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7 Base Cations

7.1 Introduction

Base cation emission estimates for the UK are presented in this chapter. The emission estimates cover the period 1990-2003 for Calcium (Ca), Magnesium (Mg), Sodium (Na) and Potassium (K). These estimates are highly uncertain.

A base cation is essentially a positively charged ion from group 1 or 2 of the periodic table (the alkali metals or alkaline earth metals). The most environmentally abundant of these are Na, K, Ca and Mg. Base cations are important in the environment for two reasons.

· First, their deposition has an impact on the surface soil pH. The deposition of base cations increases the alkalinity of the surface; the effect in the environment is to buffer or neutralise the effects of the acidity generated by S and N deposition (which in their mobile anionic form, SO42- and NO3-, leach Ca and Mg from the soil). Therefore one of the primary uses of these emission estimates is to use them to generate spatially resolved emission maps, which enable deposition maps to be calculated.

· Secondly, their emissions to air have an impact on atmospheric chemistry. It is important to understands the spatial distribution of emissions so that any impact on atmospheric chemistry , and resulting changes to pollutant transport can be accounted for in atmospheric chemistry and transport models.

7.2 Background

A “critical load” approach is often taken to predict the maximum levels of acidity or alkalinity that an ecosystem can tolerate.  The base cations (Na+, K+, Ca2+, Mg2+) are known to be present in ambient air and in precipitation.  The deposition of these base cations to ecosystems will offset to some extent the acidification resulting from the deposition of oxides of sulphur, oxides of nitrogen and NH3.

The Review Group on Acid Rain (1997) reported on the decline in base cation deposition that has been observed in Europe and N America since the early 1970’s and how such a decline may offset some of the benefits of reductions in SO2 emissions.  Interest in the deposition and acid neutralising effects of base cations is mainly confined to Ca, K and Mg.  It has long been assumed that the major source of these base cations in air is dust from soil erosion, but patterns of concentrations in air and precipitation also suggest significant emissions from urban and industrial sources.  The concentrations of Ca, K and Mg in air and in precipitation measured at three rural sites in the UK declined dramatically between 1970 and 1991 (Lee and Pacyna, 1999).  It has been suggested that the decrease in base cation deposition which has been observed is due to the reduction in emissions from urban and industrial sources.  Concentrations of Na in air and rain have shown much smaller decreases over this period, consistent with its mainly marine origin as sea-salt.

The NAEI has estimated emissions from the following sources:

· Stationary combustion of fossil fuels: mainly in the fly ash from solid fuel combustion

· Mineral extraction processes: e.g. limestone quarrying

· Processes in the mineral products industry: e.g. cement manufacture and concrete batching

· Industrial processes using limestone, dolomite and soda lime:

- iron and steel manufacture

- glass manufacture

· Agricultural use: e.g. liming of soils and dust due to cultivation.
· Construction and demolition activities

· Mobile sources: mostly in the form of dust resuspension by traffic and exhaust emissions of potassium from lead replacement petrol (LRP).

There are likely to be base cation emissions from other sources, for example incineration.  Currently, these are not included in the estimates as such sources are likely to be much smaller than the sources listed above, and the levels of uncertainty in estimating the above sources do not yet warrant investigation of other sources.

7.3 Stationary combustion of fossil fuels

The base cations emitted from stationary combustion arise from the trace concentrations of the cations found in the fuels.  The base cations will enter the atmosphere contained in the primary particulate matter (PM) which is emitted from the combustion source.  Calcium has been found in large amounts in the fine particle size fraction collected from combustion sources.

The NAEI currently estimates PM10 emissions from large combustion plant for power generation using total PM emissions data submitted by the operators to the Environment Agency and the Scottish Environmental Protection Agency.  Where reported data are incomplete, PM emission factors for the appropriate fuel are derived and combined with the amount of fuel used by the combustion plant to estimate the total mass of PM emitted. 

The mass content of cations in coal has been estimated from the Turner-Fairbank Highway Research Centre (US Transport Department) figures for fly ash from bituminous coal.  Data regarding the composition of fuel oil is given in the Marine Exhaust Research Programme.

7.4 Mineral extraction processes

Limestone quarrying is a major source of atmospheric emissions of base cations, principally calcium.  Quarrying of dolomite (CaCO3 MgCO3), rock salt (NaCl) and potash (KCl) are the principle sources of magnesium, sodium and potassium respectively.

The NAEI currently estimates PM10 emissions from quarrying using USEPA emission factors combined with UK mineral statistics on the production of each type of aggregate.  The dust emitted from limestone quarrying will be mainly particles of limestone (CaCO3) itself.   These particulates will be mainly in the coarse particle size range (>2.5 (m) and will be deposited close to their source.  The quantities of these minerals extracted in the UK are given in the Minerals Yearbook (2002).

7.5 Processes in the mineral products industry

Emissions of calcium from the mineral products industry are estimated from total PM10 emissions using emission factors from Lee and Pacyna (1999) or AEAT estimates of PM10 composition.

7.6 Industrial processes using limestone, dolomite and soda ash

Processes involving limestone, dolomite and soda ash include iron and steel production and glass manufacturing.  Emissions of base cations from the iron and steel industry and the glass industry are based on the PM10 inventory combined with emission factors for cations taken from Lee and Pacyna (1999) or based on AEAT estimates of PM10 composition.

7.7 Soil liming and cultivation in agriculture

The practice of soil liming in agriculture will lead to the emission of Ca when the lime is applied to the ground.  Statistics are available on the quantity of limestone used each year for liming (UK Minerals Yearbook 1990-2002) and an emission is estimated using an emission factor for non-metallic particles given by the USEPA. The average quantities of re-suspended dust, as a result of land cultivation, may be estimated from data reported in the MAFF Report CSG 15 (2000).  Emissions are estimated from the average chemical abundance of each cation in UK soil (Lindsay, 1979).

7.8 Construction activities

The NAEI currently uses a USEPA emission factor combined with UK construction activity statistics to estimate fugitive emissions of PM10 from these processes.  A modified PM10 emission factor based on the fraction of total aggregate used in construction (UK Minerals Yearbook 1990-2002) that is limestone, dolomite or chalk, is used to estimate the base cation emissions.

7.9 Mobile sources

Emissions of base cations from mobile sources will mainly arise from the resuspension of road dust by traffic.  Recently, Nicholson (2000) has made an estimate of the total PM10 emission from UK roads.  Using this information with data on the average chemical composition of road dust (Sloss and Smith, 2000) Na, K and Ca emissions have been estimated.  There are insignificant quantities of Mg in road dust. 

Potassium compounds are the primary additives in Lead Replacement Petrol (LRP).  LRP has been available since Autumn 1999 and is the main source of potassium emissions from vehicle exhausts.  Emissions have been estimated from UK LRP sales in 1999 (calculated as a fraction of leaded petrol sales) to 2003 given by the Digest of United Kingdom Energy Statistics (DTI, 2004).

7.10 Calcium

Combustion in industry and production processes contribute the most emissions of calcium. Within the latter sector quarrying, cement production and lime production are tha most significant contributors. However, more recently the introduction of abatement measures have ensured reductions in the emissions. 

Table 7.1 UK Emissions of Calcium by UN/ECE Source Category (ktonnes)

	
	1990
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002
	2003
	2003%

	BY UN/ECE CATEGORY
	
	
	
	
	
	
	
	
	
	
	

	Combustion in Energy Prod
	
	
	
	
	
	
	
	
	
	
	

	Public Power
	3.2
	1.7
	1.5
	1.0
	1.1
	0.8
	0.9
	0.7
	0.4
	0.4
	13.6%

	Petroleum Refining Plants
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.2%

	Other Combustion & Trans.
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0%

	Combustion in Comm./Inst/ Res
	
	
	
	
	
	
	
	
	
	
	

	Comm., Public & Agriculture
	0.2
	0.1
	0.1
	0.1
	0.1
	0.1
	0.0
	0.0
	0.0
	0.0
	0.6%

	Residential Plants
	1.4
	0.6
	0.7
	0.7
	0.7
	0.8
	0.5
	0.6
	0.5
	0.2
	8.2%

	Combustion in Industry
	2.7
	2.5
	2.5
	2.6
	2.6
	2.0
	1.7
	1.6
	1.4
	1.3
	46.9%

	Production Processes
	1.1
	1.0
	1.0
	1.0
	1.0
	0.9
	0.9
	0.8
	0.7
	0.8
	28.9%

	Shipping
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0%

	Non livestock agriculture
	0.3
	0.1
	0.1
	0.2
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	1.2%

	TOTAL
	12.6
	9.6
	9.4
	9.1
	9.0
	7.6
	6.6
	6.1
	5.2
	4.9
	100%


Figure 7.1 Time Series of Calcium Emissions (tonnes)
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7.11 magnesium

The largest single source of magnesium emissions is from the quarrying of dolomite, used as an aggregate. This emission falls within the production processes sector. Quarrying in general is a significant source. Domestic coal burning is responsible for 62 tonnes, and coal burning power stations released 122 tonnes. 

Estimates of emissions of magnesium from coal combustion at Alcan’s Ashington power station have been revised downwards.  Estimates for slag cement grinding, fireworks and burning of waste lubricants have all been included in the emission estimates.
Table 7.2 UK Emissions of Magnesium by UN/ECE Source Category (ktonnes)

	
	1990
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002
	2003
	2003%

	BY UN/ECE CATEGORY
	
	
	
	
	
	
	
	
	
	
	

	Combustion in Energy Prod
	
	
	
	
	
	
	
	
	
	
	

	Public Power
	1.4
	0.54
	0.50
	0.34
	0.35
	0.27
	0.29
	0.24
	0.12
	0.12
	21.6%

	Other Combustion & Trans.
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0%

	Combustion in Comm./Inst/ Res
	
	
	
	
	
	
	
	
	
	
	

	Residential Plant
	0.06
	0.02
	0.03
	0.03
	0.02
	0.02
	0.01
	0.01
	0.01
	0.00
	12.9%

	Comm., Public & Agriculture
	0.47
	0.21
	0.22
	0.21
	0.22
	0.25
	0.16
	0.20
	0.16
	0.07
	0.8%

	Combustion in Industry
	0.23
	0.22
	0.21
	0.20
	0.19
	0.18
	0.14
	0.16
	0.15
	0.13
	22.5%

	Production Processes
	0.34
	0.19
	0.18
	0.17
	0.14
	0.14
	0.16
	0.15
	0.14
	0.15
	26.5%

	Non livestock agriculture
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	2.1%

	TOTAL
	2.2
	1.3
	1.2
	1.0
	1.0
	1.0
	0.9
	0.8
	0.7
	0.6
	100%


Figure 7.2 Time Series of Magnesium Emissions (tonnes) 
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7.12 sodium

Iron and steel production from sinter plants is responsible for the greatest single emission of sodium with 253 tonnes in 2003. Domestic coal burning emissions contribute 61 tonnes and coal burning power stations 119 tonnes. Other sources include glass manufacture and the food manufacture/preparation sectors.

Table 7.3 UK Emissions of Sodium by UN/ECE Source Category (ktonnes)

	
	1990
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002
	2003
	2003%

	BY UN/ECE CATEGORY
	
	
	
	
	
	
	
	
	
	
	

	Combustion in Energy Prod
	
	
	
	
	
	
	
	
	
	
	

	Public Power
	1.0
	0.5
	0.5
	0.3
	0.3
	0.3
	0.3
	0.2
	0.1
	0.1
	16.9%

	Petroleum Refining Plants
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.6%

	Other Combustion & Trans.
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0%

	Combustion in Comm./Inst/ Res
	
	
	
	
	
	
	
	
	
	
	

	Comm., Public & Agriculture
	0.1
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.7%

	Residential Plants
	0.5
	0.2
	0.2
	0.2
	0.2
	0.3
	0.2
	0.2
	0.2
	0.1
	11.1%

	Combustion in Industry
	0.5
	0.4
	0.4
	0.4
	0.4
	0.4
	0.3
	0.3
	0.3
	0.3
	44.5%

	Production Processes
	0.2
	0.2
	0.2
	0.2
	0.1
	0.2
	0.2
	0.2
	0.2
	0.2
	22.5%

	Shipping
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0.
	0%

	Non livestock agriculture
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0%

	TOTAL
	2.9
	2.1
	2.1
	1.9
	1.8
	1.7
	1.5
	1.5
	1.3
	1.2
	100%


Figure 7.3 Time Series of Sodium Emissions (tonnes) 
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7.13 potassium

As with sodium, iron and steel productions is responsible for the majority of potassium emissions, 366 tonnes, followed by domestic coal burning with 51 tonnes. Fireworks are the third main contributor, causing the emissions of 332 tonnes of potassium in 2003.

Estimates of emissions of potassium from coal combustion at Alcan’s Ashington power station have been revised downwards.  Estimates for slag cement grinding, fireworks and burning of waste lubricants have all been added for the first time. The net impact of these changes is that there has been very little change to the total emission quoted in previous versions of the inventory.
Table 7.4 UK Emissions of Potassium by UN/ECE Source Category (ktonnes)

	
	1990
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002
	2003
	2003%

	BY UN/ECE CATEGORY
	
	
	
	
	
	
	
	
	
	
	

	Combustion in Energy Prod
	
	
	
	
	
	
	
	
	
	
	

	Public Power
	0.9
	0.4
	0.4
	0.3
	0.3
	0.2
	0.2
	0.2
	0.1
	9.4
	9.4%

	Other Combustion & Trans.
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0%

	Combustion in Comm./Inst/ Res
	
	
	
	
	
	
	
	
	
	
	

	Comm., Public & Agri.
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.4%

	Residential Plants
	0.4
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.1
	9.3%

	Combustion in Industry
	0.6
	0.6
	0.6
	0.6
	0.5
	0.5
	0.5
	0.4
	0.4
	0.4
	40.1%

	Production Processes
	0.0
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	6.2%

	Non livestock agriculture
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	1.8%

	TOTAL
	2.9
	1.7
	1.7
	1.5
	1.5
	1.4
	1.3
	1.3
	1.1
	1.1
	100%


Figure 7.4 Time Series of Potassium Emissions (tonnes) 
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7.14 Accuracy of Emission Estimates Of Base Cations

Quantitative estimates of the uncertainties in emission inventories have been based on calculations made using a direct simulation technique, which corresponds to the IPCC Tier 2 approach recommended for greenhouse gases and also the methodology proposed in draft guidance produced by the UN/ECE Taskforce on Emission Inventories and Projections.  This work is described in detail by Passant (2002b).  The estimates are shown in Table 7.5.

Table 7.5 Uncertainty of the Emission Inventories for Base Cations

	Pollutant
	Estimated Uncertainty %

	Calcium
	-50% to +200%

	Magnesium
	-40% to +90%

	Sodium
	-40% to +100%

	Potassium
	-60% to +200%


Inventories for base cations continue to undergo improvement and development. However, many of the emission estimates are still subject to significant uncertainty.  This is because they are based on emission estimates for PM10 (which are themselves highly uncertain), coupled with estimates of the chemical composition of the PM10 which add further uncertainty.
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1. UN/ECE Classification of Emission Sources

For this report, the NAEI emission estimates have been reported according to the UNECE/CORINAIR SNAP 97 eleven sector classification. This is the last year which this reporting structure will be used because official UK data submissions are now required in a different format.

The NAEI reports emissions from the combustion of fuels and non-combustion emissions from a range of sectors.  The fuels data are taken from the Digest of UK Energy Statistics (DUKES), (DTI, 2004).  Hence the fuel definitions and the choice of base sector categories used in the NAEI often reflect those in the DUKES publications.  The choice of non-combustion sources generally reflects the availability of data on the emissions from specific activities.
The  SNAP 97 reporting format used in this report is less detailed than the NAEI base categories.  A listing of the NAEI base categories and their mapping onto the UNECE/CORINAIR SNAP 97 categories is shown in Table A1 below. In some cases the NAEI categories shown here are aggregates of more detailed emission sectors. The sectors are presented in this way in Table A1 to allow an in depth understanding of the source sector content without presenting an excessive amount of information. In addition, the names of several NAEI categories have been changed to enable a fuller understanding by those not familiar with some of the nomenclature.

Since 2000, the structure under which the UK inventory must be reported to the UN/ECE has changed. However, the SNAP categories (as explained above) are still favoured by emission inventory compilers, and has therefore been retained as the primary compilation structure of the UK emissions inventory. Output data is then formatted to the required reporting structure for submission to international bodies.

At the least detail level, there are 11 categories for the UN/ECE emission inventory format. These are as follow:-

01 Combustion in Energy Production & Transformation

02 Combustion in Commercial, Institutional & Residential & Agriculture

03 Combustion in Industry

04 Production Processes

05 Extraction & Distribution of Fossil Fuels

06 Solvent Use

07 Road Transport

08 Other Transport & Mobile Machinery

09 Waste Treatment & Disposal

10 Agriculture Forestry & Land Use Change

11 Nature

The allocation of a particular source to one of these sectors is well defined and given in more detail in Table A1. The majority of allocations are easy to understand. For example, emissions arising from fuel combustion in the manufacture of glass will come under “03 Combustion in Industry”. Emission arising from the manufacture/handling of the glass material itself and the raw materials will come under “04 Production Processes”.

Table A1 Mapping of NAEI Base Categories to CORINAIR SNAP 94 
	CORINAIR SNAP 94 Source Category
	NAEI Class

	01

Combustion in Energy Production & Transformation
	Coke Production

	
	Collieries

	
	Gas Production

	
	Nuclear Fuel Production

	
	Offshore- own gas use

	
	Power Stations

	
	Refineries- Combustion activities only

	
	Solid Smokeless Fuel Production

	
	Town Gas Production

	02

Combustion in Commercial, Institutional & Residential & Agriculture
	Accidental Fires

	
	Agricultural Combustion

	
	Domestic Combustion

	
	Miscellaneous

	
	Other Non-Industrial Combustion

	
	Public Services (Public buildings etc.)

	
	Railways (Stationary sources only)

	03

Combustion in Industry
	Ammonia Combustion

	
	Power Station supplying to industrial activities only

	
	Cement & Lime Production- Combustion activities

	
	Cement (combustion for non-decarbonising activities)

	
	Ceramic manufacture

	
	Glass Production

	
	Iron and Steel (Blast Furnaces)

	
	Iron and Steel (Combustion)

	
	Iron and Steel (Grey Iron Foundry)

	
	Iron and Steel (Sinter Plant)

	
	Lead Crystal Glass Production

	
	Lime Production (Combustion)

	
	Nickel Production

	
	Primary Copper Production

	
	Primary Lead Production

	
	Primary Lead-Zinc Production

	
	Secondary Aluminium Smelting

	
	Secondary Copper

	
	Secondary Lead

	
	Other industry- Combustion activities


Table A1 Continued..

	CORINAIR SNAP 94 Source Category
	NAEI Class

	04

Production Processes
	Adipic Acid Production

	
	Ammonia Production and use of feedstocks

	
	Bread Baking

	
	Brewing

	
	Cement and Concrete Batching

	
	Cement (decarbonising activities)

	
	Chemical industry (Organic Chemicals)

	
	Chloroalkali Industry

	
	Cider Manufacture

	
	Coke Production (Door Leakage)

	
	Building/Construction and Road Construction

	
	Glass Production (non fuel combustion emissions)

	
	Iron and Steel (Ni-Cr Use, Steel Pickling, Furnaces, Flaring)

	
	Lead Mining (Dewatering)

	
	Lime Production (Decarbonising)

	
	Magnesium alloying

	
	Nitric Acid Production

	
	Non-Ferrous Metals (Other non-ferrous metals)

	
	Aluminium Production (General)

	
	Primary Zinc Production

	
	Tin Production

	
	Other Food (animal feed;cakes, biscuits, cereals; coffee, margerine and other solid fats; meat ,fish and poultry; sugar)

	
	Asphalt Manufacture

	
	Other Industrial Processes

	
	Phosphate Fertiliser Production

	
	Pigments & Stabilisers

	
	Quarrying

	
	Refineries (drainage, process & tankage)

	
	Rolling Mills (Hot & Cold Rolling)

	
	Solid Smokeless Fuel Production

	
	Spirit Manufacture

	
	Sugar Beet processing

	
	Sulphuric Acid Production

	
	Textile Coating

	
	Wine Manufacture

	
	Wood Impregnation


Table A1 Continued….

	CORINAIR SNAP 94 Source Category
	NAEI Class

	05

Extraction & Distribution of Fossil Fuels
	Coal Storage & Transport

	
	Deep-Mined Coal

	
	Gas Leakage from Pipes etc.

	
	Gasification Processes

	
	Offshore Loading of fuel

	
	Offshore Oil & Gas

	
	Oil Terminal Storage

	
	Onshore loading of fuel

	
	Open-Cast Coal

	
	Petrol distribution (storage, dispatch, petrol stations, delivery tankers)

	
	Petroleum Processes 

	06

Solvent Use
	Aerosols (Car care, Cosmetics & toiletries, household products)

	
	Agrochemicals use

	
	Coating manufacture (glue, ink, paint)

	
	Creosote use

	
	Decorative paint

	
	Dry cleaning

	
	Film coating

	
	Industrial adhesives

	
	Industrial coatings (automotive, coil coating, commercial vehicles, heavy duty, marine, metal and plastic, metal packaging, vehicle refinishing, wood)

	
	Leather degreasing

	
	Leather coating

	
	non aerosol products (household, automotive, cosmetics & toiletries, adhesives and sealants, paint thinner or remover)

	
	Other rubber products

	
	Other solvent use

	
	Paper Coating

	
	Printing

	
	Seed Oil Extraction

	
	Surface cleaning 

	
	Textile coating

	
	Tyre Manufacture

	
	Wood impregnation


Table A1 Continued….

	CORINAIR SNAP 94 Source Category
	NAEI Class

	07

Road Transport
	Road transport (buses)

	
	Road transport (cars)

	
	Road transport (cars CAT)

	
	Road transport (cars non CAT)

	
	Road transport (HGV Articulated)

	
	Road transport (HGV rigid)

	
	Road transport (LGVs)

	
	Road transport (LGVs CAT)

	
	Road transport (LGVs non CAT)

	
	Road transport (motorcycles)

	08

Other Transport & Mobile Machinery
	Agricultural Power Units

	
	Aircraft (Military)

	
	Aircraft Support vehicles etc.

	
	Aircraft Take-Off and Landing (domestic)

	
	Aircraft Take-Off and Landing (international)

	
	Shipping (UK shipping up to 12 km of coastline)

	
	Domestic House and Garden machinery

	
	Fishing

	
	Other Industry Off-Road (e.g. forklifts etc.)

	
	Railways (Freight)

	
	Railways (Intercity)

	
	Railways (regional)

	
	Shipping Naval

	09

Waste Treatment & Disposal
	Batteries

	
	Electrical Equipment

	
	Incineration

	
	Landfill

	
	Lighting

	
	Measurement and Control Equipment

	
	Offshore Flaring

	
	Refineries (flaring)

	
	Regeneration of Activated Carbon

	
	Sewage Sludge Disposal

	10

Agriculture Forestry & Land Use Change
	Agricultural Soils

	
	Agricultural Pesticides

	
	Agricultural Livestock

	
	Field Burning

	11

Nature
	Forests

	
	Natural Fires
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