745
44
890
6,723
53
16,737
3
1,141
4,082
1,429
0
-
3,007
44,082
82
-
44,164


for conversion to other forms of fuels
10
-
29,027
1,967
-
-
3
-
-
-
-
-
-
-
-
-
-
31,007
-
-
31,007

3
Production of converted energy
-
849
-
-
-
1,926
-
-
3,554
-
-
-
11,955
566
0
-
5,898
24,748
36,504
36,922
98,174

11
Energy sector
1
-
-
-
1
3
5
0
-
249
2
-
224
838
11
-
685
2,019
5,312
1,565
8,896

12
Losses
7
-
20
-
2
0
-
1
-
0
0
8
5
8
13
-
11
75
4,290
4,586
8,951

13
Consumption for non-energy purposes
-
-
1,480
-
-
-
-
-
-
3,446
-
-
-
-
-
-
-
4,926
-
-
4,926

14
Final consumption (calculated) (9+3-10-11-12-13)
757
21
1,376
125
12
275
11,097
5132
112
4,593
282
67
112
21,090
12,448
786
90
58,375
20,061
30,771
109,207

15
Final consumption (observed) (15.1+15.2+15.3+15.4+15.5))
760
21
1,376
126
11
278
11,091
5,133
110
4,595
284
69
97
20,838
13,233
786
90
58,898
20,059
30,774
109,731

15.1
industry total 
239
21
1,376
126
0
7
107
1,547
0
1,812
88
65
79
1,944
474
-
90
7,975
7,307
9,227
24,509


iron and steel industry
3
13
-
-
-
-
0
-
-
8
2
-
-
0
0
-
-
26
13
2
41


chemical industry
-
-
-
-
-
-
31
60
-
18
43
-
-
28
3
-
-
183
1,098
611
1,892


production of non-ferrous metals
0
-
-
-
-
-
-
-
-
3
3
-
-
1
0
-
-
7
13
0
20


production of other non-metallic mineral products
227
-
1,376
126
-
-
9
10
-
604
1
59
73
51
5
-
-
2,541
699
191
3,431


production of transport equipment
0
-
-
-
0
5
9
-
-
7
0
-
-
11
4
-
-
36
152
129
317


machinery
0
8
-
-
-
1
28
1
-
252
3
1
-
92
55
-
-
441
656
324
1,421


mining and quarrying
-
-
-
-
-
0
1
-
-
176
0
-
-
152
5
-
-
334
62
12
408


food processing, beverages and tobacco
-
-
-
-
0
0
14
7
-
84
5
-
-
142
13
-
-
265
1,039
1,852
3,156


pulp, paper and printing industry
-
-
-
-
0
0
0
-
-
225
2
5
-
190
146
-
90
658
456
1,208
2,322


production of wood and wood products
1
-
-
-
0
0
7
1,444
-
191
1
-
-
251
45
-
-
1,940
1,083
2,142
5,165


construction
1
-
-
-
-
1
6
14
-
120
5
-
6
973
162
-
-
1,288
344
174
1,806


textile, leather and clothing industry
0
-
-
-
0
0
2
0
-
19
2
-
-
5
8
-
-
36
919
1,237
2,192


other industries
7
-
-
-
0
0
-
11
-
105
21
-
-
48
28
-
-
220
773
1,345
2,338

15.2
agriculture
2
-
0
-
-
1
35
29
0
17
1
1
3
3,209
104
-
-
3,402
750
468
4,620

15.3
transport total
-
-
-
-
0
-
-
-
-
-
11
-
-
12,856
3,526
786
-
17,179
351
210
17,740


railway transport
-
-
-
-
0
-
-
-
-
-
-
-
-
1,913
0
-
-
1,913
65
20
1,998


road transport
-
-
-
-
0
-
-
-
-
-
11
-
-
10,587
3,524
-
-
14,122
269
177
14,568


inland waterway transport
-
-
-
-
0
-
-
-
-
-
-
-
-
354
0
-
-
354
12
1
367


air transport
-
-
-
-
0
-
-
-
-
-
-
-
-
2
2
786
-
790
5
12
807

15.4
commercial and public services
9
-
-
-
2
28
213
3
0
1,256
9
3
15
480
43
0
-
2,061
5,914
5,246
13,221

15.5
households
510
-
0
-
9
242
10,736
3,554
110
1,510
175
0
0
2,349
9,086
-
-
28,281
5,737
15,623
49,641


Statistical difference (14-15)
-3
-
0
-1
1
-3
6
-1
2
-2
-2
-2
15
252
-785
-
-
-523
2
-3
-524


























b
Including wood chips.




















c
Oil-shale coke.




















Annex 2: Common Reporting Format tables: 1990-2002.

� EINBETTEN Microsoft Excel Worksheet ���





� EINBETTEN Microsoft Excel Chart ���





� EINBETTEN Microsoft Excel Chart ���





� EINBETTEN Microsoft Excel Chart ���





� EINBETTEN Microsoft Excel Chart ���





� EINBETTEN Microsoft Excel Chart ���










_70243080.doc


 Industrial Processes







0.00







100.00







200.00







300.00







400.00







500.00







600.00







700.00







1990







1991







1992







1993







1994







1995







1996







1997







1998







1999







2000







2001







2002







2003







Gg, CO







2 eq












_206242944.xls
Chart1

		1992		1992		1992

		1993		1993		1993

		1994		1994		1994

		1995		1995		1995

		1996		1996		1996

		1997		1997		1997

		1998		1998		1998

		1999		1999		1999

		2000		2000		2000

		2001		2001		2001

		2002		2002		2002

		2003		2003		2003



Municipal

Industry

Argiculture

Million m3 y-1

104

125

30

99

75

13

92

69

10

88

62

8

87

61

7

76

63

6

61

57

5

53

53

4.5

49

49

4.3

46

43

4

43.7

43.7

4.1

42.4

43.1

4.1



Sheet1

		

				1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003

		Municipal		104		99		92		88		87		76		61		53		49		46		43.7		42.4

		Industry		125		75		69		62		61		63		57		53		49		43		43.7		43.1

		Argiculture		30		13		10		8		7		6		5		4.5		4.3		4		4.1		4.1





Sheet1

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



Municipal

Industry

Argiculture

Million m3 y-1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Sheet2

		





Sheet3

		






_112949384.xls
Chart3

		1990

		1991

		1992

		1993

		1994

		1995

		1996

		1997

		1998

		1999

		2000

		2001

		2002



Methane from enteric fermentation

Nitrous oxide from manure management, Gg

0.0787599807

0.0734696093

0.0628026699

0.0487973668

0.0450180642

0.0400892937

0.0360278695

0.0346741679

0.0331048046

0.0288860811

0.0275866906

0.0341392417

0.0326410444



Sheet1

		

		Nitrous oxide from manure management, Gg		0.0787599807		0.0734696093		0.0628026699		0.0487973668		0.0450180642		0.0400892937		0.0360278695		0.0346741679		0.0331048046		0.0288860811		0.0275866906		0.0341392417		0.0326410444

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

		Methane from enteric fermentation		52		52		49		47		36		34		27		24		26		22		19		18		18				17.71

				17.7		16.5		13.4		10.4		10.0		9.1		8.0		7.4		7.3		6.4		6.2		2.9		2.8

		A.  Enteric Fermentation		52.0		48.8		46.9		36.4		33.8		26.5		24.1		23.0		21.9		19.1		18.0		18.4		17.7

		B.  Manure Management		17.7		16.5		13.4		10.4		10.0		9.1		3.1		3.1		3.1		2.7		2.7		2.9		2.8

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

		Non-dairy Cattle		477		444		361		237		208		185		171		158		149		129		122		132		138

		Dairy Cattle		281		264		253		227		211		185		172		168		159		138		131		129		116

		Poultry		6537		5538		3418		3226		3130		2911		2325		2602		2636		2462		2366		2295		2096

		Sheep & Goats		140		143		124		83		62		50		39		36		31		31		32		32		34

		Swine		860		799		541		424		460		449		298		306		326		286		300		345		341

		Horses		9		8		7		5		5		5		4		4		4		4		4		6		5

		Enteric Fermentation

		kg CH4/animal/yr		Emission factor,		Reference of source

		Dairy Cattle		81		IPCC

		Non-Dairy Cattle		56		IPCC

		Sheep		5		IPCC

		Goats		5		IPCC

		Horses		18		IPCC

		Swine		1		IPCC

		Poultry		0		IPCC

		1.    Cattle		0.00

		Dairy Cattle(4)		6.00

		Non-Dairy Cattle		4.00

		2.    Buffalo		0.00

		3.    Sheep		0.19

		4.    Goats		0.12

		5.    Camels and Llamas		0.00

		6.    Horses		Jan-40

		7.    Mules and Asses		0.00

		8.    Swine		4.00

		9.    Poultry		0.08

		Enteric Fermentation				Reference of source

				kg CH4/animal/yr						Manure 
management		Emission factor, kg CH4/animal/yr		Refernce of 
source

										Dairy Cattle		6.0		IPCC

										Non-Dairy Cattle		4.0		IPCC

										Sheep		0.19		IPCC

										Goats		0.12		IPCC

										Horses		1.4		IPCC

										Swine		4.0		IPCC

										Poultry		0.08		IPCC





Sheet1

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Methane from enteric fermentation

Methane from enteric fermentation, Gg

0

0

0

0

0

0

0

0

0

0

0

0

0



Sheet2

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Methane from enteric fermentation

Methane from manure management, Gg

0

0

0

0

0

0

0

0

0

0

0

0

0



Sheet3

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Methane from enteric fermentation

Nitrous oxide from manure management, Gg

0

0

0

0

0

0

0

0

0

0

0

0

0



		





		






_112949552.xls
Chart1

		1990

		1991

		1992

		1993

		1994

		1995

		1996

		1997

		1998

		1999

		2000

		2001

		2002

		2003



Methane from enteric fermentation

Methane from enteric fermentation, Gg

52.01735

48.753

46.9039

36.3598

33.7725

26.5318

24.068

22.986

21.8988

19.08205

17.9686

18.409

17.7136

19.3044



Sheet1

		

				1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003

		Methane from enteric fermentation		52		52		49		47		36		34		27		24		26		22		19		18		18		19

				17.7		16.5		13.4		10.4		10.0		9.1		8.0		7.4		7.3		6.4		6.2		2.9		2.8		2.8

		A.  Enteric Fermentation		52.0		48.8		46.9		36.4		33.8		26.5		24.1		23.0		21.9		19.1		18.0		18.4		17.7		19.3

		B.  Manure Management		17.7		16.5		13.4		10.4		10.0		9.1		3.1		3.1		3.1		2.7		2.7		2.9		2.8		2.8

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

		Non-dairy Cattle		477		444		361		237		208		185		171		158		149		129		122		132		138

		Dairy Cattle		281		264		253		227		211		185		172		168		159		138		131		129		116

		Poultry		6537		5538		3418		3226		3130		2911		2325		2602		2636		2462		2366		2295		2096

		Sheep & Goats		140		143		124		83		62		50		39		36		31		31		32		32		34

		Swine		860		799		541		424		460		449		298		306		326		286		300		345		341

		Horses		9		8		7		5		5		5		4		4		4		4		4		6		5

		Enteric Fermentation

		kg CH4/animal/yr		Emission factor,		Reference of source

		Dairy Cattle		81		IPCC

		Non-Dairy Cattle		56		IPCC

		Sheep		5		IPCC

		Goats		5		IPCC

		Horses		18		IPCC

		Swine		1		IPCC

		Poultry		0		IPCC

		1.    Cattle		0.00

				6.00

		Non-Dairy Cattle		4.00

		2.    Buffalo		0.00

		3.    Sheep		0.19

		4.    Goats		0.12

		5.    Camels and Llamas		0.00

		6.    Horses		Jan-40

		7.    Mules and Asses		0.00

		8.    Swine		4.00

		9.    Poultry		0.08

		Enteric Fermentation				Reference of source

										Manure 
management		Emission factor, kg CH4/animal/yr		Refernce of 
source

										Dairy Cattle		6.0		IPCC

										Non-Dairy Cattle		4.0		IPCC

										Sheep		0.19		IPCC

										Goats		0.12		IPCC

										Horses		1.4		IPCC

										Swine		4.0		IPCC

										Poultry		0.08		IPCC





Sheet1

		



Methane from enteric fermentation

Methane from enteric fermentation, Gg



Sheet2

		



Methane from enteric fermentation

Methane from manure management, Gg



Sheet3

		





		






_113700176.xls
Chart2

		1990

		1991

		1992

		1993

		1994

		1995

		1996

		1997

		1998

		1999

		2000

		2001

		2002

		2003



Methane from enteric fermentation

Methane from manure management, Gg

17.709029

16.5192294

13.3901378

10.4318258

10.0148746

9.1371154

3.1033582

3.078481

3.0695496

2.6919624

2.6703532

2.8718062

2.7870804

2.8069176



Sheet1

		

				1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003

		Methane from enteric fermentation		52		52		49		47		36		34		27		24		26		22		19		18		18		19

				17.7		16.5		13.4		10.4		10.0		9.1		8.0		7.4		7.3		6.4		6.2		2.9		2.8		2.8

		A.  Enteric Fermentation		52.0		48.8		46.9		36.4		33.8		26.5		24.1		23.0		21.9		19.1		18.0		18.4		17.7		19.3

		B.  Manure Management		17.7		16.5		13.4		10.4		10.0		9.1		3.1		3.1		3.1		2.7		2.7		2.9		2.8		2.8

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

		Non-dairy Cattle		477		444		361		237		208		185		171		158		149		129		122		132		138

		Dairy Cattle		281		264		253		227		211		185		172		168		159		138		131		129		116

		Poultry		6537		5538		3418		3226		3130		2911		2325		2602		2636		2462		2366		2295		2096

		Sheep & Goats		140		143		124		83		62		50		39		36		31		31		32		32		34

		Swine		860		799		541		424		460		449		298		306		326		286		300		345		341

		Horses		9		8		7		5		5		5		4		4		4		4		4		6		5

		Enteric Fermentation

		kg CH4/animal/yr		Emission factor,		Reference of source

		Dairy Cattle		81		IPCC

		Non-Dairy Cattle		56		IPCC

		Sheep		5		IPCC

		Goats		5		IPCC

		Horses		18		IPCC

		Swine		1		IPCC

		Poultry		0		IPCC

		1.    Cattle		0.00

				6.00

		Non-Dairy Cattle		4.00

		2.    Buffalo		0.00

		3.    Sheep		0.19

		4.    Goats		0.12

		5.    Camels and Llamas		0.00

		6.    Horses		Jan-40

		7.    Mules and Asses		0.00

		8.    Swine		4.00

		9.    Poultry		0.08

		Enteric Fermentation				Reference of source

										Manure 
management		Emission factor, kg CH4/animal/yr		Refernce of 
source

										Dairy Cattle		6.0		IPCC

										Non-Dairy Cattle		4.0		IPCC

										Sheep		0.19		IPCC

										Goats		0.12		IPCC

										Horses		1.4		IPCC

										Swine		4.0		IPCC

										Poultry		0.08		IPCC
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				1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003

		Methane from enteric fermentation		52		52		49		47		36		34		27		24		26		22		19		18		18		19

				17.7		16.5		13.4		10.4		10.0		9.1		8.0		7.4		7.3		6.4		6.2		2.9		2.8		2.8

		A.  Enteric Fermentation		52.0		48.8		46.9		36.4		33.8		26.5		24.1		23.0		21.9		19.1		18.0		18.4		17.7		19.3

		B.  Manure Management		17.7		16.5		13.4		10.4		10.0		9.1		3.1		3.1		3.1		2.7		2.7		2.9		2.8		2.8

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

		Non-dairy Cattle		477		444		361		237		208		185		171		158		149		129		122		132		138

		Dairy Cattle		281		264		253		227		211		185		172		168		159		138		131		129		116

		Poultry		6537		5538		3418		3226		3130		2911		2325		2602		2636		2462		2366		2295		2096

		Sheep & Goats		140		143		124		83		62		50		39		36		31		31		32		32		34

		Swine		860		799		541		424		460		449		298		306		326		286		300		345		341

		Horses		9		8		7		5		5		5		4		4		4		4		4		6		5

		Enteric Fermentation

		kg CH4/animal/yr		Emission factor,		Reference of source

		Dairy Cattle		81		IPCC

		Non-Dairy Cattle		56		IPCC

		Sheep		5		IPCC

		Goats		5		IPCC

		Horses		18		IPCC

		Swine		1		IPCC

		Poultry		0		IPCC

		1.    Cattle		0.00

				6.00

		Non-Dairy Cattle		4.00

		2.    Buffalo		0.00

		3.    Sheep		0.19

		4.    Goats		0.12

		5.    Camels and Llamas		0.00

		6.    Horses		Jan-40

		7.    Mules and Asses		0.00

		8.    Swine		4.00

		9.    Poultry		0.08

		Enteric Fermentation				Reference of source

										Manure 
management		Emission factor, kg CH4/animal/yr		Refernce of 
source

										Dairy Cattle		6.0		IPCC

										Non-Dairy Cattle		4.0		IPCC

										Sheep		0.19		IPCC

										Goats		0.12		IPCC

										Horses		1.4		IPCC

										Swine		4.0		IPCC

										Poultry		0.08		IPCC
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				1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003

																																17.71

		Methane from  Enteric Fermentation		52.0		48.8		46.9		36.4		33.8		26.5		24.1		23.0		21.9		19.1		18.0		18.4		17.7

		Methane from  Manure Management		17.7		16.5		13.4		10.4		10.0		9.1		3.1		3.1		3.1		2.7		2.7		2.9		2.8

		Nitrous oxide from manure management, Gg		0.08		0.07		0.06		0.05		0.05		0.04		0.04		0.03		0.03		0.03		0.03		0.03		0.03		0.03

				1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003

		Direct Soil Emissions		1.94		1.92		1.55		1.05		0.92		0.80		0.76		0.82		0.81		0.67		0.82		0.70		0.57

		Animal Production		0.08		0.07		0.06		0.05		0.04		0.04		0.01		0.01		0.01		0.01		0.01		0.01		0.01

		Indirect Emissions		1.06		1.03		0.86		0.46		0.40		0.30		0.26		0.31		0.37		0.30		0.33		0.30		0.26

		Nitrous oxide emission from agricultural soils		3.07		3.01		2.47		1.56		1.37		1.15		1.03		1.14		1.19		0.98		1.16		1.00		0.84		1.054

		Non-dairy Cattle		477		444		361		237		208		185		171		158		149		129		122		132		138

		Dairy Cattle		281		264		253		227		211		185		172		168		159		138		131		129		116

		Poultry		6537		5538		3418		3226		3130		2911		2325		2602		2636		2462		2366		2295		2096

		Sheep & Goats		140		143		124		83		62		50		39		36		31		31		32		32		34

		Swine		860		799		541		424		460		449		298		306		326		286		300		345		341

		Horses		9		8		7		5		5		5		4		4		4		4		4		6		5

		Use of mineral fertilisers, t N/yr		71700		69800		58360		29949		26068		18905		16560		20471		24932		19895		22396		19603		16700		23255

		Enteric Fermentation

		kg CH4/animal/yr		Emission factor,		Reference of source

		Dairy Cattle		81		IPCC

		Non-Dairy Cattle		56		IPCC

		Sheep		5		IPCC

		Goats		5		IPCC

		Horses		18		IPCC

		Swine		1		IPCC

		Poultry		0		IPCC

		1.    Cattle		0.00

				6.00

		Non-Dairy Cattle		4.00

		2.    Buffalo		0.00

		3.    Sheep		0.19

		4.    Goats		0.12

		5.    Camels and Llamas		0.00

		6.    Horses		Jan-40

		7.    Mules and Asses		0.00

		8.    Swine		4.00

		9.    Poultry		0.08

		Enteric Fermentation				Reference of source

										Manure 
management		Emission factor, kg CH4/animal/yr		Refernce of 
source

										Dairy Cattle		6.0		IPCC

										Non-Dairy Cattle		4.0		IPCC

										Sheep		0.19		IPCC

										Goats		0.12		IPCC

										Horses		1.4		IPCC

										Swine		4.0		IPCC

		CH4								Poultry		0.08		IPCC

		A.  Enteric Fermentation		52.01735		48.753		46.9039		36.3598		33.7725		26.5318		24.068		22.986		21.8988		19.08205		17.9686		18.409		17.7136

		B.  Manure Management		17.709029		16.5192294		13.3901378		10.4318258		10.0148746		9.1371154		3.1033582		3.078481		3.0695496		2.6919624		2.6703532		2.8718062		2.7870804

		N2O

		B.  Manure Management		0.0787599807		0.0734696093		0.0628026699		0.0487973668		0.0450180642		0.0400892937		0.0360278695		0.0346741679		0.0331048046		0.0288860811		0.0275866906		0.0341392417		0.0326410444

		D.  Agricultural Soils		3.070258779		3.0131826772		2.4651546952		1.5571248336		1.3696447338		1.1459492791		1.0557376385		1.1692691683		1.2157478379		0.9950272447		1.179409058		1.0046997484		0.8430865614

		Emissions from agriculture, Gg CO2-Eq.		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002

		CH4 from enteric fermentation		1092		1024		985		764		709		557		505		483		460		401		377		387		372

		CH4 from manure management		372		347		281		219		210		192		65		65		64		57		56		60		59

		N2O from manure management		24		23		19		15		14		12		11		11		10		9		9		11		10

		N2O from agricultural soils		952		934		764		483		425		355		327		362		377		308		366		311		261

		Total		2440		2328		2050		1480		1358		1117		909		921		911		775		808		769		702
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				1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003

		Methane from enteric fermentation		52		52		49		47		36		34		27		24		26		22		19		18		18		19

				17.7		16.5		13.4		10.4		10.0		9.1		8.0		7.4		7.3		6.4		6.2		2.9		2.8		2.8

		A.  Enteric Fermentation		52.0		48.8		46.9		36.4		33.8		26.5		24.1		23.0		21.9		19.1		18.0		18.4		17.7		19.3

		B.  Manure Management		17.7		16.5		13.4		10.4		10.0		9.1		3.1		3.1		3.1		2.7		2.7		2.9		2.8		2.8

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

		Non-dairy Cattle		477		444		361		237		208		185		171		158		149		129		122		132		138

		Dairy Cattle		281		264		253		227		211		185		172		168		159		138		131		129		116

		Poultry		6537		5538		3418		3226		3130		2911		2325		2602		2636		2462		2366		2295		2096

		Sheep & Goats		140		143		124		83		62		50		39		36		31		31		32		32		34

		Swine		860		799		541		424		460		449		298		306		326		286		300		345		341

		Horses		9		8		7		5		5		5		4		4		4		4		4		6		5

		Enteric Fermentation

		kg CH4/animal/yr		Emission factor,		Reference of source

		Dairy Cattle		81		IPCC

		Non-Dairy Cattle		56		IPCC

		Sheep		5		IPCC

		Goats		5		IPCC

		Horses		18		IPCC

		Swine		1		IPCC

		Poultry		0		IPCC

		1.    Cattle		0.00

				6.00

		Non-Dairy Cattle		4.00

		2.    Buffalo		0.00

		3.    Sheep		0.19

		4.    Goats		0.12

		5.    Camels and Llamas		0.00

		6.    Horses		Jan-40

		7.    Mules and Asses		0.00

		8.    Swine		4.00

		9.    Poultry		0.08

		Enteric Fermentation				Reference of source

										Manure 
management		Emission factor, kg CH4/animal/yr		Refernce of 
source

										Dairy Cattle		6.0		IPCC

										Non-Dairy Cattle		4.0		IPCC

										Sheep		0.19		IPCC

										Goats		0.12		IPCC

										Horses		1.4		IPCC

										Swine		4.0		IPCC

										Poultry		0.08		IPCC
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																																17.71

		Methane from  Enteric Fermentation		52.0		48.8		46.9		36.4		33.8		26.5		24.1		23.0		21.9		19.1		18.0		18.4		17.7

		Methane from  Manure Management		17.7		16.5		13.4		10.4		10.0		9.1		3.1		3.1		3.1		2.7		2.7		2.9		2.8

		Nitrous oxide from manure management, Gg		0.08		0.07		0.06		0.05		0.05		0.04		0.04		0.03		0.03		0.03		0.03		0.03		0.03		0.03
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		Direct Soil Emissions		1.94		1.92		1.55		1.05		0.92		0.80		0.76		0.82		0.81		0.67		0.82		0.70		0.57		0.48

		Animal Production		0.08		0.07		0.06		0.05		0.04		0.04		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01

		Indirect Emissions		1.06		1.03		0.86		0.46		0.40		0.30		0.26		0.31		0.37		0.30		0.33		0.30		0.26		0.35

		Nitrous oxide emission from agricultural soils		3.07		3.01		2.47		1.56		1.37		1.15		1.03		1.14		1.19		0.98		1.16		1.00		0.84		1.054

		Non-dairy Cattle		477		444		361		237		208		185		171		158		149		129		122		132		138

		Dairy Cattle		281		264		253		227		211		185		172		168		159		138		131		129		116

		Poultry		6537		5538		3418		3226		3130		2911		2325		2602		2636		2462		2366		2295		2096

		Sheep & Goats		140		143		124		83		62		50		39		36		31		31		32		32		34

		Swine		860		799		541		424		460		449		298		306		326		286		300		345		341

		Horses		9		8		7		5		5		5		4		4		4		4		4		6		5

		Use of mineral fertilisers, t N/yr		71700		69800		58360		29949		26068		18905		16560		20471		24932		19895		22396		19603		16700		23255

		Enteric Fermentation

		kg CH4/animal/yr		Emission factor,		Reference of source

		Dairy Cattle		81		IPCC

		Non-Dairy Cattle		56		IPCC

		Sheep		5		IPCC

		Goats		5		IPCC

		Horses		18		IPCC

		Swine		1		IPCC

		Poultry		0		IPCC

		1.    Cattle		0.00

				6.00

		Non-Dairy Cattle		4.00

		2.    Buffalo		0.00

		3.    Sheep		0.19

		4.    Goats		0.12

		5.    Camels and Llamas		0.00

		6.    Horses		Jan-40

		7.    Mules and Asses		0.00

		8.    Swine		4.00

		9.    Poultry		0.08

		Enteric Fermentation				Reference of source

										Manure 
management		Emission factor, kg CH4/animal/yr		Refernce of 
source

										Dairy Cattle		6.0		IPCC

										Non-Dairy Cattle		4.0		IPCC

										Sheep		0.19		IPCC

										Goats		0.12		IPCC

										Horses		1.4		IPCC

										Swine		4.0		IPCC

		CH4								Poultry		0.08		IPCC

		A.  Enteric Fermentation		52.01735		48.753		46.9039		36.3598		33.7725		26.5318		24.068		22.986		21.8988		19.08205		17.9686		18.409		17.7136		19.304

		B.  Manure Management		17.709029		16.5192294		13.3901378		10.4318258		10.0148746		9.1371154		3.1033582		3.078481		3.0695496		2.6919624		2.6703532		2.8718062		2.7870804		2.807

		N2O

		B.  Manure Management		0.0787599807		0.0734696093		0.0628026699		0.0487973668		0.0450180642		0.0400892937		0.0360278695		0.0346741679		0.0331048046		0.0288860811		0.0275866906		0.0341392417		0.0326410444		0.0329781429

		D.  Agricultural Soils		3.070258779		3.0131826772		2.4651546952		1.5571248336		1.3696447338		1.1459492791		1.0557376385		1.1692691683		1.2157478379		0.9950272447		1.179409058		1.0046997484		0.8430865614		1.05383671

		Emissions from agriculture, Gg CO2-Eq.		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003

		CH4 from enteric fermentation		1092		1024		985		764		709		557		505		483		460		401		377		387		372		405

		CH4 from manure management		372		347		281		219		210		192		65		65		64		57		56		60		59		59

		N2O from manure management		24		23		19		15		14		12		11		11		10		9		9		11		10		10

		N2O from agricultural soils		952		934		764		483		425		355		327		362		377		308		366		311		261		327

		Total		2440		2328		2050		1480		1358		1117		909		921		911		775		808		769		702		801
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				1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003

		Methane from enteric fermentation		52		52		49		47		36		34		27		24		26		22		19		18		18		19

				17.7		16.5		13.4		10.4		10.0		9.1		8.0		7.4		7.3		6.4		6.2		2.9		2.8		2.8

		A.  Enteric Fermentation		52.0		48.8		46.9		36.4		33.8		26.5		24.1		23.0		21.9		19.1		18.0		18.4		17.7		19.3

		B.  Manure Management		17.7		16.5		13.4		10.4		10.0		9.1		3.1		3.1		3.1		2.7		2.7		2.9		2.8		2.8

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

		Non-dairy Cattle		477		444		361		237		208		185		171		158		149		129		122		132		138

		Dairy Cattle		281		264		253		227		211		185		172		168		159		138		131		129		116

		Poultry		6537		5538		3418		3226		3130		2911		2325		2602		2636		2462		2366		2295		2096

		Sheep & Goats		140		143		124		83		62		50		39		36		31		31		32		32		34

		Swine		860		799		541		424		460		449		298		306		326		286		300		345		341

		Horses		9		8		7		5		5		5		4		4		4		4		4		6		5

		Enteric Fermentation

		kg CH4/animal/yr		Emission factor,		Reference of source

		Dairy Cattle		81		IPCC

		Non-Dairy Cattle		56		IPCC

		Sheep		5		IPCC

		Goats		5		IPCC

		Horses		18		IPCC

		Swine		1		IPCC

		Poultry		0		IPCC

		1.    Cattle		0.00

				6.00

		Non-Dairy Cattle		4.00

		2.    Buffalo		0.00

		3.    Sheep		0.19

		4.    Goats		0.12

		5.    Camels and Llamas		0.00

		6.    Horses		Jan-40

		7.    Mules and Asses		0.00

		8.    Swine		4.00

		9.    Poultry		0.08

		Enteric Fermentation				Reference of source

										Manure 
management		Emission factor, kg CH4/animal/yr		Refernce of 
source

										Dairy Cattle		6.0		IPCC

										Non-Dairy Cattle		4.0		IPCC

										Sheep		0.19		IPCC

										Goats		0.12		IPCC

										Horses		1.4		IPCC

										Swine		4.0		IPCC

										Poultry		0.08		IPCC
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				1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003

																																17.71

		Methane from  Enteric Fermentation		52.0		48.8		46.9		36.4		33.8		26.5		24.1		23.0		21.9		19.1		18.0		18.4		17.7

		Methane from  Manure Management		17.7		16.5		13.4		10.4		10.0		9.1		3.1		3.1		3.1		2.7		2.7		2.9		2.8

		Nitrous oxide from manure management, Gg		0.08		0.07		0.06		0.05		0.05		0.04		0.04		0.03		0.03		0.03		0.03		0.03		0.03		0.03

				1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003

		Direct Soil Emissions		1.94		1.92		1.55		1.05		0.92		0.80		0.76		0.82		0.81		0.67		0.82		0.70		0.57		0.48

		Animal Production		0.08		0.07		0.06		0.05		0.04		0.04		0.01		0.01		0.01		0.01		0.01		0.01		0.01		0.01

		Indirect Emissions		1.06		1.03		0.86		0.46		0.40		0.30		0.26		0.31		0.37		0.30		0.33		0.30		0.26		0.35

		Nitrous oxide emission from agricultural soils		3.07		3.01		2.47		1.56		1.37		1.15		1.03		1.14		1.19		0.98		1.16		1.00		0.84		1.054

		Non-dairy Cattle		477		444		361		237		208		185		171		158		149		129		122		132		138

		Dairy Cattle		281		264		253		227		211		185		172		168		159		138		131		129		116

		Poultry		6537		5538		3418		3226		3130		2911		2325		2602		2636		2462		2366		2295		2096

		Sheep & Goats		140		143		124		83		62		50		39		36		31		31		32		32		34

		Swine		860		799		541		424		460		449		298		306		326		286		300		345		341

		Horses		9		8		7		5		5		5		4		4		4		4		4		6		5

		Use of mineral fertilisers, t N/yr		71700		69800		58360		29949		26068		18905		16560		20471		24932		19895		22396		19603		16700		23255

		Enteric Fermentation

		kg CH4/animal/yr		Emission factor,		Reference of source

		Dairy Cattle		81		IPCC

		Non-Dairy Cattle		56		IPCC

		Sheep		5		IPCC

		Goats		5		IPCC

		Horses		18		IPCC

		Swine		1		IPCC

		Poultry		0		IPCC

		1.    Cattle		0.00

				6.00

		Non-Dairy Cattle		4.00

		2.    Buffalo		0.00

		3.    Sheep		0.19

		4.    Goats		0.12

		5.    Camels and Llamas		0.00

		6.    Horses		Jan-40

		7.    Mules and Asses		0.00

		8.    Swine		4.00

		9.    Poultry		0.08

		Enteric Fermentation				Reference of source

										Manure 
management		Emission factor, kg CH4/animal/yr		Refernce of 
source

										Dairy Cattle		6.0		IPCC

										Non-Dairy Cattle		4.0		IPCC

										Sheep		0.19		IPCC

										Goats		0.12		IPCC

										Horses		1.4		IPCC

										Swine		4.0		IPCC

		CH4								Poultry		0.08		IPCC

		A.  Enteric Fermentation		52.01735		48.753		46.9039		36.3598		33.7725		26.5318		24.068		22.986		21.8988		19.08205		17.9686		18.409		17.7136		19.304

		B.  Manure Management		17.709029		16.5192294		13.3901378		10.4318258		10.0148746		9.1371154		3.1033582		3.078481		3.0695496		2.6919624		2.6703532		2.8718062		2.7870804		2.807

		N2O

		B.  Manure Management		0.0787599807		0.0734696093		0.0628026699		0.0487973668		0.0450180642		0.0400892937		0.0360278695		0.0346741679		0.0331048046		0.0288860811		0.0275866906		0.0341392417		0.0326410444		0.0329781429

		D.  Agricultural Soils		3.070258779		3.0131826772		2.4651546952		1.5571248336		1.3696447338		1.1459492791		1.0557376385		1.1692691683		1.2157478379		0.9950272447		1.179409058		1.0046997484		0.8430865614		0.8314853843

		Emissions from agriculture, Gg CO2-Eq.		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003

		CH4 from enteric fermentation		1092		1024		985		764		709		557		505		483		460		401		377		387		372		405

		CH4 from manure management		372		347		281		219		210		192		65		65		64		57		56		60		59		59

		N2O from manure management		24		23		19		15		14		12		11		11		10		9		9		11		10		10

		N2O from agricultural soils		952		934		764		483		425		355		327		362		377		308		366		311		261		258

		Total		2440		2328		2050		1480		1358		1117		909		921		911		775		808		769		702		732
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