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ABSTRACT
Greenhouse Gases, EMISSIONs (Discharges) Sinks (Removals), Emission FACTOR, ENERGY, INDUSTRIAL PROCESSES, SOLVENTS USE, AGRICULTURE, LAND USE, FORESTRY, WASTE, Vulnerability and Adaptation, GHG Emissions Reduction Strategy.

The objective of this work is to prepare the National Greenhouse Gas Inventory for 2003 in response to commitments of the Republic of Belarus under the UN Framework Convention on Climate Change for the Annex 1 Countries of the Convention.

With due regard to the above objective, in the course of work the greenhouse gas emissions/removals inventories encompassing the following sectors have been prepared: energy; industrial processes; agriculture; land-use change and forestry; and waste; determined emissions and removal for each GHG.

Assessment of the contribution of each GHG into the total global warming effect (GWE) for republic and each category of GHG sources and sink are presented herein.  

The studies conducted allow the most critical spheres of mitigating the GHG emission impact on the climate be identified in the future. 
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INTRODUCTION

Signing and ratification of the UN Framework Convention on Climate Change (UNFCCC) by the Republic of Belarus (signed 11.06.1992, ratified 11.05.2000 and entered into effect 09.08.2000)  demonstrate that Belarus is seriously concerned with the problem of greenhouse gases and their affect on climate change.

An ultimate objective of the UNFCCC is to stabilize greenhouse gas concentration at such level that would prevent harmful man-made interference into the climatic system. This level needs to be maintained over the period of time long enough for ecosystems to naturally adapt to climate change. The UNFCCC appeals to all parties concerned for pulling their efforts to address the following three targets:

- developing, regularly revising, publishing and presenting National Inventories of anthropogenic emissions of all greenhouse gases not controlled by the Montreal Protocol to the Conference of the Parties;

- using comparable methodologies for developing inventories of greenhouse gas emissions from sources and removals by sinks;

- formulating, implementing, publishing and regularly revising national programs providing for actions to offset anthropogenic emissions-induced climate change to bring down anthropogenic emissions of carbon dioxide and other greenhouse gases not controlled by the Montreal Protocol to the their levels.

The main commitment of the Republic of Belarus under the UNFCCC provisions are as follows: (i) to reduce anthropogenic GHG emissions, primarily, СО2; to prepare, publish and systematically revise and submit the National Inventories of anthropogenic GHG emissions from sources and sinks (except ozone-depleting gases, Art. 4.1a, UNFCCC) to the Conference of the Parties. The Inventories should be prepared based on the IPCC methodologies approved by the Conference of the Parties and be provided in a transparent and verifiable manner.

With due regard to the above, preparing the National Inventories pursues an objective of estimating the current greenhouse gas emission levels to identify perspective program interventions and measures aimed at reducing the affect on the climate change.

According to the Decree of the President of the Republic of Belarus, the Ministry of Natural Resources and Environment Protection is determined as organization responsible for performance of the objectives and requirements of the UNFCCC. The specialized inspection of air protection state control of the Ministry of Natural Resources and Environmental Protection of the Republic of Belarus is functioning as the Сoordination Сenter on climate change. 
The support of works related to greenhouse gas inventory is carried out by the Belarussian Research Center "Ecology" of the Ministry of Natural Resources and Environment Protection and Institute of Natural Resources Utilization Problems and Ecology of the National Sciences Academy of the Republic of Belarus.
At present time Belarus has prepared greenhouse gas inventories for 1990, 1995, 1999, 2000, 2001, 2002, 2003 and in 2003 has prepared the First National Communication. The year1990 is the base year for the estimation and reporting of inventories.

Greenhouse gas inventory submission for 2003 consist of the national inventory report (NIR) and the common report format (CRF) tables according to UNFCCC reporting guidelines on annual inventories.

The National Inventories of the Republic of Belarus for 2003 has been prepared in accordance with the Revised 1996 IPCC Guidelines and, taking into account the IPCC good practice guidance.

Emissions estimation in our country based, mainly, on Tier 1 approach of the IPCC Guidelines and IPCC default and country specific emission factors. To use more high level of detail was not possible due to insufficient national reporting of disaggregated data.
Calculations were carried out with use of IPCC software. 
The analysis of national key source categories has been performed at the level of IPCC source categories using CO2 –equivalent emissions calculated using the global worming potentials (GWPs) specified in the Guidelines for the preparation of national communications by Parties included in Annex I to the Convention, part I: UNFССС reporting guidelines of annual inventories (UNFCCC Guidelines).
The key source categories have been identified in terms of their absolute level of emissions applying the tier 1.

NATIONAL Inventories of Greenhouse Gas Emissions and SINKS
1. ENERGY 
In the Energy module, greenhouse gas emissions have been estimated as a result of the following energy activities: fuel combustion, production, transportation, storage and distribution of fuel products. Greenhouse gas emissions were estimated based on quantitative data on fuel used sector-wise in the Belarusian economy. 

1.1 Fuel Consumption Structure 

In 2003, all sectors burning fuel consumed 33.4 million ton of fuel equivalent (t.f.e.) in the Republic of Belarus. The volume of fuel consumed in terms of energy units made up 868,952.92 TJ (including the biomass fuel and “international bunker”) (Table1.1.).                                            

Table 1.1 Fuel Consumption Structure in 2001 -2003
	Fuel
	Consumption, TJ

	
	2001
	2002
	2003

	Natural gas fuel
	541,223
	549,487
	573,609

	Fuel oil
	81,642
	73,152
	62,573

	Diesel fuel
	70,366
	71,309
	73,974

	Motor gasoline
	38,560
	41,516
	41,884

	Biomass fuel
	37,113
	31,565
	39,010

	Briquette peat
	19,296
	17,480
	16,133

	Coal
	10,057
	7,942
	7,159

	Liquefied gas
	11,622
	9,920
	9,988

	Refinery gas 
	13,621
	16,667
	16,124

	Casing-head gas
	7,046
	6,805
	8,342

	Methane hydrogen fraction
	4,479
	4,356
	4,570

	Peat
	2,911
	2,566
	2,556

	Coke
	2,556
	2,370
	2,393

	Household stove oil
	3,921
	3,332
	3,334

	Aviation kerosene
	2,894
	3,493
	3,809

	Lamp oil
	251
	270
	291

	Oil
	79
	74
	73

	Aircraft motor gasoline
	10
	12
	30

	Others
	6,496
	2,644
	2,701


In the republic 22 kinds of fuel are used. The greatest part of it account by natural gas – 66.01% and diesel fuel – 8.51%. These kinds of fuel are used basically on electric and heat energy generation (Fig. 1.).
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Fig. 1. Fuel Consumption Structure in 2000

The gaseous fuel accounts for 69.66%, liquid fuel – 22.26%, solid fuel – 3.26%, biomass – 4.51% in the fuel consumption structure (Table 1.2, Fig. 2).
Table 1.2 Fuel Consumption according to Their Kind

	Kind of fuel
	Fuel consumption, TJ

	
	2000
	2001
	2002


	2003

	Solid fuel
	40,849
	34,821
	30,360
	28,245

	Biomass
	28,331
	37,113
	31,565
	39,010

	Gaseous fuel
	553,245
	566,370
	577,315
	602,645

	Liquid fuel
	213,799
	206,472
	203,079
	196,357

	Others
	11,647
	6,491
	2,641
	2,696
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Fig. 2. Fuel Consumption

Following the IPCC Guidelines, estimating national GHG emissions excludes emissions related to the international air transport fuel consumption (“international bunker”) from the total national emissions. The reference to the “international bunker”-related quantity and fuels and respective emissions is given for the information purpose only. Biomass fuel and СО2 emissions produced by burning the biomass fuel are included into the module reporting for information purpose only. 

According to the national statistical reporting of the Republic of Belarus and data provided by the National Aviation Committee, the “international bunker” amounted to 130 thousand t.f.e. of aviation kerosene and gasoline in 2003. 

The category Energy sector – fuel processing, energy generation and transmission was the most fuel-intensive source category as before - 64.9% of the overall fuel consumption in the module -  accounting for 79.2% of natural gas and 96.6 % of fuel oil of the total fuel consumption in the module. Nearly 95% of fuel in the category Energy sector – fuel processing, energy generation and transmission was consumed for energy generation, namely by public district power plants (PDPP) and central heat power plants (CHPP) and by boiler plants for generating power/heat. 

In the Transport category (road and railway), 11.6% of fuel was consumed of the total quantity and ~ 62.4% of diesel fuel and ~ 97.4% of motor gasoline were consumed of the total amount of those fuels in the module.

The residential sector fuel consumption amounted to 10% of the total fuel consumed in the module. The consumption structure included the following seven fuels: natural gas ~ 52.4%, wood fuel – 24.6 %, briquette peat – 12.9%, liquefied gas – 9.4%, with remaining share being covered by household stove oil, coal, and lamp oil.

The categories Industry, Agriculture/Forestry and Commercial sector consumed 7.9%, 3.2% and 1.1%, respectively, in 2003 of the total fuel consumed in the module Energy (Table 1.3, Fig.3.).

Table 1.3 Fuel Consumption by Source Categories in 2000-2003
	Source category
	Fuel consumption, TJ

	
	2000 
	2001 
	2002 
	2003 

	Energy sector – fuel processing, energy generation and transmission 
	555,133.5
	559,387.47
	555,013.60
	563,721.00

	Industry
	57,105.6
	61,932.33
	57,245.81
	69,061.94

	Transport
	79,762.4
	79,185.68
	97,600.45
	101,149.60

	Commercial sector
	11,178.5
	11,361.28
	  9,683.76
	9,209.78

	Residential sector 
	91,189.4
	91,665.34
	88,391.96
	86,738.40

	Agriculture/Forestry
	30,295.8
	26,796.24
	26,296.51
	27,433.73

	Others
	23,220.7
	20,937.43
	10,729.18
	11,638.48
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Fig. 3. Fuel Consumption (%) by Source Categories in 2003
1.2 Greenhouse Gas Emissions Estimation

In the general form, the greenhouse gas emissions from energy sources are calculated by the formula:

Emissions = ( (EFab  х  Activityab),

where EF – emission factor, kG/GJ; a – fuel type, b – source category, Activity – fuel consumption in energy units (GJ).

In estimating GHG emissions in the module, emission factors for fuels were mainly used from the IPCC Guidelines, 1996.

To calculate the factors, the following general equation was used:

ЕFСО2 = f (carbon content, fuel calorific value, underburning)

For gas and fuel oil, the following formula was used:

ЕFСО2 (t СО2/t.f.e.) = (44/12) * Сdaf * (7000/Qdaf) * f ГУН,
where 44/12 – factor of conversion from carbon emissions to СО2 emissions (t CO2/t C) , 7000 – factor of conversion from tonnes of fuel equivalent to kilocalories (kcal/kg f.e.; 1 kg f.e. = 7000 kcal), Сdaf – carbon content in fuel in dry state (%), Qdaf – low heat value of fuel in dry state, i.e. fuel calorific value (kcal/kg), f ГУН – unoxidized carbon function (%) which is calculated based on the data on combustibles in the carryover.

Emissions estimation in our country based on Tier 1 approach of the IPCC Guidelines and IPCC default emission factors. There are no available specified national activity data to use Tier 2.
Activity data have been given by the Ministry of Statistics and Analysis, the Ministry of Transport and Communications, Committee on an Effective Energy Use of the Council of Ministers of the Republic of Belarus, National Aviation Committee, Belarussian National Oil and Chemistry Concern. 
However, at present, available national activity data is not enough detailed for performance of all requirements of the international guidelines. In particular, the CRF table forms demand representation of more detailed information for subcategories due to tables 1 CRF «Sectoral Report for Energy», and also providing of the information on subcategories by kinds of fuel according to the tables CRF «Sectoral Background Data for Energy. Fuel Combustion Activities – Sectoral Approach». For calculation of sulfur dioxide emissions from burning fuel the data of kinds and groups of fuel depending on the contents of sulfur (low, average, high) are necessary. For calculation of flying greenhouse gas emissions from oil and gas systems the information on investigation, drilling, extraction, transportation, processing, storage of oil and gas are necessary.
Carbon dioxide emissions are not supervised in the Republic of Belarus. Other direct greenhouse gases (methane and nitrous oxide) in part are subject of control in the technological process. From power sources they are also not determined. As emissions of direct greenhouse gases in the republic are not normalized, so there are no national methods for their estimation and definition of their emission factors. 
National factors are accepted only for carbon monoxide and nitrogen oxides (indirect greenhouse gases) from motor transport which have been designed on the basis of fuel characteristics used in the Republic of Belarus. 

Development of national emission factors and methods for emissions calculation - one of the basic problems in view of absence of national normative and technical base and researches in this area. As a whole, work on specification and development of national emission factors should be carried out in view of requirements on detailed elaboration of emissions on subcategories, by kinds of fuel. On the other hand, carbon dioxide emissions depend from calorific value of various kinds of fuel, therefore estimation of carbon dioxide emissions should go in direction of specification calorific values of national kinds of fuel. 

At present performance of the mentioned above problems is complicated within of insufficient financing the works directed on improvement of the quality assurance/ quality control procedures, on creation of inventory information systems, performance and introduction of research programs results in the field of GHG inventories, and also on preparation of the qualified experts.

1.2.1. Carbon Dioxide Emissions

In 2003, total СО2 emissions in the Energy module amounted to 50,937.74 Gg (Table 1.4.). The following source categories contribute most to the СО2 emissions: Energy – Fuel processing – 64.6%, Transport – 13.4%, Residential sector – 8.1%, Industry – 7.9% (Fig.4)
Table 1.4 СО2 Emissions from Burning Fuel by Source Categories, Gg

	Source category
	СО2 emissions

	
	2000
	2001
	2002
	2003

	Energy sector – fuel processing,                                                                                                                                                                energy generation and transmission
	32,642.24
	33,282.48
	33,030.27
	32,961.57

	Industry
	3,456.23
	3,789.91
	3,468.04
	4,034.27

	Transport
	5,545.65
	5,471.78
	6,529.00
	6,783.08

	Commercial sector
	686.25
	650.26
	535.01
	482.61

	Residential sector
	4,717.52
	4,401.16
	4,300.24
	4,131.82

	Agriculture
	2,158.36
	1,880.38
	1,821.82
	1,882.90

	Others
	1,535.32
	1,385.71
	610.82
	661.49

	   Total
	50,741.57
	50,861.68
	50,295.20
	50,937.74
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Fig. 4. СО2 Emissions by Source Categories in 2003
1.2.2. Emissions of Other Fuel Combustion-Related Greenhouse Gases, Except Carbon Dioxide

In 2003, burning fuel produced trace greenhouse gases differing from СО2 and accounting for 2.6% of aggregate GHG emissions in terms of Gg in the Energy module. 

Methane and nitrous oxide are direct gases, with the proportion of emissions of СО2 equivalent in the GWE accounting for 5.5% and 0.2%, respectively. In estimating emissions of these gases, the IPCC defaults factors were used.  

The fuel burning-related methane emissions contribution to the overall methane emissions in the module is insignificant (~10.4%). Fuel burning produces small quantity of methane due to incomplete combustion. The methane emissions are dependent on temperature in a boiler plant or a furnace unit - the lower efficiency of the plant, the higher the methane emissions. Therefore, the highest CH4 emissions are typical for household stoves and outdoor burning. The sources of the Residential Buildings category contribute most to the methane emissions from fuel burning (~68.3%): the bulk of emissions is produced from burning briquette peat, coal and fuel wood.  

The transport facilities-produced methane emissions (14.8% of CH4 emissions in the module) depend on the methane content in fuel, combustion efficiency, engine type and control system availability. 

Oil and gas systems are an additional methane emission source in the module. This category includes all emissions produced in the process of crude oil/natural gas extraction, processing, transportation and consumption. Factors of emissions of methane during oil refining and storage and gas transportation and storage are taken from Table 1-6 of the IPCC Guidelines.

Methane emissions from oil and gas systems accounted for ~86.3% of total methane emissions in the module in 2003. The methane emissions in 2003 amounted to 141.97 Gg.

Nitrous oxide produced during fuel combustion is a minor contributor to the total emissions. 

Nitrous oxide forms directly in the fuel combustion process. It has been found that the lower combustion temperature, the higher N2O emissions. The N2O formation mechanism is rather well studied, but experimental data are incomplete, therefore a new “fuel/sector” approach is most appropriate for calculating nitrous oxide emissions.

IPCC default nitrous oxide emission factors were used for different modules of fuel consumption in power plants, as well as for the transport sector.

In the N2O emissions structure in the Energy module, the emissions from sources of the category “Energy sector – fuel processing, energy generation and transmission” accounts for 29.2%; in the residential sector ~22.9%. N2O emissions in the module totaled 0.48 Gg in 2003.

1.2.3. Emissions of Precursors of Ozone and Sulfur Dioxide

Nitrogen oxides are indirect greenhouse gases. At the same time they play an important role in forming atmospheric ozone and may be in the focus of the environmental policies. This report reviews NOx from the point of the greenhouse effect, i.e. their oxidizing capacity is considered.

In the N2O emissions structure in the module, emissions from sources of the category “Energy sector – fuel processing, energy generation and transmission” account for 50%; emissions from mobile sources - ~37.2%.

Totally, NOx emissions in 2003 amounted to 177.21 Gg in the module.

Like NOx, carbon monoxide is an indirect greenhouse gas. Carbon monoxide forms as an intermediate product as a result of underburning during fuel combustion. 

The carbon oxide emissions from mobile sources in the Transport category are significant and represent ~74.4%.

CO emissions in the module amounted to 741.01 Gg in 2003.

The road transport СО and NOx emission factors are used according to the national data.

NMVOCs are indirect greenhouse gases. Non-methane hydrocarbons (olefins, ketones, aldehydes, etc.) are underburning products. NMVOC emissions significantly depend on the fuel, plant type and burning technique. Mobile sources and burning fuel in dwellings (specifically biomass burning) are responsible for a significant NMVOC emissions. 

In 2003, NMVOC emissions from mobile sources – mainly from burning gasoline and diesel fuel – accounted for 59.0% of the total NMVOC emissions in the module, from burning fuel wood in dwellings - 12.9%. In 2003, NMVOC emissions amounted to 119.34 Gg.

The IPCCC default NMVOC emission factors have been used in calculations.
Sulfur dioxide is not a greenhouse gas, but its presence in the atmosphere affects climate. Reacting with oxidants, SO2 forms sulfate aerosols. Energy processes involving sulfur-containing fuel combustion lead to the increased SO2 concentrations and, hence, to the elevated aerosol concentrations in the atmosphere. 

The fuel composition, but not burning technique is responsible for the sulfur dioxide emissions, therefore, to calculate sulfur dioxide emissions, annual fuel consumption values (in energy units), SО2 emission factors (kg/TJ) and sulfur content in fuel and ash are used.

In 2003, sulfur dioxide emissions amounted to 180.09 Gg in the module as a whole.

1.2.4. International Aviation Bunker

Aircraft-produced greenhouse gas emissions are related to aviation kerosene and gasoline burning. Aircraft motor gasoline is used to run low-capacity aircraft and typically accounts for less than 1% of the total fuel used in the aviation. The methodology for calculating greenhouse gas emissions from aircraft is applied only to fuel used in turbojet engines.

In 2003, the aviation fuel consumption amounted to 88.547 thousand tonnes, including on performance of internal flights it has been used 1,651.1 tonnes of the aviation fuel.
The overall carbon dioxide emissions amounted to 268.02 Gg.

Fuel consumption and GHG emissions for landing-takeoff cycles and in-flight have been estimated based on the total number of landings-takeoffs and GHG emission factors provided in Section 1.5.3.5 of the IPCC Guidelines.

1.2.5. Conventional Biomass Fuels

In the Republic of Belarus, this fuel category comprises fuel wood for heating, logging waste, logs of disassembled old buildings, and sleepers. The quantity of each wood fuel is subject to statistical reporting. According to it, 1.36 million t.f.e. of biomass fuel was consumed in 2003.

Wood fuel-produced carbon dioxide emissions were considered separately from other fuels. The reason is that in accordance with methodical recommendations, СО2 emissions from burning biomass fuels are included for information purpose only, but not included into the summary column of the national СО2 emissions from energy sources. 

1.3 Key source categories for Energy sector

According to the UNFCCC Guidelines on reporting and review, Annex Ι Parties shall identify their national key sources categories. Definition of key sources on module "Energy" and their characteristics are submitted in tables 1.5 and 1.6. 

Table 1.5 Key sources identification for Energy Sector
	GREENHOUSE GAS SOURCE AND SINK CATEGORIES
	GHG, equivalent СО2,Gg
	Level assessment, %
	Commulativ total, %

	
	СО2,


	CH4,

.
	N2O,


	Total,


	
	

	Energy Industries
	32,961.57
	21.42
	43.40
	33,026.39
	61.04
	61.04

	Road Transportation
	5,589.49
	22.68
	15.50
	5,627.67
	10.40
	71.44

	Residential
	4,131.82
	213.78
	34.10
	4,379.70
	8.09
	79.53

	Manufacturing Industries and Construction
	4,034.27
	7.77
	6.20
	4,048.24
	7.48
	87.01

	Oil and Natural Gas
	0.00
	2,668.40
	0.00
	2,668.40
	4.93
	91.94

	Agriculture/Forestry/Fisheries
	1,882.90
	15.12
	6.20
	1,904.22
	3.52
	95.46

	Railways
	710.48
	1.04
	1.87
	713.39
	1.32
	96.78

	Other
	661.49
	8.40
	3.10
	672.99
	1.24
	98.03

	Commercial
	482.61
	22.68
	6.20
	511.49
	0.95
	98.97

	Other Transportation (pipelines)
	470.38
	0.00
	0.00
	470.38
	0.87
	99.84

	Civil Aviation
	5.01
	23.73
	49.60
	78.34
	0.14
	99.99

	Navigation
	7.72
	0.02
	0.02
	7.76
	0.01
	100.00


Table 1.6 Energy Sector key sources description 

	Categories
	Description

	Energy Industries
	Large boiler-houses, public district power plants, central heat power plants used for power and heat generating. As fuel basically used natural gas. Energy Industries accounts 79,2 % of natural gas and 96,6 % of fuel oil consumed in Energy sector.

Emissions from fuel combustion: carbon monoxide, carbon dioxide, nitrous oxide, nitrogen oxides, methane, NMVOC. In calculations the IPCC default emission factors were used.


	Road Transportation
	Motor transport (engines of internal combustion) without disaggregation by kinds on cargo, automobile, etc. transport. Fuel - gasoline, diesel fuel, the natural gas, the liquefied gas. Emissions: carbon monoxide, carbon dioxide, nitrous oxide, nitrogen oxides, sulfur anhydride, hydrocarbons С1-С10, methane, volatile non-organic compounds. Basically the IPCC default emission factors were used. National factors are accepted only for carbon monoxide and nitrogen oxides (indirect greenhouse gases) from motor transport which have been designed on the basis of fuel characteristics used in the Republic of Belarus. 



	Residential
	Private burning installations: boilers, furnaces. The fuel structure included - natural gas; fuel wood, briquette peat, liquefied gas. Emissions: carbon monoxide, carbon dioxide, nitrous oxide, nitrogen oxides, sulfur anhydride, methane, volatile non-organic compounds. 
The IPCC default emission factors were used. 

	Manufacturing Industries and Consumption
	Boiler-houses, furnaces - for heat generating for internal use at the industrial enterprises. The natural gas, fuel oil, briquette peat, coal, fuel wood are used as fuel. Emissions: carbon monoxide, carbon dioxide, nitrous oxide, nitrogen oxides, sulfur anhydride, methane, volatile non-organic compounds. 

In calculations the IPCC default emission factors were used. 

	Agriculture / Forestry / Fisheries
	Boiler-houses, furnaces - for heat generating for internal use at the agricultural enterprises. The natural gas, fuel oil, briquette peat, coal, fuel wood are used as fuel. Emissions: carbon monoxide, carbon dioxide, nitrous oxide, nitrogen oxides, sulfur anhydride, methane, volatile non-organic compounds. 

In calculations the IPCC default emission factors were used. 

	Oil and Natural Gas
	The emissions formed in the process of crude oil/natural gas extraction, processing, transportation and consumption, and emissions of unproductive burning (for example, burning in torches and burning of gas waste products). In calculations the IPCC default emission factors were used. 


1.3 Dynamics of Fuel Consumption and Greenhouse Gas Emissions

Over the period from 1990 to 2003, the Republic of Belarus reduced fuel consumption in all activities involving fuel burning, extraction, storage and transportation (Energy module) by 40 %, and by 6.6%  and 3.9% in 2003 compared to 1995 and 1999, respectively (Table 1.7, Fig.5).

Table 1.7 Fuel Consumption Dynamics

	Energy
	Fuel Consumption, PJ

	
	1990
	1995
	1999
	2000
	2001
	2002
	2003

	1. Solid fuel

 including Biomass
	126.410
20.901
	69.858

23.443
	66.853
28.994
	69.188
28.331
	71.935

37.113
	61.925

31.565
	67.255

39.010

	2. Gaseous fuel
	468.484
	436.480
	578.412
	553.244
	566.370
	577.315
	602.644

	3. Liquid fuel
	844.049
	424.359
	255.799
	213.799
	209.348
	198.856
	196.357

	4. Other fuels
	10.559
	--
	3.915
	11.653
	6.491
	3.408
	2.696

	Total
	1,449.502
	907.254
	875.985
	819.555
	854.143
	841.505
	868.953
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Fig. 5. Fuel Consumption Dynamics
Emissions of all greenhouse gases resulting from the energy activity, namely, fuel burning, and production, transportation, storage and distribution of fuel products amounted to 52,298.57 Gg in 2003. 

Carbon dioxide (СО2) emissions accounted for 97.4% in the GHG emissions. The share of the remaining six greenhouse gases accounts for only 2.6%, of them, СО emissions – 1.42%, SO2 –0.34%, methane – 0.27% , NOx – 0.34%, NMVOC – 0.23% (Table 1.8.).

Table 1.8 GHG Emissions Dynamics

	Year
	Consumption,
	Emissions, Gg

	
	TJ
	СО2
	СН4
	N2O
	Nох
	СО
	NMHC
	SO2

	1990
	1,455,801
	100,403.03
	127.17
	0.78
	344.18
	1,581.10
	383.82
	811.74

	1995
	930,697
	60,552.1
	288.05
	0.43
	216.274
	1,356.8
	296.115
	365.81

	1999
	904,979
	55,185
	332.5
	0.48
	137.66
	985.1
	202.96
	208.78

	2000
	847,886
	50,741.57
	123.26
	0.36
	165.62
	692.76
	97.76
	202.36

	2001
	851,265
	50,861.68
	137.67
	0.38
	164.87
	671.07
	87.44
	202.65

	2002
	841,505
	50,295.20
	136.65
	0.37
	172.04
	714.98
	92.36
	179.15

	2003
	868,953
	50,937.74
	141.97
	0.48
	177.21
	741.01
	119.34
	180.09


868.953 PJ were used for all activities related to organic fuel extraction, storage, transportation and consumption (combustion) in 2003 (not accounting the “international bunker”). 

This fuel quantity resulted in emissions of all greenhouse gases amounting to 52,298.57 Gg. Emissions of carbon dioxide – the most dominant of GHG emitted - amounted to 50,937.74 Gg (97.4%).

In 2003, the direct GHG-induced GWE from burning fuel in the module amounted to 54,068 Gg of the СО2 equivalent (Table 1.9, Fig.6). СО2 emissions are the largest contributor (94.2%) to the GWE. In 2003, the GWE from burning fuel in the module reduced by 49,248 Gg (47.7%) compared to 1990, by 12,667 Gg (18.9%) - 1995, and by 8,249 Gg (13.2%) - 1999.

Table 1.9 Greenhouse Gas Emissions Dynamics from Fuel Burning

	Year
	Fuel consumption, PJ
	СО2, 

 СО2 equivalent
	СН4, 

 СО2 equivalent
	N2O, 

СО2 equivalent
	Global warming effect

	1990
	1,449.502
	100,403.3
	2,670.6
	241.8
	103,316

	1995
	930.697
	60,552.1
	6,049.3
	133.6
	66,735

	1999
	904.979
	55,185.45
	6,982.5
	148.8
	62,317

	2000
	847.886
	50,741.57
	2,588.5
	111.6
	53,442

	2001
	851.265
	50,861.68
	2,891.1
	117.8
	53,871

	2002
	841.505
	50,295.20
	2,869.7
	114.7
	53,280

	2003
	868.953
	50,937.74
	2,981.4
	148.8
	54,068
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Fig. 6. Dynamics of Global Warming Effect (GWE)

2. INDUSTRIAL PROCESSES

Various kinds of industrial processes which are not connected to power generating result in greenhouse gas emissions in this module. Processes with chemical or physical transformation of raw materials are the main sources of these emissions. During such processes various greenhouse gases are formed, including: carbon monoxide, carbon dioxide, nitrous oxide, nitrogen oxides, sulphur oxides, methane, non-methane volatile organic compounds (NMVOCs), hydrofluorocarbons (HFCs). 

At present, the following industrial sources of GHG emissions are in the Republic of Belarus:

1. Mineral Products: cement production, lime production, glass production (container and flat), asphalt production and road paving with asphalt;

2. Chemical Industry: ammonia production, nitric acid production, acrylonitrile, ethylene and propylene, phtalic anhydride, polyethylene, methanol, sulfuric acid;
3. Metal Production: electrosteel, molding of non-ferrous metal, molding steel, molding pig-iron, manufacture of pipes, rolled ferrous metal;

4. Food and Drink: alcoholic beverages (beer, brandy, vodka, liqueur, wine and champagne), fish, meat, sugar, margarine, bread, confectionary (including cakes, biscuits);
5. Consumption of Halocarbons (mainly in refrigeration equipments production).
The estimation has been prepared in accordance with the Revised 1996 IPCC Guidelines and, whenever possible, in view of the IPCC good practice guidance.

According to the national emissions data calculation for the following technological processes are carried out: 
- caprolactam production (estimation of carbon monoxide and nitrogen oxides emissions); 

- ethylene and propylene production (estimation of carbon monoxide and nitrogen oxides emissions).
All calculations based on the national statistical activity data, providing by the Ministry of Statistics and Analysis of the Republic of Belarus. Additionally the data of the Ministry of Architecture and Construction, Belarussian Road Department, Production Association Azot and national reporting on consumption of ozone destroying substances in Belarus have been used.

The main information sources for emission factors represented in the following table 2.1.
Table 2.1 Emission Factors for Industrial Processes
	SOURCE
	Emission Factors (EFs)

	
	СО2 
	СО
	N2O 
	NOх 
	NMVOC
	СН4 
	SO2

	Clinker production
	IPCC default
0,5071 t/t
	-
	-
	-
	-
	-
	-

	Cement production
	-
	-
	-
	-
	-
	-
	IPCC default
0,3 kg/t

	Quicklime production
	IPCC default
0,79 t/t
	-
	-
	-
	-
	-
	-

	Flat glass production
	-
	-
	-
	-
	0,045 kg/t1
	-
	-

	Container glass production
	-
	-
	-
	-
	0,2495 kg/t1
	-
	-

	Asphalt production
	-
	-
	-
	-
	0,042 kg/t2
	-
	-

	Electrosteel
	-
	1400 g/t1
	-
	280 g/t1
	-
	900 g/t1
	-

	Rolled ferrous metal
	-
	1600 g/t3
	-
	300 g/t1
	-
	-
	-

	Manufacture of pipes
	-
	2000 g/t3
	-
	200 g/t1
	-
	-
	-

	Molding pig-iron
	-
	1330 g/t5
	-
	
	-
	-
	-

	Molding steel 
	-
	1350 g/t3
	-
	270 g/t1
	-
	-
	-

	Molding of non-ferrous metal
	-
	900 g/t5
	-
	700 g/t1
	-
	-
	-

	Nitric acid production
	-
	-
	5 kg/t 6

IPCC default

	0,79 kg/t6
	-
	-
	-

	Ammonia production
	-
	0,47 kg/t 4
	-
	-
	IPCC default
4,7 kg/t
	-
	IPCC default
0,03 kg/t

	Ethylene and propylene 
	-
	0,6 kg/t 1
	-
	0,2 кг/т1
	1,4 kg/t
IPCC default

	-
	-

	Ethylene 
	-
	-
	-
	-
	-
	1kg/t
IPCC default
	-

	Caprolactam 
	-
	22 kg/t4
	-
	0,47 kg/t1
	-
	-
	-

	Acrylonitrile 
	-
	-
	-
	-
	IPCC default
1 kg/t
	-
	-

	Phtalic anhydride
	-
	-
	-
	-
	IPCC default

6 kg/t
	-
	-

	Polyethylene
	-
	-
	-
	-
	IPCC default

3 kg/t
	-
	-

	Sulfuric acid
	-
	-
	-
	-
	-
	-
	IPCC default
17,5  kg/t 

	Methanol
	-
	-
	-
	-
	-
	IPCC default
2 kg/t 
	-

	Wine 
	-
	-
	-
	-
	IPCC default
0,08 kg/hl 
	-
	-

	Champagne
	-
	-
	-
	-
	IPCC default
0,035

kg/hl
	-
	-

	Vodka and Liqueurs 
	-
	-
	-
	-
	IPCC default
15

kg/hl 
	-
	-

	Brandy
	-
	-
	-
	-
	IPCC default
3,5

kg/hl 
	-
	-

	Beer
	-
	-
	-
	-
	IPCC default
0,035

kg/hl
	-
	-

	Meat
	-
	-
	-
	-
	IPCC default
0,3

kg/t
	-
	-

	Fish 
	-
	-
	-
	-
	IPCC default
0,3

kg/t
	-
	-

	Sugar 
	-
	-
	-
	-
	IPCC default
10

kg/t
	-
	-

	Margarin
	-
	-
	-
	-
	IPCC default
10

kg/t
	-
	-

	Confectionary 
	-
	-
	-
	-
	IPCC default
1

kg/t
	-
	-

	Bread
	-
	-
	-
	-
	IPCC default
8

kg/t
	-
	-


(1) Handbook of Specific Indicators of Pollutant Atmospheric Emissions for Some Industries – Main Sources of Atmospheric Pollution, Saint-Petersburg, 2001.

(2) Analysis of Formation and Emissions of Volatile Organic Compounds (VOC) in the Republic of Belarus and Development of Scientific Ecological and Economic Recommendations for Their Abatement. Research Work Report BELRC ECOLOGY, Minsk, 1999.

(3) Specific Indicators of Pollutant Emissions by Sectors of Industry, 1991.

(4) Determination of Maximum Allowable Emissions (MAE) to Atmosphere and Maximum Allowable Discharges (MAD) to Water Reservoirs at Enterprises of Nitrogen Industry. Research Work Report (for official use only). SINI. State Registration 0181101573.

(5) Collection of Methods for Calculating Pollutant Atmospheric Emissions from Different Industries. L. Gidrometeoizdat, 1986.
(6) Data of the Production Association Azot.
2.1 Greenhouse Gas Emissions Estimation
Carbon Dioxide Emissions

Two main sources contribute to the carbon dioxide emissions, namely, cement and lime industries.

In calculating СО2 emissions of lime production the IPCC Guidelines-recommended emission factor for quicklime is used (0.79 t/t), since there is no dolomite lime production in Belarus.
Because CO2 is emitted during clinker production (rather than cement production itself), emissions estimates have been based on the statistical data of clinker production. The IPCC default emission factor is used (0.5701 tCO2/t clinker), as the more detailed national data are not available.

Over the 2000-2003 period, the contribution of the cement production to total emissions increased from 53.7% to 68.86 (Table 2.2).

Table 2.2 СО2 Emissions, Gg

	Source
	2000
	2001
	2002
	2003

	Cement production (clinker-adjusted)
	814.76
	802.03
	957.71
	1,135.80

	Lime production
	463.02
	437.50
	440.74
	520.77

	Total:
	1,277.78
	1,239.53
	1,398.45
	1,656.57


For the ammonia production, carbon dioxide emissions have not been calculated, since the Grodno Production Association Azot – the only ammonia manufacturer in the Republic of Belarus – fully uses CO2 as the raw material at all 4 production lines producing carbamide.

Sulfur Dioxide Emissions
The major sources of SO2 emissions are cement, ammonia and sulfuric acid industries, with the sulfuric acid technology being the major contributor accounting for 93% of emissions (Table 2.3).

Table 2.3 SO2 Emissions, Gg

	Source
	2000
	2001
	2002
	2003 

	Cement production
	0.55
	0.54
	0.65
	0.74

	Ammonia production
	0.03
	0.03
	0.03
	0.03

	H2SO4 production
	10.21
	9.34
	9.17
	10.05

	Total
	10.79
	9.91
	9.85
	10.82


In calculating the IPCC default SO2 emission factors are used.
Carbon Oxide Emissions
Carbon oxide emissions were calculated for ammonia, ethylene/propylene, caprolactam and production of some metals (Table 2.4).

Table 2.4 CO Emissions, Gg

	Source
	2000
	2001
	2002
	2003 

	Ammonia production
	0.42
	0.41
	0.44
	0.44

	Ethylene/propylene production
	0.11
	0.12
	0.11
	0.13

	Caprolactam production
	2.49
	2.33
	2.30
	2.39

	Metal production, total, including:
	5.01
	5.08
	5.16
	5.29

	Electrosteel 
	2.27
	2.26
	2.25
	2.37

	Rolled ferrous metal
	2.24
	2.27
	2.34
	2.32

	Manufacture of pipes
	0.11
	0.13
	0.17
	0.19

	Molding pig-iron
	0.28
	0.31
	0.29
	0.30

	Molding steel 
	0.09
	0.09
	0.09
	0.09

	Molding of non-ferrous metal
	0.02
	0.02
	0.02
	0.02

	Total
	8.03
	7.94
	8.01
	8.25


СО emission factors for calculating have been used based on the national data: for ammonia and caprolactam from the reference [10], for ethylene and propylene and electric steel from [8], rolled metal and pipe production from [7], pig-iron molding from [11], steel molding from [7], non-ferrous metal molding from [11].

Nitrogen Oxides Emissions
Nitrogen oxides emissions are characteristic of a number of processes of the chemical and metallurgical industries (Tables 2.5, 2.6).

Table 2.5 NOx Emissions, Gg

	Source
	2000


	2001
	2002
	2003

	Nitric acid production
	0.16
	0.16
	0.16
	0.18

	Ethylene/propylene production
	0.04
	0.04
	0.04
	0.04

	Caprolactam production
	0.05
	0.05
	0.05
	0.05

	Metal production, total, including:
	0.92
	0.92
	0.94
	0.96

	Electrosteel 
	0.45
	0.45
	0.45
	0.47

	Rolled ferrous metal
	0.42
	0.43
	0.44
	0.44

	Manufacture of pipes
	0.01
	0.01
	0.02
	0.02

	Molding steel
	0.02
	0.02
	0.02
	0.02

	Molding of non-ferrous metal 
	0.02
	0.02
	0.01
	0.01

	Total
	1.17
	1.18
	1.22
	1.23


Table 2.6 NO2 Emissions, Gg

	Source
	2000
	2001
	2002
	2003

	Nitric acid production
	1.01
	1.04
	1.21
	1.13


For weak nitric acid, nitric oxides emission factors are used based on the data provided by the Grodno PA Azot producing it, for other industries – based on [8].

Methane Emissions
Methane emissions have been calculated for chemical industries (ethylene and methanol) and electric steel industry (Table 2.7).
Table 2.7 СН4 Emissions, Gg

	Source
	2000
	2001
	2002
	2003 

	Chemical industry (ethylene, methanol)
	0.15
	0.16
	0.16
	0,17

	Electric steel industry
	1.46
	1.45
	1.45
	1,52

	Total
	1.61
	1.61
	1.61
	1,69


Methane emission factors in calculations are used based on [8]. The electric steel industry accounted for 90% of aggregate methane emissions for this module.

Emissions of Non-Methane Hydrocarbons
The NMVOC emissions are characteristic of asphalt making, glass making, number of chemical industries and food and drink production (Table 2.8).

Food and Drink processes are the main contributor to the NMVOC emissions exceeding 75%.

NMVOCs are produced during the processing of cereals and fruits in preparation for the fermentation processes. Also NMVOCs are released during the heating of fats and oils and foodstuffs containing them, the baking of cereals, flour and beans, fermentation in bread making, the cooking of vegetables and meats, and the drying of residues.
Emissions estimates are based on the total annual production of the particular food and alcoholic beverages manufacturing process. National production statistics are provided by the Ministry of Statistics and Analyses. 
Emission factors are taken from the EMEP/CORINAIR Guidebook and are derived for Europe. They may be different for our country processes, but more region specific data are not available now.
Table 2.8 NMVOC Emissions, Gg

	Source
	2003 

	Asphalt making
	0.16

	Road Paving with Asphalt
	5.00

	Glass making
	0.03

	Ammonia production
	4.38

	Chemical industries (ethylene, propylene, polyethylene, phtalic anhydride, acrylonitrile)
	0.81

	Alcoholic beverages production
	12.69

	Food
	18.81

	Total
	41.88


The data on chemical products output have been received at the industry’s enterprises, while IPCC Guidelines emission factors are used for them.

Glass output data for calculations have been received from enterprises of the Belarusian Ministry of Construction and Architecture, and emission factors are used from [8].

As regards asphalt, NMVOC are emitted during asphalt making, road paving and then from road pavement during operation in accordance with the IPCC Guidelines. The output data were provided by the BELAVTODOROGI Department. The emission factor is used based on the national data, that is, the data on NMVOC emission analysis at 19 Belarusian asphalt plants [12].

Fluorocarbon Emissions
Halocarbons and sulphur hexafluoride are not produced in the Republic of Belarus. 
The basic direction of fluorocarbons consumption in the Republic of Belarus is sector of refrigeration equipments. 
In calculations it was accepted, that all amount of HFCs is used in the household refrigerators and freezers, since more detailed information now is unavailable.
In estimation a “top-down” approach have been used. Emissions are estimated on the basis of the consumption distribution and emissions characteristics related to various processes, at loading and operation of the refrigerating equipments.

IPCC default average equipment lifetime - 15 years is used. For the account of HPCs amount stocked in existing systems, HPCs volumes used in the country for last 15 years are accepted. 
Mainly, HFC 134 and HFC 134a as the refrigerating agent are used, share of HFC 143а and HFC 23 does not exceed 0,01 % from the total volume.
The calculated aggregate HFC emissions are very low amounting to ~ 0.41 Gg CO2 equivalent.
2.2 Key source categories for Industrial Processes sector

Table 2.9 Key source categories for Industrial Processes Sector 

	GREENHOUSE GAS SOURCE AND SINK CATEGORIES
	GHG
	CO2 equivalent,

Gg
	Level assessment for sector
	Cummulativ total

	А. Mineral Products 1.Cement Production
	СО2
	1135,80
	0,56
	0,56

	А. Mineral Products 1.Lime Production
	СО2
	520,77
	0,25
	0,81

	В. Chemical Industry 2. Nitric Acid Production
	N2O
	350,30
	0,17
	0,98

	C. Metal Production 1. Electrosteel
	СН4
	31,92
	0,02
	1,00

	В. Chemical Industry 5. Ethylene And Methanol Production
	СН4
	3,57
	0,00
	1,00

	F. HFCs Consuption
	HFCs
	0,41
	0,00
	1,00

	Итого:
	
	2042,77
	1,00
	


The estimation of the level of emissions of various categories shows, that 3 key sources contribute more than 98 % to the total GHG emissions from Industrial Processes. They are following:

1. 
 Cement Production – CO2 emissions  (55,6 %);

2. 
 Lime Production - CO2 emissions (25,5 %);

3. 
 Nitric Acid Production - N2O emissions (17,2 %).

2.3 Dynamics of Greenhouse Gas Emissions

In general, for the last years the increase trend of GHG emissions in the Industrial Processes module is observed. That is connected to growth of production volumes in the Republic of Belarus (table 2.10).

Table 2.10 Greenhouse Gas Emissions from Industrial Processes
	Year
	СО2, 

 СО2 equivalent
	СН4, 

 СО2 equivalent
	N2O, 

СО2 equivalent
	HFCs,
СО2 equivalent
	Total

	1990
	1,856.35
	24.15
	347.2
	0.00
	2,227.70

	1995
	902.65
	16.38
	260.4
	0.00
	1179,43

	2000
	1,277.78
	33.81
	313.1
	0.00
	1,624.64

	2001
	1,239.53
	33.81
	322.4
	0.00
	1,595.74

	2002
	1,398.45
	33.81
	375.1
	0.00
	1,807.36

	2003
	1,656.57
	35.49
	350.3
	0.41
	2,042.77


The tendencies of GHG emissions of the CO2 equivalent in the given module are presented in Figure 7.
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Fig. 7. – GHG emissions in СО2 equivalent
Reviewing the tendencies of greenhouse gas emissions in the Industrial Processes module as a whole, it should be noted that they are defined by the output of respective products. A nose-diving decline in production in 1995 compared to 1990 also effected emissions of all greenhouse gases.

The tendencies of change of volumes of clinker and lime production – key source categories, determining amount of CO2 emissions of the Industrial Processes are presented in Figure 8, 9.
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Fig.8. Clinker production and СО2 emissions tendencies
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Fig.9. Lime production and СО2 emissions tendencies
In 2003, the Industrial Processes sector accounted for 3,7% to total GHG emissions expressed in CO2 equivalent in the Republic of Belarus.

3. SOLVENTS AND OTHER PRODUCTS USE

Solvents are categorized as substances the use of which involves emissions of non-methane hydrocarbons.

Solvents are used in the following three spheres:

1) thinning paints;

2) degreasing and dry cleaning;

3) chemicals products manufacture/processing;
4) nitrous oxide use for medical purposes.
The first group in which solvents are applied includes processes related to the use of paints, lacquers, enamels, sealants, base coatings/primers. The main users are woodworking, machine-building and consumer goods industries, as well as construction and repair companies. As a rule, emissions comprise solvents contained in paints, enamels, lacquers and so forth being their volatile components: xylene, toluene, acetone, isopropyl alcohol, white spirit, ethyl cellosolve, etc.

The second group comprises processes using solvents for degreasing surfaces and dry cleaning. These types of solvents are used by enterprises of electronic and radio engineering industries, as well as by dry cleaning companies. In this case, acetone, gasoline, ethanol, carbon tetrachloride, trichloroethylene, and perchloroethylene prevail in emissions.

The third and the largest group comprises production and processing of chemical products:

- oil refineries;

- petrochemical enterprises (ethylene, propylene, acryclonitrile, methacrylate);

- chemical fibers enterprises: polyester fiber and yarn and raw materials for their production (dimethyl terephthalate, terephthalic acid), capron threads for tire fabric and industrial products, acrylic, carbon and  modacrylic fiber;

- glass fiber and glass-fiber materials enterprises;

- paintwork materials enterprises (condensation resin/polymerization-based lacquers and enamels, polymerization resin-based primers) and raw materials for them (phthalic anhydride);

- tires for cars, trucks and agricultural machinery;

- general mechanical rubber goods;

- plastics production and processing (polyethylene, polypropylene, polystyrene).

Since a large number of chemical enterprises and crude oil refineries operates in the Republic of Belarus, NMVOC emissions are high (petrobenzene, cyclohexane, acetone, cyclohexanone, etc.).

The fourth group includes solvents use in the medical sphere. In 2003, according to the data provided by the Ministry of Health 257.7 thous.ton of N2O has used for anesthetization. The calculated N2O emissions have made 0.2577 Gg.
It has been noted above that the largest contributor to the NMVOC emissions is the group of solvents used for chemicals production and processing (Table 3.1), as well as the oil refining process emitting a significant quantity of oil gasoline. 

Table 3.1 NMVOC Emissions from Using Solvents and Other Products in Chemicals Production and Processing

	Submodule
	NMVOC emissions from using solvents in chemicals production and processing

	Product
	A

Quantity of product,  t
	B

Aggregated emission factor,

t NMVOC/t
	C

NMVOC emissions,

Gg

	
	
	
	C = AxB/1000 

	Oil refining
	15,773,700.0
	0.00147 for oil gasoline
	23.187

	Xylenes
	100149.6
	0.0145 for xylene
	1.452

	Benzene 
	-
	0.006 – benzene
	-

	Condensation resin-based lacquers
	14,070.0
	0.01 - aggregate for xylene, acetone, white spirit
	0.141

	Condensation resin-based enamels, primers and sealants
	8,861.4
	
	0.089

	Polymerization resin-based lacquers, enamels, primers and sealants
	2,080.1
	
	0.021

	Caprolactam 
	-
	0.005 - aggregate for benzene, cyclohexane cyclohexanone
	-

	Dimethyl terephthalate 
	158,597.0
	0.0013 - aggregate for methanol and xylene
	0.206

	Continuous glass fiber
	28,635.0
	0.03 for ethanol
	0.859

	Tires 
	2,764,600.0
	0.00024 for gasoline
	0.664

	Rubber footwear (thousand pairs)
	-
	0.018 t/thousand pairs - aggregate for gasoline and alcohol
	-

	General mechanical rubber goods (molded and unmolded)
	-
	0.03 for gasoline and ethyl acetate
	-

	Total
	
	
	26.619


Table 3.2 Total Solvent and Other Product Use
	GREENHOUSE GAS SOURCE AND SINK CATEGORIES


	Activity data
	Emissions
	Aggregated emission factor

	
	А 

Total consumption

(kt)
	В 

Total NMVOC release,

Gg
	С 

Ton NMVOC/ton of product



	
	
	
	С = В/А

	3 Solvent use
	
	36.901
	

	      А Paint use
	0.412
	0.206
	0.5

	      В Degreasing and dry cleaning
	10.076
	10.076
	1.0

	      С Chemical products manufacture/processing
	16,636.875*
	26.619
	0.0016

	      D Other
	
	
	


* For the category C the volume of production is specified.

4. AGRICULTURE

The estimation of GHG emissions has been prepared in accordance with the Revised 1996 IPCC Guidelines for the following basic sources: 
- livestock (emissions from enteric fermentation and manure management are considered separately);

- burning agricultural residue on fields;

- agricultural soil emissions.

Main greenhouse gases emitted in this category of sources are CH4 and N2O supplemented by lower emissions of CO, NОx and CO2.

Such categories of sources as rice cultivation and savanna burning specified in the IPCC Guidelines and included into the agricultural sector are absent in the Republic of Belarus.

The methodology of estimation is based on "top-down" approach when the aggregated emission factors  and statistical activity data are used.

The main calculation algorithm:

Е = Еф х Р,

where Е – volume of emissions of one or another gas from a specific source category, Еф- specific emission factor for the given category, Р – statistical indicator characterizing intensity of a source (livestock population, fertilizer application, arable soil area, etc.).

This general algorithm is transformed to be applied to specific sources. 
The following year-wise data were used for preparing the GHG inventories in the given sector:

- livestock population by animal species;

-  manure storage and distribution systems by types;

- production of plant growing produces by crops;

- production of legumes by types of crops;

- fraction of biomass burnt on fields (by types of crops);

- level of nitrogen fertilizer usage;

- area of arable peat lands.

4.1 Estimating Emissions from Enteric Fermentation and Manure management

Methane from enteric fermentation is produced in herbivores as a by-product of the digestive process by which carbohydrates are broken down by micro-organisms into simple molecules for absorption into the blood-stream. Both ruminant animals (e.g., cattle, sheep) and some non-ruminant animals (e.g., pigs, horses) produce methane, although ruminants are the largest source. The amount of CH4 that is released depends upon the type, age and weight of the animal and the quantity and quality of the feed consumed.

Methane from the management of animal manure occurs as the result of its decomposition under anaerobic conditions. These conditions often occur when a large number of animals are managed in a confined area (e.g. dairy farms, feedlots, and swine and poultry farms.
Estimation of methane emissions from domestic livestock based on statistical data of livestock population and  default emissions factors for cool climate regimes (annual average temperature less than 150C) (Table 4.1-4.2).
Table 4.1 Emission Factors in the Livestock Sector, Source Category Agriculture
	
	Enteric fermentation СН4 emissions factors, kg/head/year
	СН4 emissions factors for manure management, kg/head
	N excretion per head of animal, 
kg/animal/year 

	Non-dairy cattle
	56
	4
	50

	Diary cattle
	81
	6
	70

	Horses
	18
	1.39
	25

	Goats
	5
	0.12
	25

	Sheep
	8
	0.19
	16

	Swine 
	1.5
	4
	20

	Poultry 
	Not estimated
	0.078
	0.6


Table 4.2 Methane Emissions from Enteric Fermentation and Manure Management, Gg

	
	2001
	2002
	2003

	GHG source
	Enteric fermentation
	Manure
	Total
	Enteric fermentation
	Manure
	Total
	Enteric fermentation
	Manure
	Total

	Animals, total
	283.14
	35.75
	318.90
	276.70
	35.04
	311.74
	270.39
	34.36
	304.75

	Dairy cattle
	144.48
	10.70
	155.18
	138.97
	10.29
	149.26
	134.27
	9.95
	144.22

	Non-dairy cattle
	128.85
	9.2
	138.135
	128.21
	9.16
	137.37
	126.92
	9.06
	135.98

	Sheep
	0.66
	0.02
	0.68
	0.58
	0.02
	0.60
	0.50
	0.01
	0.51

	Goats
	0.33
	0.01
	0.34
	0.32
	0.01
	0.33
	0.32
	0.01
	0.33

	Horses
	3.77
	0.29
	4.06
	3.63
	0.28
	3.91
	3.45
	0.27
	3.72

	Swine
	5.06
	13.49
	18.55
	4.99
	13.32
	18.31
	4.93
	13.15
	18.08

	Poultry
	0.00
	2.04
	2.04
	0.00
	1.96
	1.96
	0.00
	1.91
	1.91


Reviewing the above mentioned data its should be noted, that in republic the tendency of gradual decreasing of emissions from animal is observed. That determined, mainly, by reduction of the livestock population.

The estimating of distribution of different animal waste management systems has made by expert way (table 4.3).

Table 4.3 Percentage of Manure Production per Animal Waste Management System
	Type of animal
	Anaerobic Lagoon
	Liquid System
	Solid Storage and Drylot
	Pasture Range and Paddock

	Non-dairy cattle
	0
	8
	80
	12

	Dairy cattle
	0
	6
	70
	24

	Poultry
	0
	0
	92
	8

	Goats
	0
	0
	76
	24

	Swine
	0
	45
	55
	0

	Other
	0
	0
	76
	24


There are no anaerobic animal waste management systems in the Republic of Belarus.

Estimation N2O emissions from animal waste management systems:
Nex (AWMS) = 
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where:

 Nex (AWMS)  - N excretion per animal waste management system, kgN/year;

NТ – number of animals of type Т;

Nex(Т) – N excretion of animals of type Т, kgN/head/year;

AWMSТ – fraction of Nex(Т) that is managed in one of the different  distinguished animal waste management systems for animals of type Т;

Т – type of animal category.

N2O(AWMS)= 
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where:

N2O(AWMS) –N2O from all animal waste management systems, Gg;

EF3 - N2O emission factor for an AWMS, kgN2O - N/kg of Nex in AWMS (Table 4.4).

Table 4.4 N2O emissions from animal waste management systems
	Animal Waste Management System
	N excretion per animal waste management system, kgN/year,

Nex (AWMS)
	Emission factor,

kgN2O - N/kg of Nex in AWMS, EF3
	Total N2O emissions from all systems


	Liquid System
	45,610.94
	0.001
	0.000

	Solid Storage and Drylot
	227,178.43
	0.02
	0.007

	Pasture Range and Paddock
	44,395.35
	0.02
	0.001

	Total:
	317,184.72
	
	0.008


4.2 Estimating Emissions from Burning Crop Residue on Fields
In general, burning crop residue is not characteristic of the Republic of Belarus, and the public sector, in particular. The fraction of burnt agricultural crop residue is relatively higher in the private sector. In general, based on the data available it is presumed that 1% of crop residue of cereal crops and legumes and 5% of potato plant residue are burnt annually. The uncertainty of estimates is rather high which is primarily explained by the absence of direct accounting of burning crop residue.

The calculation of emissions is based on the national statistical data on crop production for the following types: wheat, barley, oats, rye, peas, potatoes.

Table 4.5 Emissions of Indirect Greenhouse Gases from Burning

Crop Residue on Fields, Gg

	
	2001
	2002
	2003

	CH4
	0.254
	0.262
	0.266

	CO
	6.670
	6.869
	6.988

	N2O
	0.003
	0.003
	0.008

	NOx
	0.100
	0.113
	0.274


4.3 Estimating Emissions from Agricultural Soils

Emissions estimation from agricultural soils included three components: 1) direct N2O emissions from agricultural soils (excluding grazing animals); 2) direct soil emissions of N2O animal production; 3) indirect emissions of N2O from nitrogen used in agriculture.

For calculating of direct N2O emissions from agricultural soils the data of total use of synthetic fertilizers are used. Amount of N input from fertilizers has calculated from the following equation:
FSN=NFERT*(1-FracGASF),

Where:

 NFERT – total use of synthetic fertilizer in country (kg N/yr);
FracGASF – fraction of total synthetic fertilizer nitrogen that is emitted as NH3 + NOx, (0,1 kgN/kgN).

The given sector of sources includes also direct N2O emissions from use of animal waste. The basic data for calculation include the livestock numbers for each animal type and a fraction of manure used as a fertilizer. The fraction of manure remained on pastures and enclosed grazing land is also taken into account. As fuel animals waste in republic are not used, therefore this component is equal to zero.

Direct emissions from growing nitrogen-fixing crops have been calculated on the base of leguminous plants production indicators and nitrogen fraction (0.03) on the total biomass basis.

N2O emissions from crop residue include emissions from nitrogen-fixing and non-nitrogen fixing crops, with the fraction of burnt and removed residue being accounted.

The main statistical data used included the cereal crop production, with the dry matter fraction (for cereals 0.83, potatoes – 0.45) and produces-to-biomass ratio being accounted (0.5). 

Emissions of nitrous oxide from arable drained peat soils were calculated based on the drained arable peat land area and nitrous oxide emission factor (5 kg N/ha).

The calculating of indirect N2O emissions from nitrogen-containing substances used in Agriculture has been made on two components:
· emissions due to atmospheric deposition of NH3 and NOx; 

· emissions due to nitrogen leaching and runoff. 

The summary Table 4.6 provides direct emissions of nitrous oxide from soils.

Table 4.6 Aggregate Nitrous Oxide Emissions from Arable Soils, Gg N2O
	
	2003

	Nitrogen Fertilizers
	5.481

	Manure
	0.005

	Nitrogen fixing crop
	0.094

	Crop residue
	2.602

	Organogenic soil use
	6.691

	Cattle Grazing
	0.001

	Indirect emissions
	4.146

	Total
	19.020


Aggregate emissions from Agriculture sector are provided in Table 4.7.

Table 4.7 Greenhouse Gas Emissions from Agriculture
	Year
	СО2, 

 СО2 equivalent
	СН4, 

 СО2 equivalent
	N2O, 

СО2 equivalent
	Global warming effect

	2001
	-
	6,701.94
	5,266.9
	11,968.84

	2002
	-
	6,552.00
	5,146.0
	11,698.00

	2003
	
	6,405.32
	5,902.98
	12,308.30


4.4 Key source categories for Agriculture sector

The estimation of key source categories in the Agriculture sector is provided in Table 4.8.

Table 4.8 Key source categories for Agriculture Sector 

	GREENHOUSE GAS SOURCE AND SINK CATEGORIES
	GHG
	CO2 equivalent,

Gg
	Level assessment for sector
	Cummulativ total

	А. Enteric Fermentation. 1.Dairy and non-dairy cattle
	СН4
	5,485.2
	44.57
	44.56

	D. Agricultural soils. 1.Direct emissions from soil.

Including:
	N2O
	4,610.7
	37.46
	82.03

	- Nitrogen fertilizers 
	N2O
	1,699.1
	
	

	- Manure
	N2O
	1.6
	
	

	- Nitrogen fixing crop
	N2O
	29.2
	
	

	- Crop residue
	N2O
	806.6
	
	

	- Organogenic soil use
	N2O
	2,074.2
	
	

	D. Agricultural soils. 3. Indirect emissions
	N2O
	1,286.5
	10.45
	92.48

	В. Manure management 1. Dairy and non-dairy cattle
	СН4
	399.2
	3.24
	95.72

	В. Manure management. 8.Swine
	СН4
	276.2
	2.24
	97.96

	А. Enteric Fermentation. Other
	СН4
	193.2
	1.57
	99.53

	В. Manure management. Sheeps, goats, horses, poultry
	СН4
	46.2
	0.38
	99.91

	F. Burning crop residue on fields
	СН4
	5.7
	0.04
	99.95

	В. Manure management. 12. Solid storage and drylot 
	N2O
	3.1
	0.03
	99.98

	F. Burning crop residue on fields
	N2O
	2.3
	0.02
	100

	Total:
	
	12,308.3
	100
	


The following main categories contribute more than 95% to total GHG emissions expressed in CO2 equivalent of Agriculture sector:
1) Enteric fermentation, the main sources are dairy and non-dairy cattle (44.6%), which number amounted 3,924.1 thous.head in 2003;
2) Direct emissions from agricultural soils (37,5 %), the basic sources – cultivation of organic soils and nitrogen fertilizers use;

3) Indirect emissions from agricultural soils (10,5 %), coursed by atmospheric deposition of NH3 and NOx volatilized from mineral fertilizers and animal waste applied to soil and leaching nitrogen compounds from soils;

4) Animal waste management systems (3,2 %).
In 2003, the Agriculture sector accounted for 22% to total GHG emissions expressed in CO2 equivalent in the Republic of Belarus.
5. LAND-USE CHANGE AND FORESTRY

Greenhouse gas emissions in the LUCF sector have been estimated in accordance with the Revised 1996 IPCC Guidelines, according to which carbon dioxide emissions and removals, methane, nitrogen oxides, carbon monoxide and nitrous oxide emissions are submitted. 
The wood consumption, biomass burning, soil conversion with full or partial biomass withdrawal and biomass decay at conversion are the major GHG emissions sources in the Forestry. CO2 removals are provided mainly by accumulating in the forest biomass and on lands removed from agricultural using.
National and departmental statistical reports, handbooks, methodical guidelines, different archives, publications, etc., research findings obtained by the task force working on this problem, as well as reports and findings of studies in territorially and typologically distributed evaluation of productivity and parameters of the biogenic cycle of chemical elements in the Belarusian ecosystems provided data for making calculations.
Statistical national data in the given module are provided by following organizations:

· Ministry of Forestry of the Republic of Belarus;

· Ministry of Statistics and Analyses of the Republic of Belarus;

· Ministry of Natural Resources and Environmental Protection of the Republic of Belarus;

· Institute of Experimental Botany of the National Academy of Sciences;

· Land Resources, Geodesy and Cartography Committee.
5.1 Carbon Dioxide Emissions and Removals in Forest Ecosystems
The most impotent agent - СО2 reservoir and sink – is forest biomass and forest products, specifically wood increment rate defining the biomass growth as a whole. It depends on the specimen composition, forest stand composition, density, quality of locality, underwood development and other factors.

Geographically, Belarusian forests fall into the category of middle-latitude forests. In 2004, the total forest covered area has made 7670 thous.ha. 
The total carbon removals (E, thousand tonnes of C) is calculated by the formula:
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where:

A – forest area, kha;

B – annual growth rate, t dm/ha;

D – carbon fraction of dry matter (IPCC default indicator - 0.5 has been used);

n – forest type.

CO2 emissions estimation based on the national statistical data on forest recreation and felling and estimating of biomass conversion through burning and oxidation. There are two logging categories: final harvesting and thinning operations/sanitation felling.
The conversion factor of the merchantable wood is taken to be 0.7 (t dm/m3) according to national data. The calculation algorithm is H=F*G, where F – merchantable wood (thousand m3 of round wood), G – conversion factor, H – total biomass hauled from forest (thousand tonnes of dry weight).

Total СО2 deposition in the forest biomass is represented in Fig. 10.
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Fig.10. СО2 removals in the forest biomass

In 2003, the total СО2 removals by the Republic of Belarus forests amounted 32,974.88 Gg.
The removed biomass (Е) during conversion of forest and meadow lands over 10-year period is determined by the formula:

Е=A*D at D=B-C,
where:
A – annually converted area, kha; D – net change in biomass density, t dm/ha; B – biomass before conversion t dm/ha; C – biomass after land conversion, t dm/ha.

The quantity of biomass burnt on the site, oxidizing on the site and burnt not on the site is calculated as fractions. 

The net change in biomass density D=B-C, average annual biomass loss Е=A*D, as well as the quantity of biomass left to decay – G=F*i are estimated, where F – fraction of biomass left to decay, i – quantity of released carbon (kt C); i = G*H, where H – fraction of carbon in biomass. Then, an immediate release during burning and delayed emissions resulting from decomposition are determined and total annual release of carbon and its СО2 equivalent are calculated.

In 2003, non-CO2 trace gases emissions from biomass on-site burning amounted for СH4 - 4.87 Gg, СО – 42.6 Gg, N2O – 0.03 Gg, NOx – 1.21Gg.
In this case, CH4 and СО emissions are estimated as fractions of a flux of carbon released during burning. Nitrogen is estimated by the ratio N/С in the dry biomass, N2O and NOx – as fractions of the nitrogen estimate.

Land retirement may be accompanied by significant removals and emissions, or these effects may be absent. The estimation is based on the assumption that soils return to the natural condition. Two components are calculated: annual storage of carbon of the above-ground phytomass on land abandoned less than 20 year ago and the same on land abandoned for a period of more than 20 and less than 100 years. 

The change in carbon content in mineral soils is estimated for two soil groups: intensively and unintensively cultivated soils. 

As a result, the net change is derived – soil carbon removals over the 20-year period.

In estimating СО2 emissions during liming, the data on types of materials are converted to СaСО3. Emission values are given for reporting years.

5.2 Estimation of Carbon Dioxide Emissions from Drained Peat Land in Belarus

Currently, the area of drained marshland in the Republic of Belarus is about 1.4 million hectares. Being in the drained condition, they are not capable of accumulating, since an intensive aeration of a residual peat layer and destruction of a bog vegetation stopped peat accumulation processes, while mineralization processes lead to emissions of additional quantities of carbon dioxide releasing from an organic material (OM) of peat deposited in ancient times. 

To determine average statistical percentage of carbon and nitrogen in the organic mass of different peat groups and types in the Republic of Belarus, the reference literature has been analyzed over the last 50 years (18-23(.
According to the generalized data, valid OM average statistical loss is as follows: 3.5-4.4 t/ha a year from cultivation of perennial grass; cereal crops - 6.0 t/ha, and intertilled crops - 9.8 t/ha. If the peat-field is drained, but not used for crop cultivation, organic material losses increase up to 11.1 t/ha, because a small quantity of root and the above-ground crop residue passes into soil. 

The drained, but not arable peat deposits, primarily worked-out through peat extraction, and their edges, as well as peat soils used for cultivation of intertilled crops contribute to maximum losses of the organic material (10-11.1 t/ha/year), carbon (5.8-6.4 t/ha/year) and nitrogen (0.3 t/ha/year) (9.8(1.6; 5.7(0.9; 0.3(0.05, respectively). Drained peat soils used for cultivating perennial grass contribute to minimum losses of the organic material (3.6(1.0), carbon (2.0(0.3) and nitrogen (0.1(0.02).

The structure of crop areas on drained peat soils depends on the peat layer depth. Grain and grass rotations with 40-50% of cereal crops and 50-60% of perennial grass (40% and 60%, respectively, were used for making calculation) are recommended on soils with the peat layer depth over 1 m in the dried state. Cultivation of predominantly perennial grass combined with cereal crop cultivation within the period between regrassing is recommended on soils with the peat layer depth less than 1 m that corresponds to the rotation with 80% of perennial grass and 20% of cereal and other annual crops. 

Under these conditions, an annual consumption of the OM from 1 ha of a rotation area with the peat layer depth less than 1 m will amount to: 

3.6 ( 0.8 + 7.0 ( 0.2 = 4.28 ( 4.3 t/ha; 

while for soils with the peat layer depth more than 1 m: 

3.6 ( 0.6 + 7.0 ( 0.4 = 4.96 ( 5.0 t/ha.

The total loss of the peat organic material from drained peat soils is determined by the formula: 

Рорг. = Р ( S 

where Р – annual organic material loss, t/ha; S – area of drained peat soils, ha. 
Carbon dioxide emissions from drained peat soils is determined by the formula: 

ЭСО2 = Рорг. ( Кс ( КСО2 
where Кс – factor of carbon content in organic material; КСО2 – factor of conversion of carbon to carbon dioxide ((3.67).
5.3 Estimation of Carbon Dioxide Emissions from Worked-out Peat Deposits and Peat Deposits under Mining 

Carbon dioxide emissions from worked-out peat deposits or peat deposits being mined are considered in this submodule. 

Currently, the worked-out peat deposits and some sites are being turned over mainly to the agricultural or forest sectors.

To calculate СО2 emissions from worked-out peat deposits, the following data are needed: 

· area of worked-out peat deposits and peat deposits being mined, ha; 

· organic material loss, t/ha/year; 

· carbon loss, t/ha. 

The required data on the area of worked-out peat deposits and ash content are provided in the Inventory Handbook Peat Reserves of the Byelorussian SSR (1979); Arrangement of Peat Resources Management and Protection in the Republic of Belarus up to 2010; data of the Forestry Ministry of the Republic of Belarus. 

Total peat organic material loss from the worked-out peat deposits and peat deposits under mining is determined by the formula: 

Рорг. = Р ( S 

where Р – annual organic material loss, t/ha; S – area of worked-out peat deposits and peat deposits under mining, ha. 
Carbon dioxide emissions from worked-out peat deposits are determined by the formula: 

ЭСО2 = Рорг. ( Кс ( КСО2 
where Кс – factor of carbon content in organic material; КСО2 – factor of conversion of carbon to carbon dioxide ((3.67).

5.4 Estimation of Carbon Dioxide Removals from Atmosphere and Methane Emissions by Natural Bogs 

Removals of carbon dioxide by natural marsh ecosystems is considered in this submodule.

To estimate the carbon dioxide removals to Belarusian bogs, the bog area (S) by types of deposits and the quantity of carbon dioxide (Рсо2) annually removed from the atmosphere by one hectare of bog needs to be known. The bog area data were obtained from the Inventory Handbook Peat Reserves of the Byelorussian SSR (1979), Arrangements of Efficient Management and Protection of Peat Resources of the Republic of Belarus up to 2010 and Data of the Ministry of Natural Resources and Environmental Protection. 

To determine Рсо2, the annual peat increment needs to be known.
The annual carbon dioxide removals from the atmosphere to 1 hectare of a natural peat bog is calculated by the formula:

Pсо2 = 10000( h(((KW(KA(KC(Ксо2

where 10000 – factor of conversion from m2 to ha; h – annual peat layer increment rate, m; W – average peat moisture content, %; ( - average peat ash content, %; ( - peat density in field, t/m3; Кс – factor of carbon content in organic material; Ксо2 – factor of conversion of carbon to carbon dioxide ((3.67).

The moisture coefficient is calculated by the formula:

KW = (100-W) / 100

W – average moisture content by peat types, %;

The ash content coefficient is calculated by the formula: 

KA = (100-A) / 100

( - average ash content by peat types, %. 

The annual carbon dioxide removals from the atmosphere to natural peat bogs is determined by the formula:

Р(со2 = Рсо2(S

S – bog area, ha.

The resulting values of СО2 removals and emissions are presented in Table 5.1. 

Table 5.1 Dynamics of СО2 Removals and Emissions, Gg

	Year 
	Total
	Total

	
	Emissions
	removals

	1990
	19,176.15
	-36,397.40

	2000
	19,698.14
	-41,976.22

	2001
	19,392.80
	-39,213.14

	2002
	20,372.38
	-34,957.97

	2003
	20,042.72
	-36,781.36


It is noteworthy that the total emission and removal indicators are characterized by an irregular variability and in comparison with 2002 small reduction of emissions and growth of removals are observed.
The increase in СО2 removals is connected to the land retirement, as well as rebogging process of inefficiently used peat soils and worked-out peat deposits.
Table 5.2 Greenhouse Gas Emissions from Land-Use Change and Forestry

	Year
	СО2, 

 СО2 equivalent
	СН4, 

 СО2 equivalent
	N2O, 

СО2 equivalent
	Global warming effect

	2001
	-19,820.34
	469.77
	9.3
	-19,341.27

	2002
	-14,585.59
	468.93
	9.3
	-14,107.36

	2003
	-16,738.66
	466.41
	9.3
	-16,262.95


5.5 Key source categories for LUCF sector
The estimation of key source categories in the LUCF sector is provided in Table 5.5.

Table 5.5 Key source categories for Land Use and Forestry sector 

	GREENHOUSE GAS SOURCE AND SINK CATEGORIES
	GHG
	CO2 equivalent,

Gg
	Level assessment for sector
	Cummulativ total

	E.Other/Drained Peat Soils and Drained Peat Deposits
	CO2
	13,053.80
	63.62
	63.62

	B.Forest and Grassland Conversion 2.Temperate Forests
	CO2


	5,199.44
	25.34
	88.96

	D.CO2 Emissions and Removals from Soil/ Liming of Agricultural Soils
	CO2
	909.48
	4.43
	93.39

	D.CO2 Emissions and Removals from Soil/ Cultivation of Mineral Soils
	CO2
	880.00
	4.29
	97.68

	E.Other/Natural Bogs
	СН4
	364.14
	1.77
	99.45

	B.Forest and Grassland Conversion 2.Temperate Forests
	СН4
	102.27
	0.50
	99.95

	B.Forest and Grassland Conversion 2.Temperate Forests
	N2O
	9.3
	0.05
	100

	
	
	
	
	

	Total:

	(without СО2 removals)
	 20,518.43

	100

	

	
	
	
	
	

	Total СО2 removals in LUCF sector


	
	-36,781.38


	
	


6. WASTE

In the Republic of Belarus the main GHG emissions sources  in this module are following:

Municipal waste disposal sites -
 СН4
Waste water:

industrial  –    



 СН4
domestic  –



СН4, N2O
The main contributor to total GHG emissions in the given module are solid waste disposal sites (SWDS) and in the smaller share - emissions from human sewage.
For estimating of annual methane emissions the following values have been taken into account:
1 – national statistical data on quantity of solid municipal waste deposited in SWDSs – 11,406.3 km3 or 2,851.575 t., provided by the Ministry of Housing and Communal Services.
2 – methane emission correction factor, determined according to IPCC Guidelines (Table 6.1).
Table 6.1 Methane Correction Factor
	Type of Site
	Quantity of waste disposed to SWDS
	Methane Correction Factor (MCF)
	Weighted Average MCF for each type of SWDS

	Unmanaged – deep (>=5 m waste)
	2077400
	0.8
	1661920

	Unmanaged – shallow (<5 m waste)
	774175
	0.4
	309670

	Total
	2851575
	0.69
	1971590


3 –fraction of degradable organic carbon (DOC), estimated in accordance with IPCC Guidelines by calculation using a knowledge of country waste composition and the default DOC values for each fraction of waste (Table 6.2).
Table 6.2 The Fraction of Degradable Organic Carbon

	Type of Waste
	Fraction of waste 
	Degradable Organic Carbon (fraction)
	Degradable Organic Carbon (by weight)

	Paper
	20.5
	40
	8.2

	Textiles
	4
	40
	1.6

	Garden and Park Waste
	3.2
	17
	0.54

	Food Waste
	24.4
	15
	3.66

	Wood Waste
	3.2
	30
	0.96

	Total
	
	
	14.96


In 2003, total methane emissions from municipal solid waste generated and disposed of in solid waste disposal sites amounted 151.1 kt (Table 6.3).
Table 6.3 Methane Emissions From Solid Waste Disposal Sites
	Total annual MSW Desposed to SWDS
	Methane Correction Factor (MCF)
	Fraction of DOC in MSW
	Fraction of DOC which Actually Degrades
	Fraction of Carbo Released as Methane
	Conversion Ratio
	Annual Methane Emissions, Gg

	2851575
	0.69
	0.1496
	0.77
	0.5
	16/12
	151.10


The tendency of methane emissions for 1995 – 2003 is represented on Fig.11. 
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Activity data for estimating annual nitrous oxide emissions from human sewage are:

· population (number);

· per capita protein consumption – 80.4 g/person/day= 29.35 kg/person/year
The data from the Ministry of Statistics and Analysis supplemented and adjusted by the data collected directly at the sites serve as the basic data in the Waste module. 

Table 6.4 Nitrous Oxide Emissions Related to Human Waste Product Population

	Population
	Per capita protein consumption,

kg/person/year
	Fraction of Nitrogen in Protein, kgN/kg protein
	Emission Factor,

Kg N2O-N/kg sewage-N produced
	Conversion Rate
	Total Annual N2O Emissions,

Gg

	9873800
	29.346
	0.61
	0.01
	44/28
	0.728


In 2003, the total methane emissions in the given module amounted 151.1 Gg, nitrous oxide emissions – 0.728 Gg.
7. TOTAL GLOBAL WARMING EFFECT

Conducted accounts of greenhouse gas emissions from different national economy sectors have demonstrated, that the most important GHG in the Republic of Belarus was carbon dioxide (CO2), amounted to 72,637.03 Gg in 2003. That influence reduced by carbon dioxide assimilation by plants during photosynthesis – 36,781.36 Gg. 
Thus, net CO2 emissions amounted to 35,855.67 Gg. Removals reduced CO2 emissions by 50%.

The total GHG emissions from different source (sink) categories are represented in Table 7.1.
Table 7.1 Total emissions of different source (sink) categories of GHG in the Republic of Belarus in 2003
	Categories of GHG sources and sinks
	СО2 

emissions
	СО2
removals
	CH4
	N2O
	NOx
	CO
	NMVOC
	SO2

	
	Emissions, Gg

	Energy
	50,937.74
	-
	141.97
	0.48
	177.20
	741.01
	119.35
	180.09

	Industrial processes
	1,656.57
	0
	1.69
	1.13
	1.23
	8.25
	41.88
	10.82

	Solvents
	0
	0
	0
	0.26
	0
	0
	36.90
	0

	Agriculture
	0
	0
	305.02
	19.04
	0.27
	6.99
	0
	0

	Land-use change and forestry
	20,042.72
	-36,781.36
	22.21
	0.03
	1.21
	42.61
	0
	0

	Waste
	0
	0
	151.1
	0.728
	0
	0
	0
	0

	TOTAL
	72,637.03
	-36,781.36
	621.99
	21.67
	179.91
	798.86
	198.13
	190.91


CO2 emissions are mainly provided by the Energy module – 50,937.74 Gg, or 70.6%, while the module Land-Use Change and Forestry is responsible for CO2 removals – 36,781.36 million tonnes, or 100%.

Carbon oxide and non-methane organic compounds emissions are also defined by transport emissions in the Energy module.

СО emissions amounted to 798.86 Gg in 2003 and were 8.2% higher than the 2002 level.

Nitrogen oxide emissions, defined predominantly by energy processes, also reduced.

Sulfur dioxide emissions are defined mainly by emissions in the Energy module and reduced by 1.0% in 2003 compared to 2002 and amounted to 190.91 thousand tonnes.

Decreasing fuel consumption combined with decreasing fuel oil fraction and increasing gas fraction contributed to the reduced emissions.

The conducted studies have demonstrated that Energy is the main emissions contributor to total global warming effect, mainly as a result of CO2 emissions by fuel combustion. In the Industrial Processes module carbon dioxide is also the main greenhouse gas, in the Agriculture and in the Waste module – methane and nitrogen oxide. 

Methane emissions amount to 13,061.69 Gg of CO2 equivalent, or 23.5% of the total GWE. The energy provides 22.9%, agriculture – 49.0% and waste – 24.26% for 2003 level. 

Table 7.2 Contribution of Source (Sink) Categories to Aggregate GWE in 2003
	Categories of GHG sources and sinks
	Emissions (removals), Gg
	Emissions (removals) of СО2 equivalent, Gg

	
	СО2
	СН4
	N2O
	HFC
	СО2
	СН4
	N2O
	HFC
	Aggregate GWE

	Energy
	50,937.74
	141.97
	0.48
	-
	50,937.74
	2,981.37
	148.8
	-
	54,067.9

	Industrial processes
	1,656.57
	1.69
	1.13
	0.000
	1,656.57
	35.49
	350.3
	0.41
	2,042.77

	Solvents
	-
	-
	0.26
	-
	-
	-
	80.6
	-
	80.6

	Agriculture
	0
	305.02
	19.04
	-
	0
	6,405.32
	5,902.98
	-
	12,308.31

	Land-use change and forestry
	-16,738.66*
	22.21
	0.03
	-
	-16,738.66*
	466.41
	9.3
	-
	-16,262.95

	Waste
	0
	151.1
	0.728
	-
	0
	3,173.1
	225.68
	-
	3,398.78

	TOTAL
	
	
	
	
	35,855.65
	13,061.69
	6,717.66
	0.41
	55,635.41

	
	Percentage of aggregate  GWE, %
	64.45
	23.48
	12.07
	0.00
	100


* emissions 20518,43 Гг

   removals – 36781,36 Гг

Total GHG emissions (excluding CO2 removals in LUCF sector) amounted 92,416.38 Gg CO2 equivalent, and were 37.6 per cent below the 1990 level.
In general, the global warming effect in 2003, with removals being accounted, amounted to 55,635.41 Gg. 
8. KEY SOURCE CATEGORIES 
The key source categories have been identified in terms of their absolute 2003 level of emissions, applying the tier 1 (Table 8.1 – 8.2).

Table 8.1. Key Source Category Identification by Activity
	 

GREENHOUSE GAS SOURCE AND SINK 

 

CATEGORIES
	 

GHG
	1990
	2003
	Level

assessment
	Commulativ

total

	
	
	CO2 equivalent (Gg)
	 CO2 equivalent (Gg)
	
	

	1. Energy
	A.Fuel Combustion 1.Energy Industries
	CO2
	63055,56
	32 961,57
	0,36
	0,36

	5.Land Use Change and Forestry
	E.Other/Drained Peat Soils and Drained Peat Deposits
	CO2 
	11399,70
	13 053,80
	0,14
	0,50

	1. Energy
	A.Fuel Combustion 3.Transport
	CO2
	14872,70
	6 783,08
	0,07
	0,57

	1. Energy
	A.Fuel Combustion 4.Other Sectors
	CO2
	14649,52
	6 497,32
	0,07
	0,64

	4.Agriculture
	D.Agricultural Soils
	N2O
	9951,00
	5 897,56
	0,06
	0,71

	4.Agriculture
	A.Enteric Fermentation
	CH4
	9897,30
	5 678,23
	0,06
	0,77

	5.Land Use Change and Forestry
	B.Forest and Grassland Conversion 2.Temperate Forests
	CO2 
	4362,66
	5199,44
	0,06
	0,82

	1. Energy
	A.Fuel Combustion 2. Manufacturing Industries and Construction
	CO2
	7246,57
	4 034,27
	0,04
	0,87

	6.Waste
	A.Solid Waste Disposal on land
	CH4
	2348,43
	3 173,10
	0,03
	0,90

	1. Energy
	B.Fugitive Emissions from Fuels 2.Oil and Natural Gas
	CH4
	2117,01
	2 668,47
	0,03
	0,93

	2.Industrial Processes
	A.Mineral Products (production of cement and lime)
	CO2
	1856,35
	1 656,57
	0,02
	0,95

	5.Land Use Change and Forestry
	D.CO2 Emissions and Removals from Soil/ Liming of Agricultural Soils
	CO2 
	2297,24

	909,48
	0,01
	0,96

	5.Land Use Change and Forestry
	D.CO2 Emissions and Removals from Soil/ Cultivation of Mineral Soils
	CO2 
	220,00
	880,00
	0,01
	0,97

	4.Agriculture
	B.Manure Management
	CH4
	1215,90
	721,50
	0,01
	0,98

	1. Energy
	A.Fuel Combustion 5.Other 
	CO2
	578,69
	661,49
	0,01
	0,98

	5.Land Use Change and Forestry
	E.Other/Natural Bogs
	CH4
	373,80
	364,14
	0,00
	0,99

	2.Industrial Processes
	B.Chemical Industry
	N2O
	347,20
	350,30
	0,00
	0,99

	1. Energy
	A.Fuel Combustion 4.Other Sectors
	CH4
	435,33
	251,58
	0,00
	0,99

	6.Waste
	B.Wastewater Handling
	N2O
	238,70
	225,68
	0,00
	1,00

	5.Land Use Change and Forestry
	B.Forest and Grassland Conversion 2.Temperate Forests
	CH4
	127,89
	102,27
	0,00
	1,00

	3.Solvent and Other Product Use
	Use of N2O for Anaesthesia
	N2O
	0,00
	80,60
	0,00
	1,00

	1. Energy
	A.Fuel Combustion 3.Transport
	N2O
	37,20
	49,600
	0,00
	1,00

	1. Energy
	A.Fuel Combustion 4.Other Sectors
	N2O
	65,10
	46,50
	0,00
	1,00

	1. Energy
	A.Fuel Combustion 1.Energy Industries
	N2O
	120,90
	43,40
	0,00
	1,00

	2.Industrial Processes
	C.Metal Production
	CH4
	21,00
	31,92
	0,00
	1,00

	1. Energy
	A.Fuel Combustion 3.Transport
	CH4
	57,54
	23,73
	0,00
	1,00

	1. Energy
	A.Fuel Combustion 1.Energy Industries
	CH4
	42,21
	21,42
	0,00
	1,00

	5.Land Use Change and Forestry
	B.Forest and Grassland Conversion 2.Temperate Forests
	N2O
	12,40
	9,30
	0,00
	1,00

	1. Energy
	A.Fuel Combustion 5.Other 
	CH4
	9,45
	8,40
	0,00
	1,00

	1. Energy
	A.Fuel Combustion 2. Manufacturing Industries and Construction
	CH4
	8,82
	7,77
	0,00
	1,00

	1. Energy
	A.Fuel Combustion 2. Manufacturing Industries and Construction
	N2O
	15,50
	6,20
	0,00
	1,00

	4.Agriculture
	F.Field Burning of Agricultural Residues
	CH4
	7,14
	5,59
	0,00
	1,00

	2.Industrial Processes
	B.Chemical Industry
	CH4
	3,15
	3,57
	0,00
	1,00

	4.Agriculture
	B.Manure Management
	N2O
	3,10
	3,10
	0,00
	1,00

	1. Energy
	A.Fuel Combustion 5.Other 
	N2O
	3,10
	3,10
	0,00
	1,00

	4.Agriculture
	F.Field Burning of Agricultural Residues
	N2O
	3,10
	2,32
	0,00
	1,00

	2.Industrial Processes
	F.Consumption of Halocarbons
	HFCs
	0,00
	0,41
	0,00
	1,00

	TOTAL
	(without СО2 removals from Land Use Change and Forestry)
	 
	148001,26
	92416,78
	1,00
	 

	
	
	
	
	
	
	

	Total CO2 Removals from LUCF
	 
	 
	-36397,4
	-36781,38
	
	

	Memo Items:
	
	
	
	
	
	

	International Bunkers
	Aviation
	CO2
	 
	268,02
	
	

	International Bunkers
	Aviation
	N2O
	 
	2,34
	
	

	International Bunkers
	Marine
	CO2
	 
	0,32
	
	

	International Bunkers
	Aviation
	CH4
	 
	0,04
	
	

	 
	 
	 
	 
	270,72
	
	

	CO2 Emissions from Biomass
	 
	 
	1993,72
	3720,88
	
	


Table 8.2 Key Source Category Identification by GHG
	
	 
	1990
	2003
	Level

assessment
	Commulativ

total

	
	GHG
	CO2 equivalent (Gg)
	 CO2 equivalent (Gg)
	
	

	(without СО2 from LUCF)
	СO2
	102259,38
	52594,3
	0,73
	0,73

	
	CH4
	16163,28
	13061,69
	0,18
	0,91

	
	N2O
	10797,3
	6717,66
	0,09
	1

	
	HFCs
	0
	0,41
	0
	1

	
	
	129219,96
	72374,06
	1
	 


The key sources analysis identified following key sources of GHG emissions in the Republic of Belarus:

- the largest is CO2 emissions from fuel combustion in Energy sector, including Energy Industries (large boiler-houses, public district power plants, central heat power plants), contributing 36 % to total GHG emissions, followed by Transport - 7 %, and Manufacturing Industries and other fuel combustion sources - 11 %;

- CO2 emissions from drained peat soils and worked-out peat deposits (14 %);

- N2O emissions from agricultural soils, caused, mainly, by cultivation of organic soils and nitrogen fertilizers use (more than 6 %);

- CH4 emissions from enteric fermentation, the main source – dairy and non-dairy cattle (6 %);

- CO2 emissions from burning or oxidation of biomass through the process of forest or grassland conversion (forest loging, forest fires, etc.) (6 %);

- CH4 emissions from solid waste disposal sites (3 %);

- CH4 emissions caused by leakages from oil-and-gas systems (3 %);

- CO2 emissions from manufacture of mineral products - cement and lime (2 %).

All other source categories amounted less then 5 per cent of national total.
9. UNCERTAINTIES
The uncertainty of activity data and emission factors have been determined primarily through expert appraisal and changed from 2 to 20 % in different items. The activity data for estimating of non-methane volatile organic compounds in the Solvents module are characterized by the highest uncertainty and amounted to 35 %. 

The greatest uncertainty of estimation, according the key sources, is in the agricultural sector and land-use change and forestry sector, where the initial information sometimes have been getting an indirect way.

In the Energy module, where the information has been mainly received in the Ministry of Statistics and Analysis, the uncertainty is not so significant, in opinion of experts. The actually determined the total combined uncertainty amounted to 3.952 %.

The results of calculations are submitted in the Table 9.1- 9.2. 
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10. RECALCULATIONS 

According to the IPCC good practice guidance recalculation of the greenhouse gases emissions for 1990 (table CRF 8 (а)-1) has been made. The same tier to estimate emissions was applied.
Recalculating in the "Energy" sector was carried out using the specified emission factors practically for all categories. At recalculation the national factors of fuel calorific value, used in the Republic of Belarus also were applied.

At carrying out of consecutive checks for maintenance of integrity, correctness and completeness of the emissions given in inventory 1990, some errors, admitted during the calculations, have been revealed. In view of the carried out analysis, and also in view of the remarks made by Secretariat during centralized reviews of the previous submissions of the Republic of Belarus, recalculation of the data on modules "Agriculture" and «Land Use Change and Forestry» has been executed.

Nitrous oxide emissions (N2O) from animal waste management systems with application of typical values of parameters of nitrogen excretion Nex (kg /head/yr), resulted in Revised 1996 IPCC Guidelines for the East Europe are counted. Updating of calculation of manufacture leguminous and non-nitrous fixing cultures in kg dry biomass/year was executed. In this connection an equivalent CO2 emissions in the given module has increased for 4,7 %.
In the module «Land Use Change and Forestry» the activity data have not changed. Recalculation has been executed in connection with the revealed error of the double account of the data in summary tables of software IPCC on the following categories:
- Forest and Grassland Conversion /emissions from burning and oxidation of biomass;
- Abandonment of managed lands.
The mistake has been connected to loss of communications between working sheets of the program. In this connection net removals in the given module have been underestimated.

As a result of recalculations the total national net emissions has made 112,500.6 Gg CO2 equivalent for the 1990 level.
SUMMARY 

In the course of work the national inventory of anthropogenic emissions by sources and removals by sinks of greenhouse gases not controlled by the Monreal Protocol have been prepared.

The National Inventories of the Republic of Belarus for 2003 has been prepared in accordance with the Revised 1996 IPCC Guidelines and, taking into account the IPCC good practice guidance.

Conducted accounts of greenhouse gas emissions from different national economy sectors have demonstrated, that the most important GHG in the Republic of Belarus was carbon dioxide (CO2), amounted to 72,637.03 Gg in 2003. The basic anthropogenic source of CO2 emissions is fuel burning processes used for power and heat generating and processing of raw material (70.5 %). Carbon dioxide assimilation by plants during photosynthesis reduced emissions by 36,781.36 Gg. Thus, net CO2 emissions amounted to 35,855.67 Gg. 

In 2003, methane emissions amounted to 621.99 Gg, while the agriculture provides 49% (the main sources are enteric fermentation and manure management).
Estimated amount of such important greenhouse gas as nitrous oxide (N2O) accounted 21.67 Gg. The main emission source, contributing 88 per cent is agricultural soils.
As a result of work it was established, that the major source of indirect gases is fuel burning processes and processing of raw materials (92.8 per cent of carbon monoxide (CO), 98.5 per cent – nitrogen oxides (NOx), 60.2 per cent – NMVOC). NMVOC emissions in the Solvent Use sector accounted for 18.6 per cent of total emissions.
Sulfur dioxide emissions are defined mainly by emissions in the Energy module and amounted to 190.91 Gg.

In 2003, the global warming effect in the Republic of Belarus, with removals being accounted, amounted to 55,635.41 Gg, herein the carbon dioxide share accounted 64.4 per cent, methane – 23.5 per cent, nitrous oxide – 12.1 per cent. The calculated aggregate HFC emissions are very low amounting to ~ 0.41 Gg CO2 equivalent. So, the share of HFCs in the total GHG emissions is insignificant.
Energy is the main emissions contributor to total global warming effect, mainly as a result of CO2 emissions by fuel combustion. In the Industrial Processes module carbon dioxide is also the main greenhouse gas, in the Agriculture and in the Waste module – methane and nitrogen oxide. 

The contribution of the Industrial Processes and Waste sector to the total GHG emissions is insignificant – 3.46 per cent and 5.77 per cent accordingly, and Agriculture – 20.88 per cent. The sector «Land Use Change and Forestry» has provided absorption about 40 per cent of greenhouse gases due to sinks.

The uncertainty of activity data and emission factors have been determined primarily through expert appraisal and changed from 2 to 20 per cent in different items. At the same time in the main module – Energy – the uncertainty of the activity data and emission factors is 2 -7 per cent.
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