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ANNEX 1: Key Categories

This annex contains the key category analysis for the latest GHG inventory®. It contains:

1 A description of the methodology used for identifying key categories

1 Information on the level of disaggregation

T Information to fulfil the reporting requirements of Tables 4.2 and 4.3 of Volume 1 of the 2006 IPCC Guidelines, including and excluding
land use, land-use change and forestry (LULUCF).

A 11 GENERAL APPROACH USED TO IDENTIFY KEY CATEGORIES

In the UK inventory, certain source categories are particularly significant in terms of their contribution to the overall uncertainty of the inventory.
These key source categories have been identified so that the resources available for inventory preparation may be prioritised, and the best
possible estimates prepared for the most significant source categories.

The UK completes both quantitative and qualitative Key Category Analyses (KCAS).

The UK has used the method set out in Section 4.3.1 and Section 4.3.2 of the 2006 IPCC Guidelines Volume 1 General Guidance and Reporting
(Approach 1 to identify key categories, and Approach 2 to identify key categories respectively) to quantitatively determine the key source
categories.

1 Following the requirements to report information about uncertainties as set out in FCCC/CP/2013/10/Add.3. Report of the Conference of the Parties on its nineteenth session, held in Warsaw

from 11 to 23 November 2013. Addendum Part two: Action taken by the Conference of the Parties at its nineteenth session.
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A1l2 QUALITATIVE ANALYSIS USED TO IDENTIFY KEY CATEGORIES

Following IPCC good practice, a qualitative analysis of the inventory has been made to identify any additional key source categories, which may
not have been identified using the quantitative analysis. The approach set out in Section 4.3.3 of the IPCC 2006 Guidelines has been applied,
using the four criteria set out in the guidance, to judge whether a category is a key category. The criteria are:

1. (Use of) mitigation techniques and technologies;

2. Emissions growth (increase or decrease);

3. No quantitative assessment of uncertainties performed;
4

Completeness (examine qualitatively potential key categories that are not yet estimated quantitatively by applying the qualitative
considerations above).

In addition, additional criteria have also been taken in account
5. High uncertainty (links to point 3 above);
6. Unexpectedly low or high emissions;

7. External recommendation has also been used as an additional criterion to identify key categories.
The results of the qualitative analysis did not identify any categories that were not already identified by the quantitative key category analysis.

A 1.3 QUANTITATIVE APPROACH 1 KCA FOLLOWING IPCC 2006 GUIDELINES

A key category analysis has been completed for both level and trend. This KCA has been created using the 2006 IPCC Guidelines Approach 1
methodology. The factors that make a source a key category are:

1 A high contribution to the level of emissions; and
1 A high contribution to the trend;

For example, transport fuel (1A3Db) is a key category for carbon dioxide because it is a large source of emissions and nitric acid production (2B2)
because it shows a significant trend.
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The category groupings are largely aligned to those suggested in Tables 4.5 and 4.6 in Volume 1, Chapter 4 of the 2006 IPCC guidelines, although
we deviate in a number of cases, in particular:

1 Agriculture and LULUCF. In the 2006 guidelines a different nomenclature for categorising agriculture and LULUCF sources and sinks
was used compared to the adopted nomenclature, which means that it would be challenging and confusing to retain this categorisation
when sources are grouped differently in the adopted nomenclature. The UK Inventory Agency considers that the level of aggregation used
in the UK method for the KCA is sufficiently detailed to target inventory improvements whilst not introducing unnecessary computational
difficulties (e.g. use of @Amiscellaneouso categori es t onkcaegory
aggregations in the KCA are aligned to how individual methods or models are used to derive the UK inventory estimates, and are therefore
at an appropriate level of detail for the UK inventory

1 Fugitive Emissions. The suggested categories are at a much more granular level (e.g. 1B2aii) than other sectors. We considered that
this would lead to an undue diminishing of these sectors, decreasing their likelihood of being considered key, so have adopted a level of
aggregation more consistent with other sectors

1 Miscellaneous emissions. The suggested approach was to group a large number of small sources into one category. We considered
that this would lead to an undue increase in the significance of these sources, increasing their likelihood of being considered key, so have
adopted a level of aggregation more consistent with other sectors

The results of the key category analysis with and without LULUCF, for the base year and the latest reported year and for both Approaches 1 and
2 KCA, are summarised by sector and gases in Section 1.5.1. The tables indicate whether a key category arises from the level (L1) assessment
or the trend (T1) assessment.

The results of the level assessment (based on Approach 1) with and without LULUCF for the base year and the latest reported year are shown
Table A 1.3.1to Table A 1.3.4. The key source categories are highlighted by the shaded cells in the table. The source categories (i.e. rows of
the table) were sorted in descending order of magnit ude eipalsvasiclued
in the final column of the table. The key source categories are those whose contributions add up to 95% of the sum of the level parameters in the
final column after this sorting process, which according to the 2006 IPCC guidelines, should account for 90% of the uncertainty in level.

The results of the trend assessment (based on Approach 1) with and without LULUCF for the base year to the latest reported year are shown in
Table A 1.3.5 and Table A 1.3.6. The key source categories are highlighted by the shaded cells in the table. The trend parameter was calculated
using the absolute value of the result; an absolute function is used since Land Use, Land Use Change and Forestry contains negative sources
(sinks) and the absolute function is necessary to produce positive uncertainty contributions for these sinks. The source categories (i.e. rows of
the table) were sorted in descending order ofthei Tr end par amet er 0, and then the cumul ati ve

t
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The key source categories are those whose contributions add up to 95% of the sum of the trend parameters in the final column after this sorting
process, which according to the 2006 IPCC guidelines, should account for 90% of the uncertainty in trend.

Note that the tables in chapter 1 of the NIR summarise the key categories from both the approach 1 and approach 2 key categories analyses and
the aggregations used are slightly different for the two approaches. For example, the category "3A" is therefore total emissions from category 3A,
whilst categories 3A1 and 3A2 have also been identified as key categories in their own right.

Table A 1.3.1 Approach 1 Key Category Analysis for the base year based on level of emissions (including LULUCF) T UNFCCC
scope
Absolute value of
IPCC Bas_e year Base year | lati |
Code IPCC Category GHG Zn(;l:;lons (Gg lEs oS Level Assessment Cumulative Total
? (Gg CO%e)
1A1 Energy industries: solid fuels CO; 185,488.39 185,488.39 0.2173 0.2173
1A3b Road transportation: liquid fuels CO; 109,173.97 109,173.97 0.1279 0.3453
1A4 Other sectors: gaseous fuels CO; 70,371.86 70,371.86 0.0825 0.4277
5A Solid waste disposal CH,4 67,633.35 67,633.35 0.0793 0.5070
1A1 Energy industries: liquid fuels CO, 40,387.53 40,387.53 0.0473 0.5543
1A2 Manufacturing industries and construction: liquid fuels CO; 27,665.96 27,665.96 0.0324 0.5867
1A2 Manufacturing industries and construction: gaseous fuels CO; 27,291.18 27,291.18 0.0320 0.6187
1B1 Coal mining and handling CH,4 24,446.08 24,446.08 0.0286 0.6474
2C1 Iron and steel production CO; 23,628.28 23,628.28 0.0277 0.6750
1A4 Other sectors: liquid fuels CO; 21,465.76 21,465.76 0.0252 0.7002
3A1 Enteric fermentation from Cattle CH,4 21,166.02 21,166.02 0.0248 0.7250
1A2 Manufacturing industries and construction: solid fuels CO; 20,209.42 20,209.42 0.0237 0.7487
1A4 Other sectors: solid fuels CO, 19,824.90 19,824.90 0.0232 0.7719
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Base year

Absolute value of

LS IPCC Category GHG emissions (Gg Bas_e s Level Assessment Cumulative Total
Code COme) emissions
(Gg COze)
2B3 Adipic acid production N.O 17,727.08 17,727.08 0.0208 0.7927
2B9 Fluorochemical production HFCs, PFCs, SFs 14,911.66 14,911.66 0.0175 0.8101
and NF;

4B Cropland CO; 14,230.88 14,230.88 0.0167 0.8268
4A Forest land CO; -13,940.16 13,940.16 0.0163 0.8432
1B2 Oil and gas extraction CH,4 13,835.90 13,835.90 0.0162 0.8594
3D Agricultural soils N.O 13,428.41 13,428.41 0.0157 0.8751
1A1 Energy industries: gaseous fuels CO; 11,939.20 11,939.20 0.0140 0.8891
1A3d Domestic Navigation: liquid fuels CO, 7,611.13 7,611.13 0.0089 0.8980
2A1 Cement production CO; 7,295.26 7,295.26 0.0085 0.9066
3A2 Enteric fermentation from Sheep CH,4 5,858.92 5,858.92 0.0069 0.9134
4E Settlements CO; 5,426.53 5,426.53 0.0064 0.9198
1A5 Other: liquid fuels CO; 5,293.44 5,293.44 0.0062 0.9260
1B2 Oil and gas extraction CO; 5,088.53 5,088.53 0.0060 0.9320
2B8 Petrochemical and carbon black production CO; 4,751.56 4,751.56 0.0056 0.9375
3B1 Manure management from Cattle CH,4 4,646.15 4,646.15 0.0054 0.9430
2B2 Nitric acid production N.O 3,432.78 3,432.78 0.0040 0.9470
3B2 Manure management from Sheep N2O 3,038.90 3,038.90 0.0036 0.9505
4C Grassland CH, 2,807.05 2,807.05 0.0033 0.9538
5D Wastewater treatment and discharge CH, 2,365.31 2,365.31 0.0028 0.9566
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Absolute value of
LS IPCC Category GHG Srisi:s)ilsﬁrs (Gg Bas_e v Level Assessment Cumulative Total
Code COse) emissions
(Gg COze)
4D Wetlands CH,4 2,313.24 2,313.24 0.0027 0.9593
4G Harvested wood products CO, -2,096.17 2,096.17 0.0025 0.9618
2B1 Ammonia production CO; 1,895.00 1,895.00 0.0022 0.9640
1A3a Domestic aviation: liquid fuels CO; 1,869.71 1,869.71 0.0022 0.9662
1B1 Coal mining and handling CO; 1,698.56 1,698.56 0.0020 0.9682
1A3c Railways: liquid fuels CO, 1,469.34 1,469.34 0.0017 0.9699
5C Incineration and open burning of waste CO, 1,445.17 1,445.17 0.0017 0.9716
1A4 Other sectors: solid fuels CH,4 1,440.83 1,440.83 0.0017 0.9733
1A3b Road transportation: liquid fuels CH,4 1,408.61 1,408.61 0.0017 0.9749
2C6 Zinc production CO, 1,350.65 1,350.65 0.0016 0.9765
2A2 Lime production CO, 1,328.60 1,328.60 0.0016 0.9781
2A4 Other process uses of carbonates CO; 1,198.69 1,198.69 0.0014 0.9795
1A3b Road transportation: liquid fuels N,O 1,176.81 1,176.81 0.0014 0.9809
3G Liming CO; 1,019.16 1,019.16 0.0012 0.9820
1A1 Energy industries: solid fuels N.O 939.47 939.47 0.0011 0.9831
2G1 Electrical equipment HFCs, PFCs, SFs 828.89 828.89 0.0010 0.9841
and NF3

5D Wastewater treatment and discharge N.O 796.37 796.37 0.0009 0.9851
4D Wetlands CO, 668.77 668.77 0.0008 0.9858
4B Cropland N.O 653.25 653.25 0.0008 0.9866

UK NIR 2023 (Issue 1)

Ricardo Energy & Environment

Page 622




Key Categories

Al

Absolute value of
IPCC Base year Base year | lati |
Code IPCC Category GHG gng)lse?lons (Gg . Level Assessment Cumulative Total
: (Gg CO%e)

4C Grassland CO, -618.75 618.75 0.0007 0.9873
2D Non-energy products from fuels and solvent use CO, 552.81 552.81 0.0006 0.9880
2G3 N,O from product uses N.O 493.41 493.41 0.0006 0.9886
1A4 Other sectors: peat CO, 453.50 453.50 0.0005 0.9891
2C3 Aluminium production CO; 450.32 450.32 0.0005 0.9896
4A Forest land N2O 438.95 438.95 0.0005 0.9901
2A3 Glass production CO; 412.37 412.37 0.0005 0.9906
2F4 Aerosols HFCs, PFCs, SFs 407.71 407.71 0.0005 0.9911

and NF3
2C4 Magnesium production HFCs, PFCs, SFs 399.06 399.06 0.0005 0.9916

and NF3
4E Settlements N2O 392.31 392.31 0.0005 0.9920
3A4 Enteric fermentation from Other livestock CH,4 338.26 338.26 0.0004 0.9924
4B Cropland CH,4 332.36 332.36 0.0004 0.9928
3A3 Enteric fermentation from Swine CH, 317.02 317.02 0.0004 0.9932
3J Agriculture activities in OTs and CDs CH,4 306.10 306.10 0.0004 0.9935
2C3 Aluminium production HFCs, PFCs, SFs 299.84 299.84 0.0004 0.9939

and NF3
3H Urea application to land CO, 293.75 293.75 0.0003 0.9942
4 Indirect N,O emissions from LULUCF N.O 271.94 271.94 0.0003 0.9945
1A1 Energy industries: other fuels CO, 244.37 244.37 0.0003 0.9948
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Base year

Absolute value of

IPCC 22y Base year | lati |
Code IPCC Category GHG gng)lse?lons (Gg . Level Assessment Cumulative Total
: (Gg CO%e)
1A1 Energy industries: gaseous fuels N.O 232.10 232.10 0.0003 0.9951
2B7 Soda ash production CO, 224.40 224.40 0.0003 0.9954
1A4 Other sectors: solid fuels N,O 218.14 218.14 0.0003 0.9956
2B10 Other Chemical Industry CH,4 214.15 214.15 0.0003 0.9959
5C Incineration and open burning of waste CH,4 213.78 213.78 0.0003 0.9961
3F Field burning of agricultural residues CH, 209.47 209.47 0.0002 0.9964
2F1 Refrigeration and air conditioning HFCs, PFCs, SFs 201.39 201.39 0.0002 0.9966
and NF3
2G2 SFs and PFCs from other product use HFCs, PFCs, SFs 191.54 191.54 0.0002 0.9968
and NF3
1A4 Other sectors: gaseous fuels CH,4 176.56 176.56 0.0002 0.9970
2F2 Foam blowing agents HFCs, PFCs, SFs 167.80 167.80 0.0002 0.9972
and NF3
3J Agriculture activities in OTs and CDs N.O 155.42 155.42 0.0002 0.9974
1A1 Energy industries: gaseous fuels CH,4 144.26 144.26 0.0002 0.9976
4C Grassland N.O 134.86 134.86 0.0002 0.9977
1A2 Manufacturing industries and construction: solid fuels N,O 125.66 125.66 0.0001 0.9979
2B6 Titanium dioxide production CO; 104.63 104.63 0.0001 0.9980
1A2 Manufacturing industries and construction: liquid fuels N,O 102.15 102.15 0.0001 0.9981
1A4 Other sectors: biomass CH, 100.88 100.88 0.0001 0.9982
1A1 Energy industries: liquid fuels N.O 99.98 99.98 0.0001 0.9984
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LS IPCC Category GHG Srisi:s)ilsﬁrs (Gg Bas_e v Level Assessment Cumulative Total
Code COse) emissions
(Gg COze)

4A Forest land CH,4 99.49 99.49 0.0001 0.9985
1A3e Other transportation: liquid fuels CO, 98.14 98.14 0.0001 0.9986
1A3d Domestic Navigation: liquid fuels N,O 93.38 93.38 0.0001 0.9987
1A4 Other sectors: liquid fuels N,O 83.51 83.51 0.0001 0.9988
1A4 Other sectors: liquid fuels CH,4 73.07 73.07 0.0001 0.9989
1A2 Manufacturing industries and construction: other fuels CO; 70.61 70.61 0.0001 0.9990
5C Incineration and open burning of waste N.O 61.44 61.44 0.0001 0.9990
1A1 Energy industries: solid fuels CH,4 56.99 56.99 0.0001 0.9991
3F Field burning of agricultural residues N,O 51.40 51.40 0.0001 0.9992
1A2 Manufacturing industries and construction: solid fuels CH,4 50.06 50.06 0.0001 0.9992
1A5 Other: liquid fuels N.O 49.91 49.91 0.0001 0.9993
2C1 Iron and steel production CH,4 43.92 43.92 0.0001 0.9993
2G4 Other product manufacture and use N,O 40.20 40.20 0.0000 0.9994
1B2 Oil and gas extraction N,O 39.74 39.74 0.0000 0.9994
1A1 Energy industries: liquid fuels CH, 38.63 38.63 0.0000 0.9995
1A4 Other sectors: peat CH, 35.94 35.94 0.0000 0.9995
1A2 Manufacturing industries and construction: liquid fuels CH, 35.43 35.43 0.0000 0.9996
2A4 Other process uses of carbonates CH, 34.84 34.84 0.0000 0.9996
2B8 Petrochemical and carbon black production CH,4 33.79 33.79 0.0000 0.9996
1A4 Other sectors: gaseous fuels N,O 33.42 33.42 0.0000 0.9997
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Code COse) emissions
(Gg COze)
2F6 Other product uses as substitutes for ODS HFCs, PFCs, SFs 23.59 23.59 0.0000 0.9997
and NF;
5B Biological treatment of solid waste CH,4 21.89 21.89 0.0000 0.9997
1A1 Energy industries: other fuels CH, 20.77 20.77 0.0000 0.9998
1A2 Manufacturing industries and construction: biomass N.O 19.38 19.38 0.0000 0.9998
4E Settlements CH, 19.03 19.03 0.0000 0.9998
4D Wetlands N.O 18.90 18.90 0.0000 0.9998
2C1 Iron and steel production N.O 18.43 18.43 0.0000 0.9998
1A3a Domestic aviation: liquid fuels N.O 15.74 15.74 0.0000 0.9999
1A2 Manufacturing industries and construction: biomass CH,4 15.36 15.36 0.0000 0.9999
1A2 Manufacturing industries and construction: gaseous fuels CH,4 13.69 13.69 0.0000 0.9999
1A2 Manufacturing industries and construction: gaseous fuels N,O 12.95 12.95 0.0000 0.9999
5B Biological treatment of solid waste N.O 12.36 12.36 0.0000 0.9999
1A4 Other sectors: biomass N2O 12.04 12.04 0.0000 0.9999
2E1 Integrated circuit or semiconductor HFCs, PFCs, SFs 11.10 11.10 0.0000 1.0000
and NF3

1A3a Domestic aviation: liquid fuels CH,4 7.69 7.69 0.0000 1.0000
1A1 Energy industries: other fuels N.O 5.96 5.96 0.0000 1.0000
1A3d Domestic Navigation: liquid fuels CH, 4.10 4.10 0.0000 1.0000
1A5 Other: liquid fuels CH, 3.98 3.98 0.0000 1.0000
1A3c Railways: liquid fuels N.O 2.93 2.93 0.0000 1.0000
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1A3c Railways: liquid fuels CH, 2.75 2.75 0.0000 1.0000
2B8 Petrochemical and carbon black production N.O 1.96 1.96 0.0000 1.0000
1A4 Other sectors: peat N.O 1.59 1.59 0.0000 1.0000
2F3 Fire protection HFCs, PFCs, SFs 1.47 1.47 0.0000 1.0000

and NF3

1A3e Other transportation: liquid fuels N,O 1.05 1.05 0.0000 1.0000
1A1 Energy industries: biomass CH,4 0.53 0.53 0.0000 1.0000
1A2 Manufacturing industries and construction: other fuels N.O 0.30 0.30 0.0000 1.0000
2B1 Ammonia production CH, 0.29 0.29 0.0000 1.0000
2B1 Ammonia production N.O 0.27 0.27 0.0000 1.0000
1A1 Energy industries: biomass N,O 0.22 0.22 0.0000 1.0000
1A2 Manufacturing industries and construction: other fuels CH,4 0.17 0.17 0.0000 1.0000
1A3e Other transportation: liquid fuels CH,4 0.14 0.14 0.0000 1.0000
1B1 Coal mining and handling N.O 0.08 0.08 0.0000 1.0000
Total 820,103.31 853,413.47 1.0000
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Table A 1.3.2 Approach 1 Key Category Analysis for the base year based on level of emissions (excluding LULUCF) 17 UNFCCC
scope
Absolute value of
Ireie IPCC Category GHG Sr?lsigs)i/sr?rs (Gg Ba;e Y Level Assessment Cumulative Total
Code COse) emissions
(Gg COze)
1A1 Energy industries: solid fuels CO; 185,488.39 185,488.39 0.2293 0.3643
1A3b Road transportation: liquid fuels CO, 109,173.97 109,173.97 0.1350 0.3643
1A4 Other sectors: gaseous fuels CO, 70,371.86 70,371.86 0.0870 0.4512
5A Solid waste disposal CH, 67,633.35 67,633.35 0.0836 0.5349
1A1 Energy industries: liquid fuels CO; 40,387.53 40,387.53 0.0499 0.5848
1A2 Manufacturing industries and construction: liquid fuels CO, 27,665.96 27,665.96 0.0342 0.6190
1A2 Manufacturing industries and construction: gaseous fuels CO, 27,291.18 27,291.18 0.0337 0.6527
1B1 Coal mining and handling CH,4 24,446.08 24,446.08 0.0302 0.6829
2C1 Iron and steel production CO; 23,628.28 23,628.28 0.0292 0.7121
1A4 Other sectors: liquid fuels CO, 21,465.76 21,465.76 0.0265 0.7387
3A1 Enteric fermentation from Cattle CH., 21,166.02 21,166.02 0.0262 0.7648
1A2 Manufacturing industries and construction: solid fuels CO; 20,209.42 20,209.42 0.0250 0.7898
1A4 Other sectors: solid fuels CO, 19,824.90 19,824.90 0.0245 0.8143
2B3 Adipic acid production N>O 17,727.08 17,727.08 0.0219 0.8362
2B9 Fluorochemical production HFCs, PFCs, SFs 14,911.66 14,911.66 0.0184 0.8547
and NF;
1B2 Oil and gas extraction CH, 13,835.90 13,835.90 0.0171 0.8718
3D Agricultural soils N.O 13,428.41 13,428.41 0.0166 0.8884
1A1 Energy industries: gaseous fuels CO; 11,939.20 11,939.20 0.0148 0.9031
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Code IPCC Category GHG gn(;ise?ions (Gg e e Level Assessment Cumulative Total
(Gg COze)
1A3d Domestic Navigation: liquid fuels CO; 7,611.13 7,611.13 0.0094 0.9125
2A1 Cement production CO; 7,295.26 7,295.26 0.0090 0.9216
3A2 Enteric fermentation from Sheep CH., 5,858.92 5,858.92 0.0072 0.9288
1A5 Other: liquid fuels CO; 5,293.44 5,293.44 0.0065 0.9354
1B2 Oil and gas extraction CO; 5,088.53 5,088.53 0.0063 0.9416
2B8 Petrochemical and carbon black production CO, 4,751.56 4,751.56 0.0059 0.9475
3B1 Manure management from Cattle CH,4 4,646.15 4,646.15 0.0057 0.9533
2B2 Nitric acid production N,O 3,432.78 3,432.78 0.0042 0.9575
3B2 Manure management from Sheep N,O 3,038.90 3,038.90 0.0038 0.9613
5D Wastewater treatment and discharge CH, 2,365.31 2,365.31 0.0029 0.9642
2B1 Ammonia production CO, 1,895.00 1,895.00 0.0023 0.9665
1A3a Domestic aviation: liquid fuels CO,; 1,869.71 1,869.71 0.0023 0.9688
1B1 Coal mining and handling CO,; 1,698.56 1,698.56 0.0021 0.9709
1A3c Railways: liquid fuels CO; 1,469.34 1,469.34 0.0018 0.9728
5C Incineration and open burning of waste CO, 1,445.17 1,445.17 0.0018 0.9745
1A4 Other sectors: solid fuels CH, 1,440.83 1,440.83 0.0018 0.9763
1A3b Road transportation: liquid fuels CH,4 1,408.61 1,408.61 0.0017 0.9781
2C6 Zinc production CO; 1,350.65 1,350.65 0.0017 0.9797
2A2 Lime production CO, 1,328.60 1,328.60 0.0016 0.9814
2A4 Other process uses of carbonates CO, 1,198.69 1,198.69 0.0015 0.9829
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I(I:DOC;C(; IPCC Category GHG emissions (Gg Erisisesilsgrs Level Assessment Cumulative Total
COze) (Gg CO%e)
1A3b Road transportation: liquid fuels N,O 1,176.81 1,176.81 0.0015 0.9843
3G Liming CO, 1,019.16 1,019.16 0.0013 0.9856
1A1 Energy industries: solid fuels N.O 939.47 939.47 0.0012 0.9867
2G1 Electrical equipment HFCs, PFCs, SFs 828.89 828.89 0.0010 0.9878
and NF3
5D Wastewater treatment and discharge N,O 796.37 796.37 0.0010 0.9887
2D Non-energy products from fuels and solvent use CO; 552.81 552.81 0.0007 0.9894
2G3 N,O from product uses N.O 493.41 493.41 0.0006 0.9900
1A4 Other sectors: peat CO, 453.50 453.50 0.0006 0.9906
2C3 Aluminium production CO; 450.32 450.32 0.0006 0.9912
2A3 Glass production CO,; 412.37 412.37 0.0005 0.9917
2F4 Aerosols HFCs, PFCs, SFs 407.71 407.71 0.0005 0.9922
and NF3
2C4 Magnesium production HFCs, PFCs, SFs 399.06 399.06 0.0005 0.9927
and NF;
3A4 Enteric fermentation from Other livestock CH, 338.26 338.26 0.0004 0.9931
3A3 Enteric fermentation from Swine CH., 317.02 317.02 0.0004 0.9935
3J Agriculture activities in OTs and CDs CH,4 306.10 306.10 0.0004 0.9938
2C3 Aluminium production HFCs, PFCs, SFs 299.84 299.84 0.0004 0.9942
and NF3
3H Urea application to land CO, 293.75 293.75 0.0004 0.9946
1A1 Energy industries: other fuels CO, 244.37 244.37 0.0003 0.9949
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COze) (Gg CO%e)
1A1 Energy industries: gaseous fuels N,O 232.10 232.10 0.0003 0.9952
2B7 Soda ash production CO, 224.40 224.40 0.0003 0.9954
1A4 Other sectors: solid fuels N>O 218.14 218.14 0.0003 0.9957
2B10 Other Chemical Industry CH,4 214.15 214.15 0.0003 0.9960
5C Incineration and open burning of waste CH,4 213.78 213.78 0.0003 0.9962
3F Field burning of agricultural residues CH,4 209.47 209.47 0.0003 0.9965
2F1 Refrigeration and air conditioning HFCs, PFCs, SFs 201.39 201.39 0.0002 0.9968
and NF3
2G2 SF¢ and PFCs from other product use HFCs, PFCs, SFs 191.54 191.54 0.0002 0.9970
and NF3
1A4 Other sectors: gaseous fuels CH, 176.56 176.56 0.0002 0.9972
2F2 Foam blowing agents HFCs, PFCs, SFs 167.80 167.80 0.0002 0.9974
and NF3
3J Agriculture activities in OTs and CDs N.O 155.42 155.42 0.0002 0.9976
1A1 Energy industries: gaseous fuels CH,4 144.26 144.26 0.0002 0.9978
1A2 Manufacturing industries and construction: solid fuels N,O 125.66 125.66 0.0002 0.9979
2B6 Titanium dioxide production CO, 104.63 104.63 0.0001 0.9981
1A2 Manufacturing industries and construction: liquid fuels N,O 102.15 102.15 0.0001 0.9982
1A4 Other sectors: biomass CH, 100.88 100.88 0.0001 0.9983
1A1 Energy industries: liquid fuels N.O 99.98 99.98 0.0001 0.9984
1A3e Other transportation: liquid fuels CO; 98.14 98.14 0.0001 0.9986
1A3d Domestic Navigation: liquid fuels N.O 93.38 93.38 0.0001 0.9987
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1A4 Other sectors: liquid fuels N,O 83.51 83.51 0.0001 0.9988
1A4 Other sectors: liquid fuels CH, 73.07 73.07 0.0001 0.9989
1A2 Manufacturing industries and construction: other fuels CO, 70.61 70.61 0.0001 0.9990
5C Incineration and open burning of waste N,O 61.44 61.44 0.0001 0.9990
1A1 Energy industries: solid fuels CH,4 56.99 56.99 0.0001 0.9991
3F Field burning of agricultural residues N.O 51.40 51.40 0.0001 0.9992
1A2 Manufacturing industries and construction: solid fuels CH, 50.06 50.06 0.0001 0.9992
1A5 Other: liquid fuels N,O 49.91 49.91 0.0001 0.9993
2C1 Iron and steel production CH,4 43.92 43.92 0.0001 0.9994
2G4 Other product manufacture and use N.O 40.20 40.20 0.0000 0.9994
1B2 Oil and gas extraction N-O 39.74 39.74 0.0000 0.9995
1A1 Energy industries: liquid fuels CH,4 38.63 38.63 0.0000 0.9995
1A4 Other sectors: peat CH, 35.94 35.94 0.0000 0.9995
1A2 Manufacturing industries and construction: liquid fuels CH, 35.43 35.43 0.0000 0.9996
2A4 Other process uses of carbonates CH, 34.84 34.84 0.0000 0.9996
2B8 Petrochemical and carbon black production CH,4 33.79 33.79 0.0000 0.9997
1A4 Other sectors: gaseous fuels N,O 33.42 33.42 0.0000 0.9997
2F6 Other product uses as substitutes for ODS HFCs, PFCs, SFs 23.59 23.59 0.0000 0.9997
and NF3

5B Biological treatment of solid waste CH,4 21.89 21.89 0.0000 0.9998
1A1 Energy industries: other fuels CH., 20.77 20.77 0.0000 0.9998
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1A2 Manufacturing industries and construction: biomass N,O 19.38 19.38 0.0000 0.9998
2C1 Iron and steel production N.O 18.43 18.43 0.0000 0.9998
1A3a Domestic aviation: liquid fuels N.O 15.74 15.74 0.0000 0.9999
1A2 Manufacturing industries and construction: biomass CH,4 15.36 15.36 0.0000 0.9999
1A2 Manufacturing industries and construction: gaseous fuels CH,4 13.69 13.69 0.0000 0.9999
1A2 Manufacturing industries and construction: gaseous fuels N.O 12.95 12.95 0.0000 0.9999
5B Biological treatment of solid waste N.O 12.36 12.36 0.0000 0.9999
1A4 Other sectors: biomass N.O 12.04 12.04 0.0000 0.9999
2E1 Integrated circuit or semiconductor HFCs, PFCs, SFs 11.10 11.10 0.0000 1.0000
and NF;
1A3a Domestic aviation: liquid fuels CH,4 7.69 7.69 0.0000 1.0000
1A1 Energy industries: other fuels N.O 5.96 5.96 0.0000 1.0000
1A3d Domestic Navigation: liquid fuels CH., 4.10 4.10 0.0000 1.0000
1A5 Other: liquid fuels CH,4 3.98 3.98 0.0000 1.0000
1A3c Railways: liquid fuels N,O 2.93 2.93 0.0000 1.0000
1A3c Railways: liquid fuels CH, 2.75 2.75 0.0000 1.0000
2B8 Petrochemical and carbon black production N.O 1.96 1.96 0.0000 1.0000
1A4 Other sectors: peat N.O 1.59 1.59 0.0000 1.0000
2F3 Fire protection HFCs, PFCs, SFs 1.47 1.47 0.0000 1.0000
and NF3

1A3e Other transportation: liquid fuels N.O 1.05 1.05 0.0000 1.0000
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1A1 Energy industries: biomass CH,4 0.53 0.53 0.0000 1.0000
1A2 Manufacturing industries and construction: other fuels N.O 0.30 0.30 0.0000 1.0000
2B1 Ammonia production CH, 0.29 0.29 0.0000 1.0000
2B1 Ammonia production N,O 0.27 0.27 0.0000 1.0000
1A1 Energy industries: biomass N,O 0.22 0.22 0.0000 1.0000
1A2 Manufacturing industries and construction: other fuels CH., 0.17 0.17 0.0000 1.0000
1A3e Other transportation: liquid fuels CH, 0.14 0.14 0.0000 1.0000
1B1 Coal mining and handling N,O 0.08 0.08 0.0000 1.0000
Total 808,950.83 808,950.83 1.0000
Table A 1.3.3 Approach 1 Key Category Analysis for the latest reported year based on level of emissions (including LULUCF) i
UNFCCC scope
PCC I);:::s(tl_:(e)ported Absolute value of _
Code IPCC Category GHG emissions (Gg LY emissions Level Assessment Cumulative Total
COse) (Gg COze)
1A3b Road transportation: liquid fuels CO, 99,276.69 99,276.69 0.2084 0.2084
1A4 Other sectors: gaseous fuels CO; 76,850.07 76,850.07 0.1613 0.3697
1A1 Energy industries: gaseous fuels CO; 54,199.83 54,199.83 0.1138 0.4835
1A2 Manufacturing industries and construction: gaseous fuels CO; 24,871.53 24,871.53 0.0522 0.5357
3A1 Enteric fermentation from Cattle CHa 18,085.60 18,085.60 0.0380 0.5737
4A Forest land CO; -18,082.25 18,082.25 0.0380 0.6116
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Latest reported

Absolute value of

ICPO%% IPCC Category GHG Zemiéms (Gg LY emissions Level Assessment | Cumulative Total
CO%e) (Gg COze)
1A2 Manufacturing industries and construction: liquid fuels CO; 14,227.59 14,227.59 0.0299 0.6415
1A4 Other sectors: liquid fuels CO, 13,868.78 13,868.78 0.0291 0.6706
5A Solid waste disposal CH, 13,777.09 13,777.09 0.0289 0.6995
4B Cropland CO; 12,690.21 12,690.21 0.0266 0.7262
1A1 Energy industries: liquid fuels CO; 11,869.05 11,869.05 0.0249 0.7511
3D Agricultural soils N.O 10,999.18 10,999.18 0.0231 0.7742
2C1 Iron and steel production CO, 10,605.21 10,605.21 0.0223 0.7964
2F1 Refrigeration and air conditioning HFCs, PFCs, SFs 9,161.95 9,161.95 0.0192 0.8157
and NF3

1A1 Energy industries: other fuels CO; 6,559.20 6,559.20 0.0138 0.8294
1A1 Energy industries: solid fuels CO; 6,414.00 6,414.00 0.0135 0.8429
1A3d Domestic Navigation: liquid fuels CO, 4,862.02 4,862.02 0.0102 0.8531
3A2 Enteric fermentation from Sheep CH., 4,714.58 4,714.58 0.0099 0.8630
1B2 Oil and gas extraction CH,4 4,541.72 4,541.72 0.0095 0.8725
3B1 Manure management from Cattle CH,4 4,290.16 4,290.16 0.0090 0.8816
2A1 Cement production CO, 4,215.15 4,215.15 0.0088 0.8904
4E Settlements CO; 3,799.29 3,799.29 0.0080 0.8984
1A2 Manufacturing industries and construction: solid fuels CO; 3,482.14 3,482.14 0.0073 0.9057
4C Grassland CH,4 2,861.40 2,861.40 0.0060 0.9117
4C Grassland CO; -2,738.53 2,738.53 0.0057 0.9174
1B2 Oil and gas extraction CO; 2,682.64 2,682.64 0.0056 0.9231
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3B2 Manure management from Sheep N.O 2,493.71 2,493.71 0.0052 0.9283
4D Wetlands CH, 2,382.01 2,382.01 0.0050 0.9333
4G Harvested wood products CO, -2,037.46 2,037.46 0.0043 0.9376
5D Wastewater treatment and discharge CH,4 1,959.38 1,959.38 0.0041 0.9417
1A4 Other sectors: solid fuels CO, 1,952.53 1,952.53 0.0041 0.9458
1A5 Other: liquid fuels CO; 1,567.97 1,567.97 0.0033 0.9491
2B8 Petrochemical and carbon black production CO, 1,529.70 1,529.70 0.0032 0.9523
1A3c Railways: liquid fuels CO; 1,522.80 1,522.80 0.0032 0.9555
5B Biological treatment of solid waste CH,4 1,373.84 1,373.84 0.0029 0.9584
2B1 Ammonia production CO, 1,178.74 1,178.74 0.0025 0.9609
3G Liming CO, 1,177.94 1,177.94 0.0025 0.9633
2A2 Lime production CO; 1,092.26 1,092.26 0.0023 0.9656
2F4 Aerosols HFCs, PFCs, SFs 942.13 942.13 0.0020 0.9676
and NF3

5D Wastewater treatment and discharge N,O 903.51 903.51 0.0019 0.9695
1A3a Domestic aviation: liquid fuels CO, 897.03 897.03 0.0019 0.9714
1A3b Road transportation: liquid fuels N.O 880.35 880.35 0.0018 0.9732
1A2 Manufacturing industries and construction: other fuels CO, 683.27 683.27 0.0014 0.9747
5B Biological treatment of solid waste N.O 660.50 660.50 0.0014 0.9760
2G3 N,O from product uses N.O 593.71 593.71 0.0012 0.9773
4D Wetlands CO; 550.11 550.11 0.0012 0.9785
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CO%e) (Gg COze)
3A4 Enteric fermentation from Other livestock CH, 521.04 521.04 0.0011 0.9795
1B1 Coal mining and handling CH, 514.50 514.50 0.0011 0.9806
2A4 Other process uses of carbonates CO, 423.46 423.46 0.0009 0.9815
2D Non-energy products from fuels and solvent use CO; 402.41 402.41 0.0008 0.9824
4A Forest land N.O 377.40 377.40 0.0008 0.9832
4B Cropland N-O 354.68 354.68 0.0007 0.9839
2F2 Foam blowing agents HFCs, PFCs, SFs 353.92 353.92 0.0007 0.9846
and NF3
2A3 Glass production CO; 340.25 340.25 0.0007 0.9854
5C Incineration and open burning of waste CO; 335.70 335.70 0.0007 0.9861
1A4 Other sectors: biomass CH, 335.24 335.24 0.0007 0.9868
2G1 Electrical equipment HFCs, PFCs, SFs 330.09 330.09 0.0007 0.9875
and NF3
4B Cropland CH, 317.96 317.96 0.0007 0.9881
2F3 Fire protection HFCs, PFCs, SFs 293.92 293.92 0.0006 0.9887
and NF;
4E Settlements N-O 254.78 254.78 0.0005 0.9893
3H Urea application to land CO,; 252.57 252.57 0.0005 0.9898
3J Agriculture activities in OTs and CDs CH,4 228.23 228.23 0.0005 0.9903
3A3 Enteric fermentation from Swine CH., 223.56 223.56 0.0005 0.9908
1A1 Energy industries: gaseous fuels N.O 215.74 215.74 0.0005 0.9912
1A1 Energy industries: biomass N.O 205.14 205.14 0.0004 0.9916
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CO%e) (Gg COze)
1B1 Coal mining and handling CO; 203.99 203.99 0.0004 0.9921
1A4 Other sectors: gaseous fuels CH, 191.50 191.50 0.0004 0.9925
1A3b Road transportation: gaseous fuels CO, 178.51 178.51 0.0004 0.9928
1A3b Road transportation: biomass CO; 166.35 166.35 0.0003 0.9932
1A4 Other sectors: solid fuels CHa 166.31 166.31 0.0003 0.9935
1A1 Energy industries: biomass CH., 163.29 163.29 0.0003 0.9939
1A1 Energy industries: other fuels CH., 161.15 161.15 0.0003 0.9942
2B6 Titanium dioxide production CO; 155.29 155.29 0.0003 0.9945
4 Indirect N>O emissions from LULUCF N.O 152.89 152.89 0.0003 0.9949
2B7 Soda ash production CO, 131.33 131.33 0.0003 0.9951
1A3e Other transportation: liquid fuels CO, 129.66 129.66 0.0003 0.9954
4C Grassland N-O 127.67 127.67 0.0003 0.9957
2G2 SF¢ and PFCs from other product use HFCs, PFCs, SFs 121.01 121.01 0.0003 0.9959
and NF3
2B9 Fluorochemical production HFCs, PFCs, SFs 120.85 120.85 0.0003 0.9962
and NF3

1A2 Manufacturing industries and construction: biomass N,O 113.93 113.93 0.0002 0.9964
1A1 Energy industries: other fuels N.O 111.67 111.67 0.0002 0.9967
4A Forest land CH, 104.50 104.50 0.0002 0.9969
3J Agriculture activities in OTs and CDs N.O 103.91 103.91 0.0002 0.9971
1A1 Energy industries: gaseous fuels CH, 98.42 98.42 0.0002 0.9973
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Absolute value of

I(I:DOC;C(; IPCC Category GHG gﬁﬁrsgi_grzs (Gg LY emissions Level Assessment | Cumulative Total
CO%e) (Gg COze)
1A2 Manufacturing industries and construction: biomass CH,4 90.53 90.53 0.0002 0.9975
1A3b Road transportation: liquid fuels CH, 82.08 82.08 0.0002 0.9977
1A4 Other sectors: liquid fuels N.O 81.50 81.50 0.0002 0.9978
1A2 Manufacturing industries and construction: liquid fuels N,O 74.24 74.24 0.0002 0.9980
2G4 Other product manufacture and use N,O 72.46 72.46 0.0002 0.9981
5C Incineration and open burning of waste CH, 59.15 59.15 0.0001 0.9983
2C3 Aluminium production CO, 57.94 57.94 0.0001 0.9984
1A3d Domestic Navigation: liquid fuels N,O 56.78 56.78 0.0001 0.9985
1A1 Energy industries: liquid fuels N,O 44.07 44.07 0.0001 0.9986
1A4 Other sectors: biomass N.O 41.07 41.07 0.0001 0.9987
2C4 Magnesium production HFCs, PFCs, SFs 40.68 40.68 0.0001 0.9988
and NF3
1A3c Railways: solid fuels CO, 38.41 38.41 0.0001 0.9989
1A4 Other sectors: gaseous fuels N,O 36.25 36.25 0.0001 0.9989
5C Incineration and open burning of waste N,O 35.35 35.35 0.0001 0.9990
1A4 Other sectors: liquid fuels CH, 31.09 31.09 0.0001 0.9991
2B10 Other Chemical Industry CH, 30.69 30.69 0.0001 0.9991
2F6 Other product uses as substitutes for ODS HFCs, PFCs, SFs 30.08 30.08 0.0001 0.9992
and NF3

1A1 Energy industries: solid fuels N.O 29.27 29.27 0.0001 0.9993
4E Settlements CH,4 28.19 28.19 0.0001 0.9993
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Absolute value of

I(I:DOC;C(; IPCC Category GHG gﬁﬁrsgi_grzs (Gg LY emissions Level Assessment | Cumulative Total
CO%e) (Gg COze)
2B2 Nitric acid production N,O 28.09 28.09 0.0001 0.9994
1A2 Manufacturing industries and construction: solid fuels N.O 24.82 24.82 0.0001 0.9994
1A4 Other sectors: solid fuels N>O 23.16 23.16 0.0000 0.9995
1B2 Oil and gas extraction N,O 22.21 22.21 0.0000 0.9995
4D Wetlands N-O 21.42 21.42 0.0000 0.9996
2E1 Integrated circuit or semiconductor HFCs, PFCs, SFs 19.44 19.44 0.0000 0.9996
and NF;
2F5 Solvents HFCs, PFCs, SFs 16.35 16.35 0.0000 0.9996
and NF;

1A5 Other: liquid fuels N-O 15.03 15.03 0.0000 0.9997
1A2 Manufacturing industries and construction: liquid fuels CH, 14.75 14.75 0.0000 0.9997
2C1 Iron and steel production CH,4 12.93 12.93 0.0000 0.9997
1A2 Manufacturing industries and construction: gaseous fuels CH,4 12.40 12.40 0.0000 0.9998
1A2 Manufacturing industries and construction: gaseous fuels N.O 11.73 11.73 0.0000 0.9998
1A2 Manufacturing industries and construction: solid fuels CH, 10.29 10.29 0.0000 0.9998
2B8 Petrochemical and carbon black production CH,4 9.90 9.90 0.0000 0.9998
1A2 Manufacturing industries and construction: other fuels N,O 9.18 9.18 0.0000 0.9999
1A1 Energy industries: liquid fuels CH., 8.73 8.73 0.0000 0.9999
1A4 Other sectors: peat CO, 7.71 7.71 0.0000 0.9999
1A3a Domestic aviation: liquid fuels N.O 7.55 7.55 0.0000 0.9999
1A3d Domestic Navigation: liquid fuels CH, 7.39 7.39 0.0000 0.9999
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PCC I);:;ers(tl_:(e;ported Absolute value of _
Code IPCC Category GHG st (3 LY emissions Level Assessment | Cumulative Total
CO%e) (Gg COze)
1A2 Manufacturing industries and construction: other fuels CH,4 7.04 7.04 0.0000 0.9999
2C1 Iron and steel production N.O 6.54 6.54 0.0000 0.9999
2A4 Other process uses of carbonates CH, 4.75 4.75 0.0000 1.0000
1A3b Road transportation: gaseous fuels CH,4 4.73 4.73 0.0000 1.0000
2C3 Aluminium production HFCs, PFCs, SFs 4.32 4.32 0.0000 1.0000
and NF;
1A3c Railways: liquid fuels N,O 3.04 3.04 0.0000 1.0000
1A1 Energy industries: solid fuels CH., 1.90 1.90 0.0000 1.0000
1A3e Other transportation: liquid fuels N.O 1.47 1.47 0.0000 1.0000
1A3a Domestic aviation: liquid fuels CH,4 1.18 1.18 0.0000 1.0000
1A5 Other: liquid fuels CH,4 1.10 1.10 0.0000 1.0000
1A3c Railways: solid fuels CH, 0.98 0.98 0.0000 1.0000
2B8 Petrochemical and carbon black production N.O 0.74 0.74 0.0000 1.0000
1A4 Other sectors: peat CH, 0.61 0.61 0.0000 1.0000
1A3c Railways: liquid fuels CH,4 0.54 0.54 0.0000 1.0000
2B1 Ammonia production CH., 0.23 0.23 0.0000 1.0000
2B1 Ammonia production N.O 0.22 0.22 0.0000 1.0000
1A3b Road transportation: gaseous fuels N,O 0.08 0.08 0.0000 1.0000
1A3c Railways: solid fuels N.O 0.07 0.07 0.0000 1.0000
1A4 Other sectors: peat N.O 0.03 0.03 0.0000 1.0000
1A3e Other transportation: liquid fuels CH, 0.02 0.02 0.0000 1.0000
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PCC Latestl_:;aported Absolute value of
IPCC Category GHG yiEEn (L) LY emissions Level Assessment | Cumulative Total
Code emissions (Gg
CO%e) (Gg COze)
1B1 Coal mining and handling N,O 0.02 0.02 0.0000 1.0000
Total 430,653.74 476,370.21 1.0000
Table A 1.3.4 Approach 1 Key Category Analysis for the latest reported year based on level of emissions (excluding LULUCF) |
UNFCCC scope
IPCC Lat;zg:eiﬁ%ted Absolute value of
Code IPCC Category GHG emissions (Gg LY emissions (Gg Level Assessment Cumulative Total
COze)
COze)
1A3b Road transportation: liquid fuels CO; 99,276.69 99,276.69 0.2312 0.2312
1A4 Other sectors: gaseous fuels CO; 76,850.07 76,850.07 0.1789 0.4101
1A1 Energy industries: gaseous fuels CO; 54,199.83 54,199.83 0.1262 0.5363
1A2 Manufacturing industries and construction: gaseous fuels CO; 24,871.53 24,871.53 0.0579 0.5942
3A1 Enteric fermentation from Cattle CH,4 18,085.60 18,085.60 0.0421 0.6363
1A2 Manufacturing industries and construction: liquid fuels CO; 14,227.59 14,227.59 0.0331 0.6694
1A4 Other sectors: liquid fuels CO; 13,868.78 13,868.78 0.0323 0.7017
5A Solid waste disposal CH, 13,777.09 13,777.09 0.0321 0.7338
1A1 Energy industries: liquid fuels CO; 11,869.05 11,869.05 0.0276 0.7614
3D Agricultural soils N,O 10,999.18 10,999.18 0.0256 0.7870
2C1 Iron and steel production CO; 10,605.21 10,605.21 0.0247 0.8117
2F1 Refrigeration and air conditioning HFCs, PFCs, SFs 9,161.95 9,161.95 0.0213 0.8331
and NF;
1A1 Energy industries: other fuels CO; 6,559.20 6,559.20 0.0153 0.8483
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IPCC Lat;ztarre(ﬁg)(;ted Absoll_Jte_vaIue of _
Code IPCC Category GHG emissions (Gg LY emissions (Gg Level Assessment Cumulative Total
COse) COze)
1A1 Energy industries: solid fuels CO; 6,414.00 6,414.00 0.0149 0.8633
1A3d Domestic Navigation: liquid fuels CO, 4,862.02 4,862.02 0.0113 0.8746
3A2 Enteric fermentation from Sheep CH, 4,714.58 4,714.58 0.0110 0.8856
1B2 Oil and gas extraction CH,4 4,541.72 4,541.72 0.0106 0.8961
3B1 Manure management from Cattle CH, 4,290.16 4,290.16 0.0100 0.9061
2A1 Cement production CO; 4,215.15 4,215.15 0.0098 0.9159
1A2 Manufacturing industries and construction: solid fuels CO, 3,482.14 3,482.14 0.0081 0.9241
1B2 Oil and gas extraction CO; 2,682.64 2,682.64 0.0062 0.9303
3B2 Manure management from Sheep N2O 2,493.71 2,493.71 0.0058 0.9361
5D Wastewater treatment and discharge CH, 1,959.38 1,959.38 0.0046 0.9407
1A4 Other sectors: solid fuels CO, 1,952.53 1,952.53 0.0045 0.9452
1A5 Other: liquid fuels CO; 1,567.97 1,567.97 0.0037 0.9489
2B8 Petrochemical and carbon black production CO; 1,529.70 1,529.70 0.0036 0.9524
1A3c Railways: liquid fuels CO, 1,522.80 1,522.80 0.0035 0.9560
5B Biological treatment of solid waste CH,4 1,373.84 1,373.84 0.0032 0.9592
2B1 Ammonia production CO; 1,178.74 1,178.74 0.0027 0.9619
3G Liming CO, 1,177.94 1,177.94 0.0027 0.9647
2A2 Lime production CO, 1,092.26 1,092.26 0.0025 0.9672
2F4 Aerosols HFCs, PFCs, SFs 942.13 942.13 0.0022 0.9694
and NF3
5D Wastewater treatment and discharge N.O 903.51 903.51 0.0021 0.9715
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Latest reported

Absolute value of

I('::’OCdi IPCC Category GHG em)if:iro(nLSYng LY emissions (Gg Level Assessment Cumulative Total
COse) CO.e)
1A3a Domestic aviation: liquid fuels CO; 897.03 897.03 0.0021 0.9736
1A3b Road transportation: liquid fuels N.O 880.35 880.35 0.0020 0.9756
1A2 Manufacturing industries and construction: other fuels CO, 683.27 683.27 0.0016 0.9772
5B Biological treatment of solid waste N,O 660.50 660.50 0.0015 0.9788
2G3 N,O from product uses N,O 593.71 593.71 0.0014 0.9801
3A4 Enteric fermentation from Other livestock CH, 521.04 521.04 0.0012 0.9814
1B1 Coal mining and handling CH, 514.50 514.50 0.0012 0.9826
2A4 Other process uses of carbonates CO; 423.46 423.46 0.0010 0.9835
2D Non-energy products from fuels and solvent use CO; 402.41 402.41 0.0009 0.9845
2F2 Foam blowing agents HFCs, PFCs, SF 353.92 353.92 0.0008 0.9853
and NF;
2A3 Glass production CO, 340.25 340.25 0.0008 0.9861
5C Incineration and open burning of waste CO; 335.70 335.70 0.0008 0.9869
1A4 Other sectors: biomass CH,4 335.24 335.24 0.0008 0.9877
2G1 Electrical equipment HFCs, PFCs, SFs 330.09 330.09 0.0008 0.9884
and NF;
2F3 Fire protection HFCs, PFCs, SF 293.92 293.92 0.0007 0.9891
and NF;
3H Urea application to land CO; 252.57 252.57 0.0006 0.9897
3J Agriculture activities in OTs and CDs CH, 228.23 228.23 0.0005 0.9902
3A3 Enteric fermentation from Swine CH, 223.56 223.56 0.0005 0.9908
1A1 Energy industries: gaseous fuels N.O 215.74 215.74 0.0005 0.9913
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Absolute value of

I('::’OCdi IPCC Category GHG em)if:iro(nLSYng LY emissions (Gg Level Assessment Cumulative Total
COse) CO.e)
1A1 Energy industries: biomass N,O 205.14 205.14 0.0005 0.9917
1B1 Coal mining and handling CO;, 203.99 203.99 0.0005 0.9922
1A4 Other sectors: gaseous fuels CH, 191.50 191.50 0.0004 0.9927
1A3b Road transportation: gaseous fuels CO; 178.51 178.51 0.0004 0.9931
1A3b Road transportation: biomass CO; 166.35 166.35 0.0004 0.9935
1A4 Other sectors: solid fuels CH,4 166.31 166.31 0.0004 0.9938
1A1 Energy industries: biomass CH, 163.29 163.29 0.0004 0.9942
1A1 Energy industries: other fuels CH,4 161.15 161.15 0.0004 0.9946
2B6 Titanium dioxide production CO; 155.29 155.29 0.0004 0.9950
2B7 Soda ash production CO; 131.33 131.33 0.0003 0.9953
1A3e Other transportation: liquid fuels CO; 129.66 129.66 0.0003 0.9956
2G2 SF¢ and PFCs from other product use HFCs, PFCs, SFs 121.01 121.01 0.0003 0.9959
and NF3
2B9 Fluorochemical production HFCs, PFCs, SFs 120.85 120.85 0.0003 0.9961
and NF3
1A2 Manufacturing industries and construction: biomass N,O 113.93 113.93 0.0003 0.9964
1A1 Energy industries: other fuels N,O 111.67 111.67 0.0003 0.9967
3J Agriculture activities in OTs and CDs N.O 103.91 103.91 0.0002 0.9969
1A1 Energy industries: gaseous fuels CH,4 98.42 98.42 0.0002 0.9971
1A2 Manufacturing industries and construction: biomass CH, 90.53 90.53 0.0002 0.9973
1A3b Road transportation: liquid fuels CH, 82.08 82.08 0.0002 0.9975
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IPee IPCC Category GHG Lat;z;:?ﬁ%ted f\lfjsezlwligzi\cl)?llg ?(gg; Level Assessment Cumulative Total
Code emissions (Gg COse)
CO.€)
1A4 Other sectors: liquid fuels N,O 81.50 81.50 0.0002 0.9977
1A2 Manufacturing industries and construction: liquid fuels N.O 74.24 74.24 0.0002 0.9979
2G4 Other product manufacture and use N.O 72.46 72.46 0.0002 0.9981
5C Incineration and open burning of waste CH,4 59.15 59.15 0.0001 0.9982
2C3 Aluminium production CO; 57.94 57.94 0.0001 0.9983
1A3d Domestic Navigation: liquid fuels N.O 56.78 56.78 0.0001 0.9985
1A1 Energy industries: liquid fuels N.O 44.07 44.07 0.0001 0.9986
1A4 Other sectors: biomass N.O 41.07 41.07 0.0001 0.9987
2C4 Magnesium production HFCs, PFCs, SFs 40.68 40.68 0.0001 0.9988
and NF;
1A3c Railways: solid fuels CO; 38.41 38.41 0.0001 0.9988
1A4 Other sectors: gaseous fuels N.O 36.25 36.25 0.0001 0.9989
5C Incineration and open burning of waste N.O 35.35 35.35 0.0001 0.9990
1A4 Other sectors: liquid fuels CH,4 31.09 31.09 0.0001 0.9991
2B10 Other Chemical Industry CH,4 30.69 30.69 0.0001 0.9992
2F6 Other product uses as substitutes for ODS HFCs, PFCs, SFs 30.08 30.08 0.0001 0.9992
and NF;
1A1 Energy industries: solid fuels N.O 29.27 29.27 0.0001 0.9993
2B2 Nitric acid production N.O 28.09 28.09 0.0001 0.9994
1A2 Manufacturing industries and construction: solid fuels N.O 24.82 24.82 0.0001 0.9994
1A4 Other sectors: solid fuels N>O 23.16 23.16 0.0001 0.9995
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1B2 Oil and gas extraction N,O 22.21 22.21 0.0001 0.9995
2E1 Integrated circuit or semiconductor HFCs, PFCs, SFs 19.44 19.44 0.0000 0.9996
and NF;
2F5 Solvents HFCs, PFCs, SF 16.35 16.35 0.0000 0.9996
and NF;
1A5 Other: liquid fuels N.O 15.03 15.03 0.0000 0.9996
1A2 Manufacturing industries and construction: liquid fuels CH,4 14.75 14.75 0.0000 0.9997
2C1 Iron and steel production CH,4 12.93 12.93 0.0000 0.9997
1A2 Manufacturing industries and construction: gaseous fuels CH,4 12.40 12.40 0.0000 0.9997
1A2 Manufacturing industries and construction: gaseous fuels N.O 11.73 11.73 0.0000 0.9998
1A2 Manufacturing industries and construction: solid fuels CH,4 10.29 10.29 0.0000 0.9998
2B8 Petrochemical and carbon black production CH,4 9.90 9.90 0.0000 0.9998
1A2 Manufacturing industries and construction: other fuels N,O 9.18 9.18 0.0000 0.9998
1A1 Energy industries: liquid fuels CH, 8.73 8.73 0.0000 0.9999
1A4 Other sectors: peat CO, 7.71 7.71 0.0000 0.9999
1A3a Domestic aviation: liquid fuels N,O 7.55 7.55 0.0000 0.9999
1A3d Domestic Navigation: liquid fuels CH,4 7.39 7.39 0.0000 0.9999
1A2 Manufacturing industries and construction: other fuels CH,4 7.04 7.04 0.0000 0.9999
2C1 Iron and steel production N,O 6.54 6.54 0.0000 0.9999
2A4 Other process uses of carbonates CH, 4.75 4.75 0.0000 1.0000
1A3b Road transportation: gaseous fuels CH, 4.73 4.73 0.0000 1.0000
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2C3 Aluminium production HFCs, PFCs, SFs 4.32 4.32 0.0000 1.0000
and NF;

1A3c Railways: liquid fuels N,O 3.04 3.04 0.0000 1.0000
1A1 Energy industries: solid fuels CH, 1.90 1.90 0.0000 1.0000
1A3e Other transportation: liquid fuels N.O 1.47 1.47 0.0000 1.0000
1A3a Domestic aviation: liquid fuels CH,4 1.18 1.18 0.0000 1.0000
1A5 Other: liquid fuels CH,4 1.10 1.10 0.0000 1.0000
1A3c Railways: solid fuels CH,4 0.98 0.98 0.0000 1.0000
2B8 Petrochemical and carbon black production N.O 0.74 0.74 0.0000 1.0000
1A4 Other sectors: peat CH, 0.61 0.61 0.0000 1.0000
1A3c Railways: liquid fuels CH,4 0.54 0.54 0.0000 1.0000
2B1 Ammonia production CH, 0.23 0.23 0.0000 1.0000
2B1 Ammonia production N.O 0.22 0.22 0.0000 1.0000
1A3b Road transportation: gaseous fuels N,O 0.08 0.08 0.0000 1.0000
1A3c Railways: solid fuels N,O 0.07 0.07 0.0000 1.0000
1A4 Other sectors: peat N.O 0.03 0.03 0.0000 1.0000
1A3e Other transportation: liquid fuels CH,4 0.02 0.02 0.0000 1.0000
1B1 Coal mining and handling N,O 0.02 0.02 0.0000 1.0000
Total 429,489.47 429,489.47 1.0000
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Table A 1.3.5 Approach 1 Key Category Analysis based on trend in emissions (from base year to latest reported year, including
LULUCF) i UNFCCC scope
Base year Latest reported
IPCC Code | IPCC Category GHG emissions (Gg year (I.‘Y) G Trend Assessment _(I;ontgbunon to Cumulative Total
COse) emissions (Gg ren
COZB)
1A1 Energy industries: solid fuels CO, 185,488.39 6,414.00 0.1066 0.2385 0.2385
1A1 Energy industries: gaseous fuels CO, 11,939.20 54,199.83 0.0562 0.1257 0.3642
1A3b Road transportation: liquid fuels CO, 109,173.97 99,276.69 0.0492 0.1100 0.4742
1A4 Other sectors: gaseous fuels CO; 70,371.86 76,850.07 0.0467 0.1046 0.5788
5A Solid waste disposal CH,4 67,633.35 13,777.09 0.0255 0.0570 0.6358
1B1 Coal mining and handling CH., 24,446.08 514.50 0.0144 0.0323 0.6681
1A2 Manufacturing industries and construction: | CO, 27,291.18 24,871.53 0.0124 0.0276 0.6957
gaseous fuels
1A1 Energy industries: liquid fuels CO, 40,387.53 11,869.05 0.0109 0.0245 0.7202
2B3 Adipic acid production N,O 17,727.08 - 0.0109 0.0244 0.7446
2F1 Refrigeration and air conditioning HFCs, PFCs, SFs 201.39 9,161.95 0.0106 0.0237 0.7683
and NF;
1A4 Other sectors: solid fuels CO; 19,824.90 1,952.53 0.0099 0.0222 0.7905
2B9 Fluorochemical production HFCs, PFCs, SFs 14,911.66 120.85 0.0090 0.0202 0.8107
and NF3
1A2 Manufacturing industries and construction: | CO, 20,209.42 3,482.14 0.0084 0.0187 0.8294
solid fuels
3A1 Enteric fermentation from Cattle CH,4 21,166.02 18,085.60 0.0082 0.0183 0.8477
1A1 Energy industries: other fuels CO, 244.37 6,559.20 0.0075 0.0169 0.8645
4B Cropland CO; 14,230.88 12,690.21 0.0061 0.0137 0.8782
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Latest reported

Bas_e year year (LY) Contribution to .
IPCC Code | IPCC Category GHG grglzseilons (Gg emissions (Gg Trend Assessment Trend Cumulative Total
CO.€)
3D Agricultural soils N-O 13,428.41 10,999.18 0.0046 0.0103 0.8886
1B2 Oil and gas extraction CH, 13,835.90 4,541.72 0.0032 0.0071 0.8957
1A4 Other sectors: liquid fuels CO; 21,465.76 13,868.78 0.0030 0.0068 0.9025
4A Forest land CO; -13,940.16 -18,082.25 0.0029 0.0065 0.9090
3B1 Manure management from Cattle CH, 4,646.15 4,290.16 0.0022 0.0049 0.9139
4C Grassland CO; -618.75 -2,738.53 0.0021 0.0048 0.9186
2C1 Iron and steel production CO, 23,628.28 10,605.21 0.0021 0.0047 0.9234
2B2 Nitric acid production N-O 3,432.78 28.09 0.0021 0.0047 0.9280
3A2 Enteric fermentation from Sheep CH,4 5,858.92 4,714.58 0.0019 0.0043 0.9323
4C Grassland CH, 2,807.05 2,861.40 0.0016 0.0036 0.9360
5B Biological treatment of solid waste CH, 21.89 1,373.84 0.0016 0.0036 0.9395
1A5 Other: liquid fuels CO; 5,293.44 1,567.97 0.0014 0.0032 0.9427
4D Wetlands CH,4 2,313.24 2,382.01 0.0014 0.0031 0.9458
4G Harvested wood products CO, -2,096.17 -2,037.46 0.0012 0.0028 0.9485
2B8 Petrochemical and carbon black CO, 4,751.56 1,529.70 0.0011 0.0025 0.9511
production

4E Settlements CO, 5,426.53 3,799.29 0.0011 0.0025 0.9535
3B2 Manure management from Sheep N.O 3,038.90 2,493.71 0.0011 0.0024 0.9559
1A3d Domestic Navigation: liquid fuels CO, 7,611.13 4,862.02 0.0010 0.0023 0.9582
1A3c Railways: liquid fuels CO, 1,469.34 1,522.80 0.0009 0.0020 0.9601
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Latest reported

Base year L
IPCC Code | IPCC Category GHG emissions (Gg year (I.‘Y) G Trend Assessment COTITELT 52 Cumulative Total
COse) emissions (Gg Trend
COze)
2F4 Aerosols HFCs, PFCs, SFs 407.71 942.13 0.0009 0.0019 0.9620
and NF;
5D Wastewater treatment and discharge CH,4 2,365.31 1,959.38 0.0008 0.0019 0.9639
2C6 Zinc production CO, 1,350.65 - 0.0008 0.0019 0.9658
1B1 Coal mining and handling CO, 1,698.56 203.99 0.0008 0.0018 0.9676
1A3b Road transportation: liquid fuels CH,4 1,408.61 82.08 0.0008 0.0017 0.9693
5B Biological treatment of solid waste N,O 12.36 660.50 0.0008 0.0017 0.9710
1A2 Manufacturing industries and construction: | CO, 70.61 683.27 0.0008 0.0017 0.9727
other fuels
3G Liming CO, 1,019.16 1,177.94 0.0008 0.0017 0.9744
1A4 Other sectors: solid fuels CH, 1,440.83 166.31 0.0007 0.0015 0.9760
5D Wastewater treatment and discharge N,O 796.37 903.51 0.0006 0.0013 0.9772
1A1 Energy industries: solid fuels N,O 939.47 29.27 0.0005 0.0012 0.9784
5C Incineration and open burning of waste CO, 1,445.17 335.70 0.0005 0.0011 0.9796
2A2 Lime production CO, 1,328.60 1,092.26 0.0005 0.0010 0.9806
2A1 Cement production CO, 7,295.26 4,215.15 0.0005 0.0010 0.9816
3A4 Enteric fermentation from Other livestock CH,4 338.26 521.04 0.0004 0.0009 0.9825
2G3 N.O from product uses N.O 493.41 593.71 0.0004 0.0009 0.9834
1A2 Manufacturing industries and construction: | CO, 27,665.96 14,227.59 0.0004 0.0008 0.9842
liquid fuels
2F3 Fire protection HFCs, PFCs, SFs 1.47 293.92 0.0003 0.0008 0.9849

and NF;
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1A4 Other sectors: biomass CH,4 100.88 335.24 0.0003 0.0007 0.9857
2F2 Foam blowing agents HFCs, PFCs, SFs 167.80 353.92 0.0003 0.0007 0.9864

and NF;
1A3b Road transportation: liquid fuels N.O 1,176.81 880.35 0.0003 0.0007 0.9871
1A4 Other sectors: peat CO, 453.50 7.71 0.0003 0.0006 0.9877
2A4 Other process uses of carbonates CO, 1,198.69 423.46 0.0002 0.0005 0.9882
1A1 Energy industries: biomass N,O 0.22 205.14 0.0002 0.0005 0.9887
4D Wetlands CO; 668.77 550.11 0.0002 0.0005 0.9893
2B1 Ammonia production CO, 1,895.00 1,178.74 0.0002 0.0005 0.9897
2C3 Aluminium production CO, 450.32 57.94 0.0002 0.0005 0.9902
1A3b Road transportation: gaseous fuels CO, - 178.51 0.0002 0.0005 0.9907
2C4 Magnesium production HFCs, PFCs, SFs 399.06 40.68 0.0002 0.0004 0.9911

and NF;
1A3b Road transportation: biomass CO, - 166.35 0.0002 0.0004 0.9916
1A1 Energy industries: biomass CH, 0.53 163.29 0.0002 0.0004 0.9920
2C3 Aluminium production HFCs, PFCs, SFs 299.84 4.32 0.0002 0.0004 0.9924

and NF;
1A1 Energy industries: other fuels CH,4 20.77 161.15 0.0002 0.0004 0.9928
4A Forest land N.O 438.95 377.40 0.0002 0.0004 0.9932
4B Cropland CH, 332.36 317.96 0.0002 0.0004 0.9935
2A3 Glass production CO, 412.37 340.25 0.0001 0.0003 0.9939
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2D Non-energy products from fuels and CO, 552.81 402.41 0.0001 0.0003 0.9942

solvent use
3F Field burning of agricultural residues CH,4 209.47 - 0.0001 0.0003 0.9944
1A1 Energy industries: other fuels N.O 5.96 111.67 0.0001 0.0003 0.9947
2G1 Electrical equipment HFCs, PFCs, SFs 828.89 330.09 0.0001 0.0003 0.9950

and NF;

1A2 Manufacturing industries and construction: | N,O 19.38 113.93 0.0001 0.0003 0.9953

biomass
2B6 Titanium dioxide production CO, 104.63 155.29 0.0001 0.0003 0.9955
1A4 Other sectors: gaseous fuels CH, 176.56 191.50 0.0001 0.0003 0.9958
3H Urea application to land CO, 293.75 252.57 0.0001 0.0003 0.9961
1A1 Energy industries: gaseous fuels N,O 232.10 215.74 0.0001 0.0002 0.9963
1A4 Other sectors: solid fuels N.O 218.14 23.16 0.0001 0.0002 0.9965
1A3a Domestic aviation: liquid fuels CO, 1,869.71 897.03 0.0001 0.0002 0.9968
1A2 Manufacturing industries and construction: | CH, 15.36 90.53 0.0001 0.0002 0.9970

biomass
2B10 Other Chemical Industry CH,4 214.15 30.69 0.0001 0.0002 0.9972
1A3e Other transportation: liquid fuels CO, 98.14 129.66 0.0001 0.0002 0.9974
3J Agriculture activities in OTs and CDs CH, 306.10 228.23 0.0001 0.0002 0.9976
3A3 Enteric fermentation from Swine CH., 317.02 223.56 0.0001 0.0001 0.9977
4C Grassland N.O 134.86 127.67 0.0001 0.0001 0.9979
5C Incineration and open burning of waste CH, 213.78 59.15 0.0001 0.0001 0.9980
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4A Forest land CH, 99.49 104.50 0.0001 0.0001 0.9982
2G4 Other product manufacture and use N.O 40.20 72.46 0.0001 0.0001 0.9983
4E Settlements N.O 392.31 254.78 0.0001 0.0001 0.9984
1A2 Manufacturing industries and construction: | N,O 125.66 24.82 0.0000 0.0001 0.9985
solid fuels
1A3c Railways: solid fuels CO, - 38.41 0.0000 0.0001 0.9986
1A4 Other sectors: liquid fuels N,O 83.51 81.50 0.0000 0.0001 0.9987
1A4 Other sectors: biomass N.O 12.04 41.07 0.0000 0.0001 0.9988
1A1 Energy industries: solid fuels CH., 56.99 1.90 0.0000 0.0001 0.9989
3F Field burning of agricultural residues N,O 51.40 - 0.0000 0.0001 0.9990
1A1 Energy industries: gaseous fuels CH,4 144.26 98.42 0.0000 0.0001 0.9990
3J Agriculture activities in OTs and CDs N.O 155.42 103.91 0.0000 0.0001 0.9991
1A2 Manufacturing industries and construction: | N,O 102.15 74.24 0.0000 0.0001 0.9991
liquid fuels
2G2 SFs and PFCs from other product use HFCs, PFCs, SFs 191.54 121.01 0.0000 0.0001 0.9992
and NF;
1A4 Other sectors: gaseous fuels N.O 33.42 36.25 0.0000 0.0000 0.9992
1A4 Other sectors: peat CH, 35.94 0.61 0.0000 0.0000 0.9993
4E Settlements CH, 19.03 28.19 0.0000 0.0000 0.9993
2F6 Other product uses as substitutes for ODS | HFCs, PFCs, SFs 23.59 30.08 0.0000 0.0000 0.9994
and NF;
2F5 Solvents HFCs, PFCs, SFs - 16.35 0.0000 0.0000 0.9994

and NF;
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1A2 Manufacturing industries and construction: | CH, 50.06 10.29 0.0000 0.0000 0.9995

solid fuels
2E1 Integrated circuit or semiconductor HFCs, PFCs, SFs 11.10 19.44 0.0000 0.0000 0.9995

and NF;

2A4 Other process uses of carbonates CH,4 34.84 4.75 0.0000 0.0000 0.9995
2B7 Soda ash production CO, 224.40 131.33 0.0000 0.0000 0.9996
4B Cropland N.O 653.25 354.68 0.0000 0.0000 0.9996
1A1 Energy industries: liquid fuels CH,4 38.63 8.73 0.0000 0.0000 0.9996
4D Wetlands N.O 18.90 21.42 0.0000 0.0000 0.9997
1A5 Other: liquid fuels N.O 49.91 15.03 0.0000 0.0000 0.9997
1B2 Oil and gas extraction CO, 5,088.53 2,682.64 0.0000 0.0000 0.9997
2C1 Iron and steel production CH,4 43.92 12.93 0.0000 0.0000 0.9997
4 Indirect N,O emissions from LULUCF N,O 271.94 152.89 0.0000 0.0000 0.9998
1A2 Manufacturing industries and construction: | N,O 0.30 9.18 0.0000 0.0000 0.9998

other fuels
1A1 Energy industries: liquid fuels N,O 99.98 44.07 0.0000 0.0000 0.9998
2B8 Petrochemical and carbon black CH, 33.79 9.90 0.0000 0.0000 0.9998

production
1A3d Domestic Navigation: liquid fuels N.O 93.38 56.78 0.0000 0.0000 0.9999
1A4 Other sectors: liquid fuels CH, 73.07 31.09 0.0000 0.0000 0.9999
1A2 Manufacturing industries and construction: | CH,4 0.17 7.04 0.0000 0.0000 0.9999

other fuels
1A3d Domestic Navigation: liquid fuels CH, 4.10 7.39 0.0000 0.0000 0.9999
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1A2 Manufacturing industries and construction: | CH, 13.69 12.40 0.0000 0.0000 0.9999

gaseous fuels
1A2 Manufacturing industries and construction: | N,O 12.95 11.73 0.0000 0.0000 0.9999

gaseous fuels
1A3b Road transportation: gaseous fuels CH,4 - 4.73 0.0000 0.0000 0.9999
1A2 Manufacturing industries and construction: | CH, 35.43 14.75 0.0000 0.0000 1.0000

liquid fuels
2C1 Iron and steel production N,O 18.43 6.54 0.0000 0.0000 1.0000
5C Incineration and open burning of waste N.O 61.44 35.35 0.0000 0.0000 1.0000
1A3a Domestic aviation: liquid fuels CH, 7.69 1.18 0.0000 0.0000 1.0000
1A3c Railways: liquid fuels N,O 2.93 3.04 0.0000 0.0000 1.0000
1B2 Oil and gas extraction N,O 39.74 22.21 0.0000 0.0000 1.0000
1A5 Other: liquid fuels CH, 3.98 1.10 0.0000 0.0000 1.0000
1A3c Railways: solid fuels CH, - 0.98 0.0000 0.0000 1.0000
1A3e Other transportation: liquid fuels N,O 1.05 1.47 0.0000 0.0000 1.0000
1A3c Railways: liquid fuels CH,4 2.75 0.54 0.0000 0.0000 1.0000
1A4 Other sectors: peat N.O 1.59 0.03 0.0000 0.0000 1.0000
1A3a Domestic aviation: liquid fuels N,O 15.74 7.55 0.0000 0.0000 1.0000
2B8 Petrochemical and carbon black N.O 1.96 0.74 0.0000 0.0000 1.0000

production
1A3b Road transportation: gaseous fuels N.O - 0.08 0.0000 0.0000 1.0000
2B1 Ammonia production CH, 0.29 0.23 0.0000 0.0000 1.0000

UK NIR 2023 (Issue 1)

Ricardo Energy & Environment

Page 656




Key Categories

Al

Latest reported
Bas_e year year (LY) Contribution to .

IPCC Code | IPCC Category GHG emissions (Gg o Trend Assessment Cumulative Total

emissions (Gg Trend
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COze)
2B1 Ammonia production N,O 0.27 0.22 0.0000 0.0000 1.0000
1A3c Railways: solid fuels N.O - 0.07 0.0000 0.0000 1.0000
1A3e Other transportation: liquid fuels CH, 0.14 0.02 0.0000 0.0000 1.0000
1B1 Coal mining and handling N,O 0.08 0.02 0.0000 0.0000 1.0000

Total 820,103.31 430,653.74 0.4470 1.0000
Table A 1.3.6 Approach 1 Key Category Analysis based on trend in emissions (from base year to latest reported year, excluding
LULUCF) i UNFCCC scope
Base year Latest reported
o7 ear (LY ibuti
IgCC IPCC Category GHG emissions o ( ) Trend Assessment ComsE Cumulative Total
ode emissions Trend
(EgE0zE) (Gg COse)
1A1 Energy industries: solid fuels CO, 185,488.39 6,414.00 0.1066 0.2482 0.2482
1A1 Energy industries: gaseous fuels CO; 11,939.20 54,199.83 0.0562 0.1307 0.3789
1A3b Road transportation: liquid fuels CO; 109,173.97 99,276.69 0.0492 0.1144 0.4933
1A4 Other sectors: gaseous fuels CO, 70,371.86 76,850.07 0.0467 0.1088 0.6021
5A Solid waste disposal CH, 67,633.35 13,777.09 0.0255 0.0593 0.6614
1B1 Coal mining and handling CH,4 24,446.08 514.50 0.0144 0.0336 0.6950
1A2 Manufacturing industries and construction: CO, 27,291.18 24,871.53 0.0124 0.0287 0.7237
gaseous fuels

1A1 Energy industries: liquid fuels CO; 40,387.53 11,869.05 0.0109 0.0255 0.7492
2B3 Adipic acid production N-O 17,727.08 - 0.0109 0.0254 0.7746
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2F1 Refrigeration and air conditioning HFCs, PFCs, SFs 201.39 9,161.95 0.0106 0.0247 0.7993
and NF;
1A4 Other sectors: solid fuels CO, 19,824.90 1,952.53 0.0099 0.0231 0.8224
2B9 Fluorochemical production HFCs, PFCs, SFs 14,911.66 120.85 0.0090 0.0210 0.8434
and NF;
1A2 Manufacturing industries and construction: CO, 20,209.42 3,482.14 0.0084 0.0194 0.8628
solid fuels
3A1 Enteric fermentation from Cattle CHa 21,166.02 18,085.60 0.0082 0.0190 0.8818
1A1 Energy industries: other fuels CO, 244.37 6,559.20 0.0075 0.0175 0.8994
3D Agricultural soils N.O 13,428.41 10,999.18 0.0046 0.0108 0.9101
1B2 Oil and gas extraction CHa 13,835.90 4,541.72 0.0032 0.0074 0.9176
1A4 Other sectors: liquid fuels CO; 21,465.76 13,868.78 0.0030 0.0071 0.9247
3B1 Manure management from Cattle CH., 4,646.15 4,290.16 0.0022 0.0050 0.9297
2C1 Iron and steel production CO, 23,628.28 10,605.21 0.0021 0.0049 0.9346
2B2 Nitric acid production N>O 3,432.78 28.09 0.0021 0.0048 0.9395
3A2 Enteric fermentation from Sheep CH,4 5,858.92 4,714.58 0.0019 0.0045 0.9439
5B Biological treatment of solid waste CH, 21.89 1,373.84 0.0016 0.0037 0.9476
1A5 Other: liquid fuels CO; 5,293.44 1,567.97 0.0014 0.0033 0.9509
2B8 Petrochemical and carbon black production | CO; 4,751.56 1,529.70 0.0011 0.0026 0.9536
3B2 Manure management from Sheep N.O 3,038.90 2,493.71 0.0011 0.0024 0.9560
1A3d Domestic Navigation: liquid fuels CO, 7,611.13 4,862.02 0.0010 0.0024 0.9584
1A3c Railways: liquid fuels CO, 1,469.34 1,522.80 0.0009 0.0020 0.9604
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2F4 Aerosols HFCs, PFCs, SFs 407.71 942.13 0.0009 0.0020 0.9624
and NF;
5D Wastewater treatment and discharge CH,4 2,365.31 1,959.38 0.0008 0.0020 0.9644
2C6 Zinc production CO, 1,350.65 - 0.0008 0.0019 0.9663
1B1 Coal mining and handling CO, 1,698.56 203.99 0.0008 0.0019 0.9682
1A3b Road transportation: liquid fuels CH,4 1,408.61 82.08 0.0008 0.0018 0.9700
5B Biological treatment of solid waste N,O 12.36 660.50 0.0008 0.0018 0.9718
1A2 Manufacturing industries and construction: CO, 70.61 683.27 0.0008 0.0018 0.9735
other fuels
3G Liming CO, 1,019.16 1,177.94 0.0008 0.0018 0.9753
1A4 Other sectors: solid fuels CH, 1,440.83 166.31 0.0007 0.0016 0.9769
5D Wastewater treatment and discharge N,O 796.37 903.51 0.0006 0.0013 0.9782
1A1 Energy industries: solid fuels N,O 939.47 29.27 0.0005 0.0013 0.9795
5C Incineration and open burning of waste CO, 1,445.17 335.70 0.0005 0.0012 0.9806
2A2 Lime production CO, 1,328.60 1,092.26 0.0005 0.0011 0.9817
2A1 Cement production CO, 7,295.26 4,215.15 0.0005 0.0010 0.9828
3A4 Enteric fermentation from Other livestock CH, 338.26 521.04 0.0004 0.0009 0.9837
2G3 N,O from product uses N-O 493.41 593.71 0.0004 0.0009 0.9846
1A2 Manufacturing industries and construction: CO, 27,665.96 14,227.59 0.0004 0.0008 0.9854
liquid fuels
2F3 Fire protection HFCs, PFCs, SFs 1.47 293.92 0.0003 0.0008 0.9862

and NF;
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1A4 Other sectors: biomass CH, 100.88 335.24 0.0003 0.0008 0.9870
2F2 Foam blowing agents HFCs, PFCs, SFs 167.80 353.92 0.0003 0.0007 0.9877
and NF;
1A3b Road transportation: liquid fuels N.O 1,176.81 880.35 0.0003 0.0007 0.9884
1A4 Other sectors: peat CO, 453.50 7.71 0.0003 0.0006 0.9891
2A4 Other process uses of carbonates CO, 1,198.69 423.46 0.0002 0.0006 0.9896
1A1 Energy industries: biomass N,O 0.22 205.14 0.0002 0.0006 0.9902
2B1 Ammonia production CO, 1,895.00 1,178.74 0.0002 0.0005 0.9907
2C3 Aluminium production CO, 450.32 57.94 0.0002 0.0005 0.9912
1A3b Road transportation: gaseous fuels CO; - 178.51 0.0002 0.0005 0.9917
2C4 Magnesium production HFCs, PFCs, SFs 399.06 40.68 0.0002 0.0005 0.9921
and NF;
1A3b Road transportation: biomass CO, - 166.35 0.0002 0.0005 0.9926
1A1 Energy industries: biomass CH,4 0.53 163.29 0.0002 0.0004 0.9930
2C3 Aluminium production HFCs, PFCs, SFs 299.84 4.32 0.0002 0.0004 0.9934
and NF3
1A1 Energy industries: other fuels CH., 20.77 161.15 0.0002 0.0004 0.9938
2A3 Glass production CO, 412.37 340.25 0.0001 0.0003 0.9942
2D Non-energy products from fuels and CO, 552.81 402.41 0.0001 0.0003 0.9945
solvent use
3F Field burning of agricultural residues CH, 209.47 - 0.0001 0.0003 0.9948
1A1 Energy industries: other fuels N.O 5.96 111.67 0.0001 0.0003 0.9951
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2G1 Electrical equipment HFCs, PFCs, SFs 828.89 330.09 0.0001 0.0003 0.9954
and NF;
1A2 Manufacturing industries and construction: N.O 19.38 113.93 0.0001 0.0003 0.9957
biomass
2B6 Titanium dioxide production CO, 104.63 155.29 0.0001 0.0003 0.9959
1A4 Other sectors: gaseous fuels CH, 176.56 191.50 0.0001 0.0003 0.9962
3H Urea application to land CO, 293.75 252.57 0.0001 0.0003 0.9965
1A1 Energy industries: gaseous fuels N,O 232.10 215.74 0.0001 0.0003 0.9967
1A4 Other sectors: solid fuels N,O 218.14 23.16 0.0001 0.0002 0.9970
1A3a Domestic aviation: liquid fuels CO, 1,869.71 897.03 0.0001 0.0002 0.9972
1A2 Manufacturing industries and construction: CH, 15.36 90.53 0.0001 0.0002 0.9974
biomass
2B10 Other Chemical Industry CH, 214.15 30.69 0.0001 0.0002 0.9977
1A3e Other transportation: liquid fuels CO, 98.14 129.66 0.0001 0.0002 0.9979
3J Agriculture activities in OTs and CDs CH,4 306.10 228.23 0.0001 0.0002 0.9981
3A3 Enteric fermentation from Swine CH,4 317.02 223.56 0.0001 0.0002 0.9982
5C Incineration and open burning of waste CH, 213.78 59.15 0.0001 0.0001 0.9984
2G4 Other product manufacture and use N,O 40.20 72.46 0.0001 0.0001 0.9985
1A2 Manufacturing industries and construction: N,O 125.66 24.82 0.0000 0.0001 0.9986
solid fuels
1A3c Railways: solid fuels CO, - 38.41 0.0000 0.0001 0.9987
1A4 Other sectors: liquid fuels N.O 83.51 81.50 0.0000 0.0001 0.9988
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1A4 Other sectors: biomass N.O 12.04 41.07 0.0000 0.0001 0.9989
1A1 Energy industries: solid fuels CH, 56.99 1.90 0.0000 0.0001 0.9990
3F Field burning of agricultural residues N.O 51.40 - 0.0000 0.0001 0.9991
1A1 Energy industries: gaseous fuels CH,4 144.26 98.42 0.0000 0.0001 0.9991
3J Agriculture activities in OTs and CDs N,O 155.42 103.91 0.0000 0.0001 0.9992
1A2 Manufacturing industries and construction: N.O 102.15 74.24 0.0000 0.0001 0.9992
liquid fuels
2G2 SFs and PFCs from other product use HFCs, PFCs, SFs 191.54 121.01 0.0000 0.0001 0.9993
and NF3
1A4 Other sectors: gaseous fuels N.O 33.42 36.25 0.0000 0.0001 0.9993
1A4 Other sectors: peat CH., 35.94 0.61 0.0000 0.0000 0.9994
2F6 Other product uses as substitutes for ODS | HFCs, PFCs, SFs 23.59 30.08 0.0000 0.0000 0.9994
and NF;
2F5 Solvents HFCs, PFCs, SFs - 16.35 0.0000 0.0000 0.9995
and NF;
1A2 Manufacturing industries and construction: CH, 50.06 10.29 0.0000 0.0000 0.9995
solid fuels
2E1 Integrated circuit or semiconductor HFCs, PFCs, SFs 11.10 19.44 0.0000 0.0000 0.9996
and NF;
2A4 Other process uses of carbonates CH, 34.84 4.75 0.0000 0.0000 0.9996
2B7 Soda ash production CO, 224.40 131.33 0.0000 0.0000 0.9996
1A1 Energy industries: liquid fuels CH, 38.63 8.73 0.0000 0.0000 0.9997
1A5 Other: liquid fuels N-O 49.91 15.03 0.0000 0.0000 0.9997
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1B2 Oil and gas extraction CO, 5,088.53 2,682.64 0.0000 0.0000 0.9997
2C1 Iron and steel production CH, 43.92 12.93 0.0000 0.0000 0.9998
1A2 Manufacturing industries and construction: N.O 0.30 9.18 0.0000 0.0000 0.9998
other fuels
1A1 Energy industries: liquid fuels N.O 99.98 44.07 0.0000 0.0000 0.9998
2B8 Petrochemical and carbon black production | CH,4 33.79 9.90 0.0000 0.0000 0.9998
1A3d Domestic Navigation: liquid fuels N,O 93.38 56.78 0.0000 0.0000 0.9998
1A4 Other sectors: liquid fuels CH, 73.07 31.09 0.0000 0.0000 0.9999
1A2 Manufacturing industries and construction: CH, 0.17 7.04 0.0000 0.0000 0.9999
other fuels
1A3d Domestic Navigation: liquid fuels CH., 4.10 7.39 0.0000 0.0000 0.9999
1A2 Manufacturing industries and construction: CH,4 13.69 12.40 0.0000 0.0000 0.9999
gaseous fuels
1A2 Manufacturing industries and construction: N.O 12.95 11.73 0.0000 0.0000 0.9999
gaseous fuels
1A3b Road transportation: gaseous fuels CH, - 4.73 0.0000 0.0000 0.9999
1A2 Manufacturing industries and construction: CH,4 35.43 14.75 0.0000 0.0000 1.0000
liquid fuels
2C1 Iron and steel production N,O 18.43 6.54 0.0000 0.0000 1.0000
5C Incineration and open burning of waste N.O 61.44 35.35 0.0000 0.0000 1.0000
1A3a Domestic aviation: liquid fuels CH, 7.69 1.18 0.0000 0.0000 1.0000
1A3c Railways: liquid fuels N-O 2.93 3.04 0.0000 0.0000 1.0000
1B2 Oil and gas extraction N.O 39.74 22.21 0.0000 0.0000 1.0000
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1A5 Other: liquid fuels CH,4 3.98 1.10 0.0000 0.0000 1.0000
1A3c Railways: solid fuels CH, - 0.98 0.0000 0.0000 1.0000
1A3e Other transportation: liquid fuels N.O 1.05 1.47 0.0000 0.0000 1.0000
1A3c Railways: liquid fuels CH,4 2.75 0.54 0.0000 0.0000 1.0000
1A4 Other sectors: peat N.O 1.59 0.03 0.0000 0.0000 1.0000
1A3a Domestic aviation: liquid fuels N.O 15.74 7.55 0.0000 0.0000 1.0000
2B8 Petrochemical and carbon black production | N,O 1.96 0.74 0.0000 0.0000 1.0000
1A3b Road transportation: gaseous fuels N,O - 0.08 0.0000 0.0000 1.0000
2B1 Ammonia production CH,4 0.29 0.23 0.0000 0.0000 1.0000
2B1 Ammonia production N.O 0.27 0.22 0.0000 0.0000 1.0000
1A3c Railways: solid fuels N-O - 0.07 0.0000 0.0000 1.0000
1A3e Other transportation: liquid fuels CH,4 0.14 0.02 0.0000 0.0000 1.0000
1B1 Coal mining and handling N,O 0.08 0.02 0.0000 0.0000 1.0000
Total 808,950.83 429,489.47 0.4296 1.0000
A 14 QUANTITATIVE APPROACH 2 KCA FOLLOWING IPCC 2006 GUIDELINES

Following the 2006 IPCC Guidelines, the UK has also completed an Approach 2 KCA for both level and trend, which takes into account
uncertainties, using the Approach 1 method for uncertainty estimates. This analysis has been performed using the data shown in Table A 1.4.1
to Table A 1.4.4 using the same categorisation and the same estimates of uncertainty.
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The results of the level assessment (based on Approach 2) with and without LULUCF for the base year and the latest reported year are shown in
Table A 1.4.1 to Table A 1.4.4. The key source categories are highlighted by the shaded cells in the table. The source categories (i.e. rows of

the table) were sorted in descending order of magnitude eb@msasiclumed t he
in the final column of the table. The key source categories are those whose contributions add up to 90% of the sum of the level parameter in the
final column after this sorting process, which accounts for 90% of the uncertainty in level.
The results of the trend assessment (based on Approach 2) with and without LULUCF for the base year to the latest reported year, are shown in
Table A 1.4.5to Table A 1.4.6.
The key source categories are highlighted by the shaded cells in the table. The trend parameter was calculated using the absolute value of the
result; an absolute function is used since Land Use, Land Use Change and Forestry contains negative sources (sinks) and the absolute function
is necessary to produce positive uncertainty contributions for these sinks. The source categories (i.e. rows of the table) were sorted in descending
order of magnitude based on the results of the trend parameter, and then the cumulative total was included in the final column of the table. The
key source categories are those whose contributions add up to 90% of the sum of the level parameter in the final column after this sorting process,
which accounts for 90% of the uncertainty in trend.
Any methodological improvements to the uncertainty analysis are discussed in ANNEX 2:.
Table A 1.4.1 Approach 2 Level Assessment for Base year (including LULUCF) with Key Categories Shaded in Grey I UNFCCC
scope
Base year Absolute value of Base
IPCC Code IPCC Category Gas emissions year emissions Level Assessment Cumulative Total
(Gg COze) (Gg COze)
5A 5A Solid Waste Disposal CH,4 67633.35 67633.35 0.3161 0.3161
1A 1A Coal CO, 225522.71 225522.71 0.0801 0.3962
1A 1A (Stationary) Oil CO, 94802.30 94802.30 0.0588 0.4551
1B2 1B2 Natural Gas Transmission CH,4 11880.19 11880.19 0.0577 0.5127
1B1 1B1 Coal Mining CH, 2444588 2444588 0.0475 0.5602
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Base year Absolute value of Base
IPCC Code IPCC Category Gas emissions year emissions Level Assessment Cumulative Total

(Gg COze) (Gg COze)
5C 5C Waste Incineration CO; 1445.17 1445.17 0.0344 0.5946
4B 4B Cropland CO; 14230.88 14230.88 0.0275 0.6221
4E 4E Settlements CO; 5426.53 5426.53 0.0236 0.6457
1A 1A Natural Gas CO; 109602.23 109602.23 0.0212 0.6670
3D 3D Agricultural Soils N.O 13428.41 13428.41 0.0212 0.6881
2B 2B Chemical industries N2O 21162.10 21162.10 0.0205 0.7086
4A 4A Forest Land CO; -13940.16 13940.16 0.0202 0.7288
2C 2C Metal Industries CO; 25429.25 25429.25 0.0169 0.7457
5D 5D Wastewater Handling N.O 796.37 796.37 0.0167 0.7624
1B2 1B2 Offshore Oil& Gas CH, 1955.71 1955.71 0.0166 0.7790
1A3b 1A3b Gasoline/ LPG CO; 75379.45 75379.45 0.0162 0.7952
2B 2B Chemical industry HFCs 14807.32 14807.32 0.0143 0.8095
1A3d 1A3d Marine fuel CO; 7611.13 7611.13 0.0132 0.8227
1A1 & 1A2 & 1A4 & 1A1 & 1A2 & 1A4 & 1A5 Other Combustion N.O 1936.80 1936.80 0.0122 0.8349
1A5
5D 5D Wastewater Handling CH,4 2365.31 2365.31 0.0120 0.8468
4C 4C Grassland CH, 2807.05 2807.05 0.0109 0.8577
2B 2B Chemical industries CO; 6975.59 6975.59 0.0105 0.8681
1A3b 1A3b Gasoline/ LPG CH, 1308.55 1308.55 0.0095 0.8776
3A 3A Enteric Fermentation CH, 27680.22 27680.22 0.0091 0.8867
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Base year Absolute value of Base
IPCC Code IPCC Category Gas emissions year emissions Level Assessment Cumulative Total

(Gg COze) (Gg COze)
4D 4D Wetland CH, 2313.24 2313.24 0.0078 0.8945
1A3b 1A3b DERV CO, 33792.87 33792.87 0.0073 0.9018
2G 2G Other Product Manufacture and Use N.O 533.61 533.61 0.0073 0.9091
1A1 & 1A2 & 1A4 & 1A1 & 1A2 & 1A4 & 1A5 Other Combustion CH, 2207.13 2207.13 0.0070 0.9162
1A5
3B 3B Manure Management N.O 3038.90 3038.90 0.0067 0.9228
1A3b 1A3b Gasoline/ LPG N2O 887.83 887.83 0.0064 0.9292
5C 5C Waste Incineration CH,4 213.78 213.78 0.0056 0.9348
4E 4E Settlements N.O 392.31 392.31 0.0049 0.9397
4 4 Indirect LULUCF Emissions N.O 271.94 271.94 0.0043 0.9441
1A3b 1A3b DERV N2O 288.98 288.98 0.0036 0.9477
4A 4A Forest land N.O 438.95 438.95 0.0036 0.9513
1A3a 1A3a Aviation Fuel CO, 1869.71 1869.71 0.0035 0.9548
1B2 1B2 Oil & Natural Gas CO, 5088.53 5088.53 0.0031 0.9579
4G 4G Other Activities CO, -2096.17 2096.17 0.0030 0.9609
3B 3B Manure Management CH, 4646.15 4646.15 0.0030 0.9640
2D 2D Non Energy Products from Fuels and Solvent Use CO; 552.81 552.81 0.0030 0.9670
4B 4B Cropland CH, 332.36 332.36 0.0029 0.9699
2A 2A Mineral Industries CO; 10234.92 10234.92 0.0024 0.9722
4B 4B Cropland N.O 653.25 653.25 0.0022 0.9744
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Base year Absolute value of Base
IPCC Code IPCC Category Gas emissions year emissions Level Assessment Cumulative Total
(Gg COze) (Gg COze)

3J 3J OT & CD Agriculture CH, 306.10 306.10 0.0021 0.9765
1A3 1A3 Other diesel CO, 1567.49 1567.49 0.0021 0.9786
3G 3G Liming CO, 1019.16 1019.16 0.0021 0.9807
3H 3H Urea application to agriculture CO; 293.75 293.75 0.0014 0.9821
1A4 1A4 Peat CO, 453.50 453.50 0.0014 0.9835
5C 5C Waste Incineration N.O 61.44 61.44 0.0014 0.9848
4D 4D Wetland CO, 668.77 668.77 0.0013 0.9861
1A3b 1A3b DERV CH, 100.06 100.06 0.0013 0.9874
1B1 1B1 Solid Fuel Transformation CO, 1698.56 1698.56 0.0012 0.9886
4C 4C Grassland CO, -618.75 618.75 0.0012 0.9898
3J 3J OT & CD Agriculture N.O 155.42 155.42 0.0011 0.9909
1A3d 1A3d Marine fuel N.O 93.38 93.38 0.0011 0.9919
2F 2F Product Uses as Substitutes for ODS HFCs 801.49 801.49 0.0009 0.9928
4A 4A Forest Land CH, 99.49 99.49 0.0008 0.9937
4C 4C Grassland N.O 134.86 134.86 0.0006 0.9942
2G 2G Other Product Manufacture and Use PFCs 128.63 128.63 0.0006 0.9948
2C 2C Metal Industries PFCs 299.84 299.84 0.0006 0.9954
3F 3F Field Burning CH, 209.47 209.47 0.0005 0.9959
2B 2B Chemical Industry CH, 248.23 248.23 0.0005 0.9964
2G 2G Other Product Manufacture and Use SFe 891.81 891.81 0.0005 0.9969
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Base year Absolute value of Base
IPCC Code IPCC Category Gas emissions year emissions Level Assessment Cumulative Total
(Gg COze) (Gg COze)

1B2 1B2 Oil & Natural Gas N.O 39.74 39.74 0.0004 0.9973
2A 2A Mineral Industries CH,4 34.84 34.84 0.0003 0.9976
1A 1A Other (waste) CO, 245.37 245.37 0.0003 0.9979
2C 2C Metal Industries SFs 399.06 399.06 0.0003 0.9982
5B 5B Biological treatment of solid waste CH,4 21.89 21.89 0.0002 0.9984
2C 2C Iron & Steel N.O 18.43 18.43 0.0002 0.9986
1A4 1A4 Petroleum Coke CO, 81.64 81.64 0.0002 0.9988
2C 2C Iron & Steel Production CH, 43.92 43.92 0.0002 0.9990
4D 4D Wetland N2O 18.90 18.90 0.0002 0.9992
1A3a 1A3a Aviation Fuel N.O 15.74 15.74 0.0002 0.9993
3F 3F Field Burning N.O 51.40 51.40 0.0001 0.9995
5B 5B Biological treatment of solid waste N.O 12.36 12.36 0.0001 0.9996
2B 2B Chemical industry PFCs 104.34 104.34 0.0001 0.9997
4E 4E Settlements CH, 19.03 19.03 0.0001 0.9998
1A3d 1A3d Marine fuel CH, 4.10 4.10 0.0001 0.9998
1A3 1A3 Other diesel N.O 3.98 3.98 0.0001 0.9999
2E 2E Electronics Industry HFCs 10.84 10.84 0.0000 0.9999
1A3a 1A3a Aviation Fuel CH, 7.69 7.69 0.0000 1.0000
1A3 1A3 Other diesel CH, 2.88 2.88 0.0000 1.0000
2E 2E Electronics Industry NF; 0.26 0.26 0.0000 1.0000
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Base year Absolute value of Base
IPCC Code IPCC Category Gas emissions year emissions Level Assessment Cumulative Total

(Gg COze) (Gg COze)
2F 2F Product Uses as Substitutes for ODS PFCs 0.46 0.46 0.0000 1.0000
1B1 1B1 Solid Fuel Transformation CH,4 0.20 0.20 0.0000 1.0000
1B1 1B1 Fugitive Emissions from Solid Fuels N.O 0.08 0.08 0.0000 1.0000
1A3 1A3 Natural Gas CO; 0.00 0.00 0.0000 1.0000
1A3c 1A3c Coal CO; 0.00 0.00 0.0000 1.0000
1B2 1B2 Other Energy Industries CO, 0.00 0.00 0.0000 1.0000
4F 4F Other Land CO, 0.00 0.00 0.0000 1.0000
1A3 1A3 Natural Gas CH, 0.00 0.00 0.0000 1.0000
1A3c 1A3c Coal CH, 0.00 0.00 0.0000 1.0000
2D 2D Non-energy Products from Fuels and Solvent Use CH, 0.00 0.00 0.0000 1.0000
1A3 1A3 Natural Gas N.O 0.00 0.00 0.0000 1.0000
1A3c 1A3c Coal N.O 0.00 0.00 0.0000 1.0000
2D 2D Non-energy Products from Fuels and Solvent Use N,O 0.00 0.00 0.0000 1.0000
2C 2C Metal Industries HFCs 0.00 0.00 0.0000 1.0000
Total 820,103.31 853,413.47 1
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Table A 1.4.2 Approach 2 Level Assessment for the latest reported year (including LULUCF) with Key Categories Shaded in Grey T
UNFCCC scope
Latest reported
IPCC Code IPCC Category Gas Zemairsgi_c\)(rzs (Gg 22?5;?&!?2’;8&2; Level Assessment Cumulative Total
CO.€)

5A 5A Solid Waste Disposal CH, 13777.09 13777.09 0.1381 0.1381
1A 1A Natural Gas CO, 155921.42 155921.42 0.0647 0.2028
4A 4A Forest Land CO, -18082.25 18082.25 0.0563 0.2591
1A 1A (Stationary) Oll CO, 41428.77 41428.77 0.0551 0.3143
4B 4B Cropland CO, 12690.21 12690.21 0.0526 0.3669
5D 5D Wastewater Handling N2O 903.51 903.51 0.0406 0.4075
1B2 1B2 Natural Gas Transmission CH, 3711.37 3711.37 0.0386 0.4462
3D 3D Agricultural Soils N.O 10999.18 10999.18 0.0372 0.4834
4E 4E Settlements CO, 3799.29 3799.29 0.0354 0.5188
1A3b 1A3b DERV CO, 68500.76 68500.76 0.0317 0.5505
5B 5B Biological treatment of solid waste CH,4 1373.84 1373.84 0.0296 0.5801
2F 2F Product Uses as Substitutes for ODS HFCs 10798.35 10798.35 0.0270 0.6071
4C 4C Grassland CH, 2861.40 2861.40 0.0237 0.6308
1A3b 1A3b DERV N2O 805.91 805.91 0.0217 0.6525
5D 5D Wastewater Handling CH,4 1959.38 1959.38 0.0213 0.6738
1A 1A Other (waste) CO, 7042.63 7042.63 0.0205 0.6943
2G 2G Other Product Manufacture and Use N2O 666.17 666.17 0.0195 0.7138
1A3d 1A3d Marine fuel CO, 4862.02 4862.02 0.0181 0.7319
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Latest reported
IPCC Code IPCC Category Gas Zemiéms (Gg 2&?5;?;::!?2’;8&:; Level Assessment Cumulative Total

COze)
4D 4D Wetland CH, 2382.01 2382.01 0.0173 0.7492
5C 5C Waste Incineration CO; 335.70 335.70 0.0171 0.7663
3A 3A Enteric Fermentation CH, 23544.77 23544.77 0.0166 0.7829
2C 2C Metal Industries CO; 10663.15 10663.15 0.0152 0.7981
1B2 1B2 Offshore Oil& Gas CH, 830.35 830.35 0.0151 0.8132
1A3b 1A3b Gasoline/ LPG CO; 30775.54 30775.54 0.0142 0.8273
1A1 & 1A2 & 1A4 & 1A1 & 1A2 & 1A4 & 1A5 Other Combustion N.O 1036.85 1036.85 0.0140 0.8413
1A5
5B 5B Biological treatment of solid waste N,O 660.50 660.50 0.0130 0.8543
3B 3B Manure Management N2O 2493.71 2493.71 0.0117 0.8660
4C 4C Grassland CO; -2738.53 2738.53 0.0114 0.8774
2B 2B Chemical industries CO, 2995.07 2995.07 0.0096 0.8870
1A 1A Coal CO, 11848.67 11848.67 0.0090 0.8960
1A1 & 1A2 & 1A4 & 1A1 & 1A2 & 1A4 & 1A5 Other Combustion CH, 1294.38 1294.38 0.0089 0.9049
1A5
4E 4E Settlements N.O 254.78 254.78 0.0069 0.9117
4A 4A Forest land N,O 377.40 377.40 0.0066 0.9184
4G 4G Other Activities CO; -2037.46 2037.46 0.0063 0.9247
3B 3B Manure Management CH, 4290.16 4290.16 0.0060 0.9307
4B 4B Cropland CH, 317.96 317.96 0.0059 0.9367
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Latest reported
IPCC Code IPCC Category Gas Z;airsgi_:rzs (Gg 22?5;?;‘;!?2968&:5 Level Assessment Cumulative Total
COze)

4 4 Indirect LULUCF Emissions N.O 152.89 152.89 0.0052 0.9419
1A3 1A3 Other diesel CO, 1818.80 1818.80 0.0052 0.9471
3G 3G Liming CO, 1177.94 1177.94 0.0051 0.9522
2D 2D Non Energy Products from Fuels and Solvent Use CO, 402.41 402.41 0.0047 0.9569
1A3a 1A3a Aviation Fuel CO; 897.03 897.03 0.0036 0.9605
1B2 1B2 Oil & Natural Gas CO; 2658.99 2658.99 0.0035 0.9639
3J 3J OT & CD Agriculture CH, 228.23 228.23 0.0033 0.9673
5C 5C Waste Incineration CH, 59.15 59.15 0.0033 0.9706
2A 2A Mineral Industries CO, 6071.12 6071.12 0.0030 0.9736
3H 3H Urea application to agriculture CO; 252.57 252.57 0.0026 0.9762
4B 4B Cropland N.O 354.68 354.68 0.0026 0.9788
4D 4D Wetland CO; 550.11 550.11 0.0023 0.9811
1B1 1B1 Coal Mining CH, 510.23 510.23 0.0021 0.9832
4A 4A Forest Land CH, 104.50 104.50 0.0018 0.9850
5C 5C Waste Incineration N.O 35.35 35.35 0.0017 0.9867
1A4 1A4 Petroleum Coke CO, 304.86 304.86 0.0016 0.9883
3J 3J OT & CD Agriculture N.O 103.91 103.91 0.0015 0.9898
1A3d 1A3d Marine fuel N.O 56.78 56.78 0.0014 0.9912
4C 4C Grassland N.O 127.67 127.67 0.0012 0.9924
1A3b 1A3b Gasoline/ LPG CH, 75.05 75.05 0.0012 0.9936
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Latest reported
IPCC Code IPCC Category Gas Z;airsgi_:rzs (Gg 22?5;?;‘;!?2968&:5 Level Assessment Cumulative Total
COze)

1A3b 1A3b Gasoline/ LPG N.O 74.45 74.45 0.0012 0.9947
2G 2G Other Product Manufacture and Use PFCs 67.70 67.70 0.0007 0.9954
1B2 1B2 Oil & Natural Gas N.O 22.21 22.21 0.0005 0.9958
2G 2G Other Product Manufacture and Use SFs 383.40 383.40 0.0004 0.9963
4D 4D Wetland N.O 21.42 21.42 0.0004 0.9967
1B2 1B2 Other Energy Industries CO; 23.65 23.65 0.0003 0.9970
1B1 1B1 Solid Fuel Transformation CO, 203.99 203.99 0.0003 0.9973
2B 2B Chemical industry PFCs 120.85 120.85 0.0003 0.9976
4E 4E Settlements CH, 28.19 28.19 0.0002 0.9978
1A3 1A3 Natural Gas CO; 178.51 178.51 0.0002 0.9980
1A3d 1A3d Marine fuel CH, 7.39 7.39 0.0002 0.9982
1A3b 1A3b DERV CH, 7.04 7.04 0.0002 0.9984
2E 2E Electronics Industry HFCs 19.10 19.10 0.0002 0.9986
2B 2B Chemical Industry CH,4 40.83 40.83 0.0002 0.9987
1A3a 1A3a Aviation Fuel N.O 7.55 7.55 0.0002 0.9989
1A3c 1A3c Coal CO, 38.41 38.41 0.0002 0.9991
2C 2C Iron & Steel N.O 6.54 6.54 0.0002 0.9992
1A3 1A3 Natural Gas CH, 4.73 4.73 0.0001 0.9994
1A3 1A3 Other diesel N.O 4,51 4,51 0.0001 0.9995
2C 2C Iron & Steel Production CH,4 12.93 12.93 0.0001 0.9996
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Latest reported
year (LY)

Absolute value of LY

IPCC Code IPCC Category Gas emissions (Gg emissions (Gg COz€) Level Assessment Cumulative Total
COze)

2A 2A Mineral Industries CH,4 4.75 4.75 0.0001 0.9997
2B 2B Chemical industries N.O 29.05 29.05 0.0001 0.9998
2C 2C Metal Industries SFe 38.42 38.42 0.0001 0.9998
1A4 1A4 Peat CO; 7.71 7.71 0.0001 0.9999
1B1 1B1 Solid Fuel Transformation CH,4 4.27 4.27 0.0000 0.9999
1A3c 1A3c Coal CH, 0.98 0.98 0.0000 0.9999
2C 2C Metal Industries PFCs 4.32 4.32 0.0000 1.0000
1A3 1A3 Other diesel CH, 0.57 0.57 0.0000 1.0000
1A3a 1A3a Aviation Fuel CH, 1.18 1.18 0.0000 1.0000
2C 2C Metal Industries HFCs 2.26 2.26 0.0000 1.0000
2E 2E Electronics Industry NF3 0.34 0.34 0.0000 1.0000
1A3 1A3 Natural Gas N.O 0.08 0.08 0.0000 1.0000
1A3c 1A3c Coall N.O 0.07 0.07 0.0000 1.0000
1B1 1B1 Fugitive Emissions from Solid Fuels N,O 0.02 0.02 0.0000 1.0000
4F 4F Other Land CO; 0.00 0.00 0.0000 1.0000
2D 2D Non-energy Products from Fuels and Solvent Use CH,4 0.00 0.00 0.0000 1.0000
3F 3F Field Burning CH, 0.00 0.00 0.0000 1.0000
2D 2D Non-energy Products from Fuels and Solvent Use N,O 0.00 0.00 0.0000 1.0000
3F 3F Field Burning N.O 0.00 0.00 0.0000 1.0000
2B 2B Chemical industry HFCs 0.00 0.00 0.0000 1.0000
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Latest reported
year (LY)

Absolute value of LY

IPCC Code IPCC Category Gas emissions (Gg emissions (Gg COz€) Level Assessment Cumulative Total
COze)
2F 2F Product Uses as Substitutes for ODS PFCs 0.00 0.00 0.0000 1.0000
Total 430,653.74 476,370.21 1
Table A 1.4.3 Approach 2 Level Assessment for Base year (not including LULUCF) with Key Categories Shaded in Grey i UNFCCC
scope
Base year Absolute value of Base
IPCC Code IPCC Category Gas emissions (Gg year emissions Level Assessment Cumulative Total
COze) (Gg COze)
5A 5A Solid Waste Disposal CH, 67633.35 67633.35 0.3573 0.3573
1A 1A Coal CO, 225522.71 225522.71 0.0905 0.4478
1A 1A (Stationary) Oll CO, 94802.30 94802.30 0.0665 0.5143
1B2 1B2 Natural Gas Transmission CH,4 11880.19 11880.19 0.0652 0.5795
1B1 1B1 Coal Mining CH, 24445.88 24445.88 0.0536 0.6331
5C 5C Waste Incineration CO, 1445.17 1445.17 0.0389 0.6720
1A 1A Natural Gas CO, 109602.23 109602.23 0.0240 0.6960
3D 3D Agricultural Soils N,O 13428.41 13428.41 0.0239 0.7199
2B 2B Chemical industries N.O 21162.10 21162.10 0.0231 0.7431
2C 2C Metal Industries CO, 25429.25 25429.25 0.0191 0.7622
5D 5D Wastewater Handling N,O 796.37 796.37 0.0188 0.7810
1B2 1B2 Offshore Qil& Gas CH, 1955.71 1955.71 0.0187 0.7997
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Base year Absolute value of Base
IPCC Code IPCC Category Gas emissions (Gg year emissions Level Assessment Cumulative Total
COze) (Gg COze)

1A3b 1A3b Gasoline/ LPG CO; 75379.45 75379.45 0.0183 0.8180
2B 2B Chemical industry HFCs 14807.32 14807.32 0.0162 0.8342
1A3d 1A3d Marine fuel CO, 7611.13 7611.13 0.0149 0.8491
1A1 & 1A2 & 1A4 & 1A1 & 1A2 & 1A4 & 1A5 Other Combustion N.O 1936.80 1936.80 0.0138 0.8629
1A5

5D 5D Wastewater Handling CHa, 2365.31 2365.31 0.0135 0.8764
2B 2B Chemical industries CO; 6975.59 6975.59 0.0118 0.8882
1A3b 1A3b Gasoline/ LPG CH, 1308.55 1308.55 0.0107 0.8989
3A 3A Enteric Fermentation CH, 27680.22 27680.22 0.0103 0.9092
1A3b 1A3b DERV CO; 33792.87 33792.87 0.0082 0.9175
2G 2G Other Product Manufacture and Use N.O 533.61 533.61 0.0082 0.9257
1A1 & 1A2 & 1A4 & 1A1 & 1A2 & 1A4 & 1A5 Other Combustion CH, 2207.13 2207.13 0.0080 0.9337
1A5

3B 3B Manure Management N.O 3038.90 3038.90 0.0075 0.9412
1A3b 1A3b Gasoline/ LPG N.O 887.83 887.83 0.0072 0.9484
5C 5C Waste Incineration CH,4 213.78 213.78 0.0063 0.9547
1A3b 1A3b DERV N,O 288.98 288.98 0.0041 0.9588
1A3a 1A3a Aviation Fuel CO; 1869.71 1869.71 0.0040 0.9628
1B2 1B2 Oil & Natural Gas CO; 5088.53 5088.53 0.0035 0.9663
3B 3B Manure Management CH, 4646.15 4646.15 0.0034 0.9697
2D 2D Non Energy Products from Fuels and Solvent Use CO; 552.81 552.81 0.0034 0.9731
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Base year Absolute value of Base
IPCC Code IPCC Category Gas emissions (Gg year emissions Level Assessment Cumulative Total
CO.e) (Gg COze)

2A 2A Mineral Industries CO, 10234.92 10234.92 0.0027 0.9758
3J 3J OT & CD Agriculture CH,4 306.10 306.10 0.0024 0.9781
1A3 1A3 Other diesel CO, 1567.49 1567.49 0.0024 0.9805
3G 3G Liming CO, 1019.16 1019.16 0.0023 0.9828
3H 3H Urea application to agriculture CO; 293.75 293.75 0.0016 0.9844
1A4 1A4 Peat CO, 453.50 453.50 0.0016 0.9860
5C 5C Waste Incineration N.O 61.44 61.44 0.0015 0.9875
1A3b 1A3b DERV CH, 100.06 100.06 0.0014 0.9890
1B1 1B1 Solid Fuel Transformation CO, 1698.56 1698.56 0.0014 0.9903
3J 3J OT & CD Agriculture N,O 155.42 155.42 0.0012 0.9915
1A3d 1A3d Marine fuel N.O 93.38 93.38 0.0012 0.9927
2F 2F Product Uses as Substitutes for ODS HFCs 801.49 801.49 0.0011 0.9938
2G 2G Other Product Manufacture and Use PFCs 128.63 128.63 0.0007 0.9944
2C 2C Metal Industries PFCs 299.84 299.84 0.0007 0.9951
3F 3F Field Burning CH, 209.47 209.47 0.0006 0.9957
2B 2B Chemical Industry CH, 248.23 248.23 0.0005 0.9962
2G 2G Other Product Manufacture and Use SFe 891.81 891.81 0.0005 0.9967
1B2 1B2 Oil & Natural Gas N.O 39.74 39.74 0.0004 0.9972
2A 2A Mineral Industries CH, 34.84 34.84 0.0004 0.9976
1A 1A Other (waste) CO, 245.37 245.37 0.0004 0.9979
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Key Categories

Al

Base year Absolute value of Base
IPCC Code IPCC Category Gas emissions (Gg year emissions Level Assessment Cumulative Total
CO.e) (Gg COze)

2C 2C Metal Industries SFs 399.06 399.06 0.0003 0.9982
5B 5B Biological treatment of solid waste CH, 21.89 21.89 0.0002 0.9985
2C 2C Iron & Steel N.O 18.43 18.43 0.0002 0.9987
1A4 1A4 Petroleum Coke CO, 81.64 81.64 0.0002 0.9990
2C 2C Iron & Steel Production CH, 43.92 43.92 0.0002 0.9992
1A3a 1A3a Aviation Fuel N.O 15.74 15.74 0.0002 0.9993
3F 3F Field Burning N.O 51.40 51.40 0.0001 0.9995
5B 5B Biological treatment of solid waste N.O 12.36 12.36 0.0001 0.9996
2B 2B Chemical industry PFCs 104.34 104.34 0.0001 0.9997
1A3d 1A3d Marine fuel CH, 4.10 4.10 0.0001 0.9998
1A3 1A3 Other diesel N.O 3.98 3.98 0.0001 0.9998
2E 2E Electronics Industry HFCs 10.84 10.84 0.0001 0.9999
1A3a 1A3a Aviation Fuel CH,4 7.69 7.69 0.0001 1.0000
1A3 1A3 Other diesel CH, 2.88 2.88 0.0000 1.0000
2E 2E Electronics Industry NF; 0.26 0.26 0.0000 1.0000
2F 2F Product Uses as Substitutes for ODS PFCs 0.46 0.46 0.0000 1.0000
1B1 1B1 Solid Fuel Transformation CH, 0.20 0.20 0.0000 1.0000
1B1 1B1 Fugitive Emissions from Solid Fuels N.O 0.08 0.08 0.0000 1.0000
1A3 1A3 Natural Gas CO; 0.00 0.00 0.0000 1.0000
1A3c 1A3c Coal CO, 0.00 0.00 0.0000 1.0000
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Key Categories

Al

Base year Absolute value of Base
IPCC Code IPCC Category Gas emissions (Gg year emissions Level Assessment Cumulative Total
CO2e) (Gg COze)
1B2 1B2 Other Energy Industries CO; 0.00 0.00 0.0000 1.0000
1A3 1A3 Natural Gas CH,4 0.00 0.00 0.0000 1.0000
1A3c 1A3c Coal CH, 0.00 0.00 0.0000 1.0000
2D 2D Non-energy Products from Fuels and Solvent Use CH,4 0.00 0.00 0.0000 1.0000
1A3 1A3 Natural Gas N.O 0.00 0.00 0.0000 1.0000
1A3c 1A3c Coal N.O 0.00 0.00 0.0000 1.0000
2D 2D Non-energy Products from Fuels and Solvent Use N.O 0.00 0.00 0.0000 1.0000
2C 2C Metal Industries HFCs 0.00 0.00 0.0000 1.0000
Total 808,950.83 808,950.83 1
Table A 1.4.4 Approach 2 Level Assessment for the latest reported year (not including LULUCF) with Key Categories Shaded in
Grey i UNFCCC scope
Latest reported
IPCC Code IPCC Category Gas em)ilsegro(nLSYgGg :r?‘isssl?gﬁsv?ggegg:; Level Assessment Cumulative Total
COze)
5A 5A Solid Waste Disposal CH,4 13777.09 13777.09 0.1808 0.1808
1A 1A Natural Gas CO, 155921.42 155921.42 0.0848 0.2656
1A 1A (Stationary) Oll CO, 41428.77 41428.77 0.0722 0.3378
5D 5D Wastewater Handling N,O 903.51 903.51 0.0531 0.3909
1B2 1B2 Natural Gas Transmission CH, 3711.37 3711.37 0.0506 0.4415
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Latest reported
IPCC Code IPCC Category Gas em)i/se:iro(nLSYgGg '::j:shigisv?gjge ((;)(f):e:; Level Assessment Cumulative Total
COze)

3D 3D Agricultural Soils N.O 10999.18 10999.18 0.0487 0.4902
1A3b 1A3b DERV CO; 68500.76 68500.76 0.0416 0.5318
5B 5B Biological treatment of solid waste CH, 1373.84 1373.84 0.0387 0.5705
2F 2F Product Uses as Substitutes for ODS HFCs 10798.35 10798.35 0.0353 0.6059
1A3b 1A3b DERV N.O 805.91 805.91 0.0284 0.6343
5D 5D Wastewater Handling CH, 1959.38 1959.38 0.0278 0.6621
1A 1A Other (waste) CO; 7042.63 7042.63 0.0268 0.6889
2G 2G Other Product Manufacture and Use N20 666.17 666.17 0.0256 0.7145
1A3d 1A3d Marine fuel CO; 4862.02 4862.02 0.0237 0.7382
5C 5C Waste Incineration CO, 335.70 335.70 0.0224 0.7606
3A 3A Enteric Fermentation CH,4 23544.77 23544.77 0.0217 0.7823
2C 2C Metal Industries CO; 10663.15 10663.15 0.0199 0.8022
1B2 1B2 Offshore Oil& Gas CH, 830.35 830.35 0.0198 0.8220
1A3b 1A3b Gasoline/ LPG CO, 30775.54 30775.54 0.0186 0.8406
1A1 & 1A2 & 1A4 & 1A1 & 1A2 & 1A4 & 1A5 Other Combustion N.O 1036.85 1036.85 0.0183 0.8589
1A5

5B 5B Biological treatment of solid waste N,O 660.50 660.50 0.0170 0.8759
3B 3B Manure Management N2O 2493.71 2493.71 0.0153 0.8912
2B 2B Chemical industries CO; 2995.07 2995.07 0.0126 0.9038
1A 1A Coal CO; 11848.67 11848.67 0.0118 0.9156
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Al

Latest reported

IPCC Code IPCC Category Gas em)i/se:iro(nLSYgGg ':rziss;?;ﬁsv?gjge C(:)(fDIz_G:; Level Assessment Cumulative Total
COze)

1A1 & 1A2 & 1A4 & 1A1 & 1A2 & 1A4 & 1A5 Other Combustion CH, 1294.38 1294.38 0.0116 0.9272
1A5

3B 3B Manure Management CH, 4290.16 4290.16 0.0079 0.9351
1A3 1A3 Other diesel CO, 1818.80 1818.80 0.0068 0.9419
3G 3G Liming CO, 1177.94 1177.94 0.0067 0.9485
2D 2D Non Energy Products from Fuels and Solvent Use CO, 402.41 402.41 0.0061 0.9547
1A3a 1A3a Aviation Fuel CO, 897.03 897.03 0.0047 0.9594
1B2 1B2 Oil & Natural Gas CO; 2658.99 2658.99 0.0045 0.9639
3J 3J OT & CD Agriculture CH, 228.23 228.23 0.0044 0.9683
5C 5C Waste Incineration CH, 59.15 59.15 0.0043 0.9726
2A 2A Mineral Industries CO, 6071.12 6071.12 0.0040 0.9766
3H 3H Urea application to agriculture CO; 252.57 252.57 0.0034 0.9800
1B1 1B1 Coal Mining CH, 510.23 510.23 0.0028 0.9828
5C 5C Waste Incineration N2O 35.35 35.35 0.0022 0.9850
1A4 1A4 Petroleum Coke CO, 304.86 304.86 0.0021 0.9871
3J 3J OT & CD Agriculture N.O 103.91 103.91 0.0020 0.9891
1A3d 1A3d Marine fuel N.O 56.78 56.78 0.0018 0.9909
1A3b 1A3b Gasoline/ LPG CH, 75.05 75.05 0.0015 0.9924
1A3b 1A3b Gasoline/ LPG N.O 74.45 74.45 0.0015 0.9939
2G 2G Other Product Manufacture and Use PFCs 67.70 67.70 0.0009 0.9948
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Key Categories

Al

Latest reported
IPCC Code IPCC Category Gas em)i/se:iro(nLSYgGg :ﬁ?g;?gﬁs\/?gjge g(fjlz'; Level Assessment Cumulative Total
COze)

1B2 1B2 Oil & Natural Gas N.O 22.21 22.21 0.0006 0.9954
2G 2G Other Product Manufacture and Use SFe 383.40 383.40 0.0006 0.9959
1B2 1B2 Other Energy Industries CO, 23.65 23.65 0.0005 0.9964
1B1 1B1 Solid Fuel Transformation CO, 203.99 203.99 0.0004 0.9968
2B 2B Chemical industry PFCs 120.85 120.85 0.0003 0.9971
1A3 1A3 Natural Gas CO; 178.51 17851 0.0003 0.9974
1A3d 1A3d Marine fuel CH, 7.39 7.39 0.0003 0.9976
1A3b 1A3b DERV CH, 7.04 7.04 0.0002 0.9979
2E 2E Electronics Industry HFCs 19.10 19.10 0.0002 0.9981
2B 2B Chemical Industry CH,4 40.83 40.83 0.0002 0.9984
1A3a 1A3a Aviation Fuel N.O 7.55 7.55 0.0002 0.9986
1A3c 1A3c Coal CO, 38.41 38.41 0.0002 0.9988
2C 2C Iron & Steel N.O 6.54 6.54 0.0002 0.9990
1A3 1A3 Natural Gas CH, 4.73 4.73 0.0002 0.9992
1A3 1A3 Other diesel N.O 4,51 4,51 0.0002 0.9993
2C 2C Iron & Steel Production CH, 12.93 12.93 0.0002 0.9995
2A 2A Mineral Industries CH, 4.75 4.75 0.0001 0.9996
2B 2B Chemical industries N.O 29.05 29.05 0.0001 0.9997
2C 2C Metal Industries SFg 38.42 38.42 0.0001 0.9998
1A4 1A4 Peat CO, 7.71 7.71 0.0001 0.9998
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Key Categories

Al

Latest reported

IPCC Code IPCC Category Gas em)i/se:iro(nLSYgGg :ﬁ?g;?gﬁs\/?gjge g(fjlz'; Level Assessment Cumulative Total
COze)

1B1 1B1 Solid Fuel Transformation CH,4 4.27 4.27 0.0001 0.9999
1A3c 1A3c Coal CH, 0.98 0.98 0.0000 0.9999
2C 2C Metal Industries PFCs 4.32 4.32 0.0000 0.9999
1A3 1A3 Other diesel CH, 0.57 0.57 0.0000 1.0000
1A3a 1A3a Aviation Fuel CH,4 1.18 1.18 0.0000 1.0000
2C 2C Metal Industries HFCs 2.26 2.26 0.0000 1.0000
2E 2E Electronics Industry NF; 0.34 0.34 0.0000 1.0000
1A3 1A3 Natural Gas N.O 0.08 0.08 0.0000 1.0000
1A3c 1A3c Coal N.O 0.07 0.07 0.0000 1.0000
1B1 1B1 Fugitive Emissions from Solid Fuels N,O 0.02 0.02 0.0000 1.0000
2D 2D Non-energy Products from Fuels and Solvent Use CH,4 0.00 0.00 0.0000 1.0000
3F 3F Field Burning CH, 0.00 0.00 0.0000 1.0000
2D 2D Non-energy Products from Fuels and Solvent Use N.O 0.00 0.00 0.0000 1.0000
3F 3F Field Burning N.O 0.00 0.00 0.0000 1.0000
2B 2B Chemical industry HFCs 0.00 0.00 0.0000 1.0000
2F 2F Product Uses as Substitutes for ODS PFCs 0.00 0.00 0.0000 1.0000
Total 429,489.47 429,489.47 1
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Key Categories

Al

Table A 1.4.5 Approach 2 Assessment for Trend (including LULUCF) with Key Categories Shaded in Grey T UNFCCC scope
e IPCC Category Gas emissions | 1Y emissions G | Trend assessment with | 36 Contibution © | ¢ qye o
(Gg COze)

5A 5A Solid Waste Disposal CH, 67633.35 13777.09 0.0123 26.5% 0.2655
1A 1A Coal CO, 225522.71 11848.67 0.0046 9.9% 0.3644
1B1 1B1 Coal Mining CH., 24445.88 510.23 0.0029 6.3% 0.4269
1A 1A Natural Gas CO, 109602.23 155921.42 0.0023 5.0% 0.4767
5B 5B Biological treatment of solid waste CH,4 21.89 1373.84 0.0017 3.6% 0.5124
1B2 1B2 Natural Gas Transmission CHa 11880.19 3711.37 0.0015 3.2% 0.5444
2F 2F Product Uses as Substitutes for ODS HFCs 801.49 10798.35 0.0015 3.2% 0.5760
1A3b 1A3b DERV CO, 33792.87 68500.76 0.0013 2.9% 0.6047
2B 2B Chemical industries N.O 21162.10 29.05 0.0013 2.8% 0.6327
5D 5D Wastewater Handling N,O 796.37 903.51 0.0012 2.7% 0.6592
4B 4B Cropland CO, 14230.88 12690.21 0.0012 2.6% 0.6856
5C 5C Waste Incineration CO; 1445.17 335.70 0.0012 2.6% 0.7119
1A 1A Other (waste) CO, 245.37 7042.63 0.0011 2.4% 0.7364
1A3b 1A3b DERV N.O 288.98 805.91 0.0010 2.1% 0.7579
2B 2B Chemical industry HFCs 14807.32 0.00 0.0009 2.0% 0.7775
3D 3D Agricultural Soils N.O 13428.41 10999.18 0.0008 1.6% 0.7938
5B 5B Biological treatment of solid waste N.O 12.36 660.50 0.0007 1.6% 0.8094
4C 4C Grassland CH, 2807.05 2861.40 0.0007 1.4% 0.8234
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Key Categories

Al

[ IPCC Category Gas emissions | LY emissions (Gg | Trend Assessmentuwith | % Contibuionts |y uaive Tota
(Gg COze)

2G 2G Other Product Manufacture and Use N-O 533.61 666.17 0.0006 1.4% 0.8372
1A 1A (Stationary) Oil CO, 94802.30 41428.77 0.0006 1.4% 0.8508
1A3b 1A3b Gasoline/ LPG CH, 1308.55 75.05 0.0005 1.2% 0.8623
4E 4E Settlements CO; 5426.53 3799.29 0.0005 1.1% 0.8731
4D 4D Wetland CHa 2313.24 2382.01 0.0005 1.0% 0.8834
5D 5D Wastewater Handling CH, 2365.31 1959.38 0.0004 0.9% 0.8929
4A 4A Forest Land CO, -13940.16 -18082.25 0.0004 0.9% 0.9023
4c 4C Grassland CO, -618.75 -2738.53 0.0004 0.9% 0.9116
3A 3A Enteric Fermentation CHa 27680.22 2354477 0.0004 0.8% 0.9193
1A3b 1A3b Gasoline/ LPG N.O 887.83 74.45 0.0003 0.7% 0.9267
3B 3B Manure Management N.O 3038.90 2493.71 0.0002 0.5% 0.9318
1A3b 1A3b Gasoline/ LPG CO, 75379.45 30775.54 0.0002 0.5% 0.9367
2C 2C Metal Industries CO; 25429.25 10663.15 0.0002 0.5% 0.9414
1B2 1B2 Offshore Oil& Gas CHa 1955.71 830.35 0.0002 0.4% 0.9458
4G 4G Other Activities CO, -2096.17 -2037.46 0.0002 0.4% 0.9498
1A3d 1A3d Marine fuel CO, 7611.13 4862.02 0.0002 0.4% 0.9537
5C 5C Waste Incineration CH, 213.78 59.15 0.0002 0.4% 0.9573
1A3 1A3 Other diesel CO; 1567.49 1818.80 0.0002 0.3% 0.9608
3G 3G Liming CO; 1019.16 1177.94 0.0002 0.3% 0.9642
4B 4B Cropland CH, 332.36 317.96 0.0002 0.3% 0.9674
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Al

e IPCC Category Gas emissions | LY emissions (Gg | Trend Assessmentuwith | % Contibuionts |y uaive Tota
(Gg COze)
3B 3B Manure Management CH,4 4646.15 4290.16 0.0001 0.3% 0.9706
4A 4A Forest land N.O 438.95 377.40 0.0001 0.3% 0.9737
2B 2B Chemical industries CO, 6975.59 2995.07 0.0001 0.3% 0.9763
1A4 1A4 Peat CO; 453.50 7.71 0.0001 0.2% 0.9782
1A4 1A4 Petroleum Coke CO, 81.64 304.86 0.0001 0.2% 0.9798
4E 4E Settlements N-O 392.31 254.78 0.0001 0.2% 0.9814
2D 2D Non Energy Products from Fuels and Solvent CO, 552.81 402.41 0.0001 0.2% 0.9830
Use

1A3b 1A3b DERV CH, 100.06 7.04 0.0001 0.1% 0.9845
1B1 1B1 Solid Fuel Transformation CO, 1698.56 203.99 0.0001 0.1% 0.9858
3H 3H Urea application to agriculture CO, 293.75 252.57 0.0001 0.1% 0.9870
3J 3J OT & CD Agriculture CH,4 306.10 228.23 0.0001 0.1% 0.9882
1A1 & 1A2 1A1 & 1A2 & 1A4 & 1A5 Other Combustion CH, 2207.13 1294.38 0.0001 0.1% 0.9894
& 1A4 &

1A5

4A 4A Forest Land CH, 99.49 104.50 0.0001 0.1% 0.9905
4D 4D Wetland CO; 668.77 550.11 0.0000 0.1% 0.9915
2C 2C Metal Industries PFCs 299.84 4.32 0.0000 0.1% 0.9923
3F 3F Field Burning CH, 209.47 0.00 0.0000 0.1% 0.9930
4C 4C Grassland N-O 134.86 127.67 0.0000 0.1% 0.9936
2B 2B Chemical Industry CH,4 248.23 40.83 0.0000 0.0% 0.9941
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Key Categories

Al

e IPCC Category Gas emissions | LY emissions (Gg | Trend Assessmentuwith | % Contibuionts |y uaive Tota
(Gg COze)

2A 2A Mineral Industries CO; 10234.92 6071.12 0.0000 0.0% 0.9945
1B2 1B2 Other Energy Industries CO, 0.00 23.65 0.0000 0.0% 0.9949
4 4 Indirect LULUCF Emissions N.O 271.94 152.89 0.0000 0.0% 0.9953
1A3a 1A3a Aviation Fuel CO; 1869.71 897.03 0.0000 0.0% 0.9958
3J 3J OT & CD Agriculture N.O 155.42 103.91 0.0000 0.0% 0.9962
2A 2A Mineral Industries CH., 34.84 4.75 0.0000 0.0% 0.9965
1A1 & 1A2 | 1Al & 1A2 & 1A4 & 1A5 Other Combustion N.O 1936.80 1036.85 0.0000 0.0% 0.9968
& 1A4 &
1A5
2C 2C Metal Industries SFs 399.06 38.42 0.0000 0.0% 0.9971
4D 4D Wetland N.O 18.90 21.42 0.0000 0.0% 0.9974
1A3 1A3 Natural Gas CO, 0.00 178.51 0.0000 0.0% 0.9976
1A3d 1A3d Marine fuel N.O 93.38 56.78 0.0000 0.0% 0.9979
1A3c 1A3c Coal CO; 0.00 38.41 0.0000 0.0% 0.9981
4E 4E Settlements CHa 19.03 28.19 0.0000 0.0% 0.9982
5C 5C Waste Incineration N.O 61.44 35.35 0.0000 0.0% 0.9984
3F 3F Field Burning N.O 51.40 0.00 0.0000 0.0% 0.9986
1A3d 1A3d Marine fuel CH, 4.10 7.39 0.0000 0.0% 0.9988
2B 2B Chemical industry PFCs 104.34 120.85 0.0000 0.0% 0.9989
2E 2E Electronics Industry HFCs 10.84 19.10 0.0000 0.0% 0.9991
1A3 1A3 Natural Gas CH, 0.00 4.73 0.0000 0.0% 0.9992
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Al

e IPCC Category Gas emissions | LY emissions (Gg | Trend Assessmentuwith | % Contibuionts |y uaive Tota
(Gg COze)

2G 2G Other Product Manufacture and Use SFe 891.81 383.40 0.0000 0.0% 0.9994
2C 2C Iron & Steel Production CH,4 43.92 12.93 0.0000 0.0% 0.9995
4B 4B Cropland N.O 653.25 354.68 0.0000 0.0% 0.9996
2C 2C Iron & Steel N-O 18.43 6.54 0.0000 0.0% 0.9997
1A3 1A3 Other diesel N-O 3.98 4,51 0.0000 0.0% 0.9998
1B1 1B1 Solid Fuel Transformation CH., 0.20 4.27 0.0000 0.0% 0.9998
1A3a 1A3a Aviation Fuel CH,4 7.69 1.18 0.0000 0.0% 0.9998
1B2 1B2 Oil & Natural Gas N.O 39.74 22.21 0.0000 0.0% 0.9999
1A3 1A3 Other diesel CH,4 2.88 0.57 0.0000 0.0% 0.9999
1A3c 1A3c Coal CH,4 0.00 0.98 0.0000 0.0% 0.9999
1B2 1B2 Oil & Natural Gas CO, 5088.53 2658.99 0.0000 0.0% 1.0000
1A3a 1A3a Aviation Fuel N.O 15.74 7.55 0.0000 0.0% 1.0000
2C 2C Metal Industries HFCs 0.00 2.26 0.0000 0.0% 1.0000
1A3 1A3 Natural Gas N.O 0.00 0.08 0.0000 0.0% 1.0000
2E 2E Electronics Industry NF; 0.26 0.34 0.0000 0.0% 1.0000
1A3c 1A3c Coal N-O 0.00 0.07 0.0000 0.0% 1.0000
2G 2G Other Product Manufacture and Use PFCs 128.63 67.70 0.0000 0.0% 1.0000
2F 2F Product Uses as Substitutes for ODS PFCs 0.46 0.00 0.0000 0.0% 1.0000
1B1 1B1 Fugitive Emissions from Solid Fuels N.O 0.08 0.02 0.0000 0.0% 1.0000
4F 4F Other Land CO, 0.00 0.00 0.0000 0.0% 1.0000
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Base year L . 2 A
IPCC IPCC Category Gas emissions LY emissions (Gg Trend Assessment with % Contrlbutlor_1 to Cumulative Total
Code COe) Uncertainty Trend Uncertainty
(Gg COze)
2D 2D Non-energy Products from Fuels and Solvent CH,4 0.00 0.00 0.0000 0.0% 1.0000
Use
2D 2D Non-energy Products from Fuels and Solvent N,O 0.00 0.00 0.0000 0.0% 1.0000
Use
Total 820,103.31 430,653.74 1
Table A 1.4.6 Approach 2 Assessment for Trend (not  including LULUCF) with Key Categories Shaded in Grey T UNFCCC scope
Base year L . 2 I
IPCC IPCC Category Gas emissions LY emissions Trend Assess_ment with % Contrlbutlor_w to Cumulative Total
Code (Gg COze) Uncertainty Trend Uncertainty
(Gg COze)
5A 5A Solid Waste Disposal CHa 67633.35 13777.09 0.0123 29.4% 0.2936
1A 1A Coal CO, 225522.71 11848.67 0.0046 10.9% 0.4030
1B1 1B1 Coal Mining CH,4 24445 .88 510.23 0.0029 6.9% 0.4722
1A 1A Natural Gas CO, 109602.23 155921.42 0.0023 5.5% 0.5272
5B 5B Biological treatment of solid waste CH,4 21.89 1373.84 0.0017 4.0% 0.5667
1B2 1B2 Natural Gas Transmission CHa 11880.19 3711.37 0.0015 3.5% 0.6022
2F 2F Product Uses as Substitutes for ODS HFCs 801.49 10798.35 0.0015 3.5% 0.6371
1A3b 1A3b DERV CO; 33792.87 68500.76 0.0013 3.2% 0.6688
2B 2B Chemical industries N.O 21162.10 29.05 0.0013 3.1% 0.6998
5D 5D Wastewater Handling N.O 796.37 903.51 0.0012 2.9% 0.7291
5C 5C Waste Incineration CO, 1445.17 335.70 0.0012 2.9% 0.7583
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Key Categories

Al

[ IPCC Category Gas emissions | LYemissions | Trend assessmentuith | % Contibuionts |y uaive Tota
(Gg COze)

1A 1A Other (waste) CO, 245.37 7042.63 0.0011 2.7% 0.7853
1A3b 1A3b DERV N.O 288.98 805.91 0.0010 2.4% 0.8091
2B 2B Chemical industry HFCs 14807.32 0.00 0.0009 2.2% 0.8308
3D 3D Agricultural Soils N.O 13428.41 10999.18 0.0008 1.8% 0.8488
5B 5B Biological treatment of solid waste N>O 12.36 660.50 0.0007 1.7% 0.8661
2G 2G Other Product Manufacture and Use N-O 533.61 666.17 0.0006 1.5% 0.8813
1A 1A (Stationary) Oil CO, 94802.30 41428.77 0.0006 1.5% 0.8963
1A3b 1A3b Gasoline/ LPG CH., 1308.55 75.05 0.0005 1.3% 0.9091
5D 5D Wastewater Handling CH,4 2365.31 1959.38 0.0004 1.0% 0.9196
3A 3A Enteric Fermentation CH, 27680.22 23544.77 0.0004 0.9% 0.9281
1A3b 1A3b Gasoline/ LPG N.O 887.83 74.45 0.0003 0.8% 0.9363
3B 3B Manure Management N.O 3038.90 2493.71 0.0002 0.6% 0.9420
1A3b 1A3b Gasoline/ LPG CO, 75379.45 30775.54 0.0002 0.5% 0.9475
2C 2C Metal Industries CO, 25429.25 10663.15 0.0002 0.5% 0.9526
1B2 1B2 Offshore Qil& Gas CH., 1955.71 830.35 0.0002 0.5% 0.9574
1A3d 1A3d Marine fuel CO, 7611.13 4862.02 0.0002 0.4% 0.9618
5C 5C Waste Incineration CH., 213.78 59.15 0.0002 0.4% 0.9658
1A3 1A3 Other diesel CO, 1567.49 1818.80 0.0002 0.4% 0.9696
3G 3G Liming CO, 1019.16 1177.94 0.0002 0.4% 0.9734
3B 3B Manure Management CH., 4646.15 4290.16 0.0001 0.3% 0.9768
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e IPCC Category Gas emissions | LYemissions | Trend assessmentuith | % Contibuionts |y uaive Tota
(Gg COze)
2B 2B Chemical industries CO; 6975.59 2995.07 0.0001 0.3% 0.9797
1A4 1A4 Peat CO, 453.50 7.71 0.0001 0.2% 0.9818
1A4 1A4 Petroleum Coke CO, 81.64 304.86 0.0001 0.2% 0.9836
2D 2D Non Energy Products from Fuels and Solvent CO, 552.81 402.41 0.0001 0.2% 0.9854
Use
1A3b 1A3b DERV CH,4 100.06 7.04 0.0001 0.2% 0.9870
1B1 1B1 Solid Fuel Transformation CO, 1698.56 203.99 0.0001 0.1% 0.9884
3H 3H Urea application to agriculture CO, 293.75 252.57 0.0001 0.1% 0.9898
3J 3J OT & CD Agriculture CH, 306.10 228.23 0.0001 0.1% 0.9911
1A1 & 1A2 1A1 & 1A2 & 1A4 & 1A5 Other Combustion CH., 2207.13 1294.38 0.0001 0.1% 0.9924
& 1A4 &
1A5
2C 2C Metal Industries PFCs 299.84 4.32 0.0000 0.1% 0.9932
3F 3F Field Burning CH, 209.47 0.00 0.0000 0.1% 0.9940
2B 2B Chemical Industry CH, 248.23 40.83 0.0000 0.0% 0.9945
2A 2A Mineral Industries CO, 10234.92 6071.12 0.0000 0.0% 0.9950
1B2 1B2 Other Energy Industries CO, 0.00 23.65 0.0000 0.0% 0.9954
1A3a 1A3a Aviation Fuel CO; 1869.71 897.03 0.0000 0.0% 0.9959
3J 3J OT & CD Agriculture N-O 155.42 103.91 0.0000 0.0% 0.9963
2A 2A Mineral Industries CH, 34.84 4.75 0.0000 0.0% 0.9967
UK NIR 2023 (Issue 1) Ricardo Energy & Environment Page 692




Key Categories

Al

e IPCC Category Gas emissions | LYemissions | Trend assessmentuith | % Contibuionts |y uaive Tota
(Gg COze)

1A1 & 1A2 | 1A1 & 1A2 & 1A4 & 1A5 Other Combustion N>O 1936.80 1036.85 0.0000 0.0% 0.9971
& 1A4 &
1A5
2C 2C Metal Industries SFe 399.06 38.42 0.0000 0.0% 0.9974
1A3 1A3 Natural Gas CO; 0.00 178.51 0.0000 0.0% 0.9977
1A3d 1A3d Marine fuel N>O 93.38 56.78 0.0000 0.0% 0.9979
1A3c 1A3c Coal CO, 0.00 38.41 0.0000 0.0% 0.9982
5C 5C Waste Incineration N.O 61.44 35.35 0.0000 0.0% 0.9984
3F 3F Field Burning N>O 51.40 0.00 0.0000 0.0% 0.9986
1A3d 1A3d Marine fuel CH, 4.10 7.39 0.0000 0.0% 0.9987
2B 2B Chemical industry PFCs 104.34 120.85 0.0000 0.0% 0.9989
2E 2E Electronics Industry HFCs 10.84 19.10 0.0000 0.0% 0.9991
1A3 1A3 Natural Gas CH., 0.00 4.73 0.0000 0.0% 0.9993
2G 2G Other Product Manufacture and Use SFe 891.81 383.40 0.0000 0.0% 0.9994
2C 2C Iron & Steel Production CH, 43.92 12.93 0.0000 0.0% 0.9995
2C 2C Iron & Steel N.O 18.43 6.54 0.0000 0.0% 0.9996
1A3 1A3 Other diesel N.O 3.98 4.51 0.0000 0.0% 0.9997
1B1 1B1 Solid Fuel Transformation CH., 0.20 4.27 0.0000 0.0% 0.9998
1A3a 1A3a Aviation Fuel CH, 7.69 1.18 0.0000 0.0% 0.9998
1B2 1B2 Oil & Natural Gas N>O 39.74 22.21 0.0000 0.0% 0.9999
1A3 1A3 Other diesel CH., 2.88 0.57 0.0000 0.0% 0.9999
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e IPCC Category Gas emissions | LYemissions | Trend assessmentuith | % Contibuionts |y uaive Tota
(Gg COze)
1A3c 1A3c Coal CH,4 0.00 0.98 0.0000 0.0% 0.9999
1B2 1B2 Oil & Natural Gas CO, 5088.53 2658.99 0.0000 0.0% 1.0000
1A3a 1A3a Aviation Fuel N.O 15.74 7.55 0.0000 0.0% 1.0000
2C 2C Metal Industries HFCs 0.00 2.26 0.0000 0.0% 1.0000
1A3 1A3 Natural Gas N-O 0.00 0.08 0.0000 0.0% 1.0000
2E 2E Electronics Industry NF3 0.26 0.34 0.0000 0.0% 1.0000
1A3c 1A3c Coal N-O 0.00 0.07 0.0000 0.0% 1.0000
2G 2G Other Product Manufacture and Use PFCs 128.63 67.70 0.0000 0.0% 1.0000
2F 2F Product Uses as Substitutes for ODS PFCs 0.46 0.00 0.0000 0.0% 1.0000
1B1 1B1 Fugitive Emissions from Solid Fuels N,O 0.08 0.02 0.0000 0.0% 1.0000
2D 2D Non-energy Products from Fuels and Solvent CH, 0.00 0.00 0.0000 0.0% 1.0000
Use
2D 2D Non-energy Products from Fuels and Solvent N,O 0.00 0.00 0.0000 0.0% 1.0000
Use
Total 808,950.83 429,489.47 1
A 15 KEY CATEGORY ANALYSIS (KCA) RANKING SYSTEM

The Key Category Analysis (KCA) ranking system is an additional tool that the UK has developed to aid in the prioritisation of improvement work.
The KCA ranking system works by allocating a score based on how high categories rank in the base year and most recent year level assessments
and the trend assessment for the approach 1 KCA including LULUCF. For example, if CO, from road transport liquid fuel use is the 4" highest by

the base year level assessment, 3" highest by the most recent year level assessment and hasthe5"hi ghest trend assessment
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would be 4+3+5=12. The categories are then ranked from lowest score to highest, with scores that are equal resolved by the most recent year
level assessment.

The assessments used in this ranking exercise are only those including LULUCF, because if the additional excluding LULUCF assessments were
also used, the LULUCF sectors would only be included in half of the assessments and would therefore give an unrepresentative weighting.

The results of this ranking are presented in Table A 1.5.1.

Table A 1.5.1 KCA Ranking

KCA rank

(KCs IPCC Code | IPCC Category Greenhouse Gas
only)

1 1A3b Road transportation: liquid fuels CO,
2 1A4 Other sectors: gaseous fuels CO.
3 1A2 Manufacturing industries and construction: gaseous fuels CO;
4 5A Solid waste disposal CH,
5 1A1 Energy industries: solid fuels CO,
6 1A1 Energy industries: liquid fuels CO»
7 1A1 Energy industries: gaseous fuels CO,
8 3A1 Enteric fermentation from Cattle CH,
9 1A4 Other sectors: liquid fuels CO.
10 4B Cropland CO;
11 4A Forest land CO,
12 2C1 Iron and steel production CO,
13 3D Agricultural soils N.O
14 1A2 Manufacturing industries and construction: solid fuels CO;
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15 1B2 Oil and gas extraction CH,
16 1A4 Other sectors: solid fuels CO;
17 1B1 Coal mining and handling CH,4
18 1A2 Manufacturing industries and construction: liquid fuels CO,
19 3A2 Enteric fermentation from Sheep CH,
20 3B1 Manure management from Cattle CH,4
21 1A3d Domestic Navigation: liquid fuels CO;
22 4E Settlements CO;
23 4C Grassland CH,
24 1A5 Other: liquid fuels CO;
25 3B2 Manure management from Sheep N,O
26 4D Wetlands CH,
27 2B8 Petrochemical and carbon black production CO,
28 2A1 Cement production CO;
29 4G Harvested wood products CO;
30 1A1 Energy industries: other fuels CO;
31 4C Grassland CO;
32 5D Wastewater treatment and discharge CH,
33 2F1 Refrigeration and air conditioning HFCs, PFCs, SFs and NF;
34 2B9 Fluorochemical production HFCs, PFCs, SFs and NF;
35 2B2 Nitric acid production N,O
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N20

36 2B3 Adipic acid production
37 1B2 Oil and gas extraction CO;
38 5B Biological treatment of solid waste CH,4

A 1.6 USING THE UNCERTAINTY ANALYSIS TO PLAN IMPROVEMENTS IN THE PREPARATION OF THE
INVENTORY

The key category analysis is used to prioritise and plan improvements. The approach the UK takes to achieve this is described in Section 1.2.2.5.
Table 1.7 to Table 1.11 in Chapter 1 show the key category summary tables.
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ANNEX 2: Assessment of Uncertainty

Uncertainty estimates are calculated using two methods: Approach 1 (error propagation) and
Approach 2 (Monte Carlo simulation). These are not to be confused with Approaches 1 and 2
for Key Category Analysis (KCA), of which Approach 2 KCA uses Approach 1 uncertainties to
account for uncertainty in determining Key Categories.

Uncertainties have been estimated by IPCC sector and direct greenhouse gas. It may be

possible to estimate uncertainty at higher levels of sectoral detail, however this would require

further understanding of the dependencies between sub-sectors and greatly increase the

complexity of the Approach 2 model. Aggregation has therefore been used as a method to

avoid the risk of unaccounted for correlations and retain accuracy in uncertainty estimates, as

advised in the 2006 IPCC guidelines (vol. 1, chap. 3, pg. 3.25). Uncertainty estimates for the

sector breakdown used in UK Official Statistics are also not reported here, since the categories

are not consistent with the requirements of the
Kyoto Protocol.

Uncertainty parameters for new sources and sources which have been significantly revised are
reviewed each year, particularly for sources which have a significant impact on overall
uncertainties. The overall method used to estimate uncertainties is described below, and the work
to improve the accuracy of the uncertainty analysis continues. The key category analysis used
data from the uncertainty analysis, and the results of the key category analysis are given in
ANNEX 1:.

A 2.1 ESTIMATION OF UNCERTAINTIES USING AN ERROR
PROPAGATION APPROACH (APPROACH 1)

The IPCC 2006 Guidelines defines error propagation and Monte Carlo modelling approaches to
estimating uncertainties in national greenhouse gas inventories. The results of the error
propagation approach are shown in Table A 2.1.1. The uncertainties used in the error propagation
approach are not exactly the same as those used in the Monte Carlo Simulation since the error
propagation source categorisation is less detailed and has a more simplistic approach to
uncertainties. The Approach 1 uncertainties assumes all parameters are normally distributed
(which means it doesnot account fnarmal feéatures obthee w, k
expected distributions), and does not account for variations in uncertainty in the time series unlike
the Monte Carlo approach which takes into account these factors. The parameters used for the
Approach 1 uncertainties for both the base year and the most recent year are the values given
for the most recent year in Table A 2.3.1to Table A 2.3.4.

A 2.1.1 Key Categories

Certain source categories are particularly significant in terms of their contribution to the overall
uncertainty of the inventory. Key source categories in this respect are identified using Approach
1 uncertainties in the Approach 2 KCA. These have been identified so that the resources available
for inventory preparation may be prioritised, and the best possible estimates prepared for the
most significant source categories. We have used tThe method used for key category analysis is
described in Section 4.3.2 of the 2006 IPCC Guidelines Volume 1 General Guidance and

UK NIR 2023 (Issue 1) Ricardo Energy & Environment Page 698



Uncertainties A2

Reporting (Approach 2 to identify key categories)and. The results of this key category analysis
can be found in ANNEX 1:.

A21l.11 Uncertainty in the Trend

Trend uncertainties are estimated using two sensitivities. These are described in the 2006 IPCC
guidelines as:

A Type A sensitivity: the change in the difference in overall emissions between the base
year and the current year, expressed as a percentage, resulting from a 1 percent increase in
emissions or removals of a given category and gas in both the base year and the current year.

Type B sensitivity: the change in the difference in overall emissions between the base
year and the current year, expressed as a percentage, resulting from a 1 percent increase in
emissions or removals of a given category and gas in the current year only.

Conceptually, Type A sensitivity arises from uncertainties that affect emissions or removals in
the base year and the current year equally, and Type B sensitivity arises from uncertainties that
affect emissions or removals in the current year only. Uncertainties that are fully correlated
between years will be associated with Type A sensitivities, and uncertainties that are not
correlated between years will be associated with Type B sensitivities. Once the uncertainties
introduced into the national inventory by Type A and Type B sensitivities have been calculated,
they can be summed using the error propagation equation to give the overall uncertainty in the
trend.
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A 2.1.2 Tables of uncertainty estimates from the error propagation approach

Table A 2.1.1 Summary of error propagation uncertainty estimates including LULUCF, base year to the latest reported ye ar?
Uncertainty in trend Uncertainty in .
— =~ — H . . .
g o g o S RS S S .98 in national trend in Uncertainty
o = O S ~ = < o < o < c 2 > > et 3 introduced
& 5 5 K S > S > D > s 2 £ & emissions national .
9] 0 9o o) T 2 = 2 c = = o £ < s s . o into the trend
= ) >c @ 28 > £ c £ 5 S 32> 3= 2z introduced by emissions in total
O o B 8 55 S g 28 = 285 > 2 > 2 emission factor / introduced by X
O T 0 - O =1 o) o 5 o [ [ ; . L national
O @ g 2 o o = 0 O o c o ) ) estimation parameter activity data .
o o < c £ c c o > s . g emissions
- ] ~ = w > = O O uncertainty uncertainty
1A CO, 94,802.30 41,428.77 6.08% 2.08% 6.4% 0.0000 | 1.017% | 5.052% 0.0211% 0.4344% 0.0019%
(Stationary)
Oil
1A Coal CO; 225,522.71 11,848.67 1.78% 3.22% 3.7% 0.0000 | 12.960% 1.445% 0.4174% 0.0363% 0.0018%
1A Natural CO; 109,602.23 155,921.42 1.06% 1.70% 2.0% 0.0001 | 11.978% | 19.012% 0.2039% 0.2843% 0.0012%
Gas
1A Other CO; 245.37 7,042.63 1.01% 13.99% 14.0% 0.0000 0.843% 0.859% 0.1179% 0.0123% 0.0001%
(waste)
1A3 Other CO; 1,567.49 1,818.80 13.64% 1.87% 13.8% 0.0000 0.121% 0.222% 0.0023% 0.0428% 0.0000%
diesel
1A3 Natural CO, - 178.51 5.00% 2.00% 5.4% 0.0000 0.022% 0.022% 0.0004% 0.0015% 0.0000%
Gas
1A3a Aviation | CO, 1,869.71 897.03 19.23% 3.17% 19.5% 0.0000 0.010% 0.109% 0.0003% 0.0298% 0.0000%
Fuel
1A3b DERV CO, 33,792.87 68,500.76 1.00% 2.00% 2.2% 0.0000 6.186% 8.353% 0.1237% 0.1181% 0.0003%
1A3b CO, 75,379.45 30,775.54 0.99% 1.99% 2.2% 0.0000 1.073% 3.753% 0.0213% 0.0528% 0.0000%
Gasoline/ LPG
2 Emissions presented are for UNFCCC geographical coverage.
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Uncertainty in trend

Uncertainty in

— =~ — o . ; . Uncertaint
s _8 £. | =€ | 28 - & 28 | . | s oL tendin | noguced
> 8 s Q 8 8> o > s2¢ < £ o2 emissions national into the trend
g 9 >c 8‘ 2 9 > c £ = £ 583 S_E S_E introduced by emissions ]
O o i e) ® o S = = = £ £ 2a 5 > 2 > 2 emission factor / introduced by .
O T 0 o S © 25 S © 5T 5 5 5 s - national
O (50) = S o o 20 O o c 3 g * * estimation parameter activity data o
a GE) S < c £ c c Qo > ; ; emissions
= ~ = w > = o 3 uncertainty uncertainty
1A3c Coal CO, - 38.41 | 20.00% | 6.00% 20.9% 0.0000 | 0.005% | 0.005% 0.0003% 0.0013% 0.0000%
1A3d Marine CO, 7,611.13 4,862.02 17.88% 1.79% 18.0% 0.0000 0.105% 0.593% 0.0019% 0.1499% 0.0002%
fuel
1A4 Peat CO, 453.50 7.71 30.00% 10.00% 31.6% 0.0000 0.028% 0.001% 0.0028% 0.0004% 0.0000%
1A4 CO, 81.64 304.86 20.00% 15.00% 25.0% 0.0000 0.032% 0.037% 0.0048% 0.0105% 0.0000%
Petroleum
Coke
1B1 Solid Fuel | CO; 1,698.56 203.99 5.70% 4.66% 7.4% 0.0000 0.084% 0.025% 0.0039% 0.0020% 0.0000%
Transformatio
n
1B2 Oil & CO, 5,088.53 2,658.99 4.35% 4.52% 6.3% 0.0000 0.002% 0.324% 0.0001% 0.0199% 0.0000%
Natural Gas
1B2 Other CO, - 23.65 50.00% 50.00% 70.7% 0.0000 0.003% 0.003% 0.0014% 0.0020% 0.0000%
Energy
Industries
2A Mineral CO; 10,234.92 6,071.12 0.71% 2.30% 2.4% 0.0000 0.085% 0.740% 0.0019% 0.0074% 0.0000%
Industries
2B Chemical CO, 6,975.59 2,995.07 15.28% 2.65% 15.5% 0.0000 0.081% 0.365% 0.0022% 0.0789% 0.0001%
industries
2C Metal CO, 25,429.25 10,663.15 1.36% 6.75% 6.9% 0.0000 0.328% 1.300% 0.0221% 0.0250% 0.0000%
Industries
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Uncertainty in trend

Uncertainty in

=~ —_ b . . . i
= = 2 _ S X S 85 in national trend in pncertalnty
o = O S —~ =< c < - & c 28 > > o : introduced
> 5 » X S > T > @ > s 2 2 2 emissions national .
b ° 9 23 T 2 - 2 c 2 S oc <3S m -3 . . into the trend
= %} >c 9 Z > £ c £ = £ 5 0 oS =] introduced by emissions .
© © v 20 =) =T o '® Q3 agc> e 4 [N in total
O o i e) o S £ Gt E =85 > 2 > 2 emission factor / introduced by .
Q © o - O S0 » @ o o = o F g F g I - national
O @ g =2 o o =0 O o €SS9 ) ) estimation parameter activity data o
= @ Q = E T E e 37~ 8 uncertainty uncertainty emissions
(@)
2D Non CO, 552.81 402.41 39.83% 39.48% 56.1% 0.0000 0.014% 0.049% 0.0054% 0.0276% 0.0000%
Energy
Products from
Fuels and
Solvent Use
3G Liming CO, 1,019.16414 1,177.94 0.00% 20.90% 20.9% 0.0000 0.078% 0.144% 0.0164% 0.0000% 0.0000%
3H Urea CO, 293.75 252.57 0.00% 50.00% 50.0% 0.0000 0.012% 0.031% 0.0060% 0.0000% 0.0000%
application to
agriculture
4A Forest CO, -13,940.16 -18,082.25 1.00% 15.00% 15.0% 0.0000 1.312% 2.205% 0.1969% 0.0312% 0.0004%
Land
4B Cropland CO, 14,230.88 12,690.21 1.00% 20.00% 20.0% 0.0000 0.636% 1.547% 0.1272% 0.0219% 0.0002%
4C Grassland CO, -618.75 -2,738.53 1.00% 20.00% 20.0% 0.0000 0.294% 0.334% 0.0589% 0.0047% 0.0000%
4D Wetland CO, 668.77 550.11 1.00% 20.00% 20.0% 0.0000 0.024% 0.067% 0.0049% 0.0009% 0.0000%
4E CO, 5,426.53 3,799.29 1.00% 45.00% 45.0% 0.0000 0.116% 0.463% 0.0521% 0.0066% 0.0000%
Settlements
4F Other Land | CO, - - 0.00% 0.00% 0.0% - 0.000% 0.000% 0.0000% 0.0000% 0.0000%
4G Other CO, -2,096.17 -2,037.46 1.00% 15.00% 15.0% 0.0000 0.114% 0.248% 0.0171% 0.0035% 0.0000%
Activities
5C Waste CO, 1,445.17 335.70 | 243.62% 37.39% 246.5% 0.0000 0.052% 0.041% 0.0193% 0.1410% 0.0002%
Incineration
UK NIR 2023 (Issue 1) Ricardo Energy & Environment Page 702




Uncertainties

A2

Uncertainty in trend

Uncertainty in

— =~ — o . : . Uncertaint
2 & g = S g s S .8 . . in national trend in introdu::egl
> T = = (SN 3 = ® - 5o« 2 Z emissions national .
19) 0 9o 23 T 2 - 2 c 2 2 o £ <3 oS . L into the trend
= @ q>; < 8 £08 Z‘-% < _% = _% 5973 © = = introduced by emissions in total
O o i e) ® o S = Gt £ £ 2a 5 > 2 > 2 emission factor / introduced by .
Q 8.0 -0 S 0 ] o @ =T o F o G I - national
O @ g S o o 25 O o c 3 g * * estimation parameter activity data o
a £ S < c £ c c o > ; - emissions
= I3 S S S (@] S uncertainty uncertainty
1A1 & 1A2 & CH,4 2,207.13 1,294.38 0.66% 33.04% 33.0% 0.0000 0.017% 0.158% 0.0055% 0.0015% 0.0000%
1A4 & 1A5
Other
Combustion
1A3 Other CH,4 2.88 0.57 15.00% | 130.00% 130.9% 0.0000 0.000% 0.000% 0.0002% 0.0000% 0.0000%
diesel
1A3 Natural CH,4 - 4.73 5.00% | 130.00% 130.1% 0.0000 0.001% 0.001% 0.0007% 0.0000% 0.0000%
Gas
1A3a Aviation CH,4 7.69 1.18 15.13% 59.37% 61.3% 0.0000 0.000% 0.000% 0.0002% 0.0000% 0.0000%
Fuel
1A3bDERV | CH, 100.06 7.04 | 1.00% | 130.00% 130.0% 0.0000 | 0.006% | 0.001% 0.0072% 0.0000% 0.0000%
1A3b CH,4 1,308.55 75.05 1.00% 74.93% 74.9% 0.0000 0.075% 0.009% 0.0559% 0.0001% 0.0000%
Gasoline/ LPG
1A3c Coal CH,4 - 0.98 20.00% | 110.00% 111.8% 0.0000 0.000% 0.000% 0.0001% 0.0000% 0.0000%
1A3d Marine CH,4 4.10 7.39 19.33% | 125.67% 127.2% 0.0000 0.001% 0.001% 0.0008% 0.0002% 0.0000%
fuel
1B1 Coal CH,4 24,445.88 510.23 2.00% 20.00% 20.1% 0.0000 1.503% 0.062% 0.3005% 0.0018% 0.0009%
Mining
1B1 Solid Fuel | CH, 0.20 4.27 0.00% 49.76% 49.8% 0.0000 0.001% 0.001% 0.0003% 0.0000% 0.0000%
Transformatio
n
1B2 Natural CH,4 11,880.19 3,711.37 5.00% 50.00% 50.2% 0.0000 0.308% 0.453% 0.1541% 0.0320% 0.0002%
Gas
Transmission
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Uncertainty in trend

Uncertainty in

=~ —_ b . . . i
= 2 2 _ °o¥X X 8 g in national trend in pncertalnty
o - O o —~ S g < - < = 28 - - S . introduced
> [ 5 9 © S T > O > c = = = emissions national .
b ° 9 23 T 2 - 2 c 2 S oc <3S m -3 . . into the trend
2 a a>; 2 g 29 Z‘-% = % = _% 593 05 © = introduced by emissions S —
O o i e) ® o S = Gt £ £ 2a 5 > 2 > 2 emission factor / introduced by .
Q © o - O S0 » @ o @ =T o F g F g I - national
O @ g q s o O = 0 O o €SS9 ) ) estimation parameter activity data o
a g o < c £ c c o> = : - emissions
= I3 S S S (@] S uncertainty uncertainty
1B2 Upstream | CHq4 1,955.71 830.35 4.41% 87.57% 87.7% 0.0000 0.024% 0.101% 0.0210% 0.0063% 0.0000%
Oil & Gas
2A Mineral CH, 34.84 4.75 0.00% | 100.00% 100.0% 0.0000 0.002% 0.001% 0.0017% 0.0000% 0.0000%
Industries
2B Chemical CH,4 248.23 40.83 0.00% 20.00% 20.0% 0.0000 0.011% 0.005% 0.0022% 0.0000% 0.0000%
Industry
2C Iron & CH,4 43.92 12.93 1.76% | 44.22% 44.3% 0.0000 0.001% 0.002% 0.0005% 0.0000% 0.0000%
Steel
Production
2D Non- CH, - - 0.00% 0.00% 0.0% - 0.000% 0.000% 0.0000% 0.0000% 0.0000%
energy
Products from
Fuels and
Solvent Use
3A Enteric CH,4 27,680.22 23,544.77 0.00% 3.40% 3.4% 0.0000 1.098% 2.871% 0.0373% 0.0000% 0.0000%
Fermentation
3B Manure CH,4 4,646.15 4,290.16 0.00% 6.76% 6.8% 0.0000 0.226% 0.523% 0.0152% 0.0000% 0.0000%
Management
3F Field CH, 209.47 - 25.61% 0.00% 25.6% - 0.013% 0.000% 0.0000% 0.0000% 0.0000%
Burning
3JOT&CD CH, 306.10 228.23 50.00% 50.00% 70.7% 0.0000 0.008% 0.028% 0.0041% 0.0197% 0.0000%
Agriculture
4A Forest CH, 99.49 104.50 1.00% 85.00% 85.0% 0.0000 0.006% 0.013% 0.0054% 0.0002% 0.0000%
Land
4B Cropland CH, 332.36 317.96 1.00% 90.00% 90.0% 0.0000 0.017% 0.039% 0.0157% 0.0005% 0.0000%
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= @ Q e e e o~ § uncertainty uncertainty
4C Grassland CH,4 2,807.05 2,861.40 1.00% 40.00% 40.0% 0.0000 0.169% 0.349% 0.0677% 0.0049% 0.0000%
4D Wetland CH,4 2,313.24 2,382.01 1.00% 35.00% 35.0% 0.0000 0.142% 0.290% 0.0498% 0.0041% 0.0000%
4E CH,4 19.03 28.19 1.00% 40.00% 40.0% 0.0000 0.002% 0.003% 0.0009% 0.0000% 0.0000%
Settlements
5A Solid CH,4 67,633.35 13,777.09 15.00% 46.00% 48.4% 0.0002 2.649% 1.680% 1.2183% 0.3564% 0.0161%
Waste
Disposal
5B Biological CH,4 21.89 1,373.84 30.00% 99.50% 103.9% 0.0000 0.166% 0.168% 0.1653% 0.0711% 0.0003%
treatment of
solid waste
5C Waste CH,4 213.78 59.15 | 256.09% 85.64% 270.0% 0.0000 0.006% 0.007% 0.0055% 0.0261% 0.0000%
Incineration
5D CH,4 2,365.31 1,959.38 15.40% 50.08% 52.4% 0.0000 0.087% 0.239% 0.0438% 0.0520% 0.0000%
Wastewater
Handling
1A1 & 1A2 & N.O 1,936.80 1,036.85 0.66% 65.07% 65.1% 0.0000 0.002% 0.126% 0.0016% 0.0012% 0.0000%
1A4 & 1A5
Other
Combustion
1A3 Other N.O 3.98 451 15.00% | 130.00% 130.9% 0.0000 0.000% 0.001% 0.0004% 0.0001% 0.0000%
diesel
1A3 Natural N.O - 0.08 5.00% | 130.00% 130.1% 0.0000 0.000% 0.000% 0.0000% 0.0000% 0.0000%
Gas
1A3a Aviation N.O 15.74 7.55 19.23% | 105.76% 107.5% 0.0000 0.000% 0.001% 0.0001% 0.0003% 0.0000%
Fuel
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1A3b DERV N.O 288.98 805.91 1.00% | 130.00% 130.0% 0.0000 0.080% 0.098% 0.1037% 0.0014% 0.0001%
1A3b N.O 887.83 74.45 1.00% 74.64% 74.6% 0.0000 0.048% 0.009% 0.0357% 0.0001% 0.0000%
Gasoline/ LPG
1A3c Coal N.O - 0.07 20.00% | 110.00% 111.8% 0.0000 0.000% 0.000% 0.0000% 0.0000% 0.0000%
1A3d Marine N.O 93.38 56.78 17.72% | 115.18% 116.5% 0.0000 0.001% 0.007% 0.0011% 0.0017% 0.0000%
fuel
1B1 Fugitive N.O 0.08 0.02 1.00% | 118.00% 118.0% 0.0000 0.000% 0.000% 0.0000% 0.0000% 0.0000%
Emissions
from Solid
Fuels
1B2 Oil & N.O 39.74 22.21 4.92% 98.46% 98.6% 0.0000 0.000% 0.003% 0.0002% 0.0002% 0.0000%
Natural Gas
2B Chemical N.O 21,162.10 29.05 0.25% 10.01% 10.0% 0.0000 1.351% 0.004% 0.1352% 0.0000% 0.0002%
industries
2C Iron & N.O 18.43 6.54 1.00% | 118.00% 118.0% 0.0000 0.000% 0.001% 0.0005% 0.0000% 0.0000%
Steel
2D Non- N.O - - 0.00% 0.00% 0.0% - 0.000% 0.000% 0.0000% 0.0000% 0.0000%
energy
Products from
Fuels and
Solvent Use
2G Other N.O 533.61 666.17 | 100.00% | 100.00% 141.4% 0.0000 0.047% 0.081% 0.0471% 0.1149% 0.0002%
Product
Manufacture
and Use
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3B Manure N.O 3,038.90 2,493.71 0.00% 22.66% 22.7% 0.0000 0.109% 0.304% 0.0248% 0.0000% 0.0000%
Management
3D Agricultural | N.O 13,428.41 10,999.18 0.00% 16.32% 16.3% 0.0000 0.481% 1.341% 0.0786% 0.0000% 0.0001%
Soils
3F Field N.O 51.40 - 25.62% 0.00% 25.6% - 0.003% 0.000% 0.0000% 0.0000% 0.0000%
Burning
3JOT & CD N.O 155.42 103.91 50.00% 50.00% 70.7% 0.0000 0.003% 0.013% 0.0014% 0.0090% 0.0000%
Agriculture
4 Indirect N.O 271.94 152.89 1.00% | 165.00% 165.0% 0.0000 0.001% 0.019% 0.0020% 0.0003% 0.0000%
LULUCF
Emissions
4A Forestland | N,O 438.95 377.40 1.00% 85.00% 85.0% 0.0000 0.018% 0.046% 0.0152% 0.0007% 0.0000%
4B Cropland N.O 653.25 354.68 1.00% 35.00% 35.0% 0.0000 0.001% 0.043% 0.0005% 0.0006% 0.0000%
4C Grassland N.O 134.86 127.67 1.00% 45.00% 45.0% 0.0000 0.007% 0.016% 0.0031% 0.0002% 0.0000%
4D Wetland N.O 18.90 21.42 1.00% 90.00% 90.0% 0.0000 0.001% 0.003% 0.0013% 0.0000% 0.0000%
4E N.O 392.31 254.78 1.00% | 130.00% 130.0% 0.0000 0.006% 0.031% 0.0077% 0.0004% 0.0000%
Settlements
5B Biological N.O 12.36 660.50 30.00% 90.00% 94.9% 0.0000 0.080% 0.081% 0.0718% 0.0342% 0.0001%
treatment of
solid waste
5C Waste N.O 61.44 35.35 7.00% | 230.00% 230.1% 0.0000 0.000% 0.004% 0.0009% 0.0004% 0.0000%
Incineration
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5D N.O 796.37 903.51 9.29% | 216.60% 216.8% 0.0000 | 0.059% | 0.110% 0.1282% 0.0145% 0.0002%
Wastewater
Handling
2C Metal SFe 399.06 38.42 5.00% 5.00% 7.1% 0.0000 | 0.021% | 0.005% 0.0010% 0.0003% 0.0000%
Industries
2G Other SFe 891.81 383.40 0.00% 5.52% 5.5% 0.0000 | 0.010% | 0.047% 0.0006% 0.0000% 0.0000%
Product
Manufacture
and Use
2B Chemical HFCs 14,807.32 - 0.00% | 10.00% 10.0% - | 0.948% | 0.000% 0.0948% 0.0000% 0.0001%
industry
2C Metal HFCs - 2.26 5.00% | 10.00% 11.2% 0.0000 | 0.000% | 0.000% 0.0000% 0.0000% 0.0000%
Industries
2E Electronics | HFCs 10.84 19.10 0.00% | 47.15% 47.1% 0.0000 | 0.002% | 0.002% 0.0008% 0.0000% 0.0000%
Industry
2F Product HFCs 801.49 10,798.35 8.50% 8.57% 12.1% 0.0000 1.265% 1.317% 0.1084% 0.1582% 0.0004%
Uses as
Substitutes for
OoDS
2E Electronics | NF; 0.26 0.34 0.00% | 47.15% 47.1% 0.0000 | 0.000% | 0.000% 0.0000% 0.0000% 0.0000%
Industry
2B Chemical PFCs 104.34 120.85 0.00% | 10.00% 10.0% 0.0000 | 0.008% | 0.015% 0.0008% 0.0000% 0.0000%
industry
2C Metal PFCs 299.84 4.32 0.00% | 20.00% 20.0% 0.0000 | 0.019% | 0.001% 0.0037% 0.0000% 0.0000%
Industries
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2F Product PFCs 0.46 - 0.00% | 25.00% 25.0% - | 0.000% | 0.000% 0.0000% 0.0000% 0.0000%
Uses as
Substitutes for
OoDs
2G Other PFCs 128.63 67.70 0.00% | 47.15% 47.1% 0.0000 | 0.0000% | 0.0083% 0.0000% 0.0000% 0.0000%
Product
Manufacture
and Use
Percentage
uncertainty in 0 UNFCCC trend 0
UNFCCC 2.4% uncertainty 1.6%
inventory:
Ricardo Energy & Environment Page 709

UK NIR 2023 (Issue 1)




Uncertainties A 2

A 2.2 ESTIMATION OF UNCERTAINTY BY SIMULATION
(APPROACH 2)

A 2.2.1 Overview of the Method

Quantitative estimates of the uncertainties in the emissions were calculated using a Monte Carlo
simulation. This corresponds to the IPCC Approach 2 method, discussed in the 2006 Guidelines
(IPCC, 2006). The background to the implementation of the Monte Carlo simulation is described
in detail by Eggleston et al (1998), with the estimates reported here revised to reflect changes in
the latest inventory and improvements made in the model. This section gives a brief summary of
the methodology, assumptions and results of the simulation.

The computational procedure is detailed below.

1 A probability distribution function (PDF) was allocated to each unique emission factor and
piece of activity data. The PDFs were mostly normal or log-normal, with more specific
distributions given to a handful of sources. The parameters of the PDFs were set by
analysing the available data on emission factors and activity data, and by expert
judgement;

1 A calculation was set up to estimate the total emissions of each gas for the years 1990
and the latest reported year;

1 Each PDF was sampled at least 20,000 times, such that the emission calculations
performed produced a converged output distribution;

1 The distribution of errors in the parameter values was calculated from the difference
between 2.5 and 97.5 percentile values in the distribution, as a percentage of the
distribution mean; and,

1 The uncertainty in the trend between 1990 and the latest reported year, according to gas,
was also estimated. This was calculated as the latest year sample minus the 1990 sample,
divided by the 1990 mean.

A 2.2.2 Methodological details of the Monte Carlo model

A2221 Uncertainty Distributions

Nearly all of the distributions of emissions from sources in the inventory are modelled used normal
or log normal distributions, with more specific distributions given to a handful of sources. The
specific distributions include log-logistic and gamma distributions. The primary use of custom
distributions is for agriculture; these are fitted distributions that reflect the results of an agriculture-
specific Monte Carlo analysis done by Rothamsted Research which accounts for the various
factors that influence the modelled agriculture emissions.

Emissions from landfill have been modelled using a custom distribution. Aitchison et al. (cited in
Eggleston et al., 1998) estimated the uncertainty for landfill emissions using Monte Carlo analysis
and found it to be skewed. The distribution histogram was used to generate an empirical
distribution of emissions. We examined the distribution and fitted a log normal distribution to
Aitchisonbés data. The emissions are scaled
for each year.

There are a couple of other specific distributions for F-gases and wastewater which reflect specific
distributions we expect for those sources.
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A22272 Correlations

The Monte Carlo model contains a number of correlations. If A and B are correlated, then if
emissions are under or overestimated from A it would be expected to be over or underestimated
by a similar amount from B.

The type and implementation of the correlations has been examined as part of a review (Abbott
et al., 2007). The sensitivity analysis that we have completed on the Monte Carlo model suggest
that the uncertainties are not sensitive to the correlations between emission factors for fuel used,
and for LULUCF sources.

A22221 Across years

In running this simulation, it was necessary to make assumptions about the degree of correlation
between sources in 1990 and the latest reported year. If source emission factors are correlated
this will have the effect of reducing the trend uncertainty but will not affect uncertainties on
emission totals in 1990 or the latest inventory year. The trend estimated by the Monte Carlo model
is particularly sensitive to N.O emissions from agricultural soils.

A22222 Between Sources in the same year

In many cases the same factors, or factors derived on the same basis are used for multiple
sources. Il n t he s atthe emission factorsexr@ dorredated. For dxample, the coal
emissions factors for N,O used for cement industry use may be the same as coal use in other
industrial combustion due to lack of a more specific factor, in this case we may say the two factors
are correlated. Omitting these correlations leads to an underestimate of uncertainty in any given
year.

A22.23 Simulation Method

Following recommendations in the 2006 IPCC Guidelines, the model uses a true Monte Carlo
sampling method.

A 2.2.3 Quality Control Checks on the Monte Carlo Model Output

A number of quality control checks are completed as part of the uncertainty analysis.

A2231 Checks against totals of the national emissions

To ensure the emissions in the Monte Carlo model closely agree with the reported totals in the
NIR, the emissions in the model were checked against the national totals both before and after
the simulation was run. The central estimates from the model are expected to be similar to the
reported emissions totals but are not expected to match exactly.

A223.2 Inter-comparison between the output of the error propagation and Monte
Carlo models

A formal check to compare the output of the error propagation and Monte Carlo model is
completed. The results of this comparison are discussed in Section A 2.6.

A 2233 Calculation of uncertainty on the total

The uncertainty on the 1990 and the most recent year emissions was calculated using two
different methods;
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The first method uses the standard deviation calculated by the simulation and the mean to give a
percentage uncertainty, while the second method uses the 95% confidence interval given by the
percentiles quoted. When a distribution is completely normally distributed, the two methods

should give the same results. However, when a distribution is skewed the two methods diverge,
since the variance is dominated by outliers whi
confidence interval.

Calculating the uncertainty using both of these methods allows us to check that the Monte Carlo
analysis is behaving in the way we would expect, and that convergence of the distributions is
being achieved. Comparing the results using both calculations showed that the uncertainties were
almost the same for gases where the distributions used were predominantly normal, but higher
for N.O and the GWP weighted total, as expected.

A 2.3 UNCERTAINTY PARAMETERS

The following sections present the uncertainties in emissions, and the trend in emissions
according to gas.

A 2.3.1 Uncertainty Parameters used

Table A 2.3.1 to Table A 2.3.4 summarise the uncertainty parameters used for both Approach 1
and 2 uncertainties. For all of these tables the following apply:

1 Uncertainties expressed as 0.5*R/E where R is the difference between 2.5 and 97.5
percentiles and E is the mean,;

1 Where custom distributions are used for the Approach 2 uncertainties the parameters are

not used directly, but the below parameters should still be a reasonable indicator of the

uncertainty in the distribution used for Approach 2;

(r) means revised in comparison to previous NIR;

1 (n) represents a new uncertainty parameter, either because sources are considered at a
more granular level, or because a new source is included in the inventory; and

1 (a) means uncertainty for emission factors and activity cannot be separated, so one
uncertainty that represents both is displayed.

=
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Table A 2.3.1 Uncertainties in the activity data and emission factors for fuels used in the carbon dioxide (CO 2) inventory
1990 2021
1990 Activity Emission 2021 Activity Emission
Category Fuel uncertainty factor uncertainty factor Justification for key sources
(%) uncertainty (%) uncertainty
(%) (%)

1A Lubricants 50.00% 5.00% 50.00% 5.00% | It's challenging to determine the proportion of lubricant used
as a fuel, hence a high activity uncertainty.

1A1 Blast Furnace Gas 1.50% 10.00% 1.00% 10.00% | Overall uncertainty for all coke & steelmaking emissions is
quite low but allocation to individual sources is definitely
higher - we've assumed 10%

1A1 Coke Oven Coke 1.00% 10.00% 1.00% 10.00% | Overall uncertainty for all coke & steelmaking emissions is
quite low but allocation to individual sources is definitely
higher - we've assumed 10%

1A1 Coke Oven Gas 1.50% 10.00% 1.00% 10.00% | Overall uncertainty for all coke & steelmaking emissions is
quite low but allocation to individual sources is definitely
higher - we've assumed 10%

1A1 Colliery Methane 5.00% 5.00% 5.00% 5.00% | (Minor fuel in sector context)

1A1 Gas/Diesel Oll 20.00% 2.00% 5.00% 2.00% | Dominated by activity in 1Alcii. There may be limited gas oil
use unreported by e.g. MODUSs in latest year; base year
notably higher as the inventory AD are derived from sector-
wide reported data, to address known under-reports in
DUKES. Typically, gas oil Carbon emission factors reported
are within 1% of each other but occasional deviations further.

1A1 Liquefied Petroleum Gas 25.70% 2.10% 2.50% 2.10% | The DUKES data from 2009 onwards were revised
considerably in the energy / NEU split for LPG, and we have
created a new split for earlier years. Chosen 2.1% Emission
Factor (EF) uncertainty to be consistent with gas oil - the
makeup of LPG is well understood and documented
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1990 2021
1990 Activity Emission 2021 Activity Emission
Category Fuel uncertainty factor uncertainty factor Justification for key sources
(%) uncertainty (%) uncertainty
(%) (%)

1A1 Motor Gasoline 2.50% 2.10% 2.50% 2.10% | Outside of 1A3, the motor gasoline allocations are probably
much more uncertain as they are reliant on the off-road
model etc., so chosen 2.5%.

1A1 Municipal Solid Waste 1.00% 15.00% 1.00% 15.00% | MSW quantity is known accurately. Uncertainty is in mass of
fossil carbon per tonne of residual MSW. This is based on
reasonable waste composition data from peer reviewed
sources, adapted from landfill data.

1A1 Naphtha 50.00% 5.00% 50.00% 5.00% | DUKES are uncertain about where naphtha is used (or not),
so a high activity uncertainty has been chosen. EF
uncertainty chosen as 5%. The content of naphtha is quite
variable - it contains a huge range of hydrocarbons from C5
up to C70+, so the exact carbon content is variable and there
are about 5 different grades of naphtha according to UKPIA.

1A1 Natural Gas 20.00% 2.00% 1.00% 2.00% | ETS-based data, so low uncertainties. Base year activity is
dominated by 1Alcii, where uncertainty is notably higher as
the inventory AD are derived from sector-wide reported data,
to address known under-reports in DUKES.

1A1 Orimulsion 5.00% 5.00% 5.00% 5.00% | (Minor fuel in sector context)

1A1 Other Bituminous Coal 2.00% 2.00% 2.00% 2.00% | ETS-based data, so low uncertainties.

1A1 Other Kerosene 1.25% 5.00% 1.25% 5.00% | ETS-based data, so low uncertainties.

1A1 Other Oil: Other 11.90% 5.00% 10.00% 5.00% | (Minor fuel in sector context)
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1990 2021
1990 Activity Emission 2021 Activity Emission
Category Fuel uncertainty factor uncertainty factor Justification for key sources
(%) uncertainty (%) uncertainty
(%) (%)

1A1 Petroleum Coke 7.80% 10.00% 5.00% 10.00% | ETS-based data, so low uncertainties. 10% chosen for EF
uncertainty as there is only a small dataset for the quality of
petcoke used in the sector and the CEF could be quite
variable depending on the source of the petcoke.

1A1 Refinery Gas 50.00% 20.00% 25.00% 15.00% | Comparisons between EU ETS and DUKES are variable
over time. Risk that in ear/|
been mis-reported to energy stats. High uncertainty on AD.
Also, a variable quality fuel, so the EF is also uncertain.

1A1 Residual Fuel OIl 5.50% 2.55% 1.25% 2.55% | ETS-based data, so low uncertainties.

1A1 Scrap Tyres 15.00% 10.00% 15.00% 10.00% | Limited reported use of this fuel; only a small amount of
reporting (typically cement kilns) within EU ETS and a
modest number of fuel quality analyses either through the
BCA/MPA (trade body) or the EU ETS. Also, some variability
in the fossil C versus bio-C content of the tyres adds to EF
uncertainty.

1A2 Blast Furnace Gas 1.50% 10.00% 1.00% 10.00% | Overall uncertainty for all coke & steelmaking emissions is
quite low but allocation to individual sources is definitely
higher - we've assumed 10%

1A2 Coke Oven Coke 3.00% 10.00% 1.00% 10.00% | Overall uncertainty for all coke & steelmaking emissions is
quite low but allocation to individual sources is definitely
higher - we've assumed 10%

1A2 Coke Oven Gas 3.00% 10.00% 1.00% 10.00% | Overall uncertainty for all coke & steelmaking emissions is
quite low but allocation to individual sources is definitely
higher - we've assumed 10%

1A2 Colliery Methane 5.00% 5.00% 5.00% 5.00% | (Minor fuel in sector context)
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Category

Fuel

1990 Activity
uncertainty
(%)

1990
Emission
factor
uncertainty
(%)

2021 Activity
uncertainty
(%)

2021
Emission
factor
uncertainty
(%)

Justification for key sources

1A2

Gas/Diesel Qil

20.00%

2.00%

20.00%

2.00%

Low EF uncertainty as the composition of gas oil is well
understood across the time series. The AD for stationary
combustion in industrial sectors is quite uncertain, however.
DUKES does not distinguish between mobile and stationary
sources, and other AD data sources (e.g. EU ETS) have
limited coverage of gas oil use across all of 1A2.

1A2

Liquefied Petroleum Gas

25.70%

2.10%

2.50%

2.10%

The DUKES data from 2009 onwards were revised
considerably in the energy / NEU split for LPG, and we have
created a new split for earlier years. Chosen 2.1% EF
uncertainty to be consistent with gas oil - the makeup of LPG
is well understood and documented

1A2

Motor Gasoline

20.00%

2.10%

20.00%

2.10%

Outside of 1A3, the motor gasoline allocations are probably
much more uncertain. Chosen 2.1% EF uncertainty to be
consistent with gas oil - the makeup of motor gasoline is well
understood and documented

1A2

Municipal Solid Waste

5.00%

15.00%

5.00%

15.00%

MSW quantity is known accurately. Uncertainty is in mass of
fossil carbon per tonne of residual MSW. This is based on
reasonable waste composition data from peer reviewed
sources, adapted from landfill data.

1A2

Natural Gas

2.80%

3.00%

1.00%

3.00%

Low EF uncertainty as gas composition is monitored and

reported across much of the time series, and the fuel has
narrow compositional range. AD are also well understood
and low uncertainty. Gas supplier data to DUKES can be

checked against periodic data matching (meter point data
against industry sector information).

1A2

non-fuel combustion

50.00%

100.00%

50.00%

100.00%

(Minor emission source in sector context)
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1990 2021
1990 Activity Emission 2021 Activity Emission
Category Fuel uncertainty factor uncertainty factor Justification for key sources
(%) uncertainty (%) uncertainty
(%) (%)

1A2 Other Bituminous Coal 5.00% 10.00% 5.00% 10.00% | Limited compositional data over time (e.g. EU ETS data for
coal is incomplete), so EF uncertainty reflects the range of
composition of coal types in 1A2. AD uncertainty is moderate
for 1A2, reflecting energy supplier reporting to DESNZ.

1A2 Other Kerosene 6.00% 2.00% 6.00% 2.00% | (Minor fuel in sector context)

1A2 Other Qil: Other 5.00% 50.00% 5.00% 3.00% | (Minor fuel in sector context)

1A2 Patent Fuel 10.00% 3.00% 10.00% 3.00% | (Minor fuel in sector context)

1A2 Petroleum Coke 25.00% 15.00% 20.00% 15.00% | EF uncertainty reflects range of petcock composition that
may be used for fuel in 1A2. AD uncertainty is quite high as
we have limited data from DUKES and not much AD from EU
ETS on petcoke use.

1A2 Refinery Gas 50.00% 15.00% 50.00% 15.00% | (Minor fuel in sector context)

1A2 Residual Fuel Oil 5.50% 2.10% 1.50% 2.10% | Low EF uncertainty as the composition of fuel oil is well
understood across the time series. The AD uncertainty is low
in recent years as the fuel is not widely used other than by
larger operators that report under EU ETS. Moderate
uncertainty in earlier years when fewer routine annual AD
sources.

1A2 Scrap Tyres 15.00% 10.00% 15.00% 10.00% | (See 1A1 comment i same applies here.)

1A3 Aviation Gasoline 20.00% 3.30% 20.00% 3.30% | Activity uncertainty is higher than many other similar fuels
because of the uncertainty in the international-domestic split

1A3 Jet Gasoline 20.00% 3.30% 20.00% 3.30% | Activity uncertainty is higher than many other similar fuels

because of the uncertainty in the international-domestic split
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1990 2021
1990 Activity Emission 2021 Activity Emission
Category Fuel uncertainty factor uncertainty factor Justification for key sources
(%) uncertainty (%) uncertainty
(%) (%)

1A3 liquid biofuels 5.00% 5.00% 5.00% 5.00% | Activity data are not very uncertain, as it's taken from RTFO
data. There is a total potential range of 10% variability in the
fossil fuel carbon content of FAME (i.e. judging from the
contents of the different fatty acid types used to synthesize
the FAME, the highest content is around 44.8g/kg, whilst the
lowest is 40.2g/kg). In reality, these are the extremes, so a
lower overall uncertainty is expected. the other liquid biofuels
are consumed in much smaller quantities than FAME.

1A3 Other Bituminous Coal 20.00% 6.00% 20.00% 6.00% | (Minor fuel in sector context)

1A3 Other Gas/Diesel Oil 15.00% 2.00% 15.00% 2.00% | (Minor fuel in sector context)

1A3 Natural Gas 5.00% 2.00% 5.00% 2.00% | Using parameters for road transport LPG; note that source is
very small.

1A3b Gas/Diesel OIl 1.80% 2.00% 1.00% 2.00% | Low EF uncertainty as the composition of gas oil is well
understood across the time series. Low AD uncertainty as
good corroboration between fuel sales data and estimates
based on vehicle movement data.

1A3b Liguefied Petroleum Gas 5.00% 2.00% 5.00% 2.00% | EF uncertainty is consistent with gas oil - the makeup of LPG
is well understood and documented. Not a major fuel in the
sector but AD are considered moderately uncertain.

1A3b Motor Gasoline 1.00% 2.00% 1.00% 2.00% | Low EF uncertainty as the composition of petrol is well
understood across the time series. Low AD uncertainty as
good corroboration between fuel sales data and estimates
based on vehicle movement data.

1A3d Gas/Diesel OIl 20.00% 2.00% 20.00% 2.00% | Activity uncertainty is higher than many other similar fuels

because of the uncertainty in the international-domestic split
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1990 Activity Emission 2021 Activity Emission
Category Fuel uncertainty factor uncertainty factor Justification for key sources
(%) uncertainty (%) uncertainty
(%) (%)

1A3d Residual Fuel Qil 20.00% 2.00% 20.00% 2.00% | Activity uncertainty is higher than many other similar fuels
because of the uncertainty in the international-domestic split

1A4 Anthracite 1.50% 6.00% 1.00% 6.00% | Low AD uncertainty as tax data helps establish residential
use. EF uncertainty reflects variability in anthracite
composition.

1A4 Coke Oven Coke 3.00% 10.00% 1.00% 10.00% | (Minor fuel in sector context)

1A4 Gas/Diesel OIl 30.00% 2.00% 30.00% 2.00% | Low EF uncertainty as the composition of gas oil is well
understood across the time series. High AD uncertainty as
scarce data on use of this fuel, e.g. in mobile machinery, in
1A4.

1A4 Gas Works Gas 5.00% 5.00% 5.00% 5.00% | (Minor fuel in sector context)

1A4 Liguefied Petroleum Gas 25.70% 2.10% 2.50% 2.10% | The DUKES data from 2009 onwards were revised
considerably in the energy / NEU split for LPG, and we have
created a new split for earlier years. Chosen 2.1% EF
uncertainty to be consistent with gas oil - the makeup of LPG
is well understood and documented

1A4 Motor Gasoline 50.00% 2.00% 50.00% 2.00% | Low EF uncertainty as the composition of petrol is well
understood across the time series. High AD uncertainty as
scarce data on use of this fuel in mobile machinery in 1A4.

1A4 Natural Gas 2.80% 3.00% 2.00% 3.00% | (As for 1A2)

1A4 Other Bituminous Coal 3.00% 10.00% 3.00% 10.00% | Chosen 3% activity uncertainty as we know that there are

some limitations on the coal allocation to small-scale users.
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1990 Activity Emission 2021 Activity Emission
Category Fuel uncertainty factor uncertainty factor Justification for key sources
(%) uncertainty (%) uncertainty
(%) (%)

1A4 Other Kerosene 3.00% 2.00% 3.00% 2.00% | Low AD uncertainty as tax data helps establish residential
use. EF uncertainty reflects narrow range of fuel
composition.

1A4 Patent Fuel 3.30% 3.00% 2.00% 3.00% | (Minor fuel in sector context)

1A4 Peat 30.00% 10.00% 30.00% 10.00% | (Minor fuel in sector context)

1A4 Petroleum Coke 20.00% 15.00% 20.00% 15.00% | Limited information on the AD of use in domestic fuels which
increases uncertainty. Moderate emission factor uncertainty
as there is only a small dataset for the quality of petcoke
used in the sector and the CEF could be quite variable
depending on the source of the petcoke.

1A4 Residual Fuel Oil 5.50% 2.10% 3.00% 2.10% | (Minor fuel in sector context)

1A5 Gas/Diesel Oll 6.25% 2.05% 6.25% 2.05% | Moderate AD uncertainty as data from very few data
suppliers. EF uncertainty reflects narrow range of fuel
composition.

1A5 Jet Gasoline 10.00% 3.00% 10.00% 3.00% | Activity Data comes directly from fuel users so should have
high confidence.

1B1 Coke Oven Gas 1.50% 10.00% 1.00% 10.00% | (Minor fuel in sector context)

1B1 Other Bituminous Coal 1.50% 6.00% 1.50% 6.00% | EF uncertainty reflects the range of composition of coal
types in SSF manufacture. AD uncertainty is quite low,
reflecting the small number of operators and high level of AD
reporting.

1B1 petroleum coke 20.00% 10.00% 20.00% 10.00% | (Minor fuel in sector context)
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1990 2021
1990 Activity Emission 2021 Activity Emission
Category Fuel uncertainty factor uncertainty factor Justification for key sources
(%) uncertainty (%) uncertainty
(%) (%)
1B2a non-fuel combustion 15.00% 20.00% 10.00% 30.00% | The dominant sources are onshore oil production (latest
year) and offshore oil well testing (base year). The PPRS
data underpin the oil production data and whilst they are very
consistent across years, it is plausible that up to 10% error
may occur i f one oreportshsthedear g
dominate. For the base year, the AD for well testing is
extrapolated to 1990 using well drilling statistics so
introduces some additional uncertainty. The dominant source
in recent years is onshore oil production which applies an
IPCC 2019 Refinement Tier 1 EF which cites a 30%
uncertainty margin. In the base year due to the (large)
dominance of oil well testing, a lower overall EF uncertainty
is applied.
1B2b non-fuel combustion 15.00% 20.00% 2.00% 10.00% | The dominant sources are direct process releases from both

offshore gas rigs and terminals (latest year) and gas well
testing (base year). The installation-level reporting underpins
latest year estimates, and hence low AD estimates and the
EF reflects that there is a good dataset with known sites
contributing fairly consistently but there may be a reasonably
high measurement uncertainty at source. For the base year,
the AD for well testing is well documented back to 1995, and
then extrapolated to 1990 introducing some additional
uncertainty. For the base year, the CEF is only based on
operator guidance rather than any monitoring, making it
more uncertain.
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1990 2021
1990 Activity Emission 2021 Activity Emission
Category Fuel uncertainty factor uncertainty factor Justification for key sources
(%) uncertainty (%) uncertainty
(%) (%)

1B2c non-fuel combustion 20.00% 5.00% 5.00% 5.00% | Flaring emissions dominate this sector in all years. There
has been high quality reporting of flaring since around 1995,
but the monitoring of gas to flare and need for assumptions
to estimate the mass will undermine that to an extent. For
the Base Year we have extrapolated back from 1995 so the
uncertainty in AD is higher. There is a large dataset on the
composition of gas to flare and recent evidence that 98%
combustion is accurate®. However, if a few sites have
notably lower oxidation, this would significantly impact the
CEF.

2A1 non-fuel combustion 1.00% 3.00% 1.00% 3.00% | EU ETS-type data collected from BCA for all sites so assume
very good quality and complete.

2A2 non-fuel combustion 10.00% 5.00% @) 5.00% | High level of reporting in EU ETS for recent years and EF
reflects small range of data for carbonates used in lime
production. AD uncertainty higher in earlier years.

2A3 non-fuel combustion (@) 5.00% @) 5.00% | Mostly based on ETS data. Very small sites outside EU ETS;
it's not certain how well EU ETS factor will apply to these
non-EU ETS sites.

2A4 non-fuel combustion 2.00% 3.00% 2.00% 3.00% | (Minor source in UK context)

2B Coke 1.00% 20.00% 1.00% 10.00% | (Minor source in UK context)

2B coke oven coke (@) 20.00% @) 20.00% | (Minor source in UK context)

3 Shaw et al., 2022. Through the analysis of emission plumes in the North Sea between 2018 and 2019, it was found that 98.4% of carbon in flared gas is converted to CO2.
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1990 2021
1990 Activity Emission 2021 Activity Emission
Category Fuel uncertainty factor uncertainty factor Justification for key sources
(%) uncertainty (%) uncertainty
(%) (%)

2B Natural Gas 2.80% 1.25% 1.75% 1.25% | Covers both feedstock and fuel (i.e. total fuel used at the
sites), so AD should be very good.

2B non-fuel combustion 2.00% 5.00% 2.00% 5.00% | (Minor source in UK context)

2B OPG (€) 5.00% (a) 5.00% | Moderate uncertainty in EF reflecting good level of reporting
of fuel quality in EU ETS but range of variability of process
off-gases that are generated and used in the chemical
sector.

2B petroleum coke 1.00% 10.00% 1.00% 10.00% | (Minor source in UK context)

2B refinery gas 30.00% 5.00% 30.00% 5.00% | High uncertainty, as we deviate from DUKES. Low emission
factor uncertainty, but not a well-characterised fuel.

2C Blast Furnace Gas 2.00% 10.00% 2.00% 10.00% | Overall uncertainty in 2C is quite low and uncertainty is more
about where the carbon input (from the coking coal) ends up
being emitted, and less about the overall amount of carbon
emitted.

2C Coke 2.00% 10.00% 2.00% 10.00% | Good level of reporting from 1&S operators across the time
series.

2C coke oven coke 2.00% 5.00% 2.00% 5.00% | Activity data has low uncertainty since it's based on
ETS/ISSB/DUKES. Emissions are based on regulator data,
so low uncertainty.

2C non-fuel combustion 2.00% 10.00% 2.00% 10.00% | Overall uncertainty in 2C is quite low and uncertainty is more
about where the carbon input (from the coking coal) ends up
being emitted, and less about the overall amount of carbon
emitted.

2C Petroleum Coke 10.00% 7.50% 10.00% 7.50% | (Minor source in UK context)
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1990 2021
1990 Activity Emission 2021 Activity Emission
Category Fuel uncertainty factor uncertainty factor Justification for key sources
(%) uncertainty (%) uncertainty
(%) (%)

2D Lubricants 50.00% 50.00% 50.00% 50.00% | It's challenging to determine the size of the recovered
lubricant market, as this is outside the scope of energy
statistics, hence a high activity uncertainty. The fraction of
lubricant incidentally oxidised is also highly uncertain, so
should be reflected in a high EF uncertainty.

2D non-fuel combustion 25.00% 2.00% 25.00% 2.00% | Some uncertainty as to the proportion of HDVs requiring
urea and how much is needed per vehicle. Very low EF
uncertainty because carbon content of urea solution known
accurately.

2D Petroleum Coke 20.00% 30.00% 20.00% 30.00% | (Minor source in UK context)

2D Petroleum Waxes 10.00% 50.00% 10.00% 50.00% | (Minor source in UK context)

2G 25.00% 2.00% 25.00% 2.00% | High activity uncertainty due to it being unclear if bicarbonate
of soda is used for emissive or non-emissive applications.
Low uncertainty in emission factors as it's determined from
stoichiometry.

3G non-fuel combustion (@) 20.90% (&) 20.90% | Reflects overall uncertainty of AD and EF for carbonate
application to soils.

3H non-fuel combustion (@) 50.00% €) 50.00% | (Minor source in UK context)
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Category Fuel uncertainty factor uncertainty factor Justification for key sources
(%) uncertainty (%) uncertainty
(%) (%)

4A non-fuel combustion 5.00% 20.00% 5.00% 20.00% | In order to assess the uncertainties for Forest Land a Monte
Carlo analysis was performed using the CARBINE model.
The probability density functions (PDFs) assigned to the
various CARBINE input parameters were based on
information from the literature and expert judgement. A
selection of 100 sets of input parameters were generated
using a Latin hypercube, as this was considered to be the
minimum number of model runs to get a reasonable estimate
of the uncertainty.

4B non-fuel combustion 1.00% 25.00% 1.00% 25.00% | High uncertainty reflects modelled assumptions and limited
AD and is focussed in the EF parameter.

4C non-fuel combustion 1.00% 30.00% 1.00% 30.00% | High uncertainty reflects modelled assumptions and limited
AD and is focussed in the EF parameter.

4D non-fuel combustion 1.00% 25.00% 1.00% 25.00% | High uncertainty reflects modelled assumptions and limited
AD and is focussed in the EF parameter.

4E non-fuel combustion 1.00% 25.00% 1.00% 25.00% | High uncertainty reflects modelled assumptions and limited
AD and is focussed in the EF parameter.

4F non-fuel combustion (@) 50.00% () 50.00% | High uncertainty reflects modelled assumptions and limited

AD and is focussed in the EF parameter.
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1990 2021
1990 Activity Emission 2021 Activity Emission
Category Fuel uncertainty factor uncertainty factor Justification for key sources
(%) uncertainty (%) uncertainty
(%) (%)

4G non-fuel combustion 1.00% 20.00% 1.00% 15.00% | In order to assess the uncertainties for Forest Land a Monte
Carlo analysis was performed using the CARBINE model.
The probability density functions (PDFs) assigned to the
various CARBINE input parameters were based on
information from the literature and expert judgement. A
selection of 100 sets of input parameters were generated
using a Latin hypercube, as this was considered to be the
minimum number of model runs to get a reasonable estimate
of the uncertainty.

5C Chemical waste 300.00% 40.00% 10.00% 30.00% | (Minor source in UK context)

5C Clinical waste 300.00% 40.00% 5.00% 20.00% | (Minor source in UK context)

5C Municipal Solid Waste 300.00% 40.00% 1.00% 15.00% | (Minor source in UK context)

5C non-fuel combustion 300.00% 40.00% 300.00% 40.00% | Unauthorised and widely dispersed activity estimated from
indirect data sources so high uncertainty. Significant
uncertainty in the composition of material burnt.

5C Small scale waste burning 300.00% (n) 100.00% (n) 300.00% (n) 100.00% (n) | Activity data taken from a relatively new survey with high

uncertainty (confidence in this source may improve in future
years). High EF uncertainty due to the variability of waste
being burnt and its biogenic content.
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Table A 2.3.2 Estimated uncertainties in the activity data and emission factors used in the methane (CH 4) inventory
1990 2021
1990 Activity Emission 2021 Activity Emission
Category Fuel uncertainty factor uncertainty factor Justification for key sources
(%) uncertainty (%) uncertainty
(%) (%)

1A1 All Fuels 10.00% 50.00% 1.00% 50.00% | Minor source but uncertainty mainly reflects uncertainty in the
EF from combustion of biomass.
A large proportion of base year emissions are associated
with 1A1ciii data which are extrapolated based on production
trends, therefore has a higher uncertainty than the 1Ala-
dominated emissions in later years.

1A2 All Fuels 1.50% 50.00% 1.00% 50.00% | As above.

1A3 Aviation Gasoline 20.00% 78.50% 20.00% 78.50% | (Minor source in UK context)

1A3 Jet Gasoline 20.00% 78.50% 20.00% 78.50% | (Minor source in UK context)

1A3 Other Bituminous Coal 20.00% 110.00% 20.00% 110.00% | (Minor source in UK context)

1A3 Other Gas/Diesel Oil 15.00% 130.00% 15.00% 130.00% | (Minor source in UK context)

1A3 Natural Gas 5.00% 130.00% 5.00% 130.00% | Using parameters for road transport LPG; note that source is
very small.

1A3b Gas/Diesel Oll 1.80% 130.00% 1.00% 130.00% | Road transport fuel sales well documented, so uncertainty in
AD should be low. Uncertainty in EF reflects the variability in
EFs for the range of vehicle (car, van, HGV) and road types.

1A3b Liquefied Petroleum Gas 5.00% 130.00% 5.00% 130.00% | (Minor source in UK context)
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1990 2021
1990 Activity Emission 2021 Activity Emission
Category Fuel uncertainty factor uncertainty factor Justification for key sources
(%) uncertainty (%) uncertainty
(%) (%)

1A3b Motor Gasoline 1.00% 75.00% 1.00% 75.00% | Road transport dominates consumption of these fuels, so
uncertainty in AD should be low. Uncertainty in EF reflects
the variability in EFs for petrol cars and road types. Lower
uncertainty than diesel vehicles because consumption
dominated by only one vehicle type.

1A3d Gas/Diesel Oil 20.00% 130.00% 20.00% 130.00% | Uncertainty in AD due to uncertainty in getting
domestic/international split from bottom-up method.
Uncertainty in EF should be consistent with other 1A3 gas oll

1A3d Residual Fuel Oil 20.00% 130.00% 20.00% 130.00% | Uncertainty in AD due to uncertainty in getting
domestic/international split from bottom-up method.

1A4 1.50% 50.00% 1.00% 50.00% | Minor source but uncertainty mainly reflects uncertainty in the
EF from combustion of biomass.

1A5 7.07% 65.55% 7.07% 65.55% | (Minor source in UK context)

1B1 Coke Oven Gas 1.50% 50.00% 1.00% 50.00% | (Minor source in UK context)

1B1 non-fuel combustion 2.00% 20.00% 2.00% 20.00% | High EF uncertainty reflects the modelled estimates of
emissions from coal mines.

1B1 wood () 50.00% (@) 50.00% | (Minor source in UK context)
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1990 2021
1990 Activity Emission 2021 Activity Emission
Category Fuel uncertainty factor uncertainty factor Justification for key sources
(%) uncertainty (%) uncertainty
(%) (%)
1B2a non-fuel combustion 20.00% 50.00% 5.00% 50.00% | Latest year methane 1B2a is dominated by direct process
fugitives from offshore oil rigs and oil terminals and oil
loading. In all cases the AD are of reasonable quality from
installation-level reporting (the oil loading AD are from
production stats, of good quality). Base year AD are more
uncertain; industry reporting is not source-specific and IPCC
good practice gap-filling methods are used to derive 1990-
1994 estimates. The 2019 Refinement cites 50% uncertainty
for direct process / fugitive EFs.
1B2b non-fuel combustion 20.00% 50.00% 5.00% 50.00% | Latest year methane 1B2b is dominated by direct process

fugitives from offshore gas rigs gas oil terminals and from
onshore gas production and gathering. In all cases the AD
are of reasonable quality from installation-level reporting.
Base year AD are more uncertain; industry reporting is not
source-specific and IPCC good practice gap-filling methods
are used to derive 1990-1994 estimates. The 2019
Refinement cites 10-20% uncertainty for direct process /
fugitives EFs whilst the IPCC default uncertainty for process
fugitives is 100%. The UK applies 50% as a compromise
between these values.
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1990 2021
1990 Activity Emission 2021 Activity Emission
Category Fuel uncertainty factor uncertainty factor Justification for key sources
(%) uncertainty (%) uncertainty
(%) (%)

1B2c non-fuel combustion 20.00% 100.00% 5.00% 100.00% | Flaring and venting both contribute a high share of total
sector emissions in all years. Operator reporting informs
flaring and venting emissions since 1995; accuracy will be
limited by measurement uncertainty on gas to flare/vent and
assumptions applied. Base year AD are more uncertain;
industry reporting is not source-specific and IPCC good
practice gap-filling methods are used to derive 1990-1994
estimates. Flaring uncertainty dominates as operators
assume that flare gas is 98% oxidised. This is supported by
recent evidence?, however emissions would increase greatly
if the largest sites have notably lower oxidation.

2A4 (&) 100.00% (@) 100.00% | (Minor source in UK context)

2B @) 20.00% (@) 20.00% | (Minor source in UK context)

2C Blast Furnace Gas 2.00% 50.00% 2.00% 50.00% | (Minor source in UK context)

2C coke oven coke 2.00% 50.00% 2.00% 50.00% | Activity data has low uncertainty since it's based on
ETS/ISSB/DUKES. Emissions are based on literature factors,
so a high EF uncertainty.

2C non-fuel combustion 1.00% 50.00% 1.00% 50.00% | (Minor source in UK context)

2D 50.00% 50.00% 50.00% 50.00% | (Minor source in UK context)

3A non-fuel combustion 13.73% (@) 13.73% (a) | Based on monte Carlo analysis for the agriculture model

3B non-fuel combustion (a) 8.37% (@) 8.37% | Based on monte Carlo analysis for the agriculture model

4 Shaw et al., 2022. Through the analysis of emission plumes in the North Sea between 2018 and 2019, it was found that 98.4% of carbon in flared gas is converted to CO2.
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1990 2021
1990 Activity Emission 2021 Activity Emission
Category Fuel uncertainty factor uncertainty factor Justification for key sources
(%) uncertainty (%) uncertainty
(%) (%)

3F non-fuel combustion 25.61% (@) 25.61% (a) | Based on monte Carlo analysis for the agriculture model

3J 50.00% 50.00% 50.00% 50.00%

4A non-fuel combustion 5.00% 90.00% 5.00% 70.00% | (Minor source in UK context)

4B non-fuel combustion 1.00% 90.00% 1.00% 90.00% | (Minor source in UK context)

4C non-fuel combustion 1.00% 40.00% 1.00% 40.00% | (Minor source in UK context)

4D non-fuel combustion 1.00% 40.00% 1.00% 35.00% | (Minor source in UK context)

4E non-fuel combustion 1.00% 50.00% 1.00% 40.00% | (Minor source in UK context)

5A non-fuel combustion 15.00% 46.00% 15.00% 46.00% | Moderate/high uncertainty in historical waste data, rates of
decomposition and generation of methane in the modelled
approach. Some extrapolation of data needed for methane
utilisation, hence high uncertainty overall, across AD and EF.

5B 30.00% 99.50% 30.00% 99.50% | Scarce data for UK biological treatments. High uncertainty.

5C Municipal Solid Waste 5.00% 75.00% 1.00% 75.00% | (Minor source in UK context)

5C non-fuel combustion 5.00% 50.00% 5.00% 50.00% | (Minor source in UK context)

5C Small scale waste burning 300.00% (n) 100.00% (n) 300.00% (n) 100.00% (n) | Activity data taken from a relatively new survey with high
uncertainty (confidence in this source may improve in future
years). The EF uncertainty is the default suggested in the
2006 IPCC guidelines.

5C wood 300.00% (r) 50.00% 300.00% (r) 40.00% (r) | (Minor source in UK context)

5D1 non-fuel combustion 10.00% 25.00% 10.00% 25.00% | UK industry research and model. Moderate-high uncertainty.
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1990 2021
1990 Activity Emission 2021 Activity Emission
Category Fuel uncertainty factor uncertainty factor Justification for key sources
(%) uncertainty (%) uncertainty
(%) (%)
5D2 25.00% 82.54% 25.00% 82.54% | Calculated based on 2006 IPCC guidelines ranges for model
parameters and weighted depending on their contribution to
the final emissions estimate.
Table A 2.3.3 Estimated uncertainties in the activity data and emission factors used in the nitrous oxide (N 20) inventory
1990 2021
1990 Activity Emission 2021 Activity Emission
Category Fuel uncertainty factor uncertainty factor Justification for key sources
(%) uncertainty (%) uncertainty
(%) (%)

1A1 1.50% 100.00% 1.00% 100.00%

1A2 1.50% 100.00% 1.00% 100.00%

1A3 Aviation Gasoline 20.00% 110.00% 20.00% 110.00%

1A3 Jet Gasoline 20.00% 110.00% 20.00% 110.00%

1A3 Other Bituminous Coal 20.00% 110.00% 20.00% 110.00%

1A3 Other Gas/Diesel Oll 15.00% 130.00% 15.00% 130.00%

1A3 Natural Gas 5.00% 130.00% 5.00% 130.00% | Using parameters for road transport LPG; note that source is
very small.

1A3b Gas/Diesel Oll 1.80% 130.00% 1.00% 130.00% | Road transport dominates consumption of these fuels, so
uncertainty in AD should be low. Uncertainty in EF reflects the
variability in EFs for different diesel vehicle types and road
types.
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1990 2021
1990 Activity Emission 2021 Activity Emission
Category Fuel uncertainty factor uncertainty factor Justification for key sources
(%) uncertainty (%) uncertainty
(%) (%)

1A3b Liguefied Petroleum Gas 5.00% 130.00% 5.00% 130.00%

1A3b Motor Gasoline 1.00% 75.00% 1.00% 75.00% | Road transport dominates consumption of these fuels, so
uncertainty in AD should be low. Uncertainty in EF reflects the
variability in EFs for petrol cars and road types. Lower
uncertainty than diesel vehicles because consumption
dominated by only one vehicle type.

1A3d Gas/Diesel OIl 20.00% 130.00% 20.00% 130.00% | Uncertainty in AD due to uncertainty in getting
domestic/international split from bottom-up method.
Uncertainty in EF should be consistent with other 1A3 gas oll

1A3d Residual Fuel OIl 20.00% 130.00% 20.00% 130.00% | Uncertainty in AD due to uncertainty in getting
domestic/international split from bottom-up method.

1A4 1.50% 100.00% 1.00% 100.00%

1A5 7.07% 85.15% 7.07% 85.15%

1B1 1.50% 118.00% 1.00% 118.00%

1B2a non-fuel combustion 15.00% 100.00% 10.00% 200.00% | Assume same AD uncertainty as carbon. Most UK reporting is

based on operator guidance EFs with very little or no
monitoring, so it is only marginally better than using IPCC
defaults. The IPCC default uncertainty for nitrous oxide from
such process sources is typically 100% or higher. Also note
that for onshore oil production (~half of more recent emissions)
we use the IPCC default which is -10 to +1000% uncertainty
range, so the latest year is more uncertain.
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1990 2021
1990 Activity Emission 2021 Activity Emission
Category Fuel uncertainty factor uncertainty factor Justification for key sources
(%) uncertainty (%) uncertainty
(%) (%)

1B2b non-fuel combustion 15.00% 100.00% 2.00% 100.00% | Assume same AD uncertainty as carbon. Most UK reporting is
based on operator guidance EFs with very little or no
monitoring, so it is only marginally better than using IPCC
defaults. The IPCC default uncertainty for nitrous oxide from
such process sources is typically 100% or higher.

1B2c non-fuel combustion 20.00% 100.00% 5.00% 100.00% | Assume same AD uncertainty as carbon. Most UK reporting is
based on operator guidance EFs with very little or no
monitoring, so it is only marginally better than using IPCC
defaults. The IPCC default uncertainty for nitrous oxide from
such process sources is typically 100% or higher.

2B1 2.00% 50.00% 2.00% 50.00% | Strong activity data, so low activity uncertainty. Assume a high
uncertainty for the literature factor.

2B2 10.00% 100.00% @) 10.00% | Emission estimates for recent years have been based partially
(1998-2008) or wholly (2009-2017) on continuous monitoring,
and therefore will be subject to low uncertainty. The monitoring
systems used at the 2 sites currently in operation are subject
to an uncertainty of 5-10%. Uncertainty in earlier years is much
higher due to more limited information

2B3 2.00% 100.00% 2.00% 100.00%

2B8 10.00% 100.00% 10.00% 100.00%

2C 1.50% 118.00% 1.00% 118.00%

2D 50.00% 100.00% 50.00% 100.00%

2G 100.00% 100.00% 100.00% 100.00%

UK NIR 2023 (Issue 1)

Ricardo Energy & Environment

Page 734




A2

Uncertainties

1990 2021
1990 Activity Emission 2021 Activity Emission
Category Fuel uncertainty factor uncertainty factor Justification for key sources
(%) uncertainty (%) uncertainty
(%) (%)
3B (@ 68.07% (@) 9.53% | Based on separate monte Carlo analysis for the agriculture
model
3D (®) 53.28% (&) 11.16% | Based on separate monte Carlo analysis for the agriculture
model
3F 25.63% (@) 25.62% (@)
3J 50.00% 50.00% 50.00% 50.00%
4A non-fuel combustion 1.00% 80.00% 1.00% 80.00%
4B non-fuel combustion 1.00% 40.00% 1.00% 40.00%
4C non-fuel combustion 1.00% 50.00% 1.00% 45.00%
4D non-fuel combustion 1.00% 120.00% 1.00% 65.00%
4E non-fuel combustion 1.00% 135.00% 1.00% 130.00%%
4only non-fuel combustion 1.00% 165.00% 1.00% 165.00%
5B 30.00% 90.00% 30.00% 90.00%
5C 7.00% 230.00% 7.00% 230.00%
5D1 10.00% 248.00% 10.00% 248.00%
5D2 25.00% 129.37% 25.00% 129.37% | Calculated based on 2006 IPCC guidelines ranges for model

parameters and weighted depending on their contribution to
the final emissions estimate.
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Table A 2.3.4 Estimated uncertainties in the activity data and emission factors used in the F -gas invent ory
1990 Activity 1990 Emission 2021 Activity 2021 Emission
Category | Fuel uncertainty factor uncertainty factor Justification for key sources
(%) uncertainty (%) (%) uncertainty (%)

HFCs 2B9 (a) 15.00% (a) 10.00%

HFCs 2C4 5.00% 10.00% 5.00% 10.00%

HFCs 2E1 (a) 44.50% (a) 47.15%

HFCs 2F1 10.00% 10.00% 10.00% 10.00% | Good UK data on refrigerant supply is used to tune the model of
emissions for this sector, which means that there is a high confidence in
the overall estimates of an activity for this sector. Good activity data helps
mitigate the uncertainty in emissions, as leakage and disposal is directly
linked to refrigerant demand.

HFCs 2F2 (@) 15.00% (@) 15.00%

HFCs 2F3 (@) 25.00% (@) 25.00%

HFCs 2F4a 5.00% 10.00% 5.00% 10.00%

HFCs 2F4b (a) 10.00% (a) 10.00%

HFCs 2F5 (a) 25.50% (a) 25.50%

HFCs 2F6 (a) 51.00% (a) 42.00%

NF3 2E1 (a) 44.50% (a) 47.15%

PFCs 2B9 (a) 15.00% (a) 10.00%

PFCs 2C3 (a) 20.00% (a) 20.00%

PFCs 2F3 (a) 25.00% (a) 25.00%

PFCs 2G2e (a) 44.50% (a) 47.15%
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1990 Activity 1990 Emission 2021 Activity 2021 Emission
Category | Fuel uncertainty factor uncertainty factor Justification for key sources
(%) uncertainty (%) (%) uncertainty (%)
SFs 2C4 5.00% 5.00% 5.00% 5.00%
SFs 2G1 (@) 20.00% (@) 5.00%
SFs 2G2a (@) 50.00% (@) 50.00%
SFs 2G2b (a) 17.50% (a) 15.50%
SFs 2G2e (@) 40.00% (@) 10.00%
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A 2.3.2 General Considerations

The uncertainty parameters presented above are based primarily on expert judgment, but where
applicable will account for:

9 The uncertainty range presented for data (for example the confidence interval in the 2006
IPCC guidelines for default factors)

1 Monte Carlo Analysis of some of the more sophisticated models, most notably for
agriculture, LULUCF and F-gases

In some cases, the individual uncertainties for the activity data and the emission factor are difficult
to separate, but the uncertainty on the total emission can more easily be estimated. In these
cases, the uncertainties are listed in the columns for emission factor uncertainties.

The analysis of the uncertainties in the nitrous oxide emissions is particularly difficult because

emissions sources are diverse, and few data are available to form an assessment of the
uncertainties in each source. Emission factor data for the combustion sources are scarce and for

some fuels are not available. The uncertainty assumed for agricultural soils (IPCC category 3D)

uses a custom distribution. These parameterised functions have been defined and provided by
Rothamsted Research as the best possible fit to the expected distribution of uncertainties in 1990

and the most recent year 6s emi ssions, and are nc
that the resultant mean is consistent with the current inventory emissions in 1990 and the most

recent year.

Many of the uncertainties in the emissions of HFCs, PFCs, NF; and SFs (collectively known as F-
gases) are based on the study to update emissions and projections of F-gases (ICF, 2014) in line
with the 2006 IPCC guidelines. Some sources have been updated since then and the
uncertainties for those sources have been revisited accordingly.

We assume that all F-gas emissions are independent between years as the technologies, gases
(which have a very wide range of GWPs) used and regulations have changed drastically between
the base year and the most recent year. Many HFCs in particular were not in use until the early
90s.

A 2.3.3 Uncertainty in the Trend

In simulating trend uncertainty, it was necessary to make assumptions about the degree of
correlation between sources and between 1990 and the most recent year. The assumptions were
as follows:

1 Activity data are uncorrelated;

1 Emission factors of some similar fuels are correlated;

1 Land Use Change and forestry emission factors are correlated (e.g. 1990 4A CO; with 4A
CO, for the most recent year);

1 Emission factors covered by the Carbon Factors Review (Baggott et al, 2004) are not
correlated;

1 Process emissions from blast furnaces, coke ovens and ammonia plants are not
correlated;

9 Landfill emissions were partly correlated across years in the simulation. It is likely that the
emission factors used in the model will be correlated, and also the historical estimates of
waste arisings will be correlated since they are estimated by extrapolation from the year
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of the study. However, the reduction in emissions is due to flaring and utilisation systems
installed since 1990 and this is unlikely to be correlated. As a simple estimate it was
assumed that the degree of correlation should reflect the reduction in emissions since
1990;

1 Emissions from agricultural soils and manure management are correlated in the base and
inventory year,

1 The emission factor used for sewage treatment was assumed to be correlated between
years, though the protein consumption data used as activity data were assumed not to be
correlated between years; and,

9 Nitric acid production emission factors were assumed not to be correlated, since the mix
of operating plants is very different in the most recent year compared with 19907 only two
of the original eight units are still operating in the latest inventory year, all of which now
have differing levels of abatement fitted.

A 2.4 UNCERTAINTIES IN GWP WEIGHTED EMISSIONS

A 2.4.1 Uncertainty in the emissions

The uncertainty in the combined GWP weighted emission is given in Table A 2.4.1, along with
uncertainties for each of the seven categorised GHGs. This is calculated as half of the 95%
confidence range, i.e. the limits between which there is a 95% probability that the actual value of
emissions falls. Note that the uncertainty in the GWP is not accounted for.

A 2.4.2 Uncertainty in the Trend

The uncertainty estimates for all gases are summarised in Table A 2.4.1. The trend is calculated
for each simulation as and the 2.5 and 97.5 percentiles are shown to
indicate a 95% confidence range. This can produce different results from a trend calculated as
, particularly where simulations of 1990 emissions are near or can go

below zero.

Note that the uncertainty in the GWP is not accounted for.
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Table A 2.4.1 Summary of Monte Carlo Uncertainty Estimates
Uncertainty in e Iy
95% 95% - 95% 95% - tho trond | the trend in
confidence | confidence |Uncertainty in| confidence | confidence |Uncertaintyin| L .. emissions emissions
IPCC interval for | interval for 1990 interval for | interval for 2021 emissions |pet 1990 between 1990
1990 2021 1990 1990 emissions as 2021 2021 emissions as S50 and 2021 as
Source Gas e At . - . o between |and 2021 as %
Emissions |[Emissions| emissions | emissions % of emissions emissions % of % of 1990
Category L . L . 1990 and of 1990 o
emissions in emissions in 2021 LT a emissions?
2.5 97.5 category 2.5 97.5 Category emissions
percentile percentile percentile percentile 2.5 percentile® 97.5 _
percentile
Gg COze | Gg CO2e Gg COze Gg COze % Gg COze Gg COze % % % %
TOTAL |[COz2 (net) 607,318 342,572 596,771 617,961 1.7% 336,120 348,923 1.9% -44% -45% -42%
CHa 150,780 57,391 120,944 193,808 24.2% 50,833 66,226 13.4% -62% -91% -42%
N20 44,398 19,195 33,990 60,374 29.7% 16,698 23,027 16.5% -57% -93% -33%
HFC 12,072 10,821 10,259 13,887 15.0% 9,756 11,888 9.9% -10% -28% 7%
PFC 1,486 193 1,203 1,766 18.9% 162 229 17.5% -87% -106% -68%
SFs 1,243 422 1,114 1,375 10.5% 402 442 4.8% -66% -T7% -55%
NFs3 0.1 0.3 0.1 0.2 43.9% 0.2 0.5 47.2% 207% 68% 369%
All 817,297| 430,594 782,557 863,689 5.0% 420,684 441,909 2.5% -47% -53% -43%
Uncertainty calculated as 0.5*R/E where R is the difference between 2.5 and 97.5 percentiles and E is the mean calculated in the simulation.
Emissions of CO2 are net emissions (i.e. sum of emissions and removals).
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Emissions in this table are taken from the Monte Carlo model output. The central estimates, according to gas, for 1990 and the latest inventory year are very similar but not
identical to the emission estimates in the inventory. The Executive Summary of this NIR and the accompanying CRF tables present the agreed national GHG emissions and
removals reported to the UNFCCC.

aWhat is specifically presented here is the 95% confidence interval for the change in emissions as a percentage of 1990 emissions; this is different to the 95% confidence interval
of the percentage changes since 1990.

b Note that for categories where emissions have completely or almost completely stopped being generated in the latest year (i.e. has a trend of near -100%), the 2.5 percentile for
the trend might be presented as a decline of over 100%. This should not be interpreted to mean that emissions might now be negative, instead this reflects that due to uncertainty
in the emission estimates, the decline in emissions might be greater than the mean estimate for the base year. The below simplified example illustrates how this might occur.

If:

1 Base year emissions for a category is estimated to be 1 Mt COze

1 Latest year emissions for a category is estimated to be 0 Mt COze

1  Uncertainty in the base year and latest year emissions estimate is 10%
Then:

1 The central estimate for the trend is -100%
1  The lower limit for the trend (in Mt CO2¢e) would be

lower bound for latest year emissions estimated [i.e. 0 Mt COze * (100% - 10%)] minus the upper bound for base year estimated emissions [i.e. 1 Mt COze *
(100% + 10%)]

which equates to -1.1 Mt COze

1  Using the formula described at the beginning of section A 2.4.2, the lower limit is divided by the base year mean [i.e. -1.1 Mt COze / 1 Mt CO2€] which results in -110%
trend
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A 2.5 SECTORAL UNCERTAINTIES

A 2.5.1 Overview of the Method

Sector al uncertainties were calculated from the
The emissions and uncertainties per sector are presented in Table A 2.5.1. The estimates are
presented in IPCC categories, which is consistent with the reporting format used within this
submission to the UNFCCC, but we recommend that these estimates should only be considered

as indicative.
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Table A 25.1 Sectoral Uncertainty Estimates
Uncertainty in the Uncertainty in the

G — ?%% Sf)%% Uncertainty in | % Trend in | trend in emissions | trend in emissions

IPCC . I ?Otn ! elr}ce f:otn ! elnfce 2021 emissions | emissions | petween 1990 and | between 1990 and
Category (kt COze) (kt COze) emlstsmns in 192826:1lnd emissions? emissions?
2.5 percentil 7.5 percentil LB . .
Spercentile | 97.5 percentile 2.5 percentileP 97.5 percentile
1Ala 205,265 56,239 54,578 57,920 3.0% -73% -75% -70%
1A1b 17,866 11,101 9,626 12,660 13.7% -38% -62% -15%
1Alc 16,419 12,745 12,485 13,046 2.2% -22% -37% -71%
1A2a 3,653 1,169 1,114 1,225 4.8% -68% -74% -62%
1A2b 4,371 695 660 731 5.1% -84% -103% -66%
1A2c 12,331 5,093 4,831 5,358 5.2% -59% -67% -51%
1A2d 4,694 1,322 1,246 1,400 5.8% -72% -83% -62%
1A2e 7,885 4,110 3,897 4,327 5.2% -48% -55% -41%
1A2f 6,695 2,520 2,237 2,812 11.4% -62% -86% -40%
1A2g 35,986 28,728 27,394 30,060 4.6% -20% -28% -12%
1A3a 1,895 906 730 1,083 19.5% -52% -74% -31%
1A3b 111,756 100,592 98,854 102,376 1.8% -10% -12% -8%
1A3c 1,474 1,567 1,321 1,816 15.8% 6% -17% 29%
1A3d 7,711 4,921 4,046 5,784 17.7% -36% -55% -18%
1A3e 99 131 110 152 16.2% 32% 6% 59%
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Uncertainty in the

Uncertainty in the

G — ?%% Sf)%% Uncertainty in | % Trend in | trend in emissions | trend in emissions

IPCC . I conti elr}ce contl elnfce 2021 emissions | emissions | petween 1990 and | between 1990 and
Source | Emissions | Emissions | _ intervalfor | intervalfor | = agaor | etween | 2071 as%of 1990 | 2021 as % of 1990

Category (kt COze) (kt COze) emlstsmns in 19382621Lnd emissions? emissions?
2.5 percentile | 97.5 percentile (SEN(E 01 . .
P P 2.5 percentile® 97.5 percentile

1A4a 28,683 19,119 18,503 19,746 3.3% -33% -43% -26%
1A4b 80,540 68,554 65,854 71,311 4.0% -15% -20% -10%
1A4c 5,077 5,928 4,074 7,775 31.2% 17% -34% 63%
1A5b 5,349 1,584 1,469 1,698 7.2% -70% -78% -62%
1B1 26,149 719 624 812 13.1% -97% -115% -80%
1B2 18,963 7,248 5,949 9,027 21.2% -62% -93% -38%
2A1 7,295 4,215 4,081 4,348 3.2% -42% -44% -41%
2A2 1,329 1,092 1,037 1,147 5.0% -18% -28% -8%
2A3 412 340 323 357 5.0% -17% -18% -16%
2A4 1,234 428 413 444 3.7% -65% -70% -61%
2B1 1,896 1,179 1,154 1,204 2.1% -38% -42% -34%
2B2 3,434 28 25 31 10.2% -99% -189% -45%
2B3 17,729 - - - n/a -100% -100% -100%
2B6 105 155 140 171 10.1% 49% 24% 73%
2B7 224 131 124 139 5.6% -41% -50% -32%
2B8 4,788 1,539 1,080 2,003 30.0% -68% -93% -43%
2B9 12,073 121 109 133 10.0% -99% -114% -84%
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Uncertainty in the

Uncertainty in the

G — ?%% Sf)%% Uncertainty in | % Trend in | trend in emissions | trend in emissions

IPCC . I conti elr}ce contl elnfce 2021 emissions | emissions | petween 1990 and | between 1990 and
Source | Emissions | Emissions | _ intervalfor | intervalfor | = agaor | etween | 2071 as%of 1990 | 2021 as % of 1990

Category (kt COze) (kt COze) emlstsmns in 19382621Lnd emissions? emissions?
2.5 percentile | 97.5 percentile (SEN(E 01 . .
P P 2.5 percentile® 97.5 percentile

2B10 214 31 23 38 25.6% -86% -109% -62%
2C 27,302 10,725 9,861 11,591 8.1% -61% -69% -53%
2D 553 402 241 657 51.8% -27% -96% 34%
2E 5 19 11 29 46.1% 309% 129% 516%
2F 10 10,799 9,733 11,865 9.9% 108,084% 97,403% 118,758%
2G 1,448 1,119 701 2,021 59.0% -23% -80% 45%
3A 27,681 23,541 22,401 24,682 4.8% -15% -22% -8%
3B 7,684 6,777 5,996 7,727 12.8% -12% -29% 5%
3D 13,390 11,002 9,355 13,040 16.7% -18% -37% 1%
3F 261 - - - n/a -100% -100% -100%
3G 1,020 1,178 929 1,422 20.9% 16% -16% 47%
3H 294 253 165 373 41.1% -14% -70% 40%
3J 461 332 197 472 41.3% -28% -80% 23%
4 273 153 51 360 101.4% -44% -182% 58%
4A -13,392 -17,597 -20,347 -14,866 15.6% 31% 37% 26%
4B 15,205 13,330 10,762 15,885 19.2% -12% -19% -6%
4C 2,324 251 -1,008 1,519 503.6% -89% -104% -75%
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Uncertainty in the

Uncertainty in the

ok e Uncertainty in | % Trend in | trend in emissions | trend in emissions

IPCC 1990 2021 SO TIEIEEE confidence | 5021 emissions | emissions | petween 1990 and | between 1990 and
Source | Emissions | Emissions | intewvalfor | intevalfor || "asopof | between | 2021as%of 1990 | 2021as %of 1990

Category (kt COze) (kt COze) emissions in 1990 and emissions? emissions?
2.5 percentile | 97.5 percentile category 2021 2.5 percentile® 97.5 percentile
4D 3,002 2,954 2,089 3,801 29.0% -2% -43% 40%
4E 5,838 4,079 2,306 5,867 43.7% -30% -38% -23%
4F - - - - n/a n/a n/a n/a
4G -2,095 -2,036 -2,347 -1,733 15.1% -3% 3% -8%
5A 67,521 13,736 7,963 22,150 51.6% -80% -144% -35%
5B 34 2,036 1,254 3,198 47.7% 5855% 3566% 9249%
5C 1,726 431 211 903 80.2% -75% -177% -18%
5D 3,157 2,861 1,662 6,099 77.5% -9% -43% 29%
Grand 817,297 430,594 420,684 441,909 2.5% -47% -53% -43%
Total

Note: Emissions in this table are taken from the Monte Carlo model output. The central estimates, according to gas, for 1990 and the latest inventory year are
very similar but not identical to the emission estimates in the inventory. The Executive Summary of this NIR and the accompanying CRF tables present the
agreed national GHG emissions and removals reported to the UNFCCC.

& What is specifically presented here is the 95% confidence interval for the change in emissions as a percentage of 1990 emissions; this is different to the 95% confidence interval
of the percentage changes since 1990. Further detail can be found in section A 2.4.2.

b Note that for categories where emissions have completely or almost completely stopped being generated in the latest year (i.e. has a trend of near -100%), the 2.5 percentile for
the trend might be presented as a decline of over 100%. This should not be interpreted to mean that emissions might now be negative, instead this reflects that due to uncertainty
in the emission estimates, the decline in emissions might be greater than the mean estimate for the base year. The below simplified example illustrates how this might occur.
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If:

1 Base year emissions for a category is estimated to be 1 Mt CO2e

1 Latest year emissions for a category is estimated to be 0 Mt COze

1 Uncertainty in the base year and latest year emissions estimate is 10%
Then:

1  The central estimate for the trend is -100%
1  The lower limit for the trend (in Mt CO2e) would be

lower bound for latest year emissions estimated [i.e. 0 Mt COze * (100% - 10%)] minus the upper bound for base year estimated emissions [i.e. 1 Mt COze *
(100% + 10%)]

which equates to -1.1 Mt COze

1  Using the formula described at the beginning of section A 2.4.2, the lower limit is divided by the base year mean [i.e. -1.1 Mt CO2ze / 1 Mt CO2€] which results in -110%
trend
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A 2.6 COMPARISON OF UNCERTAINTIES FROM THE ERROR
PROPAGATION AND MONTE CARLO ANALYSES

Comparing the results of the error propagation approach, and the Monte Carlo estimation of
uncertainty by simulation, is a useful quality control check on the behaviour of the Monte Carlo
model.

The reason that the error propagation approach is used as a reference is because the approach
to the error propagation approach has been defined and checked by the IPCC, and is clearly set
out in the IPCC 2000 Good Practice Guidance and the 2006 Guidelines. The UK has implemented
the IPCC error propagation approach as set out in this guidance. The implementation of an
uncertainty estimation by simulation cannot be prescriptive, and will depend on how the country
constructs its model, and the correlations included within that model. Therefore, there is a greater
likelihood of errors being introduced in the model used to estimate uncertainty by Monte Carlo
simulation.

If all the distributions in the Monte Carlo model were normal, and the assumed correlations were
identical, the estimated errors on the trend from the Monte Carlo model should approach those
estimated by the error propagation approach if enough iterations are done. The error propagation
approach assumes 100% correlation between EFs in the base and inventory year, and no
correlation between sources, however in reality the nature and degree of correlation varies by
source, and many distributions are not normal but heavily skewed, particularly those with very
high uncertainty. These differences interact in various ways, but would be expected broadly to

result in higher trend uncertainty, and | owe

Monte Carlo uncertainty estimates compared to the error propagation approach. This comparison
can be seen in Table A 2.6.1 which shows differences in the trend uncertainty between the error
propagation and Monte Carlo approaches. These differences mostly arise from the fact that the
error propagation approach only uses normal distributions, cannot account for different
uncertainty parameters between the 1990 and the latest inventory year, cannot account for
correlations between sources, and automatically assumes a correlation between the emission
factor uncertainty in 1990 and the most recent year.

The central estimates of emissions generated by the Monte Carlo model in 1990, and those in
the latest inventory year, are very close. We would not expect the central estimates from the two
methods to be identical, but with a very large number of iterations we would expect the difference
to tend to zero. To note, the base year is 1990 for N.O, CHs and CO., and 1995 for the F-gases.
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Table A 2.6.1 Comparison of the error propagation (Approach 1) and Monte Carlo
(Approach 2) uncertainty analys es
Central Central )
Method of estimate (Gg | estimate (Gg | Uncertainty on Uncertainty on
; CcO : trend, 95% CI
uncertainty S . CO: level in 2021, (1990 / base
estimation equivalent) equivalent) ® 95% ClI a
2021 year to 2021)
Base year
Error propagation 820,103 430,654 2.4% 1.6%
Monte Carlo 819,946 430,594 2.5% 5.1%
Notes:
Cl Confidence Interval
a Calculated as half the difference between 2.5 and 97.5 percentiles, assuming a normal
distribution is equal to £1.96 standard deviations on the central estimate.
b Net emissions, including emissions and removals from LULUCF
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ANNEX 3: Other Detailed
Methodological Descriptions for
Individual Source or Sink Categories

This Annex contains background information about methods used to estimate emissions in the
UK GHG inventory. This information has not been incorporated in the main body of the report
because of the level of detail, and because the methods used to estimate emissions cut across
sectors.

This Annex provides background information on the fuels used in the UK GHG inventory, mapping
between IPCC and NAEI source categories and detailed description of methods used to estimate
GHG emissions, and emission factors used in those methods.

A 3.1 ENERGY

Methods for calculating emissions within the energy sector are detailed in the method statements
set out in Chapter 3. This Annex details the emission factors used and their source, and
elaborates on references commonly used within the Energy sector. The national energy balance
(and how it is used) is described in ANNEX 4:.

A 3.1.1 Emission factors

Emission factors used for the 2023 submission for sectors 1A and 1B can be found in the

accompanying excel file: OEhadgxObadkhgrsowcma_ dat 4

the additional documents here: https://naei.beis.gov.uk/reports/reports?report id=1108. Note
that there can be a delay between the NIR being published on the NAEI website after official
submission.

A 3.1.2 Commonly used references

This section describes data sources that are used across multiple emission sources within the
energy sector, and how they are used.

A3.1.21 Baggott et al., 2004 ‘ECarbon factors review

A review of the carbon factors used in the UK GHG inventory was carried out in 2004. The report
detailing this study is available from:

http://naei.beis.gov.uk/reports/reports?report id=417

This aimed to validate existing emission factors and seek new data for country specific emission
factors for the UK. At the time of publication this reference provided new emission factors for:

9 coal from power stations;

9 fuels used in the cement industry;
1 anumber of petroleum based fuels;
1 natural gas; and

UK NIR 2023 (Issue 1) Ricardo Energy & Environment Page 750


https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fnaei.beis.gov.uk%2Freports%2Freports%3Freport_id%3D1108&data=05%7C01%7CPeter.Brown%40ricardo.com%7C4260da375e5a48e15caa08db196b930f%7C0b6675bca0cc4acf954f092a57ea13ea%7C0%7C0%7C638131722030992974%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=xGeR8Pm2RdD6ciEZS9bNtrwIeomNSvUnPH5oO2M7M7U%3D&reserved=0
http://naei.beis.gov.uk/reports/reports?report_id=417

Other Detailed Methodological Descriptions A3

9 coke oven and blast furnace gas.

Since then following updates are made to the following emission factors based on new
information:

1. Coal emission factors are adjusted based on the annual variations in the GCV of the fuels
using methods developed as part of the 2004 analysis (Baggott et al., 2004).

EFy = EFret/ GCViet * GCV,

Where

EF, is the emission factor (EF) in year y

EFr is the EF in the reference year (the year for which data are available)
GCVe is the GCV in the reference year

GCVyisthe GCV inyeary

2. Since the advent of EU ETS in 2005, a number of sources of emissions from coal which
had previously been reliant on Baggott et al., 2004 have now been replaced with data from
the ETS, where the data set was considered suitable (high proportion of source included,
and high proportion of T3 plant specific data). In addition, in 2014 the use of oxidation
factors from this report was reviewed, and where suitable background evidence to support
the factors used were not available, the IPCC default (of 1, IPCC 2006) has been used.

3. Emission factors for petroleum based fuels (where ETS data are not available) are still
largely based on Baggott et al., 2004. These were reviewed in 2014 and compared with
the defaults in the 2006 IPCC Guidelines and found to be largely within the range of the
2006 Guidelines. No new data for the UK has been identified and the emission factors
from Baggott et al., 2004 are still considered to be relevant country specific emission
factors.

4. During 2017-1 8 , a review of the UKO&s shipping inver
al., 2018). This identified new carbon emission factors for marine fuels, which replace the
factors identified as part of Baggot et al., 2004.

5. Emission factors for natural gas are updated annually based on analyses from the gas
network operators (Personal Communications from network operators, 2019). As part of
the systems improvements made to the inventory database in 2020 (moving from mass to
energy units, and from gross to net), data from the gas operators has been further
analysed and a revised gross to net conversion has been derived. This has been applied
to the data from the early part of the time series, which came from Baggott et al., 2004.

6. Emission factors for coke oven gas and blast furnace gas are estimated based on a carbon
balance approach (as described in Chapter 3, MS 4).

7. The Mineral Products Association provide data for fuels used in the cement industry
annually on a confidential basis, and these are validated with EU ETS data (Personal
Communication, MPA, 2021). For the 2020 submission, data received for the 2004 review
was reconsidered for cement, and revised coal factors for the early part of the time series
(that were not received in time for inclusion in the final review report) have now been
incorporated into the inventory.

A new review of carbon emission factors was conducted during 2017, focusing on those factors
retained from the 2004 review (Brown et al., 2017). This concluded that the factors that are
currently in use are slightly more conservative than more recent values identified, and that there
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was no hew robust evidence upon which we could justify changing the current factors. There were
also recommendations on which emission factors might be the highest priority for further research
in future. This report is available here: http://naei.beis.gov.uk/reports/reports?report _id=947

A3.1.2.2 The Pollution Inventory and other regulators' inventories

The Pollution Inventory (PI) has, since 1998, provided emission data for the six Kyoto gases (NF3

is not included) and other air pollutant for installations regulated by the Environment Agency (EA)

in England and Natur al Resources Wales (NRW) in
managing regulated emissions from industry processes under the IPCC permitting system. The

Pl does contain earlier data of carbon dioxide emissions at some sites reported from 1994
onwards. The Scottish Pollutant Release Inventory (SPRI) covers processes regulated by the

Scottish Environment Protection Agency (SEPA), and contains data from 2002 and 2004
onwards. The Northern Ireland Pollution Inventory (NIPI) covers processes regulated by the

Northern Ireland Environment Agency and includes data for 1999 onwards.

These data are subject to some very significant limitations:

1 Emissions of each pollutant are reported for each permitted installation as a whole, so
emissions data for carbon dioxide, for example, can cover emissions from fuel use as well
as from an industrial process. No information is given on what the source of emissions is,
so a judgement has to be made about the scope of reporting;

1 Permitting arrangements have changed over time, so the reporting of data is not on a
consistent basis across the time-series. In general, the tendency has been to reduce the
number of permits, so that whereas in the early 1990s there might have been separate
permits at an industrial installation covering the boiler plant and the chemical processes,
from the late 1990s onwards the tendency would be to issue a single permit to cover both.
Therefore, the problems with the scope of emissions data mentioned in the first bullet point
are most severe for the second half of the GHGI time series; and,

1 Since 1998, process operators need only report emissions of each pollutant if those
emissions exceed a reporting threshold. For example, where emissions from an
installation are less than 10,000 tonnes of CO2, or 10 tonnes of methane, the operator
does not need to report any emissions data for that substance in that year. Reporting
thresholds are irrelevant for many of the sectors of interest to this study, since emissions
would be many times higher than the thresholds, but the reporting thresholds do mean
that it is necessary to consider whether the data available in the Pl (and in the SPRI &
NIPI for later years) will be complete.

Despite these limitations, these data are still a useful source of information for the UK GHG
inventory. A considerable amount of effort is put into manually interpreting the individual returns
and allocating these to appropriate categories for use in the inventory estimates by the Inventory
Agency.

A 3.1.23 The Environmental and Emissions Monitoring System (EEMS) Reporting
System

Emissions from upstream oil and gas production facilities, including onshore terminals, are
estimated based on operator reporting via EEMS, managed by the Offshore Petroleum Regulator
for Environment and Decommissioning (OPRED) and developed in conjunction with the trade
association Oil & Gas UK (formerly theThd KEM3Sf f s ho
data provides a detailed inventory of point source emissions estimates, based on operator returns
for the years 1995-2021. However, the EEMS data for 1995 to 1997 are not complete, frequently
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exhibiting duplicate entries with identical submissions by operators across years. Since the 1995
T 1997 data are not considered reliable, the EEMS dataset is only used directly to inform national
inventory estimates from 1998 onwards for the following sources:

1 ogas flaring;

1 own gas combustion;

1 well testing; and

T oil loading (onshore and offshore).

[Activity data are not routinely collected via EEMS for sources including: fugitive releases, direct
process activities, oil storage or gas venting. The emissions from these sources are reported as
annual estimates by operators and used directly within the inventory.]

These EEMS-derived activity data enable detailed analysis of the oil & gas emissions and related
emission factors at the installation level, providing a high degree of data transparency and
enabling the Inventory Agency to perform quality checks by source, by site, by year to identify
and check/resolve any potential data gaps or outliers. The EEMS data per installation are only
available back to 1998. The UK inventory estimates for the 1990-1997 period are based on
industry surveys and analysis that were submitted to UK Government by the trade association,
UKOOA,; these data are more aggregated, per source but aggregated across all installations
during 1995 to 1997, and aggregated across sources for 1990-1994. The EEMS data from 1998
onwards help to inform the EFs that are combined with oil and gas sector-wide activity statistics
back to 1990 in order to derive time series consistent estimates.

A3.1.2.4 Fynes & Sage (1994)

Fynes and Sage is a country-specific reference from the mid-1990s, and it includes analysis of
solid fuels typically used in the UK economy in that period, deriving mass-based emission factors
that are used within the UK GHGI. In the 1990s, coal used in the UK economy was predominantly
mined in the UK, whereas over the time series of the inventory there has been a decline in the
share of coal from UK sources and an increase in coal imports from around the world.

For recent years, for the more significant emission sources, e.g. energy industries and
manufacturing industries, the Inventory Agency uses EFs that are derived from EU ETS data, but
for smaller emission sources in the UK that still use solid fuels (such as residential, collieries) the
Fynes and Sage data are retained, as there are no EU ETS data for fuels used in these sectors.
There is some uncertainty regarding how representative the EFs from Fynes and Sage may be
for these smaller combustion sources, but we note that the use of coal-fired technology in sectors
such as collieries and residential is predominantly in the UK coal production areas, where local
supplies are still available.

A 3.1.3 Feedstocks and Non -Energy Use (NEU) of fuels

The estimation methods are described within individual sections of the NIR, but are summarised
here. The general approach adopted in the UK GHG inventory is to assume that emissions from
all non-energy uses of fuels are zero (i.e. the carbon is assumed to be sequestered in products
such as plastics and other chemicals), except for cases where emission sources can be identified
and emission estimates included in the inventory. There is one exception to this, for petroleum
coke where we have no information on any non-emissive uses at all, and so we adopt the
conservative approach of assuming that all petroleum coke use is emissive.
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The UK Inventory Agency conducts periodic studies into the fate of fuels reported as non-energy
use, in order to assess the levels of stored carbon and carbon emitted for different fuels over the
time series. These detailed studies are supplemented through annual data gathering and
consultation with stakeholders to maintain an accurate representation of the emitted and stored
carbon in the inventory.

The assumptions and estimates for individual sources are based on a review conducted in 2013-
14 (Ricardo-AEA, 2014b) which included research into UK-specific activities and data sources as
well as a review of the National Inventory Reports (NIRs) of other countries.

The sections below outline the emission sources from feedstock and NEU of fuels that are
included in the UK GHGI, the source data and estimation methods and a summary of the time
series for each of the fuel types where there is a stored carbon component in the UK energy
balance. The estimates are all presented in CRF Tables 1.Ab and 1.Ad.
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Table A 3.1.1 Summary of Emission Sources for UK Fuels Allocated as Non Energy
Use in UK Energy Statistics

Fuel IPCC Source Category

Light petroleum | 1Ala Scrap tyre combustion in power stations (1994 to 2000 only).
distillates and ) ) o

natural gas Fossil carbon in MSW combustion in energy from waste plant.
liquids®

1A1b Other petroleum gas use in refineries (2004, 2006 to 2011, 2013 to 2021 only).

Re-allocated from non-energy use as UK ETS and trade association data
indicates that DUKES data on OPG combustion are an under-report.

1A2f Waste solvents, waste-derived fuels containing fossil carbon, in cement kilns.

Scrap tyres and waste plastics etc. combusted in cement kilns.

1A2g Industrial combustion of waste solvents.

Emissions of carbon from chemical feedstock via combustion of products such
as synthetic rubbers and solvents.

2B8 Energy recovery from process off-gases in the chemical industry.

Large quantities of naphtha, butane, propane, ethane, and other petroleum
gases are listed in DUKES as used for non-energy applications and these fuels
are known to be used extensively as chemical feedstocks. However, UK ETS
and operator data indicate that process off-gases, derived from the chemical
feedstocks, are a major fuel for ethylene production processes and other
petrochemical sites. Emissions of CO2 are reported in 2B8.

5C Fossil carbon in chemical waste incineration.
Fossil carbon in MSW incineration.
Fossil carbon in clinical waste incineration.

Fossil carbon in small scale waste burning.

Lubricants 1Ala Waste oil combustion in power stations.
1A2f Waste oil combustion in cement kilns.
1A2g Waste oil combustion in unclassified industry (including road-stone coating
plant)

1A3biv Lubricant combustion in moped engines

2D1 Lubricant oxidation in aircraft, industrial, road vehicle (except moped), marine
shipping and agricultural engines.

5C Incineration of waste oil

Bitumen n/a No known UK applications that lead to GHG emissions.

5 ].e. naphtha, Liquid Petroleum Gases (LPG), Refinery Fuel Gas (RFG) / Other Petroleum Gases (OPG), gas oil and
Ethane. Including emissions of carbon from chemical feedstock via combustion of products such as synthetic rubbers
and plastics.
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Fuel IPCC Source Category

Petroleum coke | 1A2f, Based on reported energy use data by specific industries within datasets such
1A2g, as UK ETS and also from direct dialogue with industry representatives, the
1A4b Inventory Agencyre-al | ocates a small proportio

allocation from DUKES, and reports emissions within the UK GHG inventory.
This re-allocation generates emissions for the mineral processing sector (1A2f)
and other industry (1A2g) and for petcoke use in the domestic sector (1A4b).

2A4, There are non-combustion, emissive uses of petcoke in the UK through the use
2B6, of petcoke-derived anodes in the metal processing industries. Emissions from
2C1, these uses of petcoke are reported in 2C1 (electrode use in electric arc

2C3, furnaces) and 2C3 (anode use in aluminium manufacture). Petroleum coke is
2D3 also used in the minerals (2A4) and chemicals industries (2B6) leading to further

emissions. The remaining consumption of petroleum coke is also assumed to be
emissive, with emissions reported under 2D3.

Other Oil 2D2 Carbon released from use of petroleum waxes. Uses of petroleum waxes
includes candles, with carbon emitted during use.

Coking coal n/a Unknown quantities of coal tar pitch are used in the manufacture of anodes for
(coal oils and industrial processes. In the UK inventory the emissions from the use of these
tars) anodes are allocated only against petroleum coke (also used in anode

production). This is a small mis-allocation of emissions between the two fuels
since the carbon emitted is likely to arise from both petroleum coke and the coal
tar pitch, but it is due to lack of detailed data, and does not affect the accuracy of
UK inventory emissions.

Natural Gas 2B1, Ammonia and methanol production leading to direct release of CO2 from natural
2B8 gas used to provide the energy for steam reforming and from natural gas
feedstock to the reformer. Carbon originating in the natural gas feedstock which
is converted into methanol is assumed to be stored.

A3.13.1 Naphtha, Ethane, Gas Oil, Refinery/Other Fuel Gas (RFG/OPG) Propane and
Butane (LPG)

Ethane, LPG (given separately as propane & butane in the energy statistics), gas oil, refinery /
other fuel gas (RFG/OPG) and naphtha are all consumed in very significant quantities for non-
energy uses, primarily as feedstock in chemical manufacturing. In the UK, several major
petrochemical production facilities are supplied with Natural Gas Liquid (NGL) feedstock directly
from upstream production pipelines, and then utilise NGL fractions such as ethane, propane and
butane in their manufacturing processes. In addition, several integrated refinery / petrochemical
complexes in the UK use a proportion of the refinery fuel gas as a feedstock in petrochemical
production.

The NEU allocations presented in DUKES reflect the reported disposals of these commodities as
feedstocks to chemical and petrochemical companies. There are several sources of GHG
emi ssions from t hi stocksdarbon, kalthaugh arhiyhEpbportibneofecdrbon is
stored into products and not emitted.

One large emission source known to occur in the UK is the use of carbon-containing process off-
gases as a fuel within the chemical facilities. Whilst the exact source of the carbon cannot be
traced directly to a specific feedstock commodity within the UK sectoral approach, the available
information from UK ETS and from consultation with operators enables the Inventory Agency to
derive estimates of the GHG emissions across the time series from this emission source.
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The majority of emissions are from installations manufacturing ethylene, but a number of other
chemical sites report additional emissions in the UK ETS that can be attributed to the combustion
of process off-gases and residues derived from the chemical feedstock. As a result, the UK
inventory emissions in 2B8 now include estimates of emissions from use of process off-gases
and residues at 5 ethylene manufacturing installations and 17 other chemical manufacturing
installations in the UK. The derivation of a time series of emission estimates from these sources
is based as far as possible on reported data by plant operators within trading scheme data and
other regulatory reporting mechanisms. For the early part of the time series, data on changes in
plant capacity over time is used to derive the best estimates of activity and emissions by
extrapolation back from later emission estimates, whilst for later years the completeness and
transparency of operator reporting is greater. Therefore, whilst the uncertainty for the emission
estimates in the early part of the time series is significantly greater than for those in recent years,
the Inventory Agency has made best use of the available data to derive the time series estimates

of emissions from ANEUO activity. Consultat:i

that there are no other sector estimates of this activity, or of production data across the time
series, that could be used to further improve the time series (Personal communication: Chemical
Industries Association, 2014).

Other emissions included within the UK GHG inventory include emissions from the destruction of
chemical products, e.g. when wastes are incinerated or used as fuels. Although emissions from
incineration and combustion of wastes are estimated, we cannot relate the carbon in these wastes
back to individual feedstock, so it is not possible to generate reliable UK estimates of the
proportion of carbon that is ultimately emitted from each individual fuel. Incineration of wastes
derived from chemical feedstocks will be reported in 1Ala (in the case of plastics etc. in municipal
waste incinerated with energy recovery) and in 5C (in the case of chemical, clinical and municipal
wastes incinerated without energy recovery). Waste-derived fuels, including waste solvents,
waste plastics and scrap tyres are used as fuels in cement kilns and other industrial plants, and
emissions reported in 1A2. Tyres contain a mixture of natural and synthetic rubbers, and so where
waste tyres are used as a fuel, the emission estimates take into account that only some of the
carbon emitted is derived from fossil fuels.

Some propane / butane mixtures are used as a propellant in aerosols and are emitted as VOC.
The UK inventory contains estimates of these VOC emissions, combined with emissions of
solvents used in aerosols.

It is assumed that all gas oil used for non-energy purposes is used as a feedstock material, and
consultation with  DECC (now DESNZ) energy statisticians supports this (Personal
communication: Will Spry, DECC Energy Statistics team, 2014). A possible alternative use would
be in explosives, but consultation with the Health and Safety Executive, who regulate the UK
explosives industry, has confirmed that no UK installations manufacture explosives using gas oll
or fuel oil as a feedstock (HSE, 2013).

A3.1.3.2 Lubricants

Lubricants are listed separately in the UK energy statistics and are used in vehicles and in
machinery. The inventory includes estimates of emissions of carbon due to oxidation of lubricants
during use, and also includes estimates of emissions from the combustion of waste lubricants and
other oils used as fuel.

UK GHG inventory estimates of the quantities of lubricants burnt as fuels are based on data from
Recycling Advisory Unit, 1999; BLF/UKPIA/CORA, 1994; Oakdene Hollins Ltd, 2001 & ERM,
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2008, as well as recent research to access information regarding the UK market for waste oils
and the impact of European Directives to consolidate industrial emission regulations such as the
Waste Incineration Directive (Oil Recycling Association, 2010). Estimates of waste oil combustion
are derived for the following source categories:

1 1Ala Power stations;
1 1A2f Cement kilns; and
1 1A2f Other (unclassified) industry.

The estimated emissions for other industry assume that waste oils are used by two sectors: road-
stone coating plant and garages. Other sectors may use waste oils as a fuel or as a reductant,
but research to date provides no compelling evidence that there is a significant gap in the UK
inventory for waste oil use by industrial operators.

The emission trends from power station use of waste lubricants reflect the fact that the Waste
Incineration Directive (WID) had a profound impact on the market for waste oil, used as a fuel. It
is assumed that no waste oil was burnt in power stations for the years 2006-2008, on the basis
that the classification of waste oil as a fuel would have led to users being subject to the
requirements of WID. In 2009 a Quality Protocol® was introduced that allowed compliant fuel
produced from waste oils to be burned as non-waste and this has encouraged a resumption in
the consumption of waste oil-derived fuels from 2009 onwards.

Carbon dioxide emission estimates for the oxidation of lubricants within vehicle engines and
machinery, and the use of waste oils for energy are all based on a single carbon emission factor
derived from analysis of the elemental composition of a series of UK-sourced samples of waste
oil (Passant, 2004). The UK inventory adopts the IPCC Tier 1 methodology for lubricant use i.e.
assuming that 20% of all lubricants are oxidized during use. This assumption is used for the
various sub-categories of lubricant use (including road, rail, marine, off-road and air transport)
given in DUKES.

A3.1.3.3 Bitumen

In the UK, bitumen is used only for applications where the carbon is stored. By far the most
important of these is the use of bitumen in road dressings. The inventory does assume that a very
small proportion of the carbon in the bitumen itself is emitted as VOC during road-stone coating
but does not include any estimates of direct carbon emissions from uses of bitumen. Industry
consultation in 2013 (UK Petroleum Industries Association, 2013; Refined Bitumen Association,
2013) has confirmed that there are no emissive applications of bitumen in the UK. Around 85%
of bitumen is used in road paving, with the remaining proportion used almost entirely in the
manufacture of weather-proofing materials.

A3.1.34 Coal Oils and Tars

Coal-tars and benzole are by-products of coke ovens. Consultation with the operators of coal
ovens (Tata, 2013) and also the UK company that refines and processes coal tars and benzole
(Koppers UK, 2013) has confirmed that all of these materials are collected, refined and processed
into a range of products that are not used as fuels. The carbon within coal tars and oils are entirely
used within chemical processes. In some cases, the carbon is processed into anodes used in the
ferrous and non-ferrous metals industries and then used (in the UK and overseas) within emissive

6 https://www.gov.uk/government/publications/quality-protocol-processed-fuel-oil-pfo
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applications. The UK inventory already includes estimates of emissions from UK consumption of
carbon anodes within these industries, using methods based on UK metal production statistics.

Based on the evidence from process operators, the Inventory Agency allocates all of the reported
coal tars and oils to Non Energy Use, i.e. assuming that all carbon is stored and there are no
GHG emissions from this source-activity. The Digest of UK Energy Statistics (BEIS, 2022) also
report the use of tars and benzole entirely to Non Energy Use.

Coal-tar pitch is used in the manufacture of electrodes, together with petroleum coke and a
proportion of the carbon ultimately emitted, but details of input materials are scarce; emissions of
carbon from these sources are included in the inventory attributed to petroleum coke. This may
introduce a small mis-allocation of emissions between petroleum coke and coal oils and tars, but
does not affect the UK inventory emissions total.

A 3.1.35 Natur al Gas

Natural gas is used as a chemical feedstock for the manufacture of ammonia and formerly for
methanol as well, though production of the latter ceased in 2001. Emissions occur directly as a
result of a) combustion of natural gas used to power the steam reforming process that is required
for manufacture of both ammonia and methanol; b) oxidation of gas in the steam reforming,
producing CO2 which in the case of ammonia production is not needed and is instead emitted.
The emissions are reported under 2B1 for ammonia and 2B8 for methanol.

Most of the emissions from feedstock use of natural gas in ammonia production are at source,
i.e. waste gases containing carbon are emitted directly from the ammonia plant. Up until 2001,
some was exported to a neighbouring methanol plant and here converted into methanol, and this
COq; is treated as stored. Further CO- is captured and sold for use elsewhere, for example, in
carbonated drinks and this CO- is assumed all to be emitted in the UK.

A 3.1.3.6 Other Qil (industrial spirit, w hite spirit, petroleum wax, miscellaneous
products)

White Spirit and Special Boiling Point (SBP) spirits are used exclusively for non-energy
applications, and are |listed in CRF Table 1. A(d)
solvents; SBP spirits are used for industrial applications where quick drying times are needed

(e.g. adhesives and other coatings) while white spirit is used as a solvent for decorative paint, as

a cleaning solvent and for other applications. Estimates of VOC emissions are included in the UK

inventory, but no estimates are made of direct emissions of carbon from these products, as they

are regarded as finot occurringo.

The only emissions from this group of petroleum feedstock that are included in the UK GHG
inventory are the releases of carbon from petroleum waxes which are reported under 2D2. These
are accounted for in the UK inventory wunder the

A 3.1.3.7 Petroleum Coke

The evidence from industrial reporting of fuel use and from periodic surveys of fuel producers that
use petroleum coke to produce domestic fuels (including smokeless fuels) indicates that the
allocation of petroleum coke to combustion activities in the UK energy balance is an under-
estimate across all years. Therefore, the Inventory Agency generates revised estimates for all
combustion activities and effectively re-allocates some of the petroleum coke reported in DUKES
as non-energy use to energy-related emission sources in the UK inventory.
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Within the UK inventory, petroleum coke is included for the following energy and non-energy
source categories:

1 1Ala: Power station use of petroleum coke, primarily within blends with coal at a small

number of UK facilities; in some years only,

1A1lb: Refinery emissions from regeneration of catalysts;

1A2f: Cement industry use of petroleum coke as a fuel;

1A2g: Other industry use of petroleum coke as a fuel;

1A4b: Petroleum coke use within domestic fuels;

2A4: Use in brick manufacture (reported combined with other emissions e.g. from use of

carbonate minerals in brickmaking;

2B6: Use in chemicals manufacturing;

1 2C1: Carbon emissions from electrodes used in electric arc furnaces and ladle arc
furnaces and petroleum coke added to furnaces as a carbon source;

1 2C3: Carbon emissions from anode use in primary aluminium production; and

T 2D3: Petroleum coke used for non-energy applications not included elsewhere.

= =4 -8 —a -
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The UK energy balance tables in DUKES contain data on the energy use in power stations (1A1a)
and refineries (1Alb), although the former are only available for 2007 onwards, and both sets of
data do not always agree with the available activity data from UK ETS. The remaining energy
uses in industrial combustion (1A2f, 1A2g) and the domestic sector (1A4b) are not included in
DUKES. The UK Inventory Agency therefore makes independent estimates of the consumption
of petroleum coke in all of these sectors.

Petroleum coke is burnt in cement kilns (1A2f) and has been burnt in some years at a handful of
power stations (1Ala). A few other large industrial sites (1A2g) have also used the fuel. Good
estimates of the consumption of petroleum coke by these large sites are available from the
operators themselves, from trade associations and from UK ETS data (from 2005 onwards).

Fuel grade petroleum coke is also used as a domestic fuel (both smokeless and non-smokeless
types, reported in 1A4b). The Inventory Agency uses data supplied by the UK fuel supply industry
to estimate petroleum coke consumption for domestic fuels across the time series, from 1990 to
the latest year; these estimates are broadly consistent with fuel use data published in earlier
editions of DUKES for a few years in the late 1990s.

Carbon deposits build up with time on catalysts used in refinery processes such as catalytic
cracking. These deposits need to be burnt off to regenerate the surface area of the catalyst and
ensure continued effectiveness of the catalyst; emissions from this process are reported within
DUKES since 1998 and UK ETS since 2005. Catalyst regeneration is treated in the inventory as
use of a fuel (since heat from the process is used) and are reported under 1A1lb.

Estimates of carbon released from electrodes and anodes during metal processes are estimated
based on operator data and reported in 2C1 and 2C3. Petroleum coke content of these electrodes
and anodes is estimated based on operator data and literature sources such as Best available
techniques reference documents (BREF notes). UK ETS data also show that some petroleum
coke is added to electric arc furnaces as a carbon source, and the emissions from this use are
also reported in 2C1. UK ETS data are also used for emission estimates for brickmaking, which
include a component from petroleum coke. Finally, petroleum coke is used in the manufacture of
titanium dioxide, with emission estimates generated from UK ETS and other operator data.
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Based on data from DUKES we believe that there is some additional non-energy use of petroleum
coke for most years; we assigned this residue to 2D3 and assume that it is all eventually emitted.
The total fuel assigned to sector 2 is what

The consumption estimates for industrial users of petcoke as a fuel or in industrial processes are
associated with low uncertainty as they are primarily based on operator reported data within the
UK ETS or other regulatory reporting mechanisms. Whilst it is conceivable that other sectors may
also use petroleum coke as a fuel, there is no evidence from resources such as UK ETS and
Climate Change Agreement reporting that this is the case in the UK. The remaining petroleum
coke consumption given in DUKES is therefore assumed to be used in various unidentified non-
energy uses, all of which are assumed to be emissive. The estimates of petroleum coke used to
generate fuels for the domestic sector are associated with higher uncertainty as they are based
on periodic consultation with fuel suppliers to that market, and expert judgement of stakeholders.

As well as the total UK supply figure from UK energy statistics, DUKES has data on UK
production, imports and exports of petroleum coke, which together provide more information on
the nature of the UK consumption of petroleum coke. These data cover three distinct types of
petroleum coke i catalyst coke, produced and consumed at refineries only (so no import/export
or supply of fuel to other UK sectors), and then two products made in a refinery process known
as coking: fuel grade (green) coke and anode-grade coke, with the former being used as a fuel,
and the latter being a calcined’ version of the former, used in various non-energy processes.
Consultation with the DECC (now DESNZ) energy statistics team and the only UK refinery with a
coking process (DECC, 2013) has confirmed that the UK produces only anode-grade coke, and
exports will also be anode-grade coke, whilst imports will be fuel grade coke for use as a cost-
effective fuel source or raw material for production processes under NEU.

Carbon factors for petroleum coke use are derived from industry-specific data (including UK ETS
fuel analysis) in the case of cement kilns (MPA, 2022), power stations and other industrial sites
(EA, 2022; SEPA, 2022). The petroleum coke factor for refinery consumption is based on trade
association analysis conducted as part of the 2004 Carbon Factors Review (UKPIA, 2004) while
the factor for domestic consumption is based on compositional analysis of samples of petroleum
coke sold as domestic fuels (Loader et al, 2008).

These factors do show quite a large variation from sector to sector: this is probably primarily a
reflection of the different requirements of fuels for different sectors (higher quality, higher carbon
for some, l ess so for others). The highest
1A1lb, but this fuel is actually of a different nature from the fuel burnt as petroleum coke in sectors
1Ala, 1A2f and 1A4b. In the case of 1Alb, the fuel is a build-up of carbon on catalysts used in
various refinery process units, while in the other three cases, the petroleum coke is a solid by-
product of a totally different refinery process (coking) which has different characteristics.

A 3.1.3.8 Carbon Storage Fractions: Import  -Export balance for Carbon -containing
Materials

The analysis within the UK energy statistics or GHG inventory compilation system cannot
accurately account for the variable (over time) import-export balance of carbon-containing
materials in the UK economy. For example, where the Inventory Agency accounts for the carbon
emissions from scrap tyres burned in cement kilns, power stations, incinerators and so on within

7 Calcined petroleum coke is a processed petroleum coke that has a very high carbon content; the
resulting fuel is somewhat similar to coke oven coke

UK NIR 2023 (Issue 1) Ricardo Energy & Environment Page 761

carb



Other Detailed Methodological Descriptions A3

the inventory estimates or from the incineration of plastics or synthetic fibres, there is no way of
tracing the quantity that is derived from imported tyres/plastics/fibres.

The reported estimate of the fate of the reported NEU of fuels from the UK energy balance is
based on an assumed Acl os eodntferyab emissang frorv baebone b y
containing products and fuel types that are allocated as NEU as if they are derived from the fuel
statistics in the UK energy balance. In reality, the source of the carbon emitted from feedstock

and NEU of fuels will partly be carbon from imported materials, with UK feedstock carbon also
exported and emitted elsewhere.

A 3.1.4 Aviation (MS 7)

Table A 3.1.2 CAA aircraft types assigned to EMEP -EEA Emissions Inventory
Guidebook aircraftty pes

EMEP/EEA Aircraft Type | CAA Aircraft Types

A306 AIRBUS A300 600/600F/600ST/B4/F4
A30B AIRBUS A300 B1/B2

A310 AIRBUS A310

A318 AIRBUS A318

A319 AIRBUS A319

A320 AIRBUS A320-100/200/200N*
A321 AIRBUS A321/200N*

A332 AIRBUS A330 200

A333 AIRBUS A330 300/800*/900*
A342 AIRBUS A340 200

A343 AIRBUS A340 300

A345 AIRBUS A340 500

A346 AIRBUS A340 600

A359 AIRBUS A350 900/1000*
A388 AIRBUS A380 800

AN12 ANTONOV AN-12

AN24 ANTONOV AN-24

AN26 ANTONOV AN-26B/32

AN72 ANTONOV AN-72/74

ATP BAE ATP

B721 BOEING 727-100/100C

B722 BOEING 727-200/200 ADVANCED
B732 BOEING 737 200
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EMEP/EEA Aircraft Type

CAA Aircraft Types

B733 BOEING 737 300

B734 BOEING 737 400

B735 BOEING 737 500

B736 BOEING 737 600

B737 BOEING 737 700/BBJ/MAX 8* MAX 9*
B738 BOEING 737 800

B739 BOEING 737 900/900 ER

B742 BOEING 747 200B/200C/200F
B743 BOEING 747 300/300M

B744 BOEING 747 400/400F/400M
B748 BOEING 747 8/8F/8I

B74S BOEING 747 SP

B752 BOEING 757 200

B753 BOEING 757 300

B762 BOEING 767 200/200ER

B763 BOEING 767 300/300ER/300F
B764 BOEING 767 400ER

B772 BOEING 777 200/200ER

B773 BOEING 777 300

B77W BOEING 777 300ER

B788 BOEING 787 8

B789 BOEING 787 9/10*

BE18 BEECHCRAFT 18/SUPER H18
BESO BEECHCRAFT 50 TWIN BONANZA
BESS5 BEECHCRAFT BARON MOD 55/58/58P
BEGO BEECHCRAFT DUKE

BE99 BEECHCRAFT 99/99A

C208 CESSNA 208 CARAVAN |
C303 CESSNA T303 CRUSADER
C340 CESSNA 340

C401 CESSNA 401/402/411/421
C404 CESSNA 404 TITAN

C414 CESSNA 414A CHANCELLOR
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EMEP/EEA Aircraft Type

CAA Aircraft Types

C425 CESSNA 425 CONQUEST |

C441 CESSNA 441 CONQUEST I

C500 CESSNA 500 CITATION |

C510 CESSNA 510 CITATION MUSTANG
C525 CESSNA 525 /525 A CITATIONJET
C550 CESSNA 550 CITATION I

C560 CESSNA 560 CITATION V

C650 CESSNA 650 CITATION II/VINVII
C680 CESSNA 680 CITATION SOVEREIGN
C750 CESSNA 750 CITATION X

DC10 MCDONNELL-DOUGLAS DC10-10/30/40
DC3 DOUGLAS DC3 C47 DAKOTA

DC6 DOUGLAS DC6/6A/6B/6C

DHC2 DHC2 BEAVER

DHC6 DE HAVILLAND DH6 TWIN OTTER
E110 EMBRAER EMB110 BANDEIRANTE
E120 EMBRAER EMB120 BRASILIA
E121 EMBRAER EMB121 XINGU

E135 EMBRAER EMB135

E145 EMBRAER EMB145

E170 EMBRAER ERJ170 100

E175 EMBRAER ERJ170 200

E190 EMBRAER ERJ190 100

E195 EMBRAER ERJ190 200/300*

F100 FOKKER 100

F27 FOKKER F27

F28 FOKKER F28-1000/2000/30004000/6000
F50 FOKKER 50

F70 FOKKER 70

FA10 DASSAULT FALCON 10

FA20 DASSAULT FALCON 20/200

FAS50 DASSAULT FALCON 50

FA7X DASSAULT FALCON 7X
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EMEP/EEA Aircraft Type | CAA Aircraft Types

G280 GULFSTREAM G280

GA7 GRUMMAN GA-7 COUGAR
IL18 ILYUSHIN IL18

IL62 ILYUSHIN 1L62

IL76 ILYUSHIN IL76

IL86 ILYUSHIN 1L86

IL96 ILYUSHIN I1L96-300

L188 LOCKHEED L188 ELECTRA
L410 LET 410

LJ24 LEARJET 24/25D

LJ25 LEARJET 25B

LJ31 LEARJET 31

LJ35 LEARJET 35A/36A

LJ40 LEARJET 40/45

LJ55 LEARJET 55

LJ60 LEARJET 60

MD11 MCDONNELL-DOUGLAS MD11
MD90 MCDONNELL-DOUGLAS MD90
P68 PARTENAVIA P68B/C

PA23 PIPER PA23 AZTEC/APACHE
PA30 PIPER PA30/PA39 TWIN COMANCHE
PA31 PIPER PA31/P

PA34 PIPER PA34 SENECA I

PC12 PILATUS PC-12

* Scaled to account for later aircraft developments

A 3.1.5 Gas leakage

An overview of the time series of estimates of gas leakage at the point of use, together with overall
gas use by economic sector and appliance type is presented in Table A 3.1.3 below.
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Table A 3.1.3 Activity data and methane leakage estimates for Gas leakage at Point of
Use, including cooking appliances, gas fires and boilers

Source /
Appliance | Units 1990 1995 2000 2005 2010 2015 2019 2020 2021
type

Annual
Gas Use

Domestic ktoe 417 470 561 587 608 429 428 431 463
gas fires (net)

Domestic | ktoe 532 479 462 448 401 414 400 415 446
manual (net)
ignition
hobs /
cookers

Domestic ktoe 191 171 165 160 144 148 143 149 160
auto- (net)
ignition
hobs /
cookers

Domestic | ktoe 22,182 | 24,190 | 27,525 | 28,447 | 29,089 | 22,104 | 21,819 | 22,018 | 23,642
auto- (net)
ignition
space and
water
heating

Service ktoe 538 688 697 699 636 515 535 501 515
sector (net)
catering

(ovens
and hobs)

Other ktoe 5999 7680 8863 8386 7802 7316 7,383 6855 7,317
service (net)
sector
appliances
(boilers)

Methane
Leakage

Domestic | ktCHa 1.02 0.94 0.86 0.85 0.8 0.78 0.80 0.83 0.89
cooking
and gas
fires

Domestic ktCHa 0.76 0.83 0.94 0.98 1 0.76 0.75 0.76 0.81
boilers
and water
heating

Service ktCH4 0.83 1.06 1.09 1.05 1 0.91 0.97 0.91 0.96
sector (all
sources)
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Source /
Appliance | Units 1990 1995 2000 2005 2010 2015 2019 2020 2021
type

Total ktCH 2.61 2.83 29 2.88 2.8 2.46 2.52 2.49 2.65
4

A 3.1.6 Upstream oil and gas production (1Alcii, 1B2)
A316.1 Introduction

The UK has recently completed an oil and gas sector improvement project (Thistlethwaite et al,
2022) which has led to method improvements and recalculations affecting the fuel combustion
emissions, reported under 1Alcii, and the fugitive emission estimates, reported under 1B2.

The research was commissioned to improve the accuracy and completeness of the UK inventory
and to make use of improved oil and gas sector data availability in recent years, such as the North

Sea Transition Authorityd NSTA)new nati onal online data reposito
field-level oil and gas production data. In addition, the 2019 Refinement to the 2006 IPCC
Guidelines for National GHG | nv e nseveralneesrupgdaiedhe 20

inventory methods for the estimation of fugitives from oil and gas production; several of these new
methods have been applied in the UK GHGI as they provide the best available basis for accurate
and complete UK GHGI estimates, reflecting UK circumstances.

The research comprised: (i) a review of the new and emerging datasets, (ii) a critical review of
pre-existing reports and data used to inform estimates across the inventory time series, and (iii)
consideration of the 2019 Refinement suite of inventory methods for fugitive emissions, including
to address any reporting gaps by applying the new methods.

This NIR annex text provides an insight into the key data sources used to derive inventory
estimates, a summary of the inventory methods that have been developed for use in the 2022 UK
GHGI submission onwards and a summary of the recalculations arising from the project.

For more information, please refer to the Thistlethwaite et al (2022) project report.

A3.1.6.2 Scope of Upstream Oil and Gas Source Categories inthe U K Inventory

The scope of emissions from the upstream oil and gas sector in the UK comprise a wide range of
emission sources that are reported within the Common Reporting Format (CRF) tables under:

1 1Alcii (fuel combustion emissions); and
1 1B2 (fugitive emissions, including from flaring and venting).

For the early part of the inventory time series (i.e.1990 to 1997) the emissions data available to
inform UK inventory estimates is limited in detail due to the limited source resolution in early
industry-wide reporting. Since the inception of EEMS reporting in 1998, there are annual operator
emission reports per source per facility.

As a result, the ability to generate a consistent time series of emissions per source from 1990
onwards is compromised. Source-specific estimates have been derived by the Inventory Agency
through the use of IPCC good practice gap-filling techniques to provide estimates back to 1990;
through access to and use of new data to estimate the emission trends across 1990-1997 the oil
and gas improvement project has led to improved time series consistency for many sources.

UK NIR 2023 (Issue 1) Ricardo Energy & Environment Page 767



Other Detailed Methodological Descriptions A3

However, the assurance of time series consistency for the sector as a whole may only properly
be assessed at an aggregate level (i.e. across 1Alcii and 1B2 combined).

The precise source allocation of emission estimates in the 1990-1994 period is subject to higher
uncertainty than in the rest of the time series, but at an aggregate level the sector-wide estimates
are based on the best available data from Government and industry and analysis indicates them
to be time series consistent with data post-1997 at that aggregate level.

In developing methods for all sources in the upstream sector, there are several changes over time
in data availability to address, most notably for UK energy statistics (due to changes in reporting
requirements and data gathering systems managed by the UK Government over the period since
1990) and for atmospheric emissions data reporting.

A 3.1.6.3 UK Regulatory Landscape and Key Data Sources
(Also see Thistlethwaite et al (2022) project report section 2.2.)

The UK regulatory landscape for the oil and gas exploration and production sector is complex,
with financial, energy and environmental reporting obligations across a range of onshore and
offshore regulators. There are separate regulations (and regulatory agencies) governing the
requirements for permits to operate or perform certain activities (e.g. well drilling, production
activities, flaring, venting) and company reporting of activity data (e.g. production data) and
environmental emissions data. As a result, there are numerous permitting and data reporting
systems in place across the sector that may provide useful data to inform inventory estimates;
systems for onshore installations (well sites, terminals) often differ from those for offshore
installations. Furthermore, some data reporting mechanisms provide a high degree of source
resolution in annual (or more frequent) operator reporting, whilst others provide no source
resolution but rather present activity and/or emissions totals per year per field or per installation.

The scope and detail of data available varies considerably across the time series, which reflects
the evolution of regulations in the UK and consequent changing reporting requirements on plant
operators. There are long-standing data collection and reporting systems evident for activity data,
such as from UK energy statistics and from the regulations governing oil exploration and
production; even these however exhibit changes in scope, completeness and resolution through
time.

For example, at the end of the 1990s there was an overhaul to the reporting to oil and gas
regulators regarding oil and gas production, venting and flaring, as a new system, the Petroleum
Producers Reporting System (PPRS) was implemented from 2000 onwards, to replace systems
that had previously informed t he DékloentdathaQi
and Gas Resources of the UKO , known uni D€ BrevenlBbok, pradsictian bfavhich
ceased from 2004. Much more granular data are now available from the PPRS system than were
published in the Brown Book, although analysis of aggregate data across the overlap years (2000
to 2003) between the PPRS and the Brown Book indicates a highly consistent overall scope of
reporting.

Therefore, a key challenge to compile accurate and complete inventory activity and emissions
estimates is to assess the scope and quality of data reported across these mechanisms and
determine how best to integrate them. The UK inventory improvement project has enabled the
Inventory Agency to review the data in detail, consult with key stakeholders and to identify where
there are high quality data that should be prioritised for use for specific emission sources, and
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where there are opportunities to use inter-comparisons (between reporting mechanisms) to
validate or improve (e.g. gap-fill) inventory data.

Key regulatory and data reporting mechanisms that help to inform UK inventory estimates include:

I Emissions Trading Schemes (UK ETS, formerly EU ETS): Operators of upstream
installations submit annual estimates of CO, emissions from combustion of fuels (i.e. fuel
gas and diesel) since 2005, and from flaring since 2008. The scope of reporting includes
all high emitting offshore and onshore fixed installations, and reporting is per installation
(i.e. per platform, FPSO or terminal); the UK ETS scope does not include smaller sites
(e.g. onshore well sites and smaller offshore platforms) where the annual combustion and
flaring emissions fall below the UK ETS threshold, and it also excludes mobile installations
such as drilling units. Data are subject to Third Party verification checks and the system is
managed via UK regulatory agencies for onshore (i.e. EA, SEPA, NRW) and offshore
(DESNZ OPRED). The UK ETS provides a large, detailed dataset that includes the mass
or volume of fuel burned or flared, the NCV, carbon emission factors, oxidation factors.
The monitoring and reporting methods agreed across the sector include assumptions such
as that flaring efficiency is 98%; sampling and compositional analysis of fuel gas samples
is required for high emitting source streams.

1 EU ETS National Allocation Plans (NAPs) for Phase | and Phase Il: The NAPs for EU
ETS Phase | (combustion sources only) and Phase Il (combustion and flaring) were
prepared in the early 2000s in order to enable trading scheme allocations to reflect the
recent historical emissions per installation. The NAPs data present installation totals of
CO; emissions for 1998 to 2003, with no breakdown by source or by fuel; however, due to
the different scope of the NAP | and NAP II, an assessment of the emissions from all
combustion and from all flaring per installation can be calculated (i.e. flaring by difference
between NAP | and NAP II). NAPs data were based on operator activity data and
installation-level fuel gas sampling and analysis, to improve the accuracy compared to
previous estimates where default carbon emission factors had been applied (e.g. within
EEMS reporting) by some operators. Where oil or gas fields were scheduled to cease
production pre-EU ETS (which began in 2005), the NAPs excluded the emission estimates
from installations for those production streams, to ensure that the NAPs did not over-
estimate site allocations.

1 Environmental and Emissions Monitoring System (EEMS)%: EEMS is an emissions
reporting system managed by OPRED to accommodate statutory reporting obligations
such as those under PPC/IED for reporting of GHG and air quality pollutants from
combustion installations above 50MWth. Scope of reporting is from offshore fixed and
mobile installations (i.e. it encompasses platforms, FPSOs, mobile drilling units), and
includes reporting from the smaller platforms that may fall below the UK ETS reporting
threshold. Operators submit annual returns of emissions of CO;, CHa, N.O, NMVOC:s,
NOx, CO and SO; as well as activity data (where appropriate) in tonnes per year. Activity
and emissions are reported per source, per installation, i.e. with separate estimates
provided for emission sources that may occur on the installation, including: fuel
combustion (fuel gas, diesel consumption), gas flaring, gas venting, well testing, fugitives,
direct process sources (e.g. acid gas treatment) and from oil loading. Operators of onshore
oil and gas facilities and terminals are not mandated to use the EEMS system but report
their total emissions to the Regulator Inventories (RIs) of the onshore regulatory agencies
in England, Scotland and Wales. The data in the RIs is less granular than EEMS as it is

8 https://www.gov.uk/quidance/oil-and-gas-eems-database
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not broken down by source (see below). Up to 2010, however, the onshore terminals did
voluntarily report emission estimates per source to EEMS.

1 Pollution Prevention and Control Regulations / Industrial Emissions Directive
(PPC/IED): All onshore terminals and most other onshore facilities (e.g. Natural Gas Liquid
processing plant, onshore well sites, transit terminals where crude oil and oil products are
stored and transferred between vessels, terminals, refineries, other sites) report to the
relevant Regulator Inventory (RI) according to their location. The onshore installations are
regulated by the EA (in England), SEPA (in Scotland) and NRW (in Wales). Under the
terms of PPC permits, operators submit annual emission estimates per pollutant for all
emissions sources (combined) within the boundary of the permitted installation. These
annual emission submissions are verified by the regulatory agencies onshore and are then
published on public registers. However, for onshore facilities the resolution of emissions
data per source is not available, with a single value for each pollutant per facility. The
scope of pollutant reporting is as per EEMS (above), but there are pollutant reporting
thresholds which limit the completeness of operator reporting, i.e. annual returns to the
RIs may not provide any estimate of pollutant emissions if the operator determines that
the sum of emission across all sources falls below the reporting threshold. In addition,
reporting of activity data (e.g. fuel use data, production or throughout data, flaring or
venting data) is not required under PPC/IED;

T Petroleum Production Reporting System (PPRS): The NSTAG s Petrol eum Pro
Reporting System (PPRS) collects monthly data from operators of onshore and offshore
hydrocarbon production in the UK Continental Shelf (UKCS), per oil or gas field and per
terminal. The PPRS data provides useful activity data for inventory purposes, such as
crude oil and/or gas production per month, own gas use, venting and flaring volumes, and
in some cases there are other useful parameters reported such as gas density, gas NCV.
The PPRS data are not collected with environmental reporting in mind; they are the basis
for DESNZ (formerly BEIS) energy statistics reporting for e.g. crude oil production, dry gas
and associated gas production, Natural Gas Liquid (NGL) production, as well as statistics
on gas flaring and gas venting volumes. The high level of resolution of data (to field level)
and the reporting of similar units (fields or terminals) enables ready analysis of key data
that can support inventory estimates; for example, the sum of production at all Offshore
Tanker Loader oil fields (i.e. oil fields not connected to pipelines, and hence reliant of crude
oil export via shuttle tankers) directly provides an activity dataset for the annual transfers
of crude oil to shuttle tankers, and onwards to refineries and terminals. The data are
available since the inception of the PPRS in 2000. Whilst the production data are
aggregated and published, most of the data in the PPRS reports are not public domain
and were provided to the Inventory Agency solely for the purposes of the inventory
improvement research project.

T DTI annual statistical publication fdADevel opm
United Kingdomo, known histor i cUatll 2004 tredJK t he |
Department of Trade and Industry published annual statistics for the upstream oil and gas
sector, which brought together statistics from upstream operators that were then rolled into
the PPRS reporting system (above) from 2000 onwards. The scope of data reported in
those annual publications is similar to the data that can now be derived from the PPRS
system, and similarly it underpins the long-term oil and gas production time series that are
included in the Digest of UK Energy Statistics (DUKES). Whilst the PPRS data are more
granular (e.g. monthly data), for the overlapping years (2000-2003) there is close
consistency, even at the field-level aggregate annual production data. The Inventory
Agency reviewed the DTI Brown Book information across 1990-2003, which includes more
detail and qualitative information used to establish material flow mapping from oil/gas fields
to platforms/FPSOs and then onto specific oil and/or gas terminals. This is critical
information to enable the development of the field to installation to terminal mapping that
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is needed to aggregate and compare field-level Brown Book/PPRS data against reported
activity and emissions data. As a result, the inventory has been able to perform cross-
comparisons to help identify where there may be data gaps or double-counts, and to build
a more detailed understanding of production and emissions sources across the UKCS.
For example, the Brown Book notes where an installation offshore is not connected to a
gas export line, which we then expect to see in the emissions datasets as a high flaring
site.

1 Digest of UK Energy Statistics (DUKES): DUKES is one of the primary input datasets
to the UK GHGI and the Inventory Agency consulted extensively with energy statistics
leads for the upstream oil and gas sector during the oil and gas improvement project. The
main points requiring clarificationweret he r el ati onshi p bet ween t he
are presented in DUKES and the upstream data inputs from systems such as the PPRS.
DUKES includes numerous data time series that are ultimately derived from the upstream
datasets outlined above, including data on UK crude oil production, gas production, and
on the energy consumption across the sector, which is (in most years) limited to data
entries for foi lrtwofuds: mptaral gas ant gasaod. iniadditiod, DUKES
presents data such as GCVs and NCVs for fAnat.
gas consumedo (i . e. in downstream sectors).
DUKES for some of the historic data, which all previous UK GHGI submissions have also
sought to address, the most significant being an under-report in fuel gas activity data
presented in DUKES up to the inception of PPRS in 2000. The oil and gas improvement
project has provided an opportunity to revisit the estimates for actual fuel gas use, based
on analysis of other datasets and testing of the trends reported in different reporting
mechanisms.

T UKOOA 2005 oil and gas sector data submission: The EEMS reporting system (see
above) was developed from an emissions reporting system developed during the 1990s
by the UK Offshore Operators Association (UKOOA) in conjunction with the offshore
regulator (now OPRED) and managed by a team of consultants that conducted company
surveys, data gathering and generated a database of emission estimates. This dataset
from 1995 onwards was able to generate source-specific estimates for the sector, in a
format closely comparable to the subsequent format of EEMS. Data for 1990-1994 were
estimated and reported to UK Government based on industry surveys in 1990 and 1991,
together with an analysis of the production trends across all years. Subsequently the
industry conducted further analysis of key emission sources, such as to derive more
accurate carbon emission factors per installation, through the process to develop the
National Allocation Plans (see above) to underpin allocations per installation for the EU
ETS. The 1990-2003 dataset (originally based on the early industry surveys, 1990-1994,
the 1995-1997 data, and then the first few years of EEMS reporting, 1998-2003) were re-
analysed to reflect the improvements in industry knowledge, and reported to UK
Government in 2005. The UKOOA 2005 data submission has been used in part to inform
previous UK GHG inventory estimates, primarily to inform some of the fugitive source
estimates. The oil and gas improvement project has enabled a re-analysis of the data
alongside the other datasets that are now available for the early part of the time series.
Together with the time series (sector wide and per installation) of oil and/or gas production,
and well drilling activity data, the Inventory Agency has used the UKOOA 2005 dataset
and IPCC good practice methods to derive estimates per source for the sector back to
1990.

T NSTA Well Data records, Well Operations Notification System (WONS): The North
Sea Transition Authority (NSTA), established in 2016, is the regulator responsible for
managing the UK&s well consent systenm\STAr t he
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manages the data records® from well drilling activity (from well spudding, to testing,
completions) and well status (e.g. when wells are suspended or abandoned by operators).
The Inventory Agency consulted with the NSTA throughout the improvement project in
order to access data held in the transactional databases used to manage the consent
process, but it was not possible to develop suitable queries to extract useful annual data
from these resources. This may become possible in future, however the existing online
data resources for well drilling activity provides a good indication of the level of exploration
activity on the UKCS across the time series, with data on numbers of wells drilled per year.

A3164 Oil and Gas sector data pre -processing
(Also see Thistlethwaite et al (2022) project report section 3.1.)

The raw data from the reporting systems outlined above requires pre-processing in order to derive
a dataset in a suitable format and with data labels added to enable (i) data from parallel reporting
mechanisms to be compared per installation, and (ii) the inventory calculations to be performed.
The pre-processing of the raw data includes:

1 Aggregation and labelling of data from multiple years of reporting to develop a dataset in
a consistent format, with data labels added to facilitate subsequent data processing within
inventory models (e.g. spreadsheets, databases, coded models). Data labels include: year
of activity / emission, unit of activity / emission, and numeric identifiers to represent the
installation or emission source / activity / pollutant.

T Initial data consistency checking and O6cl ean.
outliers that may affect the accuracy of subsequent calculations, e.g. to apply range
checks on input data to identify where a parameter (e.g. fuel gas density, NCV) has been
reported at the wrong order of magnitude.

1 Initial data validation checks and enhancements, for example to conduct time series
consistency checks through cross-comparison with other datasets, and to derive other
useful parameters for use in inventory methods, e.g. unit conversions / other data
transformations to derive weighted-average parameters across a source/sector to apply in
inventory methods.

The sections below describe the key raw data pre-processing steps and checks that the Inventory
Agency has conducted to generate data for input into the source-specific inventory methods.

Field to Installation Mapping

NSTA data (on oil and gas production, own gas use, flaring and venting) is gathered in the monthly
operator returns within the PPRS; these data are gathered per individual oil or gas field, i.e. at the
level of each individual geological formation that has been developed for production.

All of the environmental data reporting, through EEMS or UK ETS, is at the level of the top-side
installation, i.e. per oil or gas platform, mobile drilling unit or FPSO.

Both types of dataset exhibit data quality problems (or potential problems) such as data reporting
gaps and outliers, and both the production / activity and emissions datasets have notable step-
changes in data availability across the time series. Inter-comparison of the NSTA/PPRS and
EEMS or UK ETS datasets enables gaps and outliers to be checked, corrected where necessary,
and uncertainties minimised. To do this, the Inventory Agency researched documentation (e.g.
DTI Br own B oRekew sfdieldsiinoPnodudition and Under Developmentdo ) and onl i
information to develop a mapping to link each geological oil or gas field to the platform or FPSO
that receives and processes the oil and gas. In many cases the mapping is a 1-1 relationship with

9 www.nstauthority.co.uk/data-centre/data-downloads-and-publications/well-data
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low uncertainty. In cases where there was some uncertainty in the mapping, e.qg. fields that may
export to several installations, the Inventory Agency shared the mapping table with the NSTA to
seek clarifications and corrections.

This pre-processing step enables text (such as names of fields and installations) to be linked to
numeric values for simpler data processing in databases and other models. The process of
developing this mapping has also significantly enhanced the information resources available to
the UK GHG inventory team, as the research has led to development of a resource of information
to aid the understanding of the pipeline networks, outlier oil platforms/FPSOs that are not linked
to gas export pipelines (and hence are likely to conduct more gas flaring), and those OTLs where
oil loading emissions are expected to be reported within EEMS.

Installation-level Data Labelling

Similar to the item above, the management of data from numerous reporting systems for a given
installation requires the development of a series of translation tables that enable links to be made
and calculations performed to compare and/or integrate data from those multiple data sources, to
derive Athe bestd emission estimates per in

Over time, the upstream installations may be opened / closed / mothballed, they may be sold to a
new operator, have a change of name, a change of permit reference, they may re-locate (e.g.
FPSOs may service one area of production and then be re-deployed to a new area), or they may
be divested (one site sold and split into several smaller parts, with different operators and permits)
or merged. Furthermore, underpinning regulations and guidance to operators evolves over time
and hence the consistency of data reported year to year may change.

All of these potential changes to raw data provision may lead to difficulties for inventory compilers
in accurately tracking emissions from a consistent scope of emission sources per installation over
time. Hence for each installation, clear labelling of input data sources is needed, to provide the
requisite references and audit trail for the input data, and to allow querying of the data to check
for potential changes in scope.

To enable the data tracking, comparisons and (ultimately) the appropriate use of the data in
inventory calculations, the Inventory Agency has developed a series of data translation tables to
document the data sources and enable the linkages and comparisons to be performed within
inventory calculations.

The development of these data translation tables and detailed enquiry of reported data from
across the time series has helped to identify numerous errors and inconsistencies in the data used
in previous inventory submissions. For example, it has led to revisions in some site allocations
bet ween reporting under Aoil productionodo or
(in general) equal and opposite recalculations between the oil and gas sectors.

Through the research and consultation with industry, the Inventory Agency has also reviewed and
updated the scope of install ati on s ndtleaentifigation
and removal of some double counts with downstream or other industrial sites. For example, one
LNG terminal and one power plant (previously considered part of an adjacent terminal) were
included within the scope of upstream estimates in previous submissions, and also the associated
fuel use and emissions were included in other inventory sectors (i.e. 1Alci and 1A2gviii in those
two examples).

Activity and Emissions Data Pre-Processing

UK ETS: The reported CO, emissions (and underlying AD and EFs) from the UK ETS are from a
very limited sub-set of inventory (mostly key) source categories, comprising:

1 Upstream oil production; Upstream gas production
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0 Fuel combustion: Fuel gas or Diesel

0 Gasflaring
The allocation of the UK ETS data to flaring, fuel gas combustion or diesel combustion is then
conducted manually by the Inventory Agency, through review of the reported parameters (activity

data, emission factors, oxidation factors, NCVs) and the accompanying text descriptions provided
by operators:

1 An oxidation factor (OF) of 98% is used for flaring!®; an OF of 100% is used for

combustion;

1 Diesel use is identified through returns indicating source typeic o mbust i on:
st andar doufceustdamm descriptonicas/ di es el oi | 0 o EFfdr
diesel;

1 Fuel gas is identified through returns indicating source typefic ombust i on:
and | i g usoudrce Btieam destription may be wide range of names but typically

includes Af uoerlt ggaassddo .orThiee xgpct i vity dat a,
wider range of variability, with typically EFs in the range ~2.5 to 2.8 tCO; per tonne

The Inventory Agency has access to detailed UK ETS (formerly EU ETS) data available from
2013 onwards (i.e. Phase Ill of EU ETS) and for some earlier years back to 2005, and hence
there is a relatively large, detailed dataset and the emission sources and fuel types / qualities per
installation show good time series consistency. For some earlier EU ETS years the Inventory
Agency does not have access to fully detailed data (i.e. information per source, per fuel, including
EFs, NCVs) but does have the (public domain) EU Transaction Log emission totals per
installation, and EEMS reporting for offshore installations which does present data split between
combustion and flaring sources also.

EEMS: A similar, but simpler, data allocation process as applied for the UK ETS data is conducted
for the EEMS data reporting, in order to align the reported data to installation codes and to UK
inventory source categories and fuels / activities. The EEMS data reporting documentation
assigns each line of data to one emission source from a defined list of sources, together with the
operator name, facility name and type (fixed or mobile). The annual emissions data and activity
data (ATotal wuseod) are all presented i n mas
in the inventory for both upstream oil or gas installations, and include:

I Gas consumption: in either turbines, engines or heaters, each with different default EFs
per pollutant. Scope of pollutants: CO2, NOx, N2O, SO,, CO, CH4, NMVOC.

1 Diesel consumption: Scope and resolution of data reported is the same as for gas
consumption. Notably a high proportion of the diesel use is reported as used in engines
within mobile drilling units.

1 Fuel Oil consumption: Scope and resolution of data reported is the same as for gas
consumption. Reporting of fuel oil use is limited to a small number of sites and years.

1 Gas flaring: Scope of pollutants: CO2, NOx, N2O, SO, CO, CHi, NMVOC. Sub-
categorisations of flaring (e.g. gross, routine operations, maintenance, upsets/other) are
used by some operators but does not appear to be reported consistently.

I Gas venting: Scope of pollutants is typically: CO2, CHs, NMVOC. As with flaring, sub-
categorisations of venting (e.g. gross, maintenance, operational, emergency) are used by
some operators but does not appear to be reported consistently.

10 Shaw et al., 2022. Through the analysis of emission plumes in the North Sea between 2018 and 2019, it was found
that 98.4% of carbon in flared gas is converted to CO2
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1 Well testing: Reported under either Emission Category Qil or Gas, defining whether the
well being drilled was for oil or gas exploration. Scope of pollutants: CO;, NOx, N2O, SOy,
CO, CH4, NMVOC. The EEMS operator guidance indicates that the emissions are
primarily due to the flaring of gases as the liquid and gaseous materials eluted from a well
test are separated, with the liquids collected for disposal.

I Fugitive emissions: Scope of pollutants: CO;, CHs, NMVOC. The vast majority of
reported fugitives are described (sub-source) as gross, but in some cases more details
are provided of the precise source (e.g. valves, connectors, open-ended pipes).

1 Direct process: Scope of pollutants: CO., NOx, N2O, SO, CO, CHi, NMVOC. Many of
the direct process entries have further information provided to clarify the source, which
are typically: sour gas vent, thermal oxidiser, acid gas treatment, amine regeneration,
incinerator.

1 Oil loading: Scope of pollutants: CHs, NMVOC. Analysis of the time series of EEMS data
shows that the reporting of this source is inconsistent with many sites only reporting the
source intermittently. This source is only reported by OTLs, and not by upstream gas
producers nor oil sites connected to pipelines.

I Storage tanks: Scope of pollutants: CHs, NMVOC. This source was used in the earlier
years of EEMS reporting by the terminal operators. Since 2010 when reporting to EEMS
was deemed not to be a mandatory requirement for terminal operators (as they also report
to the RIs), this source is not reported consistently in EEMS.

The EEMS data as received from the OPRED team are compiled into a multi-year table holding
all historic EEMS data, i.e. from 1998 onwards. These data are then quality checked, e.g. time
series checks to identify gaps and outliers in AD and EFs, compared against the UK ETS data
(for flaring and combustion sources) and applied within the inventory source category
calculations.

National Allocation Plans (NAP): During the oil and gas improvement project, the Inventory
Agency anal ysed the UKG6s Nationall andll 6f the W ETGSrandP | a n
compared them against the original EEMS data submissions, to assure and/or improve the
accuracy of the data for the upstream sector in the 1998-2003 period. Further information about

this process and its effect can be found in 2022 submission of the UK GHGI Annual Report!?.

PPRS: Since 2000, operators have submitted monthly data returns from individual oil and gas
fields, and from oil, dry gas and associated gas terminals; these data are useful to inform or quality
check inventory estimates. The PPRS data are confidential and have not been made available
previously for use in the UK inventory development. The Inventory Agency is now granted annual
access to the data and reviews in detail to identify opportunities to improve inventory estimates.

The monthly reports are available for defined unit types (terminals: oil, dry gas, associated gas;
fields: oil, gas, offshore loaders, onshore loaders), with a consistent scope of data fields reported
by each operator per unit type. The Inventory Agency has critically reviewed the data across the
time series, to check for time series consistency, look at data reporting gaps per terminal or oil or
gas fields, and assess how best to use PPRS data to improve the accuracy and completeness of
the UK inventory.

We note that these PPRS data underpin the UK energy statistics for the sector, with quality checks
and data gap-filling conducted by the DESNZ energy statistics team. The oil and gas improvement
project has afforded a useful parallel analysis of the data; in many cases the Inventory Agency
has been able to reproduce the data that is published in DUKES and hence understand more

11 https://naei.beis.gov.uk/reports/reports?report_id=1072
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completely the processing that is conducted and the scope of data that is used to inform energy
statistics, including not only the annual fuel use totals but also useful other parameters such as
fuel calorific values and densities.

Deviations from UK energy statistics based on the analysis from PPRS are detailed in the
inventory methodology sections, including for: (i) total upstream oil and gas fuel gas use, (ii) fuel
gas NCVs, and (iii) oil loading activity data from Offshore Tanker Loaders (OTLS).

The analysis of the PPRS datasets per unit type implemented numerous data checks (e.g. time
series consistency, outlier identification, internal consistency checks such as mass balance on
material flows though the terminals), gap-filling and aggregation of data to compare against other
datasets, such as the industry summary data presented in DUKES or other DESNZ statistical
out put s. This detail ed #dlevwerorydgencg th asaessaleyweralls e n a |
data quality per PPRS report, and to better understand the scope and potential usefulness of the
different monthly returns, the parameters reported and the expected internal consistencies for
each PPRS report. Once lessons had been learned and (for example) acceptable ranges of
parameters identified, more automated approaches were developed to conduct data cleansing of
the raw data, identifying data gaps or outliers, and applying assumptions to derive a revised, more
complete and internally consistent dataset for subsequent use in inventory methods.

The PPRS data provide a detailed insight into the variable quality of the products and the eluted
gases at each site, which in turn reflect the variability of the geological formations across the
different areas in the UKCS and the changes over time as production trends have shifted across
the many individual oil and gas fields. The PPRS data that have been used in the inventory
methods are:

1 Time series of field, installation and sector-wide crude oil and natural gas production data,
used primarily as a proxy dataset to address reporting gaps, i.e. to help identify where
emissions data may be missing from EEMS, and in some cases estimating emissions in
a missing year using production trends as the proxy to indicate activity and emission
trends;

1 Time series of fuel gas density and calorific values, derived for the different types of
installation and fuel gas, to reflect whether the origin of the fuel gas was a dry gas field /
installation / terminal, or associated gas from an oil field / installation / terminal.

1 Time series of production from Offshore Tanker Loaders (OTLSs) to underpin the oil loading
fugitive emissions from transfers of crude oil to shuttle tankers, for transport to shore.

The tables below present the fuel quality data that have been derived from PPRS, EU ETS and
EEMS data across the time series, including the CO; EF per TJ (net), NCV and density of fuel
gas in four sub-sectors: offshore oil installations, offshore gas installations, oil terminals and gas
terminals. The variable fuel gas composition across the different sub-sectors of the industry is
based on the annual weighted averages of operator-reported data from each UK installation and
reflects the different composition of the untreated fuel gases that are encountered at the different
stages of upstream oil and gas production.
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Table A 3.1.4 UK Upstream Fuel Gas Carbon Dioxide EF per Source, 1990 -2021

Installation Units

QOil field tCO,/Tjnet 64.5 64.5 64.5 64.5 64.5 65.1 64.8 66.4 65.3 64.1
Gas field tCO,/Tjnet 59.0 59.0 59.0 59.0 59.0 59.5 59.3 60.7 60.0 58.2
Oil terminal tCO,/Tjnet 65.7 65.7 65.7 65.7 65.7 63.4 64.1 67.3 67.6 66.7
Gas terminal | tCO,/Tjnet 58.6 58.6 58.6 58.6 58.6 56.5 57.1 60.0 59.7 58.5

Installation

Oil field tCO,/Tjnet 64.2 63.4 63.8 64.4 64.1 63.1 62.9 63.6 63.4 64.0
Gas field tCO,/Tjnet 58.6 58.3 57.4 58.1 58.1 59.0 58.1 58.1 58.0 57.2
Oil terminal | tCO,/Tjnet 66.6 68.8 67.5 67.8 67.4 67.4 67.3 67.2 64.4 65.2
Gas terminal | tCO,/Tjnet 57.6 57.4 57.3 57.6 56.8 57.0 56.5 58.8 57.6 57.5

Installation

QOil field tCO,/Tjnet 63.2 65.4 64.0 62.9 65.3 64.5 63.9 63.7 64.1 63.0
Gas field tCO,/Tjnet 57.5 58.2 60.4 62.0 58.3 59.1 59.3 57.4 58.3 58.5
Oil terminal tCO,/Tjnet 67.2 70.2 68.7 66.5 68.3 67.9 66.9 67.3 67.3 66.5
Gas terminal | tCO,/Tjnet 57.2 57.8 59.4 57.6 57.1 57.2 57.5 57.9 58.1 57.3

Installation

QOil field tCO,/Tjnet 63.0 61.4
Gas field tCO,/Tjnet 59.0 59.9
Oil terminal | tCO,/Tjnet 66.3 66.2
Gas terminal | tCO,/Tjnet 56.2 57.0
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Table A 3.1.5 UK Upstream Fuel Gas Net Calorific Value per Source, 1990 -2021

Installation Units

Qil field GJ/tonne 41.7 41.7 41.7 41.7 41.7 41.7 41.7 41.7 41.7 41.7
Gas field GJ/tonne 45.7 45.7 45.7 45.7 45.7 45.7 45.7 45.7 45.7 45.7
Qil terminal | GJ/tonne 41.7 41.7 41.7 41.7 41.7 41.7 41.7 41.7 41.7 41.7
Gas terminal | GJ/tonne | 46.1 46.1 46.1 46.1 46.1 46.1 46.1 46.1 46.1 46.1

Installation

Qil field GJ/tonne | 41.7 42.1 415 41.3 41.5 41.7 41.7 41.5 41.7 415
Gas field GJ/tonne | 45.7 46.1 45.8 45.8 46.0 45.1 45.6 45.4 45.2 46.0
QOil terminal | GJ/tonne | 41.7 42.1 415 41.3 41.5 41.7 41.7 41.5 41.7 41.5
Gas terminal | GJ/tonne | 46.1 46.8 46.2 45.9 46.1 45.5 46.1 46.3 45.9 46.2

Installation

Qil field GJ/tonne 41.9 40.6 41.2 41.8 40.8 41.0 41.7 41.6 41.4 41.9
Gas field GJ/tonne | 46.2 45.6 44.2 45.6 45.8 45.3 45.2 46.4 45.8 45,5
Qil terminal | GJ/tonne 41.9 40.6 41.2 41.8 40.8 41.0 41.7 41.6 41.4 41.9
Gas terminal | GJ/tonne 46.4 45.9 44.7 46.0 46.2 46.3 46.5 46.4 45.7 46.0

Installation
Qil field GJ/itonne | 42.1 42.1

Gas field GJ/tonne | 45.2 45.3
Qil terminal | GJ/tonne | 42.1 42.1
Gas terminal | GJ/tonne | 46.2 46.2
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Table A 3.1.6 UK Upstream Fuel Gas Density per Source, 1990 -2021

Installation

QOil field kg/sm?® 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86

Gas field kg/sm? 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76

Oil terminal | kg/sm?® 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86
3

Gas terminal | kg/sm 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76

Installation

Oil field kag/sm
Gas field kg/sm
Oil terminal | kg/sm
Gas terminal | kg/sm

0.86 0.86 0.86 0.86 0.85 0.86 0.85 0.86 0.85 0.85
0.76 0.75 0.76 0.76 0.75 0.77 0.76 0.75 0.76 0.75
0.86 0.86 0.86 0.86 0.85 0.86 0.85 0.86 0.85 0.85
0.76 0.75 0.76 0.76 0.75 0.77 0.76 0.75 0.76 0.75

Installation

Qll field kg/sm
Gas field kg/sm
Oil terminal | kg/sm
Gas terminal | kg/sm

0.84 0.86 0.85 0.85 0.86 0.85 0.85 0.84 0.85 0.85
0.75 0.76 0.78 0.76 0.75 0.76 0.75 0.75 0.75 0.76
0.84 0.86 0.85 0.85 0.86 0.85 0.85 0.84 0.85 0.85
0.75 0.76 0.78 0.76 0.75 0.76 0.75 0.75 0.75 0.76

Installation

Qil field kg/sm® | 0.85 0.85
Gas field | kgism® | 0.76 0.76
Oil terminal | kg/sm® | 0.85 0.85
Gas terminal | kg/sm® | 0.76 0.76

PPRS vs DTI Brown Book Data: Once the PPRS data quality checking and cleansing was
completed, the Inventory Agency conducted further data quality checks focusing on the time
series consistency of field-level oil and (dry or associated) gas production data between the 1990-
2003 datasets from the DTI Brown Book compared against the 2000 onwards PPRS data. This
comparison indicted that the overlap years of 2000-2003 show very close consistency for all crude
oil production data, not only at the overall level (as summarised below), but also for each individual
field. The close comparability of the overlapping years in the two datasets gives a high level of
confidence that the data reported across the time series from the two data sources are on a
consistent basis and scope. There are larger differences evident of around 1-2% for the gas
production data, but no systematic difference and an average difference of only 0.8% across the
four years, again indicating that there are no step-changes in the scope of gas production data
from the two sources.

UKOOA 2005 submission to UK Government: The oil and gas improvement project afforded the
Inventory Agency the time and resources to evaluate the UK Of f shore Operators
(UKOOA). For each emission source, the Inventory Agency has (i) assessed the data quality in
the UKOOA 2005 dataset against the EEMS and NAP
2003, to identify any key outliers or step changes in the data, and (ii) developed a time series per
inventory emission source back to 1990 using the best available data and applying IPCC good
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practice gap-filling methods. Further information about this process can be found in 2022
submission of the UK GHGI Annual Report'?,

A 3.1.6.5 Oil and Gas sector methods under 1B2

Method statement 18 presents an overview of the data sources and methods developed and
applied in the UK GHGI for upstream oil and gas sector fugitive source categories that are
reported in 1B2. This annex presents additional details per source category. For all sources, the
individual assessment of uncertainties (as presented in Thistlethwaite et al, 2022) have been used
to inform the uncertainty parameters per category, per gas, as presented in Annex A2.3.

1B2al: Oil Exploration; 1B2b1: Gas Exploration
Emission Sources

9 Offshore oil well testing

1 Onshore conventional oil well exploration

i Offshore gas well testing

1 Onshore unconventional gas well exploration

The initial phases of exploration for oil and gas resources lead to fugitive emissions of GHGs;
these sources occur prior to production, including prospecting, exploratory well drilling, well
testing, completion, field and well development.

In the UK the main emission source is in the well testing phase offshore, where wells are drilled

and tested to assess the available resources, the field depth, pressure and so on to assess the

feasibility of extracting the oil or gas. During the well tests, the produced fluids are separated,

water and oil collected, and the gases are flared. These activities may be conducted directly from

existing platforms, or from Mobile Drilling Units (MODUSs), and all UK operators report their well

testing emission estimates to EEMS. The 2019 Refinement (Energy Volume, Fugitives Chapter

page 4.48) notes that there are no EFs for offshore well drilling / exploration activities and that

t hese e marstioughtrtosbe fiegligibleod ; we interpret this to mea
from the initial phases of well drilling may be assumed to be negligible and/or dissolve in the water

column.

There are a small number of onshore oil wells in the UK; there are limited emissions data reported
by operators within the IED/PPC regulatory inventories as often the level of annual emissions of
GHGs from these well sites fall below the reporting threshold. The NSTA Well Operations
Notification System (WONS) includes reports on annual well drilling activity, and these data can
be used to derive GHG emission estimates from the exploration phase, using the method set out
in the 2019 Refinement.

In 2021 BEIS commissioned a separate study to estimate GHG emissions from unconventional
gas well drilling. Very minor emissions of methane are reported in 1B2b1 from the exploratory
drilling conducted in the UK during 2010 to 2019, however there was no subsequent gas
production.

Pollutants Reported

1 Carbon dioxide, methane, nitrous oxide, oxides of nitrogen, carbon monoxide, sulphur
dioxide, NMVOC:s, particulate matter

Method Summary

12 https://naei.beis.gov.uk/reports/reports?report_id=1072
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Onshore oil well exploration

1 IPCC 2019 Refinement Tier 1 method: Emission = AD x Default EF

9 Activity data: Number of conventional oil wells drilled per year. These data on wells drilled
onshore area available across the time series:

0 1990 to 1993: DTI Brown Book 2001, Appendix 4;
0 1994 to 1999 data from DTI Brown Book 2004; and

0 2000 onwards from the NSTA Well Operations Notification System (WONS)?*3
annual reports on drilling activity

1 Emission Factor(s): Default (D) EFs from IPCC, mass of pollutant emitted per conventional
oil well drilled: IPCC Refinement 2019 Table 4.2.4: Tier 1 EFs for Oil Exploration.

Offshore Oil Well Testing and Offshore Gas Well testing
1 UK industry Tier 2/3 method, utilising the facility-level EEMS data for 1998 onwards, the
industry-wide sector estimates for 1995 to 1997 (UKOOA 2005) and an estimate of well

testing activity for 1990-1994 through extrapolation back from 1995 using well drilling
statistics. The EEMS dataset specifies if the well test was for oil or gas.

1 The EEMS data (BEIS, 2022a) present the AD in tonnes (of gases flared) and the
emissions of individual gases including: CO2, CH4, N2O, NOx, NMVOC, CO, SO..

T UK GHGI emissions=x 0 p e r assians data per pollutant
1 EFs for each pollutant are derived: EF=x oper ator emissions [/ x a

Onshore Unconventional Gas Well Exploration
T UKGHGIemissions=x operator emissions data per pol |

1 Information obtained direct from the regulatory agency, the EA, for each of the 12 well
sites spudded during 2011-2019; none of these wells have gone into production.

Method Assumptions and Observations

1 There is no unconventional oil exploration and production in the UK. The method applied
to the onshore conventional oil sector is taken from the 2019 Refinement and addresses
a minor gap in UK regulatory reporting, as the well operators onshore seldom exceed the
reporting threshold for IED/PPC reporting during the exploration phase. There is a small
risk of a minor double-count if for some of the larger well sites the operators have included
some well drilling/exploration emission estimates in their annual submissions to regulators
(which are used in the method outlined below for onshore oil production emissions).

1 Waell testing emission estimates on an installation-specific basis are included within the
EEMS datasets from 1998 onwards at all sites
territorial waters, including data on both activity and emission factors of excess gas that is
flared or released to the atmosphere. Emissions released at the seabed are not included
in estimates; it is assumed that any such releases will dissolve in the water column without
subsequent release to the atmosphere.

1 In the EEMS dataset there is no separate reporting of emissions from well drilling,
completions and testing; it is assumed that any releases of gases at the seabed during
drilling or completions will dissolve in the water column, whereas any fugitive releases on
the rigs are reported within EEMS. The Inventory Agency has consulted with the Co-
ordinating Lead Author of the 2019 IPCC Refinement, Energy Fugitives, and national
expert in oil and gas emissions inventory reporting, and confirmed that there are no default

13 www.nstauthority.co.uk/data-centre/data-downloads-and-publications/well-data

UK NIR 2023 (Issue 1) Ricardo Energy & Environment Page 781


http://www.nstauthority.co.uk/data-centre/data-downloads-and-publications/well-data

Other Detailed Methodological Descriptions A3

data to estimate well drilling and completion emissions in offshore production; therefore,
the UK inventory estimates are considered to be accurate as they based on the best
available operator-reported data, complete and consistent with the IPCC Guidelines.

1 Completeness: In the UK there are no known omissions. The addition of estimates for
onshore oil well exploration address a minor gap in previous UK submissions. There is a
risk that operators offshore may not report their oil or gas well testing activity to EEMS;
mobile drilling units by their nature are deployed across different production regions of the
world and hence they may appear and disappear from the EEMS reporting year to year,
which makes it difficult to evaluate the completeness of EEMS over the time series.
However, we have no evidence that under-reporting occurs. The UK inventory includes
estimates from drilling activities at unconventional gas sites during 2010-2019, which total
<60 tCH, in any one year; see Method Statement 18 for details.

1 Accuracy: The onshore oil production method is Tier 1, applying default EFs from the
2019 IPCC Refinement which are associated with high uncertainty (cited as -12.5% to
+800%). It is a minor source in the UK context and hence does not impact significantly on
overall inventory uncertainty. The oil and gas well testing EFs that operators typically apply
in their EEMS returns are taken from operator guidance that was last updated for this
source in 2008, based on UK industry research. There is some uncertainty that the carbon
emission factors from that research are representative of the carbon content of the eluted
gases from all oil and gas wells across the UKCS, given the range in crude oil, associated
gas and dry gas compositional analysis that is noted from different installations reporting
from different production areas on the UKCS. However, the data are UK-specific EFs,
derived from analysis of fluids from UKCS production historically.

1 Time Series Consistency: The underlying data (well drilling numbers) for the onshore oil
exploration source is time series consistent. The offshore oil and gas well testing reporting
by operators has been to a consistent reporting mechanism since ~1995. The 1990-1994
data are extrapolated using IPCC good practice methods, i.e. proxy data on well drilling to
deliver a time series consistent dataset as far as is practicable.

Scope for future research and improvement

1 To conduct drilling activities, offshore operators are required to report to NSTA under the
Energy Act / Petroleum Act, request drilling consents, submit data to the NSTA WONS
portal and also apply for Consent to Locate to a given oil or gas field. Through analysis of
information on Consent to Locate and PETS EIA directions, it may be feasible to check on
the completeness of reporting to EEMS by MODUSs, i.e. to ensure that all operating
MODUSs have reported to EEMS, and to gap-fill where needed. However, operators are
only required to obtain an NSTA flaring consent and an EIA Direction for extended well
tests (i.e. well tests scheduled to run for longer than 96 hours) and not for standard well
tests and hence there may not be a complete list from NSTA to use to validate the
completeness of EEMS.

1 The EFs applied in the EEMS system for oil and gas well testing have not been reviewed
by the industry for >10 years; they may or may not be accurate and representative for the
well testing practices and drilling activities in new production areas of the UKCS in recent
years. To improve accuracy and ensure that the UK estimates are based on current EFs,
new research and/or monitoring would need to be conducted.

Uncertainties

1 The uncertainty parameters applied at category-gas level are presented in Annex 2.3.
1 As noted above, the EFs applied for onshore oil exploration are associated with high
uncertainty; the 2019 Refinement cites a range of -12.5% to +800% of the stated EF.
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1 The oil and gas well testing EFs are based on UK industry research from ~15 years ago.
The GHG emissions are dominated by CO,, which is closely linked to the carbon content
of the flared gases. Based on many years of EEMS and EU ETS reporting of combustion
of gas from the UKCS, the gas content can vary considerably, but the overall average CEF
does not. The well testing EFs uncertainty is therefore estimated to be quite low, at £10%.
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1B2a2: Oil Production & Upgrading
Emission Sources

1 Offshore oil production: Direct Processes
9 Offshore oil production: Other fugitives

1 Oil terminals: Direct processes

1 Oil terminals: Other fugitives

1 Onshore conventional oil production

These emission sources cover the release of fugitive gases from the processing units on upstream
facilities, where the produced fluids are extracted, treated (e.g. to remove acid gases), separated
to allow the onwards delivery or use of liquids (crude oil, condensate) and gases. The emissions
arise from leaks on the platform / FPSO / terminal infrastructure, from pipes, flanges, connectors,
compressors, dehydrators, separators and other units. In the UK the reporting of fugitive releases
by operators tends to fall into two categori es:
emissions that are usually due to the treatment of acid gases which are processed or flared /
incinerated leading (usually) to additional releases of CO, and other gases such as SO; (e.g.
Tartan Alpha, Piper Bravo, Kinneil Terminal); and (ii) all offshore facilities and oil terminals report
operational fugitive releases from leaking infrastructure, which are usually estimated based on an
inventory of all of the equipment on the facility (i.e. counts of flanges, pipelines, connectors,
compressors and so on) and UK industry EFs (from EEMS) on leaks per year per piece of
equipment.

Onshore oil production sites also exhibit similar fugitive releases but for most sites the level of
annual emissions is below the reporting threshold for IED/PPD regulatory inventories, and hence
an alternative method is needed to address that reporting gap.

Pollutants Reported

1 Carbon dioxide, methane, nitrous oxide, oxides of nitrogen, carbon monoxide, sulphur
dioxide, NMVOCs

Method Summary
Onshore oil production

1 For CHs,and NMVOC, a hybrid method that uses UK operator data where they are reported
and gap-filling for sites that do not report. For CO, and N2O there is no operator reporting
of any emissions data and hence an IPCC Tier 1 method is applied: Emission = AD x
Default EF

9 Activity data: Over the time series there are 47 oil well sites active, and for each we have
an annual volume of crude oil produced from industry reporting to NSTA and its
predecessors:

0 1990 to 2003: DTI Brown Book 2004;
0 2004 onwards from the PPRS system of monthly reporting.

I Emission Factor(s): For the larger sites, such as Wytch Farm, Scampton North, Singleton
and Cold Hanworth, there are operator reported estimates of CH, and NMVOC available
from the PI, and these are used directly. For the remaining sites, CHs and NMVOC
estimates are gap-filled using their reported production data and the weighted-average EF
from the sites reporting to the PI, i.e. derived by dividing the sum of reported emissions by
the sum of production at sites that reported emissions. This is effectively a Tier 2 method,
applying UK-specific EFs.

For CO. and N0, for all sites the method uses the IPCC default EFs from the 2019
Refinement for sites with high emitting technologies and practices; this EF is selected on
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the basis that whilst there is a regulatory system in place in the UK, these are small
producing sites where implementing mitigation techniques are unlikely to be economic to
apply. We further note that these are very small producers and the impact on the UK GHGI
totals of the choice of default EF is almost negligible; if they were significant emitters they
would report to the PI/SPRI.

Offshore Qil Direct Processes and Fugitives

1 UK industry Tier 2/3 method, utilising the facility-level EEMS data for 1998 onwards, the
industry-wide sector estimates for 1995 to 1997 (UKOOA 2005) and an estimate of direct
process and fugitive emissions for 1990-1994 through extrapolation back from 1995 using
crude oil production statistics. A small number of installations account for the direct
process sources and in those cases the time series of their estimated annual oil production
or throughput was used to estimate the process emissions.

1 The EEMS data (BEIS, 2022a) present the AD in tonnes (of all gases released) and the
emissions of individual gases including: CO,, CHi, N.O, NOx, NMVOC, CO, SO..
Emissions of fugitives (rather than direct process emissions) are dominated by CH, and
NMVOC, with some reporting of CO; also evident.

1 UKGHGIemissions=x operator emissions data per pol |

Oil Terminal Direct Processes and Fugitives

1 The method is as described for offshore units above, i.e. a UK industry Tier 2/3 method,
utilising the facility-level EEMS data for 1998 to 2010 (when most terminals ceased
reporting to EEMS), the industry-wide sector estimates for 1995 to 1997 (UKOOA 2005)
and an estimate of direct process and fugitive emissions for 1990-1994 through
extrapolation back from 1995 using crude oil production statistics.

i For onshore terminals, the annual submissions to the PI/SPRI are verified by the
regulatory agency, whereas EEMS data are not. Therefore, to align the inventory totals to
these verified data, across all years where PI/SPRI > EEMS totals per pollutant, the
inventory method allocates the residual emissions to this source category. Further, for
2011 onwards, where the only data reported are from the PI/SPRI, the inventory method
across all sources aligns to the total reported to the PI/SPRI and estimates of direct
process and fugitive emissions are modelled based on previously reported source
estimates and the trend in annual emissions per pollutant, per installations.

1 This source category is also used for residual emissions once all other source estimates
have been made, for the 1990-1997 dataset. The UKOOA 2005 dataset provides source-
specific estimates back to 1995, and the 1990-1994 estimates per source are modelled
(see other method descriptions across 1Alcii and 1B2) using proxy data. CO, and N2O
arise primarily from fuel combustion and gas flaring. For methane and NMVOC, the
allocation of emissions across a range of sources is especially uncertain for 1990-1994; it
is unknown whether the reported emissions from industry were from process sources,
fugitive leaks, material storage or from venting. Our approach is to estimate specific
allocations of methane and NMVOC from direct processes, storage and venting, and
all ocate the rest to Aother fugitiveso and r ¢

Method Assumptions and Observations

9 For process and fugitive sources where the EEMS emissions data are provided without
any underlying AD and EF information, the UK inventory method is to aggregate those
operator-reported data and conduct QC against other reported data (such as production
data to identify when installations start and cease production) to ensure completeness.

1 Fugitive emissions reported within EEMS are typically aggregated for each installation,
without any further information on the specific source/unit. Similarly, emissions reported
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under IED/PPC to the PI/SPRI by terminal operators are aggregated across all sources on
the defined installation. These national circumstances of data availability mean that the
UK inventory data cannot be disaggregated to separate fugitive emissions from oil and
gas processing units, from other fugitives, such as acid gas removal units (except where
these are speci fdiiaelclty pirderetsisfoi esd ua s efs )
pipeline infrastructure. The transparency of the underlying operator calculations is limited,
and QC of the data focuses on time series consistency per installation.

The time series of estimates is heavily influenced by reported data from a relatively small
number of installations. As noted in the method overview, a number of sites have additional
processing requirements due to, for example, the incidence of acid gases from the
upstream oil fields. The UK GHGI trend is therefore influenced significantly by the
production trends at those installations. As with all sources, there is greater uncertainty
regarding the estimates at the start of the time series due to the limited data resolution in
the UKOOA 2005 dataset, but IPCC good practice gap-filling techniques have been used
to deliver a plausible time series per source.

The CH4 and NMVOC method for onshore oil well sites uses operator reported emissions
for larger sites and then applies an assumption that the smaller non-reporting sites operate
at a similar EF of emissions per unit production.

Scope for future research and improvement

1 The method is reliant on the operator reporting to EEMS; in order to test against an IPCC

default or other methodology (such as the fugitives methodology developed through
research in Norway in recent years) would require significant investment to gathering more
detailed data about the infrastructure on UK platforms, FPSOs and terminals. To develop
a more comprehensive Tier 2 method would require UK regulators and industry to
generate more detailed activity and emissions data through either annual submissions or
periodic research.

For terminals there is an opportunity to update the requirements within IED/PPC permits
(e.g. inresponse to the latest BREF notes) to include additional operator reporting (annual
or periodic) of source-specific estimates, to supplement the installation-wide emission
estimates that are currently reported to the PI/SPRI. Additional data (including AD or
contextual info on e.g. production) would provide transparency of the source-specific
emissions, and remove the need for assumptions to be applied to estimate the allocation
of total emissions across fugitives, venting, storage, combustion etc, improving accuracy
and opportunities to conduct QC.

Uncertainties

1
1

The uncertainty parameters applied at category-gas level are presented in Annex 2.3.
The EFs applied for onshore oil production are associated with high uncertainty; the 2019
Refinement indicates that CO; EF uncertainties are around +30%, whilst the range for N.O
is -10% to +1000%.

In the latest year and considering the relative contributions to emission estimates per
pollutant and the underlying methods and EFs, our expert judgement is that the activity
data uncertainty is around 5 to 10% and the EF uncertainties are around 30% for CO»,
50% for CH4 and 200% for N»O.

1B2a3: Oil Transport

Emission Sources

1

Offshore oil loading
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1 Onshore oil loading
1 Oil transport fugitives: pipeline (onshore)
1 Oil transport fugitives: road and rail tankers

The transfer of oil from the upstream production installations to refineries and terminals leads to
fugitive emissions of hydrocarbons due to venting and leakage from pipelines, marine tankers, rail
and road tankers. In the UK, these emissions arise from:

(1) crude oil production and offshore loading from OTLs to shuttle tankers;
(ii) off-loading of crude oil from oil tankers to onshore terminals and refineries;

(i) transfer of crude oil via pipelines from offshore platforms and FPSOs to onshore
terminals;

(iv) onshore loading of crude oil to road or rail tankers at onshore well sites; and

(V) the subsequent oil unloading from road/rail tankers at onshore terminals.
Under the IED/PPC reporting scope for onshore terminals, the items (ii), (v) and the onshore
pipeline component of (iii) are already accounted for, and further any fugitives from the offshore

end of oil pipelines under (iii) are covered within the scope of operator reporting of fugitive releases
to EEMS.

The 2019 Refinement presents new guidance and EFs (Table 4.2.4B) for pipeline transfers, and

two sets of EFs for shuttle tanker ships to account for those operating abatement equipment
(AVRUO) and those that do not. These EFs are ba
the industry indicates that North Sea shuttle tankers operate across the UK and Norwegian
Continental Shelf production area, and hence the 2019 IPCC Refinement EFs are regarded as
representative of UK circumstances.

Loading emissions are influenced by many contributing factors including: the composition and
temperature of the crude oil; the design and operation of the loading system; whether the vessel
cargo tanks contain HC gases, inert gases or a mixture of these when the loading operation starts;
and (for offshore loading) the wave heights and weather conditions during loading.

Pollutants Reported

1 Methane, NMVOC and carbon dioxide
Method Summary
Offshore QOil Loading

T IPCC 2019 Refinement Tier 1 method: Emission = AD x Default EF

T Activity data: Over the time series there are 33 offshore installations that service the crude
oil from oil fields that are OTLs, and for each we can derive an annual volume of crude oil
produced across the time series, from industry reports to NSTA and DTI, and the field-
installation mapping:

0 1990 to 2003: DTI Brown Book. [1990-1994, BB 1995 Annex 6; 1995-1997, BB
2000 Appendix 9; 1998-2000, BB 2001 Appendix 9; 2001 to 2003, BB 2004
Appendix 9.]

0 2004 onwards from the PPRS system of monthly reporting per field, aggregated
across all fields and months per installation.

1 Emission Factor(s): Default (D) EFs from IPCC. EF units are mass of pollutant emitted per

1000m: of oil produced: IPCC Refinement 2019 Table 4.2.4B: Tier 1 EFs for Oil Transport.

o Shuttle tankers (no VRU): 0.065 t CH4 /1000 m3; 1.10 t NMVOC /1000 m?3
Onshore Oil Loading
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1 UK industry Tier 2/3 method, utilising the facility-level EEMS data for 1998 to 2010 (when
most terminals ceased reporting to EEMS), the industry-wide sector estimates for 1995 to
1997 (UKOOA 2005) and an estimate of onshore oil loading emissions for 1990-1994
through extrapolation back from 1995 using crude oil production statistics.

1 The EEMS data (BEIS, 2022a) present the AD in tonnes of crude oil received from shuttle
tankers at the terminal and the emissions of individual gases in tonnes, including: CH, and
NMVOC.

1 UKGHGIemissions=x operator emissions per pollutant

1 For 2011 onwards, where installations continued to report to EEMS (e.g. Nigg, Flotta
reported to 2014) then these data are used. For other sites where the only data reported
are from the Pollution Inventory (PI) or the Scottish Pollutant Release Inventory (SPRI),
there is no source resolution of reported emissions, only a total per pollutant per year per
site is reported. The inventory method across all sources aligns to the total reported to the
PI/SPRI and an estimate of oil loading emissions has been modelled based on previously
reported source estimates and site total. These estimates have been augmented through
operator consultation, for example with the ConocoPhillips Seal Sands oil terminal
environmental manager (ConocoPhillips, 2019. Personal Communication) who provided a
breakdown of total reported NMVOC emissions.

Qil transport fugitives: pipeline (onshore)

T IPCC 2019 Refinement Tier 1 method: Emission = AD x Default EF

1 Activity data: There is only one onshore production site where the level of annual
production warrants the investment in a pipeline to a nearby terminal, and that is the 91
km 160 diameter pipeline f r o,wiaMawleycdfinefy.alhem t o
annual production of crude oil at Wytch Farm is published via the historic DTI Brown Book,
and now via the PPRS:

0 1990 to 2003: DTI Brown Book. [1990-1992, BB 1995 Annex 6; 1993-1994, BB
2008 Annex 6; 1995-1997, BB 2000 Appendix 9; 1998-2000, BB 2001 Appendix 9;
2001 to 2003, BB 2004 Appendix 9.]

0 2004 onwards from the PPRS, through annual aggregation of monthly reported
data.

1 Emission Factor(s): Default (D) EFs from IPCC. EF units are mass of pollutant emitted per
1000m? of oil transported by pipeline: IPCC Refinement 2019 Table 4.2.4B: Tier 1 EFs for
Oil Transport.

0 0.0054t CH4 /1000 m?; 0.00049 t CO, /1000 m?; 0.054 t NMVOC /1000 m?®
Qil transport fugitives: road and rail tankers (onshore)

T IPCC 2019 Refinement Tier 1 method: Emission = AD x Default EF

1 Activity data: The annual production of crude oil at all onshore well-sites is published via
the historic DTI Brown Book, and now via the PPRS. The AD here is the total for all
onshore fields less that for Wytch Farm, where the product is transferred via pipeline (see
above):

0 1990 to 2003: DTI Brown Book. [1990-1992, BB 1995 Annex 6; 1993-1994, BB
2008 Annex 6; 1995-1997, BB 2000 Appendix 9; 1998-2000, BB 2001 Appendix 9;
2001 to 2003, BB 2004 Appendix 9.]

0 2004 onwards from the PPRS, through annual aggregation of monthly reported
data.

1 Emission Factor(s): Default (D) EFs from IPCC. EF units are mass of pollutant emitted per
1000m: of oil transported by pipeline: IPCC Refinement 2019 Table 4.2.4B: Tier 1 EFs for
Oil Transport.
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o 0.025t CH, /1000 m?; 0.0023 t CO, /1000 m?; 0.25 t NMVOC /1000 m?

Method Assumptions and Observations

1

Offshore loading of crude oil is a key source category for NMVOCs in the UK inventory,
and therefore a higher-Tier approach has been sought. We note that operators do report
emission estimates from oil loading at offshore assets in EEMS, but that the data show
significant inter-annual variability in scope with some installations only reporting
periodically and other known Offshore Tanker Loaders (OTLs) not reporting at all,
indicating that EEMS data for this source are not complete. In the absence of reliable
operator-reported emissions, PPRS activity data has been used along with the IPCC 2019
Refinement emission factor that assumes no abatement equipment (such as a VRU) is
used on shuttle tankers while they are loaded.

The activity data required for estimates of emissions of hydrocarbons from oil loading
offshore is the annual mass of crude oil production at UKCS platforms or FPSOs that are
not connected to oil pipelines and hence the crude oil is transported to shore using shuttle
tankers. The operator reporting in EEMS includes activity data for the mass of crude oil
transferred per year. However, the NSTA PPRS data for OTLs provides an alternative
dataset via the monthly returns per OTL field on crude oil production which can be
aggregated to the installation (i.e. platform or FPSO) level using the field to installation
mapping. We note that the PPRS data are underpinned by statutory reporting obligations
whilst EEMS is a voluntary reporting system for the oil loading source. As noted above,
comparison of EEMS against PPRS and subsequent consultation with operators via the
OPRED team confirmed that the EEMS-reported data by offshore operators are
incomplete.

Another alterative dataset is presented within DUKES Table F.1 Crude Oil and Natural
Gas Liquids production, which reports an aggregated time series of mass (in kt) of crude
oil production at OTLs per year. The DUKES data is derived from the NSTA PPRS data
and shows close consistency in most recent years. However, the DUKES data is derived
based on a calculation method that considers disposals and stock changes month to
month within the tankers; our analysis indicates that in most years this provides very
similar estimates to a direct aggregation of the reported mass of production per month per
OTL field in PPRS. For several years in the 2000s however, the DUKES Table F.1
indicates a much lower level of OTL production when compared against the aggregate of
crude oil production data in the PPRS dataset; comparison of the PPRS vs. DUKES data
at the field and installation level, shared with the BEIS (now DESNZ) energy statistics
team, shows that production at three BP oil fields West of Shetland are significantly under-
reported in the DUKES time series. Hence to deviate from the UK energy statistics in these
mid-time-series years to use the higher PPRS data is justified and was agreed with BEIS;
this is important to ensure that the 2005 Base Year for NMVOC reporting is accurate.

The outcome of this analysis indicates that the PPRS activity data are the most
complete and accurate dataset for the UK inventory method, rather than the EEMS or
DUKES Table F.1 data. For the data back to 1990, we have the Brown Book production
data per field, and we have identified which oil fields are OTLs and can hence derive an
aggregate total; the overlap years (2000-2003) between the Brown Book and the PPRS
show very close consistency and hence we are confident that the UK inventory method
has a time series consistent activity data time series, using the Brown Book and PPRS
data together from 1990 to latest year.

The scope of reporting of fugitive emissions at offshore installations addresses any leaks
at the offshore end of oil pipelines, whilst leaks under-sea we assume to be dissolved in
the water column and any leaks at the onshore terminal receiving end of the pipelines will
be reported under the scope of PPC/IED annual returns. Hence, we do not consider that
the 2019 Refinement method for fugitive emissions from oil transport via pipelines is
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appropriate for the UK GHGI as it would introduce a double-count. We note that there is a
risk that applying the pipelines method to the onshore production at Wytch Farm may
introduce a small double count where fugitive leaks occur at Wytch Farm or at Hamble
terminal and are already included within their annual reported emissions to the PI,
however, the pipeline is on land rather than under-sea and hence any leaks at
connections, compressors on the route are otherwise a gap in the UK GHGI. Hence the
estimates are likely conservative but address a minor completeness issue.

1 Across all of these transport fugitive sources, there is scarce data from UK sources to
inform a country-specific EF; further, the many parameters that influence actual emissions
(e.g. sea and weather conditions) make the accurate characterisation of this emission
source highly uncertain. For the offshore loading source, there is the EEMS 2008 operator
guidance which presents EFs that are derived from research in the UK in the 1990s;
however we note that the 2019 Refinement EFs are derived primarily from research in the
North Sea production area by the Norwegian authorities. The fleet of shuttle tankers that
service the Norwegian sector also service UK installations and hence we consider that the
2019 Refinement EFs are the more recent data, based on circumstances similar to the UK
and hence are the best available option.

1 In deriving the offshore loading OTL activity data, we note that the crude oil production in
the UK share of the median-line oil field, Statfjord, is processed and exported from a
platform in Norwegian waters, and hence we have omitted the Statfjord production data in
the UK GHGI activity data across the time series, as the emissions arise in Norwegian
waters.

1 The method described above is the recommended approach to derive both CH, and
NMVOC emissions from these emission sources, but we note that to apply the new
methods for NMVOCs is a decision for Defra.

1 The onshore loading emissions dataset from EEMS for the small number of UK oil
terminals shows clear step-changes in the NMVOC EFs applied by individual operators,
which reflect the deployment of mitigation at each site over the years. Step-changes down
are notable for NMVOC from: Kinneil Terminal (2003-4); Sullom Voe (2008-9); Flotta
(2010-11); Seal Sands (2009-10). The default EFs in EEMS are hence not representative
for onshore loading at oil terminals, where more stringent controls are now in place, due
to the risk to local receptors of high NMVOC emissions at terminal ports and oil storage
tank farms.

Scope for future research and improvement

1 There is scope for UK research into the EFs applied for all sources in this section of the
industry. We note that, for example, in the update of onshore facility permits to operate
under PPC/IED that the onshore regulators (EA and SEPA) have the opportunity to
request that plant operators provide further insight into the source-specific estimates of
pollutants within the boundary of the defined installation. This would be especially helpful
to improve the evidence base for the origin of fugitive NMVOC and CH4 emissions, not
only for oil loading but across all sources. This type of data is likely to be gathered already
by operators; however, we note that there are a range of measurement options available
to operators to estimate fugitive hydrocarbons, and a standard method applied across all
UK installations would be needed to generate a more accurate and comprehensive
dataset.

Uncertainties

1 The uncertainty parameters applied at category-gas level are presented in Annex 2.3.
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1 As noted above, the EFs are associated with high uncertainty; the 2019 Refinement cites
a range of £100% of the EFs for CHs and CO- from oil transport by pipelines, and -50% to
+200% for NMVOC. The uncertainty range for oil transport by road and rail tankers is
similar with a range of £50% of the EFs for CHs and CO; and -50% to +200% for NMVOC.
For offshore oil loading to shuttle tankers with or without VRUs the uncertainty range for
CHa4 is cited as +50%; no data are provided for NMVOC for that source.

1 Noting the IPCC default uncertainty ranges above and the data limitations as regards no
source-specific data reported by onshore terminal operators, our expert judgement is that
overall the uncertainties for this group of sources is £50% for methane, which is the only
significant GHG emission, and similar for other gases.
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1B2a4: Refining / Storage; 1B2b4: Natural Gas Transmission and Storage
Emission Sources

1 Oil terminal storage
i Gas terminal storage

The storage of oil in onshore terminal tank farms leads to relatively low releases of hydrocarbons
as the tanks breathe and minor fugitive releases occur. In the UK the regulation of NMVOC
emissions in particular has led to mitigation of such sources through closed-loop tank filling and
storage systems, floating roofs and so on. There are similar, even less significant, fugitive
emission sources for hydrocarbons from storage of fluids at many UK gas terminals, which also
lead to NMVOC emissions and very low releases of CHa.

Emissions from oil and gas terminals are reported under the scope of IED/PPC annual returns to
UK regulators (EA and SEPA), but as with other sources there are no source-specific estimates
available.

[The methods for downstream sources such as fugitives from refining of mineral oil or from gas
transmission networks are reported in the NIR Energy Chapter, Method Statement 19.]

Pollutants Reported
T Methane, NMVOC
Method Summary
Oil Terminal Storage and Gas Terminal Storage

1 Tier 2/3 method, utilising the facility-level EEMS data for 1998 to 2010 (when most
terminals ceased reporting to EEMS), the industry-wide sector estimates for 1995 to 1997
(UKOOA 2005). Estimates of oil terminal storage emissions for 1990-1994 are derived
through extrapolation back from 1995 using crude oil production statistics; a similar
method is used to estimate gas terminal storage using gas production statistics as a proxy.

1 The EEMS data (BEIS, 2022a) present the AD in tonnes of fluids stored at the oil or gas
terminal and the emissions of individual gases in tonnes, including: CH4 and NMVOC.

1 UKGHGIemissions=x operator emissions per pollutant

1 For 2011 onwards where the only data reported are to the PI/SPRI, there is no source
resolution of reported emissions; only a total per pollutant per year per oil or gas terminal
is reported. The inventory method across all sources aligns to the total reported to the
PI/SPRI and an estimate of storage emissions has been modelled based on previously
reported source estimates and the trend in annual site emission totals.

1 Oil terminals that report storage emissions in EEMS include: Flotta, Sullom Voe, Nigg,
Kinneil, Seal Sands.

i Gas terminals that report storage emissions in EEMS include: Barrow North,
Theddlethorpe, Dimlington, Easington.

Method Assumptions and Observations

1 There is a very limited dataset to inform estimates from these minor sources across both
oil and gas terminals, but the historic EEMS data do consistently show that total emissions
of CH4 are almost negligible; NMVOC emissions are slightly more significant.

Scope for future research and improvement

1 There is scope for UK research into the EFs applied for all sources in this section of the
industry, but we note that given the relative insignificance of these sources that this is not
a priority for improvement in future.
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Uncertainties
1 The uncertainty parameters applied at category-gas level are presented in Annex 2.3.

1 Noting the data limitations as regards no source-specific data reported by onshore terminal
operators, our expert judgement is that overall, the uncertainty for this source is +50% for
CHs and NMVOC. These sources are very low emitters; hence in the context of
uncertainties across the upstream oil and gas sector they are immaterial.

UK NIR 2023 (Issue 1) Ricardo Energy & Environment Page 793



Other Detailed Methodological Descriptions A3

1B2a6: Additional/Other Oil Fugitives

Emission Sources

1
1

Abandoned Oil Wells (onshore)
Abandoned Oil Wells (offshore)

Pollutants Reported

)l

Methane

Method Summary

1
1

IPCC 2019 Refinement Tier 1 method: Emission = AD x Default EF

Activity data: Number of wells abandoned per year (cumulative), derived from the NSTA
public wellbore search facility, at: https://www.nstauthority.co.uk/data-centre/data-
downloads-and-publications/well-data

Emission Factor(s): Default (D) EFs from IPCC. EF units are mass of pollutant emitted per
well abandoned per year. IPCC Refinement 2019 provides Tier 1 emissions factors for
plugged, unplugged and both types for onshore and offshore oil wells.

Method Assumptions and Observations

)l

)l

That each well, once abandoned, continues to emit low levels of hydrocarbons in each
subsequent year, and that the IPCC default EFs are representative of UK circumstances.

Over the history of onshore oil and gas production in the UK, there has been an evolution
of post-operational practices as regulation has increased; older wells are unlikely to have
been capped, whereas more recently all wells abandoned are required to be capped to
minimise risk of hydrocarbon leakage.

The NSTA has not been able to provide analysis of the wells dataset to present the specific
information on the year in which each well was abandoned. The NSTA well status is listed
according to when the well was drilled. Therefore, we have assumed, given the large
number of wells drilled and abandoned over time, that the records of wells drilled that are
subsequently abandoned (in any future year) is a good proxy for the actual number of
wells abandoned in a given year.

(Inherent in the IPCC method) The emissions of hydrocarbons for offshore wells that are
abandoned is estimated to be only 2% that compared to onshore wells, as the IPCC
Refinement Tier 1 method states that it is assumed that 98% of hydrocarbons released
will dissolve in the water column and not be emitted to atmosphere.

As the activity dataset is available only for all oil and gas wells aggregated, the method
applies the same EFs to the full estimate of all abandoned oil and gas wells; hence
emissions that ideally ought to be reported under 1B2b for leaks from abandoned gas
wells are included here. The EF for oil wells is assumed to be applicable for gas wells also.

This is a minor source and not a key category for methane emissions and hence a Tier
1 method is proportionate. The UK regulatory system for mining and oil production and
after-care requirements for former production sites is such that only low levels of seepage
of hydrocarbons is expected. We note that whilst there are academic studies in the UK to
research the rate of leakage of methane from individual abandoned oil and gas well sites,
there are no country specific EFs available and hence no Tier 2 method option. Therefore,
to apply the IPCC 2019 Refinement default is the best available dataset to address what
would otherwise be a minor completeness issue in the UK GHGI.

Completeness: In the UK there are no known omissions, the scope of reporting is
complete. We note that NMVOC emissions may occur from these sources, notably from
abandoned onshore oil wells, though no EFs for NMVOC are available from UK research
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nor IPCC or EMEP/EEA inventory guidance;. There is no known activity of oil production
in any OT or CD. There have been a small number of exploratory drilling campaigns
offshore in the waters around the Falkland Islands, but no subsequent production and well
abandonment.

Accuracy: The method is Tier 1 using detailed AD for the UK and methods from the 2019
IPCC Refinement. The EFs are associated with high uncertainty (as high as -99 to 150%
of the stated emission factor).

Time Series Consistency: Annual NSTA data on oil wells drilled and their current status
is available across the time series, including whether wells are suspended or abandoned,
via the public wellbore status search facility. The method is therefore time series
consistent.

Scope for future research and improvement

f

f

The Inventory Agency will continue to engage with NSTA to seek a solution that may
enable us to derive a time series of wells abandoned in each year.

Research to improve the understanding of well abandonment and capping would enable
an improvement to the method to apply the IPCC default EFs (or other EFs) that are
specific to (i) capped wells and (ii) uncapped wells, rather than using default EF provided
for when capping is unknown (currently applied to the full activity data).

There are no default EFs for NMVOC or specific hydrocarbons (e.g. benzene) in either
IPCC nor EMEP-EEA guidebooks; there may be suitable EFs in other literature sources.

Uncertainties

1
1

The uncertainty parameters applied at category-gas level are presented in Annex 2.3.

As noted above, the EFs are associated with high uncertainty; the 2019 Refinement cites
a range of -99 to 150% of the stated EFs. The tier 1 method involves large uncertainties
both in factor selection and also in determining whether an abandoned well has been
plugged or not after decommissioning due to data limitations.

The method complies with IPCC 2019 guideline for fugitive emissions from abandoned
offshore and onshore oil wells. The Tier 1 approach has been applied as Tier 2 or 3
approaches are not available. We note that EFs for abandoned wells have high
uncertainty. Activity data for this source are counts of total abandoned onshore and
offshore wells in each year of the time series.

Available information on abandoned wells do not indicate a clear distinction between
abandoned oil and abandoned gas wells regarding practices or emission rates. Thus, all
the EFs for 1.B.2.A/B.VII in IPCC 2019 are developed from data for both abandoned oll
and gas well s. The EFs of abandoned wel
decommissioned perregulat i ons) and A un sdgmantg. ¢f thufficiert Hata
on plugging practices is available to disaggregate activity data in such a way, the default
EF for all type wells is to be used. More limited data are available on offshore wells and
disaggregated (i.e. plugged versus unplugged) factors for offshore abandoned wells are
developed in IPCC 2019 from onshore wells data considering that most methane (around
98%) from offshore abandoned wells is dissolved in marine water.
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1B2b2: Natural Gas Production
Emission Sources

1 Onshore natural gas production (conventional)
1 Onshore natural gas gathering

These emission sources cover the release of fugitive gases from sources from the gas wellhead
through to the delivery of gas to processing plants (where necessary), or to the connections to the
National Transmission System. UK gas production onshore is limited to a small number of well
sites, all conventional (i.e. no fracturing) and hence fugitives arise mainly from any leaks around
the wellhead and through infrastructure (pipes, connectors, dehydrators, compressors).

Pollutants Reported

1 Carbon dioxide, methane, nitrous oxide and NMVOC
Method Summary
Onshore natural gas production (conventional)

T IPCC Tier 1 method: Emission = AD x Default EF
T Activity data: Annual volume of natural gas (million m?®) produced, obtained from industry
reporting to NSTA, DESNZ and their predecessors (DTI, DECC, BEIS):

0 1990 to 1998: DTI Brown Book. [1990, BB 1995 Appendix 7; 1991-1992, BB 1996
Annex 7; 1993-1995 BB 1998 Appendix 7; 1996-1998 BB 2001 Appendix 10; 1999
onwards is from DUKES Annex F2

o 1999 onwards from DUKES Annex F.2.

1 Emission Factor(s): Default (D) EFs from IPCC. EF units are mass of pollutant emitted per
million m?® of natural gas produced onshore: IPCC Refinement 2019 Table 4.2.4G: Tier 1
EFs for Natural Gas Production Segment, 1B2b2. Onshore activities occurring with higher-
emitting technologies and practices.

0 4.09tCHs/Mm3; 1.45tCO;/ Mm?3; 0.98 t NMVOC / Mm?; 0.000025 t N,O / Mm?

Onshore natural gas gathering

1 Method identical to the method presented above for onshore natural gas production
(conventional), but applying the following EFs from IPCC Refinement 2019 Table 4.2.4G:
Tier 1 EFs for Natural Gas Production Segment, 1B2b2. Onshore activities occurring with
higher-emitting technologies and practices.

0 3.20t CHs/Mm?3; 0.35tCO,/ Mm?3; 0.77 t NMVOC / Mm?; 0.000006 t N.O / Mm?
Method Assumptions and Observations

1 There is a very limited dataset to inform estimates from these minor sources from the UK
onshore gas production sector, as there are no reported data to the Pollution Inventory.

1 The annual level of fugitive releases per well site is below the reporting threshold for
IED/PPC regulatory inventories, and the UK industry does not produce any country
specific EFs or estimates of fugitive leaks; hence to apply the IPCC 2019 Refinement Tier
1 default method is proportionate to address what would otherwise be a minor
completeness issue in the UK GHGI.

1 Completeness: In the UK there are no known omissions, the scope of reporting is
complete. We note that there are no EFs for GHG nor NMVOC from UK research or the
industry.

1 Accuracy: The method is Tier 1 using detailed AD for the UK and methods from the 2019
IPCC Refinement; hence uncertainties are high %s of very small emission estimates.
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i Time Series Consistency: Annual natural gas production onshore data is available
across the time series, via the UK energy statistics and previous annual statistics
publications (DTI Brown Book). The method is therefore time series consistent.

Scope for future research and improvement

1 There is scope for UK research into the EFs applied for all sources in this section of the
industry, but we note that given the relative insignificance of these sources that this is not
a priority for improvement in future.

Uncertainties
1 The uncertainty parameters applied at category-gas level are presented in Annex 2.3.

1 The EFs applied for onshore natural gas production are associated with high uncertainty;
the 2019 Refinement indicates that CH4 and CO, EF uncertainties are around +20%, whilst
the range for N2O is -10% to +1000% and for NMVOC is -75% to +250%.

1 The EFs applied for onshore natural gas gathering are associated with high uncertainty;
the 2019 Refinement indicates that CH4 and COz EF uncertainties are around £10%, whilst
the range for N2O is -10% to +1000% and for NMVOC is -75% to +250%.
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1B2b3: Natural Gas Processing
Emission Sources

1 Offshore gas production: Direct Processes
9 Offshore gas production: Other fugitives

I Gas terminals: Direct processes

1 Gas terminals: Other fugitives

These emission sources cover the release of fugitive gases from the processing units on upstream
facilities, where the produced fluids are extracted, treated (e.g. to remove acid gases), separated
to allow the onwards delivery or use of gas and condensate. The emissions arise from leaks on
the platform / FPSO / terminal infrastructure, from pipes, flanges, connectors, compressors,
dehydrators, separators and other units. In the UK the reporting of fugitive releases by operators

tends to fall into two categories: ( i ) sever al installations report f

usually due to the treatment of acid gases which are processed or flared / incinerated leading
(usually) to additional releases of CO, and other gases such as SO (e.g. platforms: Elgin, Rough
BD, Markham, and gas terminals: SAGE-St Fergus, Barrow, CATS, Point of Ayr, Theddlethorpe);
and (ii) all offshore facilities and gas terminals report operational fugitive releases from leaking
infrastructure, which are usually estimated based on an inventory of all of the equipment on the
facility (i.e. counts of flanges, pipelines, connectors, compressors and so on) and UK industry EFs
(from EEMS) on leaks per year per piece of equipment.

Pollutants Reported

1 Carbon dioxide, methane, nitrous oxide, oxides of nitrogen, sulphur dioxide, carbon
monoxide and NMVOC

Method Summary

Offshore Gas Direct Processes and Fugitives'*

9 Tier 2/3 method, utilising the facility-level EEMS data for 1998 onwards, the industry-wide
sector estimates for 1995 to 1997 (UKOOA 2005) and an estimate of direct process and
fugitive emissions for 1990-1994 through extrapolation back from 1995 using natural gas
production statistics. A small number of installations account for the direct process
sources; emissions are dominated by CO; arising from sour gas treatment/venting and
amine regeneration at the Elgin platform and from Rough BD platform. The time series of
the annual gas production at each installation was used to estimate process emissions in
pre-EEMS years.

1 The EEMS data (BEIS, 2022a) present the AD in tonnes (of all gases released) and the
emissions of individual gases including: CO2, CHs, N2O, NOx, NMVOC, CO, SOa,.
Emissions of fugitives (rather than direct process emissions) are dominated by CH,4 and
NMVOC, with some reporting of CO; also evident.

1 UKGHGIemissions=x operator emissions data per

Gas Terminal Direct Processes and Fugitives

1 The method is as described for offshore units above, i.e. a UK industry Tier 2/3 method,
utilising the facility-level EEMS data for 1998 to 2010 (when most terminals ceased
reporting to EEMS), the industry-wide sector estimates for 1995 to 1997 (UKOOA 2005)
and an estimate of direct process and fugitive emissions for 1990-1994 through

14 An additional source reported in the UK GHGI as a fugitive emission is the emissions from the 2012 Elgin blow-out. A country-
specific method was applied here, based on reported daily methane flow-rate observations taken on 5 days over the blow-out
period. [This method was developed in previous research and is noted here for completeness.]
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extrapolation back from 1995 using natural gas production statistics. The installations at
SAGE-St Fergus and CATS terminals opened in 1992 and 1993 respectively; the Inventory
Agency has estimated process releases back to those years (and zero emissions in 1990).

1 For onshore terminals, the annual submissions to the PI/SPRI are verified by the
regulatory agency, whereas EEMS data are not. Therefore, to align the inventory totals to
these verified data, across all years where PI/SPRI > EEMS totals per pollutant, the
inventory method allocates the residual emissions to this source category. Further, for
2011 onwards, where the only data reported are from the PI/SPRI, the inventory method
across all sources aligns to the total reported to the PI/SPRI and estimates of direct
process and fugitive emissions are modelled based on previously reported source
estimates and the trend in annual emissions per pollutant, per installations.

1 This source category is also used for residual emissions once all other source estimates
have been made, for the 1990-1997 dataset. The UKOOA 2005 dataset provides source-
specific estimates back to 1995, and the 1990-1994 estimates per source are modelled
(see other method descriptions across 1Alcii and 1B2) using proxy data. CO. and N2O
arise primarily from fuel combustion and gas flaring. For methane and NMVOC, the
allocation of emissions across a range of sources is especially uncertain for 1990-1994; it
is unknown whether the reported emissions from industry were from process sources,
fugitive leaks, material storage or from venting. Our approach is to estimate specific
allocations of methane and NMVOC from direct processes, storage and venting, and
all ocate the rest to fiother fugitivesd and r e

Method Assumptions and Observations

9 For process and fugitive sources where the EEMS emissions data are provided without
any underlying AD and EF information, the UK inventory method is to aggregate those
operator-reported data and conduct QC against other reported data (such as production
data to identify when installations start and cease production) to ensure completeness.

1 Fugitive emissions reported within EEMS are typically aggregated for each installation,
without any further information on the specific source/unit. Similarly, emissions reported
under IED/PPC to the PI/SPRI by terminal operators are aggregated across all sources
on the defined installation. These national circumstances of data availability mean that the
UK inventory data cannot be disaggregated to separate fugitive emissions from oil and
gas processing units, from other fugitives, such as acid gas removal units (except where
these are specifically identified as fAdirect
pipeline infrastructure. The transparency of the underlying operator calculations is limited,
and QC of the data focuses on time series consistency per installation.

1 The time series of estimates is heavily influenced by reported data from a relatively small
number of installations. As noted in the method overview, a number of sites have additional
processing requirements due to, for example, the incidence of acid gases from the
upstream gas / condensate fields. The UK GHGI trend is therefore influenced significantly
by the production trends at those installations. As with all sources, there is greater
uncertainty regarding the estimates at the start of the time series due to the limited data
resolution in the UKOOA 2005 dataset, but IPCC good practice gap-filling techniques have
been used to deliver a plausible time series per source.

Scope for future research and improvement

1 The method is reliant on the operator reporting to EEMS; in order to test against an IPCC
default or other methodology (such as the fugitives methodology developed through
research in Norway in recent years) would require significant investment to gathering more
detailed data about the infrastructure on UK platforms, FPSOs and terminals. To develop
a more comprehensive Tier 2 method would require UK regulators and industry to
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generate more detailed activity and emissions data through either annual submissions or
periodic research.

For terminals there is an opportunity to update the requirements within IED/PPC permits
(e.g. in response to the latest BREF notes) to include additional operator reporting (annual
or periodic) of source-specific estimates, to supplement the installation-wide emission
estimates that are currently reported to the PI/SPRI. Additional data (including AD or
contextual info on e.g. production) would provide transparency of the source-specific
emissions, and remove the need for assumptions to be applied to estimate the allocation
of total emissions across fugitives, venting, storage, combustion etc, improving accuracy
and opportunities to conduct QC.

Uncertainties

1
1

The uncertainty parameters applied at category-gas level are presented in Annex 2.3.

In the latest year and considering the relative contributions to emission estimates per
pollutant and the underlying methods and EFs, our expert judgement is that the activity
data uncertainty is ~2-5% and the EF uncertainties are ~10% for CO2, 50% for CH4 and
100% for N2O.
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1B2cli: Upstream Oil Production, Venting; 1B2c1ii Upstream Gas Production, Venting
Emission Sources

1 Upstream oil production: venting
1 Oil terminal: venting

1 Upstream gas production: venting
1 Gas terminal: venting

This source category comprises emissions from the venting of waste gases that arise through
production activities for all upstream oil and gas installations on the UK Continental Shelf (UKCS)
and onshore, i.e. including at offshore assets (platforms and FPSOs) and at onshore terminals.
Venting releases comprise discharges of waste gas streams and process by-products, either
through intentional releases or in emergencies; operators report a wide range of emissions as
venting such as solution gas emissions from storage tanks, purging and blowdowns, pressure
relief releases and disposal of waste gases or off-specification products where there is no option
to flare. In operator reporting via EEMS, venting sub-sources include: emergency, maintenance
and operational.

Pollutants Reported

1 Carbon dioxide, methane, NMVVOC and (rarely) nitrous oxide
Method Summary
Offshore oil production: Venting and Offshore gas production: Venting

1 UK industry Tier 2/3 method, utilising the facility-level EEMS data for 1998 onwards, the
industry-wide sector estimates for 1995 to 1997 (UKOOA 2005) and an estimate of gas
venting emissions for 1990-1994 through extrapolation back from 1995 using crude oil (for
oil sites) or natural gas (for gas sites) production statistics.

1 The EEMS data (BEIS, 2022a) present the emissions of individual gases including: COa,
CHa4, and NMVOC with occasional reporting of other gases such as N»>O, NOx and CO.
The EEMS reporting of activity data is inconsistent; in most cases the EEMS AD are the
sum of the mass of the individual gases, but in others no AD are reported. In the UK GHG
inventory model and reporting outputs, we simply aggregate the emissions data per
pollutant across all sites and report that as the emission and the EF, with AD = 1.

1 UKGHGIemissions=x operator emissions per pollutant

Oil Terminals: Venting and Gas Terminals: Venting

1 The method is as above, except that most terminals ceased to report emissions to EEMS
beyond 2010 and hence for 2011 onwards, where the only data reported are from the PI
or SPRI, there is no source resolution of reported emissions, only a total per pollutant per
year per site. The inventory method for 2011 onwards therefore aligns to the total reported
to the PI/SPRI across all sources, and an estimate of venting emissions has been
modelled based on previously reported source estimates and the trend in annual site
emission totals.

Method Assumptions and Observations

1 EEMS data for venting are provided as emissions data without any underlying activity and
emission factor information. The UK inventory method is to aggregate those operator-
reported data and conduct QC against other reported data (such as production data to
identify when installations start and cease production) to ensure completeness of
reporting. In a small number of cases, operators may report gases other than CO,, CHa
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and NMVOC under venting in EEMS; where there are reports of small amounts of N2O,
NOx and CO reported as venting in EEMS, these data are included in the inventory,
assuming that there are some waste combustion gases recorded as vented, e.g. from
maintenance activities. This happens rarely and the mass of these gases is always very
low; they may be misallocated, but it is a minor issue.

1 Completeness: In the UK there are no known omissions, the scope of reporting is
complete. Time-series checks by the Inventory Agency are used to assess the
completeness of reporting each year; there are a small number of terminals that regularly
report notable venting emissions, whilst offshore there are tens of installations that report
notable venting of hydrocarbons (methane and NMVOC), and a small number (Elgin,
Shearwater, Brae only in recent years) that report venting of CO.. Onshore terminals that
routinely report notable venting emissions include: Flotta, Theddlethorpe, SAGE-St.
Fergus, Shell-St Fergus, Barrow and Bacton.

1 Accuracy: The method is Tier 2/3 across the time series, using the best available data
from operator reporting throughout. Noting that in many cases the operator estimates are
not presented via an flactivityo and fAemissi
gases vented from monitoring of the gas throughput and an assumed gas compaosition,
the accuracy is hard to evaluate. Where there are installation-specific processes (e.g. acid
gas stripping) that lead to high emissions of vented gases (e.g. Shearwater and Elgin often
encounter high-CO; produced gases that cannot be flared; several terminals vent the
process gases from fuel gas treatment facilities) the composition of the gases is monitored
by operators. Smaller-scale vented emissions may be estimated through engineering
calculations and default data on gas composition.

I Time Series Consistency: The method is compromised by the lack of fully detailed data
for the 1990-1997 period, where only aggregate emissions data across all sources in
1Alcii and 1B2 are available from the industry submissions to UK Government. However,
the Inventory Agency has conducted validation checks across the UKOOA dataset versus
EEMS data in overlap years, which indicates good time series consistency, and the
Inventory Agency has deployed gap-filling methods consistent with the 2006 IPCC
Guidelines to develop time series consistent reporting per source category back to the
early 1990s. Therefore, the time series consistency is as good as practicable, given the
limited resolution of the available industry emissions and activity data.

Scope for future research and improvement

1 The method is reliant on the operator reporting to EEMS. The PPRS monthly reports also
include data on venting. Comparisons of PPRS and EEMS data during this project have
indicated that for many sites there is good correlation between EEMS and PPRS, whilst
for other sites there are gaps in the PPRS data where EEMS includes venting estimates.
This indicates that PPRS is not always reliable for QC of EEMS and/or to inform better
estimates. The NSTA has recently begun to consider revisions to the system of flare and
vent consents, and there may be scope to establish better quality routine reporting of gas
venting through the PPRS system, which could then provide an additional data source or
QC step for the inventory.

Uncertainties
1 The uncertainty parameters applied at category-gas level are presented in Annex 2.3.

1 Uncertainties of emissions reported are based on expert judgement, informed by the
understanding of the available data and the likelihood of error compensation across all UK
installations.

1 Inthe latest year of the time series, the uncertainty for venting is estimated to be 5% for
CO2, 100% for CHa, whilst in the Base Year (1990) the uncertainty is assumed to be £20%
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for CO2 and 100% for CH4 due to the more limited information available from industry and
assumptions applied to estimate venting emissions.

1 The limited alternative data against which the EEMS data can be validated undermines
confidence in the accuracy and completeness of the venting estimates.

UK NIR 2023 (Issue 1) Ricardo Energy & Environment Page 803



Other Detailed Methodological Descriptions A3

1B2c2i: Upstream Oil Production, Gas Flaring; 1B2c2ii Upstream Gas Production, Gas
Flaring

Emission Sources

1 Upstream oil production: gas flaring

1 Oil terminal: gas flaring

1 Onshore oil production: gas flaring

1 Upstream gas production: gas flaring
1 Gas terminal: gas flaring

This source category comprises emissions from the flaring of waste gases that arise through
production activities for all upstream oil and gas installations on the UK Continental Shelf (UKCS)
and onshore, i.e. including at offshore assets (platforms, FPSOs, MODUSs), at onshore terminals
and at onshore production sites. The gases may need to be flared to address operational issues
(e.g. excess gas supply), structural issues (e.g. some platforms/FPSOs that produce crude oil and
associated gas do not have any gas export line), safety issues. In operator reporting by offshore
operators to OPRED, via EEMS, flaring sub-sources include: routine operations, gross,
maintenance, upsets / other. Flaring of gases is also conducted at oil and gas terminals, again to
manage waste gas and maintain operational and safety standards across the sites. For all
offshore production sites and terminals, gas flaring emissions are reported by operators under UK
ETS (formerly EU ETS) since 2008, i.e. from EU ETS Phase 2 onwards, and within EEMS from
1998 onwards.

Onshore oil well sites are smaller production sites in the UK context but do still conduct a small
amount of gas flaring during production; separate flaring estimates are made for these sites, for
completeness.

The flaring of waste gases during well exploration and testing is reported separately under the
1B2al and 1B2bl IPCC source categories for oil and gas well testing respectively. This enables
a distinction to be made between emissions from exploration activities, and emissions from
production activities.

Pollutants Reported

1 Carbon dioxide, methane, nitrous oxide, oxides of nitrogen, carbon monoxide, sulphur
dioxide, NMVOCs

Method Summary

The emission estimates across the time series are based on the sum of the best available data
from upstream oil and gas operators, onshore and offshore. The method since 1998 is essentially
a Tier 3 method, aggregating installation-level activity and emission estimates. Estimates for
1990-1997 are based on lower resolution source data but are still a Tier 2 method, using industry-
wide estimates from the trade association (UKOOA 2005). This data was derived from operator
surveys through the 1990s and assumes that carbon emission factors from gas flaring from 1998
are representative for earlier years.

Offshore oil production: Gas Flaring and Offshore gas production: Gas Flaring and

Oil Terminals: Gas Flaring and Gas Terminals: Gas Flaring

1 UK industry Tier 2/3 method, utilising the facility-level UK ETS data for 2008 onwards and
EEMS data for 1998-2007, the industry-wide sector estimates for 1995 to 1997 (UKOOA
2005) and an estimate of gas flaring emissions for 1990-1994 through extrapolation back
from 1995 using crude oil (for oil sites) or natural gas (for gas sites) production statistics.
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)l

1
1

The EEMS data (BEIS, 2022a) present the AD of gas flaring in tonnes and the emissions
of individual gases including: CO2, CHa, N20O, NOx, NMVOC, CO, SO.. The UK ETS
(formerly EU ETS) data provide the AD of gas flared in tonnes together with the carbon
emission factor and verified CO; emissions total per flaring source per installation. As such
the UK ETS data are considered highly accurate; they provide a rich and detailed dataset
that exhibits a range of variability in the flared gas composition across installations.
Reporting to both EEMS and UK ETS is underpinned by the sector-wide assumption of
98% oxidation of flared gas.

UK GHGl emissions=x oper ator emissions data per

Activitydata=x oper ator activit EZmssians/@AD(t onnes):

Onshore oil production: Gas Flaring

1
1

f

IPCC Tier 2 method: Emission = AD x Country Specific EF

Activity data: Annual mass of gas flared at onshore oil production facilities, obtained from
industry reporting to NSTA, DESNZ and their predecessors (DTIl, DECC, BEIS):

0 1990 to 1999: Estimates of mass flared derived from the reported volumes of gas
flared by DTI at onshore fields, scaled according to the mass and volume data for
flaring at offshore fields, i.e. assuming similar gas density;

0 2000 onwards from monthly returns under PPRS for onshore loader fields.

Emission Factor(s): The EF derived for offshore oil production per year is applied to the
onshore flaring AD, as the best estimate of emissions per unit mass gas flared, as there
are no operator-reported emissions data nor EFs from these smaller onshore well sites.

Method Assumptions and Observations

f

Note that where the gas flaring emissions are reported for an installation via both EEMS
and UK ETS, the UK ETS data are regarded as better quality as they are subject to Third
Party verification, as part of the requirements of the trading scheme.

The estimates of methane emissions from gas flaring are amongst the most uncertain of
all estimates of GHGs from the upstream oil and gas sector. The EEMS operator guidance
methane EF and the accepted UK ETS sector-wide methodology (to estimate CO-
emissions under UK ETS) are based on a sector-wide assumption that the oxidation of
flared gases is 98%. There is no routine monitoring and reporting of the performance of
flares to industry regulators. Consultation with operators and regulators indicates that
there is a variable approach by operators to track, monitor and resolve issues such as unlit
flares, which will instead be cold venting flare gases. During such events, methane
emissions will be much higher and carbon dioxide emissions much lower than the
estimates reported based on the measurement of the amount of gas to flare and applying
the 98% oxidation factor assumption. While the analysis of emission plumes in the North
Sea between 2018 and 2019 found that the assumption is reasonable (Shaw et al., 2022),
we note that just a small under-performance in flare efficiency below the 98% industry
assumption will lead to a significant increase in methane emissions and an under-report
in inventory estimates (e.g. a 96% flare efficiency equates to double the reported methane
emissions).

Gas flaring is a minor source of emissions of nitrous oxide. Operators report estimates to
EEMS, predominantly applying defaults from operator guidance, and hence this is
essentially a Tier 2 approach. The Inventory Agency gap-fills reported data where
necessary, using the default EF.

Gas flaring at onshore well sites is a small component of total flaring emissions, e.g. in
2020 it is estimated to account for 0.6% of total flaring GHG emissions. The available data
for this source is limited to activity data across the time series, with assumptions applied
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to use the EF from offshore oil production facilities and to derive the AD in the early part
of the time series. This component of the gas flaring estimates is therefore subject to
greater uncertainty than the well-documented other sources (offshore and at terminals).

1 Completeness: In the UK there are no known omissions, the scope of reporting is
complete. The Inventory Agency draws upon a range of data sources to ensure
completeness (and accuracy), using UK ETS supplemented by EEMS data for smaller
installations that fall below the UK ETS reporting threshold.

9 Accuracy: The method is Tier 2/3 across the time series, using the best available data
from operator reporting throughout. In the UK there has been a high level of flare gas
compositional analysis to inform UK ETS allocations (from the National Allocation Plans
from 1998 onwards) and subsequently in all operator submissions to UK ETS. Further, the
stringent monitoring and reporting and other QAQC requirements of the UK ETS system
gives confidence that the reported mass of flare gas sent to flare per installation per year
is highly accurate. As noted above, the biggest source of potential inaccuracy in GHG
estimates is the assumption across all operator reporting that flare oxidation efficiency is
98%,; deviation from that assumed level of oxidation will impact both the methane and
carbon dioxide estimates.

T The 1990-1997 data are based on the UKOOA 2005 report to UK Government, which took
account of the work in the National Allocation Plans to derive better installation-level
carbon emission factors but are based on more limited industry surveys from the early
1990s and hence are associated with higher uncertainty than the later data.

i Time Series Consistency: The method is compromised by the lack of fully detailed data
for the 1990-1997 period, where only aggregate emissions data across all sources in
1Alcii and 1B2 are available from the industry submissions to UK Government. Therefore,
the time series consistency is fAas good
data.

QA/QC
Specific QA/QC and validation exercises relevant to these source categories include:

1 Comparisons between EEMS and UK ETS, to review installation-specific activity data and
CO. emissions data (and hence implied IEFs for each site and source) to identify any
possible gaps in the EEMS dataset, using UK ETS as a de-minimis. The UK ETS data
quality (AD, EFs) are third-party verified and hence regarded as the more accurate
dataset;

1 Comparisons of total emissions data reported by each onshore oil and gas installation via
the Pollution Inventory/Scottish Pollutant Release Inventory/Welsh Emissions Inventory to
assess time-series consistency and completeness of reporting, comparing CO; emissions
data against those presented in UK ETS (and EEMS if the terminal reports to EEMS also).

Scope for future research and improvement

1 A priority for further research is to develop a more rigorous and comprehensive evidence
base for flare performance at all upstream installations, especially for those that operate
offshore in potentially harsh conditions and with more limited opportunities for flare stack
maintenance. Emission estimates are currently very sensitive to the assumption that 98%
of flared gas is oxidised and, while recent evidence has supported this (Shaw et al., 2022),
uncertainty remains high. Confidence could be improved by obtaining measurement data
on the performance of different flare stack types (enclosed or open flare designs etc.) and
the development of more rigorous and consistent operator monitoring and reporting
systems to track when flares are operational, when they are unlit, and the volume/mass of
flare gas passed to the flare stack during these different periods of operation. Consultation
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with industry would also be useful in understanding the changes in flaring practises over
the timeseries.

Uncertainties
1 The uncertainty parameters applied at category-gas level are presented in Annex 2.3.

1 Uncertainties for both AD and EFs are based on expert judgement, informed by the
understanding of the available data, the level of uncertainty that is accepted within the
reporting systems (e.g. UK ETS) and the likelihood of error compensation across all UK
installations.

1 In the latest year of the time series, the AD uncertainty for gas flaring is estimated to be
1+5%, whilst in the Base Year (1990) the AD uncertainty is assumed to be +20% due to the
more limited information available from industry and assumptions applied to estimate
flaring activity.

1 Across the time series, the CO, EF uncertainty is estimated to be 5% whilst the
uncertainty in the EFs for both methane and nitrous oxide are estimated to be £100%
across all installations, reflecting the uncertainty in oxidation factor assumption (for
methane) and the widespread use of a default EF (for nitrous oxide).

1 Uncertainties in flaring AD are typically low. However, we note (as outlined above) that
there are different operator flare stack monitoring (lit/unlit) practices evident (across the
time series) and also that there are less detailed activity and emissions data available for
the 1990-1997 period. Hence uncertainties for the estimates in 1990 are higher than for
recent years where much more detailed and complete operator-reporting of activity and
emissions are evident.

1 The CO; EFs are based on UK-specific data, from sampling and compositional analysis
of gas sent to flare. Despite the uncertainty regarding the assumed gas flaring oxidation
factor, across the sector the uncertainty of the CO; EF is still expected to be low, however
the uncertainty of the CH4 EF is considered to be high.

A 3.2 INDUSTRIAL PROCESSES (CRF SECTOR 2)

There is currently no additional information for this sector in this Annex.

A 3.3 AGRICULTURE (CRF SECTOR 3)

Note that the references for this section are included in Section 17.4.

UK NIR 2023 (Issue 1) Ricardo Energy & Environment Page 807



Other Detailed Methodological Descriptions A3

Table A 3.3.1 Livestock Population Data by  Animal Type ( @00 animal places)

Livestock Category 1990 1995 2000 2005 2010 2015 2020 2021
Total cattle 12,125 11,760 11,048 10,698 10,014 9,785 9,429 9,445

- dairy cows 2,848 2,603 2,336 2,003 1,839 1,906 1,853 1,856

- all other cattle 9,277 9,157 8,713 8,695 8,175 7,879 7,577 7,589
Sheep 45,475 44,233 43,154 36,140 31,724 34,032 33,427 33,641
Pigs 7,548 7,627 6,482 4,862 4,468 4,739 5,069 5,323
Total poultry 138,381 142,267 169,773 173,909 163,842 167,579 182,882 189,853

- laying hens 33,624 31,837 28,687 29,544 28,751 28,311 31,067 30,788

- broilers 73,944 77,177 105,689 111,475 105,309 107,056 120,047 126,584
Total horses 570 684 1,006 1,036 1,024 978 932 927

- horses kept on agricultural holdings 202 273 287 346 312 283 236 231

- professional horses 62 62 70 91 91 87 87 87

- domestic horses 305 348 649 599 621 608 608 608
Goat 98 75 74 95 93 101 112 111
Deer 47 37 36 33 31 31 38 46
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A 3.3.1 Enteric Fermentation (3A)

Table A 3.3.2 Methane Emission Factors for  Livestock Emissions for 20 21
Enteric methane Methane from
Animal type manures
kg CHa/head/year kg CHas/head/year
Cattle Dairy cows 123.97 38.26
Dairy heifers 54.92 6.23
Dairy replacements >1 year 51.37 5.94
Dairy calves <1 year 43.66 3.83
Beef cows 76.25 10.79
Beef females for slaughter 49.17 5.79
Bulls for breeding 57.90 8.07
Cereal fed bull 49.85 9.01
Heifers for breeding 48.51 6.34
Steers 50.10 5.87
Pigs 1.50 4.03
Sheep Ewes 7.10 0.19
Rams 8.25 0.23
Lambs 3.07 0.07
Other 9.0 0.39
livestock Goats

Horses 18.0 0.41
Deer 20.0 0.22
Poultry Laying hens NA 0.017
Growing pullets NA 0.008
Broilers NA 0.019
Turkeys NA 0.065
Breeding flock NA 0.008
Ducks NA 0.131
Geese NA 0.134
All other poultry NA 0.008
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A 3.3.2 Manure Management (3B)

A 3.3.2.1 Methane emissions from animal manures

Table A 3.3.3 Methane conversion factors for Manure Management Systems in the UK

Manure Handling System Methane Conversion Factor %
Liquid? 17

Daily spread 0.1

Deep bedding/farmyard manure i cattle, pigs 17

Deep bedding/farmyard manure 7 sheep 2.0

Pasture range and paddock 1.0

Poultry manure 15

Anaerobic digestion - cattle® 3

Anaerobic digestion - pigs® 4

Anaerobic digestion - poultry® 15

aNo differentiation is made between crusted and non-crusted slurry storage

bValues used for the anaerobic digestion of livestock manures are based on the values used in the German inventory
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A3.3.2.2 Nitrous Oxide emissions from Animal Waste Management Systems
Table A 3.3.4 Nitrogen Excretion Factors, kg N animal place  * year™ for livestock in the UK (1990 -2021)

Livestock Category 1990 1995 2000 2005 2010 2015 2020 2021
Dairy cows 85.5 87.5 935 102.4 104.5 111.1 118.2 118.7
Other cattle? 39.8 41.2 43.2 44.7 457 45.7 445 44.4
Sows 23.6 225 21.4 20.6 20.8 21.1 21.1 211
Gilts 15.5 15.5 15.5 15.2 13.6 12.0 11.7 11.7
Boars 28.8 27.4 26.1 245 22.0 19.4 18.9 18.9
Fatteners > 80 kg 20.2 19.3 18.4 17.2 15.4 13.5 13.2 13.2
Fatteners 20-80 kg 14.6 13.9 13.2 12.4 11.1 9.9 9.6 9.6
Weaners (<20 kg) 4.6 4.4 4.2 4.0 4.0 4.0 4.0 4.0
Ewes 8.3 8.5 8.6 8.6 8.3 8.6 8.8 8.8
Rams 11.3 11.4 11.4 11.3 11.1 11.2 11.4 11.3
Lambs 3.7 3.8 3.9 4.1 4.0 4.2 4.2 4.3
Goats 8.4 8.4 8.4 8.4 8.4 8.4 8.4 8.4
Horses

T horses kept on agricultural holdings 50 50 50 50 50 50 50 50

i professional horses 129 129 129 129 129 129 129 129

T domestic horses 50 50 50 50 50 50 50 50
Deer 29.3 29.3 29.3 29.3 29.3 29.3 29.3 29.3
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Livestock Category 1990 1995 2000 2005 2010 2015 2020 2021
Laying hens 0.87 0.84 0.80 0.77 0.76 0.74 0.74 0.73
Broilers 0.64 0.59 0.55 0.49 0.40 0.30 0.28 0.28
Turkeys 1.50 1.59 1.68 1.75 1.77 1.78 1.78 1.78
Pullets 0.42 0.39 0.36 0.34 0.35 0.36 0.36 0.36
Breeding flock 1.16 1.13 1.10 1.09 1.11 1.14 1.14 1.14
Ducks 1.30 141 1.52 1.57 1.40 1.23 1.20 1.20
Geese 1.30 141 1.52 1.57 1.40 1.23 1.20 1.20
Other poultry 1.30 141 1.52 1.57 1.40 1.23 1.20 1.20

aWeighted average for all other cattle categories
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Table A 3.3.5 Distribution of Animal Waste Management Systems (%) used for Different Animal types, 20 21
Anialyee Syarem | D SPread | F s | | Paddock | digestion
Cattle Dairy cows 61 8 9 20 2
All other cattle 19 12 20 49 1
Pigs All pigs 36 15 34 10 4
Sheep Ewes 0 0 8 92 0
Rams 0 0 1 99 0
Lambs 0 0 1 99 0
Other livestock Goats 0 0 8 92 0
Deer 0 0 25 75 0
Horses 0 0 30 70 0
Poultry All poultry 0 33 51 4 12
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Table A 3.3.6 Other agricultural waste management data and parameters

a) Quantities of poultry manure incinerated as kt and expressed as % of broiler
and turkey manure for each Devolved Administration

1990 2000 2005 2010 2015 2020 2021
Litter 0 465 660 648 676 605 615
incinerated, UK
(kt)
% of broiler and
turkey litter:
England 0 19 29 32 35 29 28
Wales 0 0 0 0 0 0 0
Scotland 0 61 64 58 77 61 70
Northern 0 0 0 0 3 3 3
Ireland

b) Amounts of poultry litter exported from Northern Ireland to be

England and Scotland

incinerated in

2015 2016 2017 2018 2019 2020 2021
Amount of poultry litter sent from 1,160 4,650 2,026 0 0 3,163 | 3,163
Northern Ireland for incineration in
England, t
Amount of poultry litter sent from 7,403 5,142 4,127 0 4,871 | 6,169 | 6,169
Northern Ireland for incineration in
Scotland, t

c) Direct N 20 Emission Factors for Animal Waste Management Systems

Emission source

EF (% of total

Uncertainty limits

Data source

N) (95% ClI)
Cattle manure management
Slurry 7 solid floor 0 N/A IPCC 2006
Slurry i slatted floor 0.2 Factor of 2 IPCC 2006
FYM systems 2.0 Factor of 2 UK measurement (at
storage)
Qutdoor yards 0 N/A IPCC 2006
Pig manure management
Slurry i slatted floor 0.2 Factor of 2 IPCC 2006
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Emission source

EF (% of total

Uncertainty limits

Data source

N) (95% ClI)
FYM systems 2.0 Factor of 2 UK measurement (at
storage)
Sheep manure management (FYM) 0.5 Factor of 2 IPCC 2006
Layer manure management 0.5 Factor of 2 UK measurement (at
storage)
Broiler manure management 0.5 Factor of 2 UK measurement (at
storage)
Ducks and geese manure 2.0 Factor of 2 Based on cattle/pig
management
Turkeys manure management 0.5 Factor of 2 UK measurement (at
storage)
Other poultry manure management 0.5 Factor of 2 UK measurement (at
storage)
Goats, deer and horses manure 2 Factor of 2 UK measurement (at
management storage)
Anaerobic digestion 0 N/A IPCC 2006

CS EFs presented in this table are derived from UK measurements as described in documents available on

request
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A 3.3.3 Agricultural Soils (3D)

Table A 3.3.7 Percentage of layer manure and all other poultry manure applied to cropland
1990 1995 2000 2005 2010 2015 2020 2021
% of layer manure 53 53 67 70 70 70 70 70
spread to cropland
% of all other poultry 53 53 67 82 82 82 82 82
manure spread to
cropland
Table A 3.3.8 Other Organic N Fertilisers applied to soils i manure and non-manure based digestates
1990 1995 2000 2005 2010 2015 2020 2021
N input from manure
based digestate applied 19,140 | 46,083 49,792 140,684 790,836 10,229,798 | 20,837,501 | 20,905,684
to soils (kt N/y)
Direct N2O emissions
from manure based 0.0002 0.0005 0.0006 0.0017 0.0093 0.1202 0.2448 0.2456
digestate applied to soils
(kt N2Oly)
N input from crop based
digestate applied to soils 0 0 0 596 916,078 13,234,801 | 20,392,925 | 20,778,690
(ktly)
Direct N20O emissions 0 0 0 0.00001 0.01440 0.20798 0.32046 0.32652
from crop based
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1990

1995

2000

2005

2010

2015

2020

2021

digestate applied to soils
(kt N20O/y)

N input from food based
digestate applied to soils

(kty)

894,125

3,711,425

18,752,915

28,685,445

29,625,445

Direct N2O emissions
from food based
digestate applied to soils
(kt N2Oly)

0.01405

0.05832

0.29469

0.45077

0.46554

N input from other
organic residue digestate
applied to soils (kt N/y)

670

345,720

377,545

2,153,916

3,216,419

3,246,569

Direct N2O emissions
from other organic
residue digestate applied
to soils (kt N2Oly)

0.00001

0.00543

0.00593

0.03385

0.05054

0.05102
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Table A 3.3.9

EF for direct N.O emissions from managed soils in the UK inventory

Emission source

EF (% of total N)

Uncertainty

Data source

Urea fertiliser

Non-linear function
of application rate
(see Section
5.5.2.1)

Topp et al., in prep

Other mineral fertilisers

Non-linear function

of application rate

and annual rainfall
(see Section

Topp et al., in prep

5.5.2.1)
Livestock slurry 0.7475 SE 0.17328 Topp et al., in prep
Livestock solid manure (FYM) 0.33 SE 0.07 Topp et al., in prep
Poultry manure 1.01 SE 0.15 Topp et al., in prep
Sewage sludge 1.0 0.37 3.0 IPCC 2006
Manure-based digestate 0.7475 SE 0.17328 Topp et al., in prep
Non-manure based digestate 1.0 0.37 3.0 IPCC 2006
Crop residues 1.0 0.3i7 3.0 IPCC 2006
N mineralisation 1.0 0.37 3.0 IPCC 2006
DEFRA report SP0822:
Histosols - cropland 16.28 kg N2O-N/ha | SE 4.423 A'i%:PhgTThheeJ;ng:t?aﬁgde
Inventory
DEFRA report SP0822:
Histosols i intensive grassland 7.39 kg N20O-N/ha SE 1.642 A”?/C:Phg'l'ThheeUPI?a;E:t(ljaﬁgde
Inventory
Cattle urine 0.629 SE 0.0930 Topp et al., in prep
Cattle dung 0.193 SE 0.0212 Topp et al., in prep
Sheep urine 0.315 SE 0.0658 Topp et a"z’(i)“lgrep' IPCC
Sheep dung 0.097 SE 0.0150 Topp et a"z’(i)'lgrep' IPCC
Outdoor goats, horses and deer 0.3 0.0i7 1.0 IPCC 2019
Outdoor pigs and poultry 0.4 0.071 1.4 IPCC 2019

Table A 3.3.10 Areas of UK Crops and quantities of fertiliser applied for 2021
Fertiliser, Crop area, Fertiliser,
Crop Type Crop area, ha KEN Crop Type ha KEN
Oats 165,845 17.2 Potatoes 112,878 13.0
(maincrop)
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Fertiliser, Crop area, Fertiliser,
Crop Type Crop area, ha KEN Crop Type ha KEN
Spring oats 23,756 1.6 Potatoes 24,072 2.8
(seed or
earlies)
Winter oats 9,983 0.7 Sugar beet 95,249 6.6
Spring barley 12,898 1.1 Maize 95,815 6.2
Spring barley (malting) 425,867 42.2 Grain maize 14,762 0.9
Spring barley (non-malting) 306,088 29.6 Forage maize 116,469 6.7
Winter barley 7,944 1.2 Rootcrops for 38,965 2.6
stockfeed
Winter barley (malting) 70,076 8.8 Leafy forage 4,544 0.2
crops
Winter barley (non-malting) 326,872 47.0 Other fodder 52,855 1.8
crops
Wheat 7,734 1.2 Vegetables 1,650 0.1
(not-
differentiated)
Wheat (milling) 655,352 127.7 Vegetables 5,437 0.3
(brassicas)
Wheat (non-milling) 1,127,309 199.7 Vegetables 44,788 2.7
(legumes)
Minor cereals 70,819 7.9 Vegetables 65,218 4.1
(other non-
legumes)
Oilseed rape 5,691 1.0 Other 16,358 1.0
horticultural
crops
Spring oilseed rape 6,735 11 Soft Fruit 7,483 0.4
Winter oilseed rape 294,863 50.6 Top Fruit 23,216 1.4
Linseed 40,907 3.7 Miscanthus 7,829 0.1
Field beans (harvested dry) 186,861 0.2 Willow (short 4,171 0.1
rotation
coppice)
Field peas (harvested dry) 60,732 0.1 Other field 30,338 0.5
crops
Fruit (mixed top & soft fruit) 12 0.0 Wine grapes 2,762 0.2
Permanent grass 6,070,944 287.1 Temporary 1,216,835 1154
grass
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TableA 3311 Trends in area grown (06000 ha) and N fertil i20@er applied (kg/ ha
whea R R e Oroset o S
(<5yrs)
Year | 6000 | kg/haN 6000 | kg/haN | 6000 | kg/lhaN 6000 kg/lhaN | 6000 | kg/haN | 6000 | kg/haN 6000 kg/ha N
1990 | 2,014 183 635 90 882 140 148 184 390 226 1,606 166 5,316 108
1991 | 1,981 189 553 90 841 142 148 188 440 225 1,607 168 5,314 107
1992 | 2,067 185 515 89 784 141 151 175 421 197 1,582 157 5,266 95
1993 | 1,759 182 518 90 649 134 143 187 377 177 1,581 146 5,261 100
1994 | 1,811 189 481 95 627 145 138 194 404 182 1,455 170 5,375 110
1995 | 1,859 193 504 97 689 144 144 176 354 187 1,407 170 5,375 108
1996 | 1,977 185 519 93 749 140 149 171 356 190 1,393 166 5,338 105
1997 | 2,036 191 519 93 840 143 133 166 445 199 1,403 147 5,266 103
1998 | 2,045 182 484 91 769 136 131 187 506 193 1,302 156 5,365 99
1999 | 1,847 186 631 99 548 143 148 154 493 197 1,226 180 5,449 101
2000 | 2,086 191 539 107 589 148 138 159 393 192 1,226 142 5,363 90
2001 | 1,635 193 783 114 462 150 137 160 444 205 1,205 130 5,584 84
2002 | 1,996 193 555 112 546 153 129 154 436 198 1,243 135 5,519 77
2003 | 1,836 197 621 107 455 148 118 149 549 194 1,200 129 5,683 75
2004 | 1,990 187 587 98 420 144 121 144 498 193 1,246 116 5,620 71
2005 | 1,870 184 553 97 384 139 113 140 588 196 1,193 108 5,711 65
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Grass

whea e e P Orseet e
(<5yrs)
Year | 6000 | kg/haN 6000 | kg/haN | 6000 | kg’/haN 6000 kg/haN | 6000 | kg/haN | 6000 | kg’/haN 6000 kg/ha N
2006 1,836 176 494 96 388 132 117 144 568 182 1,137 106 5,967 60
2007 1,830 179 515 92 383 132 112 131 674 184 1,176 98 5,965 55
2008 2,080 176 616 93 416 134 114 154 598 185 1,141 91 6,036 45
2009 1,814 186 749 98 411 137 118 161 581 179 1,262 86 6,081 47
2010 1,939 190 539 97 382 141 114 132 642 194 1,231 99 5,925 53
2011 1,969 192 611 97 359 140 120 153 705 195 1,278 92 5,877 51
2012 1,992 194 618 99 385 147 123 134 756 187 1,357 91 5,799 50
2013 1,615 184 903 107 310 145 114 166 715 174 1,390 96 5,802 54
2014 1,936 191 651 106 429 145 115 140 675 191 1,396 100 5,824 51
2015 1,832 194 659 105 442 148 105 155 652 191 1,167 97 6,078 49
2016 1,823 186 683 105 439 146 114 130 579 182 1,144 94 6,118 50
2017 1,792 183 754 101 423 149 121 133 562 180 1,144 96 6,135 49
2018 1,748 183 751 100 387 143 117 135 583 188 1,152 95 6,178 52
2019 1,816 185 710 97 453 145 120 153 530 183 1,193 95 6,207 49
2020 1,389 170 1,074 100 312 141 119 117 381 173 1,181 94 6,122 49
2021 1,790 184 745 98 405 141 113 115 307 171 1,217 95 6,071 47
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A 3.3.3.1 Crop Residues

Table A 3.3.12 Parameter values for crop residue management

Above Qround IPCC Crop Yield IPCC Crop Yield
Crop Crop Harvest Index? R§S|due To Above Ground | To Above Ground IPCC Above.To Belqw
Retained after . . Ground Residue ratio
harvest Residue Slope® Residue Intercept®
Oats 0.46 0.5 NA NA 0.25
Spring oats 0.46 0.5 NA NA 0.25
Winter oats 0.46 0.5 NA NA 0.25
Spring barley 0.52 0.5 NA NA 0.22
Spring barley (malting) 0.52 0.5 NA NA 0.22
Spring barley (non-malting) 0.52 0.5 NA NA 0.22
Winter barley 0.52 0.5 NA NA 0.22
Winter barley (malting) 0.52 0.5 NA NA 0.22
Winter barley (non-malting) 0.52 0.5 NA NA 0.22
Wheat 0.50 0.5 NA NA 0.23
Wheat (milling) 0.50 0.5 NA NA 0.23
Wheat (non-milling) 0.50 0.5 NA NA 0.23
Minor cereals 0.49 0.5 NA NA 0.23
Oilseed rape 0.30 1 NA NA 0.35
Spring oilseed rape 0.30 1 NA NA 0.35
Winter oilseed rape 0.30 1 NA NA 0.35
Linseed and Flax 0.38 0.5 NA NA 0.35
Linseed 0.38 1 NA NA 0.35
Flax 0.38 0.2 NA NA 0.35
Field beans and peas combined NA 1 1.13 0.85 0.19
Potatoes NA 1 0.10 1.06 0.20
Potatoes (maincrop) NA 1 0.10 1.06 0.20
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Above Qround IPCC Crop Yield IPCC Crop Yield
Crop Crop Harvest Index? R§S|due To Above Ground | To Above Ground IPcC Above.To Belqw
Retained after Residue Slope? Residue Intercept? Ground Residue ratio
harvest
Potatoes (seed or earlies) NA 1 0.10 1.06 0.20
Sugar beet NA 1 1.07 1.54 0.20
Maize NA 1 1.03 0.61 0.22
Grain maize NA 1 1.03 0.61 0.22
Forage maize NA 0.15 1.03 0.61 0.22
Root crops for stockfeed NA 0.15 1.07 1.06 0.20
Leafy forage crops NA 0.15 0.30 0.00 0.35
Other fodder crops NA 0.1 NA NA 0.35
Vegetables (not-differentiated) NA 1 0.30 0.00 0.35
Vegetables (brassicas) NA 1 0.30 0.00 0.35
Vegetables (legumes) NA 1 0.30 0.00 0.35
Vegetables (other non-legumes) NA 1 0.30 0.00 0.35
Other horticultural crops NA 1 0.30 0.00 0.35
Soft Fruit NA 1 0.20 0.00 0.35
Top Fruit NA 1 0.20 0.00 0.35
Miscanthus NA 1 1.00 0.00 0.35
Willow (short rotation coppice) NA 1 1.00 0.00 0.35
Other field crops 0.52 0.5 NA NA 0.22
Wine grapes NA 1 0.20 0.00 0.35
Fruit (mixed top & soft fruit) NA 1 0.20 0.00 0.35

aWhere ONAOG appears
the Harvest Index approach was used
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Table A 3.3.13 N concentrations in above and below ground biomass

Crop Residue Above Ground

Crop Below Ground N, kg N/[t DM] N, kg N/[t DM]
Oats 8.0 5.4
Spring oats 8.0 5.4
Winter oats 8.0 5.4
Spring barley 14.0 6.7
Spring barley (malting) 14.0 6.7
Spring barley (non-malting) 14.0 6.7
Winter barley 14.0 6.7
Winter barley (malting) 14.0 6.7
Winter barley (non-malting) 14.0 6.7
Wheat 9.0 6.2
Wheat (milling) 9.0 6.2
Wheat (non-milling) 9.0 6.2
Minor cereals 9.0 6.6
Oilseed rape 11.0 9.9
Spring oilseed rape 11.0 9.9
Winter oilseed rape 11.0 9.9
Linseed and Flax 11.0 9.9
Linseed 11.0 9.9
Flax 11.0 9.9
Field beans and peas combined 8.0 8.0
Potatoes 14.0 17.3
Potatoes (maincrop) 14.0 17.3
Potatoes (seed or earlies) 14.0 17.3
Sugar beet 14.0 24.6
Maize 7.0 6.0

UK NIR 2023 (Issue 1)

Ricardo Energy & Environment

Page

824



Other Detailed Methodological Descriptions A3

Crop Residue Above Ground

Crop Below Ground N, kg N/[t DM] N, kg N/[t DM]
Grain maize 7.0 6.0
Forage maize 7.0 6.0
Root crops for stockfeed 14.0 12.6
Leafy forage crops 12.0 26.3
Other fodder crops 14.0 6.7
Vegetables (not-differentiated) 12.0 26.1
Vegetables (brassicas) 12.0 38.4
Vegetables (legumes) 22.0 23.2
Vegetables (other non-legumes) 22.0 16.7
Other horticultural crops 22.0 26.1
Soft Fruit 11.0 17.7
Top Fruit 11.0 3.9
Miscanthus 11.0 0.3
Willow (short rotation coppice) 11.0 0.3
Other field crops 11.0 6.7
Wine grapes 11.0 3.3
Fruit (mixed top & soft fruit) 11.0 8.1
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A 3.3.3.2 Mineralisation

Table A 3.3.14 Mineralised N from soils

1990

1995

2000 2005 2010

2015

2020

2021

N in mineral soils
that is mineralised
as a result of
historical land use
change to Cropland
(kt Nty)

38.84

49.62

63.99 75.58 81.87

83.99

82.07

81.10

N in mineral soils
that is mineralised
as a result of
Cropland
Management (kt
N7y)

0.05

0.07

0.06 0.06 0.06

0.06

0.90

1.60

Direct N2O
emissions from
mineralised N as a
result of historical
land use change to
Cropland, kt N2O/y

0.61

0.78

1.01 1.19 1.29

1.32

1.29

1.27

Direct N2O
emissions from
mineralised N as a
result of Cropland
Management, kt
N20ly

0.00075

0.00116

0.00098 0.00099 0.00093

0.00096

0.01414

0.02506
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1990 1995 2000 2005 2010 2015 2020 2021
Indirect N2O
emissions from
mineralised N as a
result of historical
land use change to 0.14 0.18 0.23 0.27 0.29 0.30 0.29 0.29
Cropland and
Cropland
management (kt
N20Vy)
Total N2O
emissions from 0.75 0.96 1.23 1.46 1.58 1.62 1.60 1.59
Mineralisation (kt
N201/y)
A 3.3.3.3 Histosols
Table A 3.3.15 N2O emissions from drained organic soils
1990 1995 2000 2005 2010 2015 2020 2021
Area of histosols i Cropland, ha 197,352 196,205 195,091 193,304 191,775 190,422 189,123 188,863
Area of histosols - Intensive grassland, ha 194,972 191,047 187,343 184,336 182,458 181,160 179,951 179,716
Direct N2O emissions from histosols - Cropland, kt 5.05 5.02 4.99 4.94 4.91 487 484 4.83
N20/y
Direct N2O emissions from histosols i Intensive 226 2922 218 214 212 210 209 209
grassland, kt N2Oly
Total N20O emissions from histosols, kt N/y 7.31 7.24 7.17 7.09 7.02 6.97 6.93 6.92
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A 3.3.3.4 Atmospheric deposition of NO x and NH3
Table A 3.3.16 Amount of N that is volatilized from agricultural inputs and associated N >0 emissions
1990 1995 2000 2005 2010 2015 2020 2021
Amount of volatilized N, kg/yr
137,015,630 | 127,588,482 | 122,619,448 | 116,722,828 | 113,506,950 | 124,869,793 | 117,853,013 | 120,376,101
Total N20O emissions from volatilized N (kt N2O/y) 3.01 2.81 2.70 2.57 2.50 2.75 2.59 2.65

A 3.3.35 Leaching and runoff
Table A 3.3.17 Amount of N fertilizers and other agricultural inputs that is lost through leaching and run -off and associated N >0
emissions
1990 1995 2000 2005 2010 2015 2020 2021
Amount of N lost through leaching and runoff, kg/yr | 541,000,01 | 518,802,94 | 524,100,91 | 490,809,83 | 483,500,85 | 508,847,35 | 440,759,88 | 467,175,17
6 8 3 9 9 1 4 4
Total N20O emissions from N lost through leaching 6.38 6.11 6.18 578 570 6.00 519 551
and runoff, kt N2O/y
A 3.3.4 Liming
Table A 3.3.18 Amount of limestone and dolomite applied to soils and associated CO 2 emissions
1990 1995 2000 2005 2010 2015 2020 2021
Amount of limestone applied to soils, t/yr 1,632,538 | 1,350,922 | 1,386,120 | 2,603,325 | 2,366,733 | 1,942,627 | 2,205,401 | 2,392,724
Amount of dolomite applied to soils, t/yr 625,385 665,824 456,362 492,982 481,331 343,255 308,198 257,385
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1990 1995 2000 2005 2010 2015 2020 2021
Total CO2 emissions from application of limestone (kt 718 504 610 1,145 1,041 855 970 1,053
COzly)
Total CO2 emissions from application of dolomite (kt 208 317 218 235 229 164 147 123
COzly)
A 3.3.5 Urea application
Table A 3.3.19 Amount of urea applied to soils and associated CO; emissions
1990 1995 2000 2005 2010 2015 2020 2021
Amount of urea applied to soils, t/yr 399,483 243,280 194,039 254,642 349,229 478,591 318,586 343,760
Total CO2 emissions from application of urea (kt 293 178 142 187 256 351 234 252
COzly)
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A 3.3.6 Distribution of manure in different management systems

A review of the literature on livestock housing and manure management practices conducted by
Ken Smith (ADAS) as part of Defra project AC0114 (Smith, 2012), updated with survey data on
manure spreading practices from the British Survey of Fertiliser Practice’®, and data provided
directly by DAERA statistics for Northern Ireland (Peter Cottney, pers. comm.) was used as the
basis for developing the 1990 to 2021 timeseries of livestock housing and manure management
practices for each country (England, Wales, Scotland and Northern Ireland) from which a
weighted average was derived for the UK.

Detailed practice-specific data are applied at a country scale for each livestock category for the
livestock housing, manure storage and manure application phases of the manure management
continuum. Estimates for these activity data across the timeseries are derived from a number of
routine and ad-hoc surveys including the Defra Farm Practices Surveys!® and published manure
management surveys (Smith et al., 2000, 2001a, 2001b). Tonnages of poultry litter incinerated
in each year were obtained directly from MREL?Y, with tonnage exported from Northern Ireland
to be incinerated in Scotland and England provided by DAERA.

Quantities of livestock manure being used in anaerobic digestion (Table 5-7) are estimated from
data provided by the National Non-Food Crops Centre!® annual deployment report, a database
listing operational, under-construction and proposed anaerobic digestion plants in the UK.
Information in the database includes location, capacity, feedstock (inputs) types and feedstock
quantities in five categories: manure, crops, crop wastes, food and other. Although co-digestion
of two or more feedstocks is commonly practiced, for the purpose of the emission calculations
each is treated individually. Manure as a feedstock is further categorised as cattle, pig, poultry,
equine and miscellaneous animal.

For inventory calculations, the categories of equine and miscellaneous animal (i.e. not
specifically identified) are summed and reallocated to cattle, pig and poultry based on the
relative proportions of total manure (leaving housing) for those livestock types. Similarly, as
cattle is not further defined, the relative proportions from the dairy and beef sectors are
assumed to be in proportion to the total quantity of manure managed for those sectors. Within
each livestock sector, for each livestock subcategory, the same proportions are applied to
manure quantity going to anaerobic digestion as are applied to that sector as a whole. For cattle
and pigs, slurry and farmyard manure are assumed to be equally applicable for anaerobic
digestion, so have the same proportional implementation.

Within the sheep sector, all (100%) manure from the ewe housing period is managed as solid
farmyard manure with additions of straw bedding. All (100%) manure from the housing period is
stored for a period of several months as a field heap on grass before spreading to land.
Therefore, there is a nitrate leaching loss from all stored sheep manure (estimated according to
the measurements of Nicholson et al., 2011) and there is no need to assume that leachate from
manure heaps stored on concrete pads is collected and managed differently. Based on
Roderick (2001) survey of 2,649 flocks managed by members of the National Sheep
Association from across the United Kingdom, the inventory calculations assume that 75% of
ewes associated with lowland systems, 60% with upland systems, and 40% with hill systems

15 Most recent BSFP: https://www.gov.uk/government/statistics/british-survey-of-fertiliser-practice-2019
16 Defra Farm Practices Surveys: https://www.gov.uk/government/collections/farm-practices-survey

17 Melton Renewable Energy Ltd., formerly EPRL: https://www.mreuk.com/

18 National Non-Food Crops Centre: https://www.nnfcc.co.uk/
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are housed in the last weeks of pregnancy. From the same survey, we assumed that housed
breeding ewes are housed for 42 days prior to lambing, and that neither the ewe nor new-born
lamb are housed post lambing. Further detail on management housing for other activities (e.qg.
shearing) were obtained from a postal survey of 697 farms in England and Wales (Defra, 2004,
Dauven and Crabb, 1998; Webb et al., 2001).

A 3.3.7 Description of the UK Agriculture Inventory Model

The agriculture inventory model was developed as part of the Defra funded Improvement
Programme in order to meet the range of UK Government reporting and policy evidence
requirements, and to enable the UK to meet international and national reporting obligations and
mitigation targets across GHGs and air quality pollutants.

A3.3.7.1 International Conventions

The primary purpose of the UK agriculture inventory model is to produce annual inventories of
ammonia (NHs) and GHG (nitrous oxide, N2O; methane, CH4; and carbon dioxide, CO>) emissions
from all UK agricultural sources in compliance with international inventory methodological and
reporting guidelines. The methods deployed in the model are consistent with the IPCC guidelines
for national GHG inventories and the EMEP-EEA guidance for air pollutant emission inventories.

The inventory model and system has been developed under contract to the UK Department for
Environment, Food and Rural Affairs (Defra) and is operated in co-or di nati on wi th
Inventory Agency tothe Depart ment f or Ener gy Security and Net Z
designated Single National Entity under the UN Framework Convention on Climate Change
(UNFCCC).

The agriculture inventory model out puts are des
obligations under several conventions, including the reporting of GHG emissions under the
UNFCCC Reporting Guidelines and to the Kyoto Protocol, and reporting of air pollutant emissions

under the Gothenburg Protocol. Ammonia emissions are reported under the Convention on Long-

Range Transboundary Air Pollution (CLRTAP) and the National Emission Ceilings Regulation

(NECR).

A 3.3.7.2 National and Sub -national Commitments

In addition to the international reporting outputs, the agriculture inventory model delivers emission
inventory and projections data as underpinning evidence for use within national and sub-national
reporting, progress/target-tracking and policy development, including to track emissions against
UK national GHG targets and carbon budgets, Devolved Administration (DA) GHG targets and
budgets, and Local Authority (LA) level datasets. The same data, assumptions and methods that
are used for UK national inventory compilation and reporting are also used to inform the DA
inventories (GHG and AQ) as well as Local Authority GHG inventories. Further, the agriculture
inventory outputs include detailed emission maps for across the UK, in particular to support air
guality modelling to assess the sources and impacts of ammonia (NHs) emissions. This integrated
approach ensures that where better data or information (e.g. regarding local farm practices,
uptake of mitigation measures) becomes available, the subsequent improvement in method
accuracy to better-reflect local circumstances also ripples through all of the sub-national to
national inventory datasets.

This wide range of reporting and policy evidence requirements has informed the design and scope
of the UK agriculture model, and indeed continues to shape the evolution of the UK agriculture
model, through improvements to refine inventory data and methods in order to address ever-
increasing demands for more detailed, accurate GHG and ammonia (NHs) data, at a higher level
of resolution (e.g. per region/locality, per livestock or crop sub-category, per waste management
stream, per mitigation action and so on).
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The inventory outputs are applied within analytical tools across Government, including the Defra
Scenario Modelling Tool (SMT) which enables policy analysts to test mitigation strategies as the
UK seeks to achieve National Emission Ceiling Reduction targets in 2030 and beyond for
ammonia (NHs) alongside developing Net Zero GHG pathways for the sector in each region of
the UK.

A 3.3.7.3 National and Local Circumstances

The model is designed to be sensitive not only to changes in key activity data such as livestock
numbers and crop areas, but also to changes in UK farming practices and the uptake of mitigation
measures, and at a | ocal |l evel to reflect |

The UK agriculture inventory model is structured to enable representation of the key underlying
driving variables of the GHG and ammonia (NHs) emissions, including soil types, climate,
livestock and cropping characteristics and farm management practices including the update of
specific mitigation methods. Cross-cutting analysis of the UK agriculture sector, using farm survey
data, seeks to identify farms by type within a 10x10km grid square; this includes characterisation
of the farms according to the primary sources of economic income (e.g. arable, sheep, dairy,
poultry, mixed) and whether the farm location (e.g. remote upland) is within a less favoured
economic area. This initial analysis then informs some of the assumptions applied in the source-
specific inventory methods, for example regarding production systems and waste management
practices, the technology and mitigation techniques that are most commonly deployed per farm
type, the likely level of investment in fertiliser use and so on.

The model also includes detailed representation of uncertainties consistent with the UK inventory-
wide uncertainty analysis, in order to highlight and prioritise opportunities for future improvement.

A3374 Scope: Territories, Sources, Pollutants, Years

Note that the UK Agriculture Inventory as described in this document covers all of the agriculture
sector emission estimates from sources in the UK only (i.e. England, Wales, Scotland and
Northern Ireland); it does not generate emission estimates from the agriculture sector in the UK
Crown Dependencies (CDs), i.e. Jersey, Guernsey and the Isle of Man, nor in the UK Overseas
Territories (OTs), which include the Falkland Islands, Bermuda, the Cayman Islands, the Virgin
Islands, Montserrat and Gibraltar. The development of evidence through field trials and
subsequent development of higher-Tier methods have been focused on the UK territory alone,
and to use UK national statistics and other sector data to deliver high quality emission estimates.

The GHG and air quality pollutant emission estimates for CDs and OTs are based on much more
limited activity data and evidence, applying simpler methods, often IPCC Tier 1 methods (i.e.
applying default Emission Factors). As such the CD and OT emission estimates are associated
with higher uncertainty, but these simpler methods reflect the much lower levels of activity and
emissions in CDs and OTs compared to the UK, and the lower level of evidence to inform higher-
tier methods, such as EFs that reflect local circumstances in the CDs and OTs.

The agriculture model does not generate emission estimates from fuel combustion in the sector,
neither in stationary sources nor in mobile machinery. These fuel combustion emission sources
are reported under the Energy sector of the UK inventory, with methods described in the National
Inventory Report and Informative Inventory Report for GHG and air quality pollutants respectively.
The data and methods applied are consistent with IPCC and EMEP-EEA Energy sector inventory
guidance, applying country-specific or default EFs to the activity data that are available from UK
energy statistics. The agriculture model described here generates the emission estimates from
sources that are as described within the AFOLU volume of the IPCC inventory guidance, i.e. from
livestock sources (enteric fermentation; waste management) and crop sector sources (agricultural
soils emissions including from fertiliser use, liming and urea applications; field burning).
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The agriculture inventory model also does not cover the emission sources and sinks from changes
in soil carbon stocks and GHG emissions associated with specific land management or land use
changes; these are estimated and reported in the LULUCF section of the UK GHG inventory.
Further the agriculture sector model does not cover pre- or post-farm gate GHG emissions
associated with agricultural operations (e.g. fertiliser manufacture, processing of livestock feeds,
transport and processing of foodstuffs, etc.). Such emissions, where they occur in the UK, are
accounted for in other sections of the UK GHG inventory (e.g. Energy, Industrial processes) and
are not broken down in sufficient detail as to allocate them specifically to the agriculture industry;
emissions from the production of fertilisers / feeds etc. that are imported for use in the UK are
reported within their country of origin.

The scope of pollutants reported is described per emission source throughout this document and
comprises GHGs (N20, CH4, CO>) and air quality pollutants including ammonia (NHs), oxides of
nitrogen (NOy) and non-methane volatile organic compounds (NMVOCSs).

Consistent with the international reporting requirements, the UK inventory time series of emission
estimates that are generated through the agriculture model are focused on annual emission
estimates from 1990 to the latest year for which data are available. In the UK, the Base Year for
GHGs (excluding F-gases) under the UNFCCC is 1990, whilst the Base Year for air quality
pollutant targets under NECR is 2005. The UK inventory does also continue to develop longer-
term trend estimates, including of ammonia (NHs3) emissions from 1970 onwards but the data
guality and resources applied to those earlier years is such that they should be regarded as
indicative only.

A 3.3.7.5 Summary of the Model Structure

The model structure and data flows are described in detail later in this Annex, but in summary the
core engine of the model is written in C# language using stored queries, calling on an SQL server
database which contains all of the pre-processed Activity Data and Emission Factor data per
source category. The coded model comprises the calculations for all major emission sources of
the agriculture sector in the UK, with a separate calculation module developed for each source.
The code per source draws on source-specific input activity tables that hold input data at a high
level of disaggregation, including geo-referencing. The model generates source-specific output
tables per 10 by 10 km grid cell which can be aggregated according to the required reporting
taxonomy such as the IPCC Common Reporting Format (CRF) tables for GHGs, Nomenclature
for Reporting (NFR) tables for ammonia (NHs3) and other air quality pollutants, for UK national
statistics or for reporting against UK, DA, LA targets, including for:

9 enteric methane from livestock;

1 manure management methane and nitrous oxide emissions from livestock types: dairy,
beef, sheep, swine, poultry, goats, horses and deer;

i direct and indirect nitrous oxide emissions from synthetic N fertiliser, organic N (e.g.,
animal manure, sewage sludge and digestate) applied to grassland and arable crops, and
crop residues;

9 nitrous oxide emissions from urine and dung N deposited on pasture from dairy and beef
cattle, sheep, swine, poultry, goats, horses and deer.

Activity data are collated, and calculations are performed per year from 1990 to the latest
inventory year, per source category, per farm type, at a 10 by 10 km grid cell resolution; the results
are aggregated across the four constituent countries (England, Wales, Scotland and Northern
Ireland) to derive UK totals. The choice of grid size reflects uncertainty in agricultural holdings
that are variously geo-referenced by parish, holding office or field centroids, but is principally
justified by the confidentiality restrictions placed on the mapping of inventory input and output
datasets.
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The high level of data resolution per grid cell, per farm type enables the UK agriculture inventory
model to perform emission estimation calculations bottom-up to reflect local parameters such as
climate (long term temperature, rainfall) and soil type, as well as modelling the farm management
practices that reflect the economic status per farm type and local farm survey responses. The
aggregation of data (e.qg. livestock numbers, fertiliser use, crop production) by farm type across a
10 by 10 km grid ensures that data for specific farm holdings are not outputted, to protect
commercially sensitive raw data in line with statutory data protection obligations.

Outside of the scope of the model are the nitrous oxide emissions from mineralisation and

histosols and carbon dioxide emissions from liming and the application of urea to soils; these

source categories in the UK inventory are estimated using Tier 1 methods, within MS Excel
spreadsheetmodel s. They are -opd wethvedt ibomabom UK ag
are estimated for UK-wide emissions per source.

A 3.3.7.6 Data Security

The UK agriculture inventory data management and reporting is conducted in accordance with
the requirements of prevailing legislation, including the General Data Protection Regulation
(GDPR). In the context of the inventory data and methods, under GDPR there must be no public
data disclosure of data pertaining to an individual farm holding. The procedures for handling of
holding-level data from farm surveys are agreed via agreements with the data owners. Holding
level data are not shared around the agriculture inventory consortium, to minimise risk of
accidental data release. Task owners hold the raw survey data on secure servers. Data are
processed, checked and then aggregated (e.qg. to per grid cell, pre RFT type) prior to distribution
to sector leads for source-specific data QC and calculations. The aggregated inventory outputs
ensure that activity or emission estimates from individual holdings cannot be isolated even in the
most detailed mapping outputs.

A3.3.77 Design, development, acceptance, verification and validation of the UK
model

The UK agriculture inventory model is bespoke in design, tailored to UK-specific data availability
and resolution, the latest scientific understanding that reflects UK circumstances (e.g. sails,
climate), production systems and farming practices. Consistent with inventory good practice
guidance, the methods for key source categories (i.e. those sources that contribute most to the
level or trend of inventory estimates) are higher-Tier methods that apply UK-specific emission
factors, whereas minor sources are estimated using simpler methods where international default
factors are applied; this approach is proportionate and efficiently minimises the overall uncertainty
of sector estimates.

The methods are developed to represent UK territorial emission sources and do not cover
agricultural sources in Crown Dependencies nor Overseas Territories; methods for these
territories are simpler, typically Tier 1, reflecting their low level of emissions compared to UK and
that detailed activity data and information on local farming practices/conditions are scarce for
these territories.

The model was developed to accommodate scientific research findings from an extensive
programme of UK field studies, following a significant investment over several years by Defra, via
the GHG Research platform*® which led to numerous published research papers to establish the
best source methods and UK emission factors to accurately reflect emissions on UK farms. The
UK Climate Change Act 2008 and the associated Carbon Budgets process motivated a major
investment in the inventory compilation and accounting system to ensure that it was fit for
purpose. Critically the objective was to ensure the UK's GHG inventory accurately reflects the

19 https://randd.defra.gov.uk/ProjectDetails?ProjectID=17179
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unique structure of the UK industry, and that progress made by farmers to improve production
efficiency was adequately captured in the calculations. The work supported comprehensive
measurements of UK livestock and soils emissions, gathering pre-existing academic and industry
data sets and combining with bespoke additional measurements to fill knowledge gaps. The
higher-tier inventory methods are based upon:

A Ar ound-yehrs of data dves a range of soil types, climates, fertiliser regimes and
management strategies

A Around 3,400 existing recor ds etaheuesissbns6rdd new
ruminant livestock complete with data on diet, management etc.

A Al data collection was audited and calibrated

This UK dataset constitutes one of the largest single databases of agricultural emissions
measurements collected globally and has been wus
standard emissions factors for livestock. Throughout the development process Defra engaged a
stakeholder group of industry representatives to steer the programme. This included significant

provision of expertise and data to underpin the inventory method development.

The inventory improvement programme focussed on those areas of the inventory with largest
uncertainties, and those that had been recommended by previous Expert Review Teams to
convert to higher Tiers. The implementation of the model was initiated in 2016, with the code
developed and extensively tested per source method via an iterative process of code
development including unit testing of code sections, validated against separate calculations
performed in MS Excel by the team of UK sector experts, i.e. via extensive reperformance testing.
Through this process the model has been extensively tested and calibrated against the results
from field trials and other research. Further, in the development and acceptance of source-specific
methods, prior to their implementation within the UK inventory, the method publications were
peer-reviewed by leading UK academics, and subsequently several key category methods have
been subject to bilateral reviews with inventory experts from countries with similar climatic
conditions and farming practices, including from France, Ireland and Germany.

Limitations of the current model, aside from the geographical limits indicated above, include that
for several source methods the algorithms have been developed such that the impacts of specific
mitigation measures will be represented in the outputs, however there are (in some cases) scarce
data on the national uptake of these measures and limited information on the impacts of mitigation
measures. Therefore, some of the model code is currently latent, awaiting the development of
improved data streams to inform mitigation uptake and impacts across the UK. Mitigation actions
represented in the inventory model are described later in this Annex, as one of the key data inputs
to the modelling. In addition, the temporal resolution of the modelling is limited although several
of the source category methods do use activity data that are available at monthly intervals in order
to improve accuracy:

V Beef and dairy cattle numbers vary across the year, and these are reflected in the
modelling with calculations performed at monthly resolution;

V Emissions from fertiliser application are based on monthly estimates of fertiliser use, in
order to reflect the climatic conditions (and their impact on emissions), especially during
Spring.

The model is designed and built for use (updates and analytical runs) by experienced domain
experts with an understanding of the sector and also the modelling framework. In order to enable
other stakeholders to access the detailed outputs from the agriculture inventory model, user-
friendly outputs and interfaces have been developed, such as the Output Viewer software
(described later in this Annex) which is made available to Defra and DA inventory and policy leads
for the agriculture sector.
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Sections later in this Annex set out the key data sources, the pre-processing of survey data and
then the details of each source method including the activity data, assumptions and emission
factors, and the level of resolution in the method implementation, e.g. livestock age ranges, breed
types, farm types and so on. Where appropriate, links are provided to key publications to present
further details.

A 3.3.7.8 Governance: Roles and Responsibility

The agriculture inventory work programme is managed and funded by Defra, as the UK
Government Department with policy responsibility for farming, food and rural affairs. Defra
contracts out the delivery of the inventory via a competitive tender process, typically every 3-4
years. The agriculture inventory is currently (@2023) produced by a consortium of organisations,
led by Rothamsted Research (RRes). The roles and responsibilities of key organisations are
summarised below.

Figure A 3.1 UK Agriculture Inventory: Organisational Roles and Responsibilities

DEFRA

Agricultural Inventory: contract lead, research & improvement funding for inventory reporting & policy support

Rothamsted Research

Lead contractor for agricultural inventory (GHG, NH;) and supporting
research. Sector lead for pigs, poultry, dairy, 'other' sources.
Inventory-wide uncertainty analysis.

Ricardo ADAS

QAQC Core model management, data processing, development of
Management uncertainties, quality checking. Sector lead for sheep & grasslands.

——

CEH Cranfield SRUC

Pre-processing of June Pre-processing of Provision of
Agricultural Survey; Cattle Tracing System livestock live
analysis of Robust Farm data. Sector lead for weight data.

Types; high-resolution beef & arable
mapping.

Defra as the overall management lead is the inventory Commissioner and Approver. The
Rothamsted Research project manager is the overall inventory Lead Analyst, with other sector
experts in ADAS, Cranfield University, SRUC and UKCEH acting as Lead Analyst for individual
sectors. Ricardo has an over-arching QAQC role across the consortium, acting as the Assurer.

Other key stakeholders associated with the agriculture inventory are DESNZ as the UK GHGI
Single National Entity and two steering groups that UK Government has established to manage
inventory improvements and sign-off, and oversee the development of scientific, technical,
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modelling and policy evidence components of the UK Inventories: the National Inventory
Steering Committee (NISC, for GHGs) and the Air Quality Inventory Steering Committee
(AQISC, for air quality pollutants). These steering groups include representation from across UK
Government Departments, from the Devolved Administrations of Scotland, Wales and Northern
Ireland, and from other agencies and organisations, industry, academia and local government.

The outputs from the agriculture inventory complement the work in other sectors to generate
comprehensive UK inventories of anthropogenic emissions to atmosphere for GHGs and air
quality pollutants, for onwards reporting to the UNFCCC, UNECE and other international
organisations. Where necessary to ensure internal consistency, the agriculture inventory experts
liaise directly with the inventory compilers of other sectors including for Land Use, Land Use
Change and Forestry (LULUCF) and Waste Management.

A 3.3.7.9 Inventory Model Background: Development of UK Evidence

The UK agriculture inventory system has been developed over a decade of investment in field
trials, desk-based research and new modelling methods by Defra and the DA governments. The
investment in UK scientific understanding and method development was initiated through the
Agricultural GHG Inventory Research Platform, via a large consortium of UK academic and
research organisations in three projects led by Rothamsted Research (N.O inventory
improvement), IBERS (CH4 inventory improvement), and ADAS (Data mining) under contract to
Defra, starting in 2010.

The UK Government investment has substantially improved the UK-specific emissions evidence
base, leading to development of new higher Tier UK-specific calculation methodologies, emission
factors and sector representation in the inventory emission estimates for the agriculture sector.
The inventory development programme culminated in the development of a bespoke agriculture
inventory model with a fully revised structure to enable representation of the key underlying driving
variables of the GHG emissions, including soils, climate, livestock and cropping characteristics
and farm management practices including the uptake of specific mitigation methods. The model
also includes detailed representation of uncertainties, allowing full uncertainty analyses to
highlight areas for future improvement. The UK inventory undergoes continuous improvement to
reflect developments in source data and scientific understanding, for example when inventory
guidance is updated to improve methods, new AD or EFs become available, or to add new
emission sources and/or to reflect new mitigation actions or changes to UK farming practices.

Key Links:
 AC0114: https://randd.defra.gov.uk/ProjectDetails?ProjectID=17179
 ACO0115: https://randd.defra.gov.uk/ProjectDetails?Projectld=17180
1 ACO0116: https://randd.defra.qgov.uk/ProjectDetails?Projectld=17181

 SCF01012: https://randd.defra.qgov.uk/ProjectDetails?ProjectlD=18677

A 3.3.7.10 Rationale for Agriculture Inventory Model Design

The UK agriculture inventory model was designed to meet the UK and sub-national reporting and
policy requirements, to provide industry sector-specific emission estimates and to account for the
impact of changing management practices within the industry on emission estimates. The UK has
therefore developed a combination Tier 2 and Tier 3 approaches for all key emission categories,
in which country-specific soil and climatic conditions, management practices and emission factors
are all considered in the emission calculation. The inventory methods include, for livestock
systems, a nitrogen mass-flow approach that accounts for nitrogen losses and transformations
from the point of excretion by the animal through the manure management continuum, application
to soil and the relevant losses to the atmosphere and water courses.
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The model is designed to enable the inventory calculations to be performed at the level of 10 by
10 km grid squares in order to improve accuracy (through more accurate representation of local
conditions of climate, soil type etc.) and sensitivity to changes in local activity data (livestock
numbers, areas of grassland and crop production) and local management practices and mitigation
uptake (where data allows). The sum per source category across all of the 10 by 10 km grid
squares is then aggregated to deliver devolved country (i.e. England, Scotland, Wales and
Northern Ireland) and UK inventory totals.

The total crop areas and livestock numbers are spatially disaggregated on a fixed regular grid of
10 by 10 km cells covering the terrestrial area of the United Kingdom. There are 3,040 terrestrial
cells that are aligned with the Ordnance Survey National Grid for Great Britain with an origin at
the south-west corner of the cell located 400 km west and 100 km south of 49°N 2°W. Each grid
cell is assigned a unique number (CELL). The reference grid excludes the islands of Jersey,
Guernsey and the Isle of Man.

The indexed crop areas and |livestock numbers ar e
Typed (RFT) that is aligned to the MAFFar(m 9DPBpe:
that are based on the farm enterprise that contributes the majority (more than two thirds) of an
estimated business 6Standard Outputédé (SO), based
and standard output coefficients. There are ten representative farm types (Cereal, General

Cropping, Horticulture, Pig, Poultry, Less Favoured Area Cattle and Sheep, Lowland Cattle and

Sheep, Dairy, Mixed, and Other).

The total crop areas and | ivestock numbeigned ar e
to the generic crop (Crop and Grass) and livestock (Beef, Dairy, Sheep, Pig, Poultry and Minar)
types reported in the UK inventory. Each sector

are the specific crop and livestock types. For example, the sheep sector is disaggregated between
ewes, rams and lambs.

More detailed data resolution has been implemented for specific source categories to further
enhance method accuracy.

Dairy example: For example to improve the representation of dairy production systems, within
each grid cell the livestock numbers are derived on a monthly basis for a series of production
systems and sub-systems including: dairy cows and heifers (productive animals following their
first calving); Dairy heifers in calf (previously non-lactating animals, in calf for the first time); Dairy
replacements (all young animals > lyear which are being kept as replacements for the milking
herd); Dairy calves (all calves < 1 year which will go on to become dairy replacements); Dairy
bulls (bulls kept on dairy farms).

Within each spatial cell and system/sub-systems described above, certain production parameters
will be associated with the particular livestock sub-category at a monthly resolution for a given
year. For example, for dairy cows and heifers the parameters required will be calving time, mean
daily milk yield, mean milk fat content, mean milk protein content, mean live weight, mean weight
gain (or loss) and mean pregnancy rate (the proportion of mature females that will go through
gestation in a year). For dairy heifers in calf, the same parameters will be required excepting
mean daily milk yield and fat content, and for the other categories the same parameters excepting
mean milk yield and fat content and mean pregnancy rate. Additional data needs will also include
transfers from the dairy to beef herd (e.g. dairy cows that still support beef calf production).

Local holding survey data and assumptions on management practices per RFT in a given grid
cell are used to assign calculation parameters that reflect housing and manure management
practices, for example to reflect dairy cattle housed on slurry-based or a litter-bedded loose
housing system. The proportion of dairy cattle within each system/sub-system/category
associated with each housing type on an annual basis is required for each year as is the
proportion that has access to an outdoor collecting or feeding yard.
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Within each spatial cell, the areas of grassland for grazing and silage production and the areas
of other forage crops associated with dairy production are required, together with a monthly
breakdown of amount of fertiliser nitrogen applied, by fertiliser type. The extent to which any
fertiliser additives are used (e.g. urease or nitrification inhibitors) may also be modelled, subject
to data availability.

The dairy examples are presented to describe the model design; full details of the data and
methods per source category are described within the National Inventory Report.

The level of disaggregation permits different assumptions to be applied within the inventory
methods across the agricultural sector, for example to take account of the different economic
circumstances (e.g. farms within Less Favoured Area status) which may determine the typical
management practices, level of investment in mitigation action uptake. The allocation of farms to
RFTs also enables the modelling to take account of different practices that are expected, e.g. for
the waste management and housing options of cattle on a predominantly beef or dairy or mixed
farm type.

Regarding the emissions from agricultural soils, the spatial resolution of the model combined with
the parameters held in the physical database (see the Raw Data Inputs section of this Annex for
details) enable the climatic conditions (rainfall, temperature), soil types and elevation per grid cell
to be considered, where appropriate, within calculations to estimate nitrous oxide and ammonia
emissions.

The model is designed to perform calculations per year and per country (England, Wales,
Scotland, Northern Ireland) at a 10 by 10 km grid resolution, calling on the underlying data for that
grid square of climate, soil, farm types, as well as reflecting different production systems and
mitigation actions (from survey information, where available) and fertiliser applications by type.
All these localised datasets result in localised EFs per source category-pollutant; these are then
aggregated across regions / areas, e.g. per Local Authority, per devolved Country, for the UK as
a whole. The resultant dataset exhibits region-specific EFs and is sensitive to local information
on e.g. uptake of mitigation actions or changes to production and management systems.

A 3.3.7.11 Overview of the Agriculture Inventory Model Data Flow

This section describes the UK agriculture data flow through:

Raw data inputs

Pre-processing

Compilation of activity data tables per source category
Core model calculations, within the C# model

Outputs, expert review, inventory finalisation

= =4 -8 -8 9

The schematic below provides an overview of the whole process; more detailed flow charts are
presented throughout this section.
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Figure A 3.2

Inventory Model Data Flows: Overview of the Full Process

UK AGRICULTURE INVENTORY DATA FLOW
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other data
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Holdings map to dbase of locations.

against MS Excel

model, per method.

» Excel sector summaries
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Farm survey data: BASE n Source category
" . [o]
livestock #s, crop DATABASE ™ | methods enacted in . UALITY CHEE!;S .
production, C# coded model: ector e.xperts QC draft
fertiliser use and final outputs.
@ ﬁ Data ag-gregated for Time series consistency,
reporting purposes completeness,
Farm holding Aggregate (per DA, REILYEnteny recalculations at high
level data ‘ holding level source-activity, then resolution.
allocation; data to per RFT per CRF or NFR code. u
Robust Farm per 10 x 10 km @
Type derivation grid cell
INVENTORY OUTPUTS
Other raw data: Complete, time series » CRF, NIR
Import-export; SECTOR consistent inventory
literature data; » .
€S EFs; impact of DATABASE estimates per source-

National
QUALITY CHECKS EERSNE R ready for CRF and NIR » statistics
Completeness. Time series consistency. C# code verified (GHGs), NFR (AQ) Carbon'

Budgets

3 Holding livestock, crops vs. national totals.

The UK agriculture inventory compilation and reporting cycle is compressed into a relatively short

time-wi ndow each year. This is necessitated by the
for the annual updates typically only become available duringJune-J ul y i n year fAn+10,
Government time-table for reviewing and signing off the finalised inventory data for statistical

releases and to underpin international reporting outputs requires that final data are ready for the

Autumn NISC meeting, typically around the 3" week in November; prior to that date, the
agriculture inventory data (together with all documentation of data references, reasons for
recalculations and so on) must be provided to the UK Inventory Agency to combine with the other

sector data, for the purposes of overall UK inventory analysis, checking and preparation of

reporting outputs.

The typical time-table for the compilation is illustrated below.

Table A 3.3.20 Agriculture Inventory Annual Compilation Time-table

April, May | Data requests sent out; data supply / GDPR agreements revised and updated between

the inventory team and key data providers.
JAS/C and CTS datasets may be received during these months.

June CPH data inputs updated, where necessary, for use within CTS processing (UKCEH)
UKCEH check and update the CPH data; send to Cranfield when finalised.
CTS data cleaning, pre-processing. (Cranfield)
Cranfield aim to deliver draft processed CTS data for year n, by end of June.

July CTS data quality checks, conducted by sector experts. (Rothamsted, ADAS and

UKCEH)
Any outliers, gaps are flagged, revised, CTS data updated by Cranfield.

Dairy sector data prepared, checked and sent to UKCEH (by mid-July) to enable the
RFT allocation to be conducted. (Rothamsted)
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Month Inventory Compilation Activity
(Year n+1)

Data processing of the JAS/C and finalised CTS to conduct the RFT allocation,
complete all location and LFA datasets (UKCEH)

UKCEH aim to complete all of the JAS/C and RFT data processing by the end of July.
BSFP detailed database of survey responses typically provided by mid-July. (Defra)

ADAS pre-processes and QCs the BSFP data, re-stratifies the BSFP data to generate
more accurate GB fertiliser use data for year n, based on actual holding level response
rates.

August Prepare and load Base database tables (ADAS)
ADAS aims to complete this task over late July / early August.

Preparation of all sector Activity Data tables (All sector leads: Rothamsted, ADAS,
Cranfield)

All sector data aim to be prepared by mid-August to enable QC and first model runs to
follow.

All initial C# model runs, output draft sector data (ADAS)
ADAS aims to run, QC and circulate draft results by the end of August.

September | Sector expert quality checking of draft model outputs. (All sector leads: Rothamsted,
ADAS, Cranfield), including cross-sectoral QC with other UK Inventory Agency teams,
including: crop and grassland areas per DA vs LULUCF; sewage sludge spreading data
vs waste sector; poultry litter fate QC vs energy sector.

Any errors, gaps, outliers are checked, justified or corrected and Activity Data tables
updated, model code re-run as required to finalise the data per source category-
pollutant.

NAEI output file preparation (Rothamsted)

Once all sector data are finalised, Rothamsted generate aggregated outputs in
inventory-ready formats, for integration by the UK Inventory Agency into the UK
inventory for all sectors.

Sector documentation: methods, recalculations, references, explanation of
trends (All sector leads: Rothamsted, ADAS, Cranfield)

All sector leads draft the key information that is needed to present to UK Government /
NISC to explain all changes / improvements in methods, data and resultant
recalculations, and prepare updated documentation for the purposes of the NIR and IIR.

Draft Scheduler sheets (Rothamsted)
QC of Scheduler sheets (All sector leads: Rothamsted, ADAS, Cranfield)

The output Scheduler sheets are generated for ease of use / data accessibility, primarily
for UK Government inventory data users.

Engagement with UNFCCC expert reviews of the UK inventory (All, as required)

October Documentation of methods; preparation of reporting outputs, e.g. CRF Reporter
(Rothamsted)

The Inventory Agency combines the agriculture sector with the rest of the UK inventory
data; the agriculture inventory experts focus on preparing formal reporting outputs.

November | National Inventory Steering Committee meeting (Rothamsted, ADAS)

Sector leads present to the NISC Advisory panel on agriculture inventory improvements,
latest data for the next UK submission to the UNFCCC on GHG emissions.

December | Contributions to national and sub-national reports, including the NIR, IIR, DA
onwards reports, mapping reports (All, led by Rothamsted).

Stakeholder engagement / QA activities, such as post-submission review, dialogue
with Defra, DAs and the farming sector to identify potential inventory improvements.
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A 3.3.7.12 Raw data inputs

The UK inventory model calculations are driven by data held in a number of databases; one of
these is a static database of physical data per 10 by 10 km grid cell that holds data on soil types
and climatic data, whilst the annual updates are driven by annual survey data that are updated
and extended each cycle inventory cycle. These are described below.

Physical database: geography, elevation, soil and climate - description

The physical database holds data on soils and climate, as well as defining the administrative
boundaries and the geo-referencing for all agricultural holdings across the inventory reference 10
by 10 km grid cells. Agricultural holdings are also geo-referenced by country and Less Favoured
Area status according to the location of the majority of their land area with respect to digitised
vector boundaries. Agricultural holdings can only be located in one cell, country and Less
Favoured Area type. The choice of grid size reflects uncertainty in agricultural holdings that are
variously geo-referenced by parish, holding office or field centroids, but is principally justified by
the confidentiality restrictions placed on the mapping of inventory input and output datasets,
specifically derived from the June Agricultural Survey. Confidentiality restrictions prevent the
mapping of summary statistics for fewer than 5 or 10 holdings, depending on the data source.
Each grid cell that is located within England is assigned to one of nine Government Office Regions
(GORs); the country boundaries define grid cell allocations to England, Scotland, Wales and
Northern Ireland. All agricultural holdings are geo-referenced with respect to the Less Favoured
Areas (LFA) designations (Disadvantaged and Severely Disadvantaged Areas). The LFA
designation is used within source category methods to aid characterisation of farm system types.
Common land may be grazed by cattle and sheep but is not reported by the June Agricultural
Survey, which reports only land that is owned and managed by an individual; areas of registered
common land within England, Wales and Northern Ireland, and the area of forage claims on
common grazings in Scotland are geo-referenced across the inventory 10 by 10 km grid cell.

The average altitude (m) above sea level of each inventory grid cell has been calculated from the
Ordnance Survey Panorama dataset, under the Open Data licence, at a source spatial resolution
of 50 by 50 m and elevation resolution of 10 m; these data are also held in the physical database.

Soil properties, notably field capacity, plant available water and percent clay and organic carbon
content are used as input to inventory calculations of grass growth and nitrogen leaching following
application of fertilisers, managed manures and excreta returns. The UK inventory uses the
RB209 (MAFF, 2000) soils classification, based on soil texture and depth to rock, with seven soil
types (light sandy, shallow, medium, deep clay, deep fertile silty, organic, peaty). For each
country, soil scientists from the James Hutton Institute (Scotland), National Soils Resources
Institute University (England and Wales) and the Agri-Food and Biosciences Institute (Northern
Ireland) applied the RB209 soil typology to national digital soils datasets. The resulting United
Kingdom map of RB209 soil types was spatially intersected with the reference 10 by 10 km grid
to provide a statistical summary of the percent of the agricultural land area located on each of the
RB209 soil types. The same national digital soils datasets were also used to calculate the percent
of the soil area within each grid cell (excluding peaty soils) that is alkaline, based on topsoil
measurements of pH (O 7), whi ch i %) emissier$ framn ¢ a l
manufactured fertilisers.

Long-term annual and monthly average rainfall and air temperatures were obtained from the Met
Office. Met Office UKCPQ9 baseline average datasets are for the period 1981 to 2010 (Jenkins
et al., 2008). The UKCPQ9 data are available at 5 by 5 km resolution and summarised to the
reference 10 by 10 km grid cells used in the agriculture inventory model. Daily time-series of
measured rainfall derived from the UK synoptic network for the MORECS model (Hough and
Jones, 1997) were obtained from the Met Office across the 1981 to 2010 time series at 40 by 40
km resolution. The probabilities of more than 5 mm of rainfall falling in 24 hours within 1 to 6 days
(or more) of a nitrogen application to land (used in calculations of ammonia (NH3) emissions from
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manufactured fertilisers), occurring with equal probability on each day of the year, were calculated
for each of the MORECS grid squares. The resulting probabilities were correlated with annual
rainfall and downscaled to the reference 10 by 10 km grid cells.

Annual Inventory updates: survey data on agricultural activities

The inventory model calculations are primarily driven by three core annual agriculture activity
datasets, supplemented by other data inputs from annual or periodic statistical releases and
targeted research. The three key annual datasets (described in more detail below) are:

1 The June Agricultural Survey, or Census (JAS/C)

1 The Cattle Tracing System (CTS)

I The British Survey of Fertiliser Practice (BSFP)
These three surveys together provide most of the required annual activity data to drive the
inventory model estimates, i.e. of livestock numbers, crop production and fertiliser use. None of
the three are comprehensive annual surveys of every UK farm holding; each are stratified surveys
aiming to gather data from a large, representative sample of farm holdings from across the
country. There are some minor differences in the precise scope and management of these
surveys within the UK, as each is conducted per constituent country, i.e. within England, Scotland,
Wales and Northern Ireland (E, S, W, NI) separately, but there is a good level of consistency in
data gathering across all of the UK. Many of the same reporting systems (and survey questions
etc) are applied across Great Britain (E, S, W) whilst the Northern Ireland Farm Business Survey
(NIFBS) delivers the equivalent data for Northern Ireland.

The June Agricultural Survey / Census - description

The June Agricultural Survey/Census (JAS/C) provides farm/holding level information on crop
areas and livestock numbers for the UK. It is the only survey of its kind for the UK, with
areas/numbers updated annually; a full census of all farms is conducted infrequently (typically
every 10 years). The government statistical authorities for each of the four countries of the United
Kingdom (i.e. England, Wales, Scotland and Northern Ireland) carry out separate surveys every
year, with varying levels of sample sizes between the full census years. The statistics teams then

useaprocesscal |l ed @i mputationbo, where they extrapol
holdings, using a range of auxiliary government databases in the process.

Overall, the data collected in the JAS/C are broadly similar for each of the four UK countries, with

small differences according to types of crops grown and livestock kept in different regions.

However, the level of detail of the livestock and crop categories changes between JAS/C years.

For example, some crop types are discontinued as areas diminish over time, and instead are

i ncorporated with a summary category such as fiot
also differ across the four countries to reflect local priorities, e.g. agriculture in Wales has relatively

little cropland, and therefore only the main crops are reported individually, with other crop types

only reported at a summary level. A key part of the Inventory Agency role is to harmonise across

time series (1990 to present) as well as between countries, to provide the best possible input data

for the agricultural emission model.

The JAS/C data are collected annually on 1st June through questionnaires sent to individual
agricultural holdings above minimum size thresholds, with each holding being identified with a
unique ID, referredt o i n Great Britain (E, S, W) as the 6
The equivalent I D in Northern Ireland is the fFa

During the period from 1990 to present, the data collection methodology has generally moved
from a full census towards more survey-based coverage across the UK, with full censuses only
carried out at longer intervals, and varying survey sample sizes in intervening years. Over recent
years, there has also been a trend to substitute/combine data from other government systems,
such as databases for veterinary/animal health and agricultural subsidy systems, thereby
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reducing the need to ask farmers for duplicate information. This has the additional advantage of

reducing uncertainties due to non-returns of the annual census-survey questionnaires. In general,

the agricultural statistics departments estimate data for holdings where no returns are received

by O6i mputationo, i . e. using previous data and gece
in the census-survey methodology used by the four UK countries are described in more detalil

below, describing the detailed category from 1990 and how to deal with such changes consistently

across the inventory timeline.

The JAS/C is used as input to the agricultural emission model for the following data:

V Holding locations: Each holding is assigned to a 10 by 10 km grid square used by the
model;

V Arable and grassland area: The JAS/C records the land area of arable and grassland for
each holding, this is used to estimate emissions associated with land use (e.g. emissions
from fertiliser application);

V Livestock numbers (for non-cattle livestock): The number of livestock on each holding is
estimated by the JAS/C;

U Cattle population data are supplied separately from Cattle Tracing System (CTS).

The Cattle Tracing System (CTS) - description

The British Cattle Movement Service?® (BCMS) administer the Cattle Tracing System (CTS)
database, which records the details of all bovine animals in Great Britain; all cattle have a unique
ID, held on ear tags and within a cattle passport (held by the animal owner). These cattle numbers
/ IDs remain with each animal throughout its life and are recorded by the slaughterhouse at death
enabling beef to be traceable to its origins. All GB farmers must notify births, movements and
deaths of cattle on their holdings and log information within the CTS database. The Inventory
Agency receives a complete copy of the CTS dataset annually from the Animal and Plant Health
Agency (APHA) which uses CTS for cattle disease tracing and surveillance; the Inventory Agency
analyses the CTS data to develop activity data that reflect the GB herd per holding according to
cattle breed, type, age, including monthly datasets.

As regards data scope and limitations, the CTS covers all cattle births, movements and deaths in
Great Britain from 28 September 1998; all farmers must use the system for all bovine animals for
the beef to be traceable and hence the CTS data are highly complete (it is essentially a census)
except for instances where animals may be in transit or at vets or market on specific days. The
CTS does not cover Northern Ireland which has a separate tracing system in place; the Inventory
Agency obtains equivalent cattle data from Northern Ireland government. The introduction and
use of CTS datasets was phased in across GB, with some data discontinuity evident when
compared against JAS/C data and when new breeds / categories are identified and reported over
time. Overlap periods were used per DA to QA the change-over from using JAS/C to CTS data,
including 2004-6 for Wales, 2005-6 for England and 2011 for Scotland.

There is ongoing work in the UK to develop a more holistic Livestock Information Programme?!
(LIP) via a partnership between industry and government to develop a digital traceability system
for a wider scope of livestock, to include sheep, cattle, pigs, goats and deer. The primary reason
for the system development is to facilitate rapid and effective disease prevention and
management but the Inventory Agency is in dialogue with the team of developers to ensure that
inventory data requirements may be designed into the LIP. LIP (or equivalent) systems are
planned for each constituent country of the UK and over time this is expected to replace the CTS

20 https://www.gov.uk/government/organisations/british-cattle-movement-service

21 https://ahdb.org.uk/livestock-information-programme
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as an inventory data source, and also augment the data provision for inventory methods for other
UK livestock types.

The British Survey of Fertilise Practice (BSFP) - description

The British Survey of Fertiliser Practice?? (BSFP) is a nationally representative interview survey
based on a random stratified sample of farms from mainland Britain and collects evidence on all
aspects of fertiliser management. The survey takes place in spring and is published in summer
each year, reporting on the previous agricultural year. The survey enables the calculation of
annual application rates of fertilisers to agricultural crops and grassland by crop / grass type and
by fertiliser type, using the information from the representative, stratified farm-level responses,
scaled up to estimate the total fertiliser applied. The survey is funded by Defra and the Scottish
Government, and the annual database of responses is provided to the Inventory Agency around
mid-July each year to enable direct query of the raw data for the purposes of the national inventory
compilation. The survey outputs contain information on trends in the use and application rates of
nitrogen, phosphate, potash, sulphur, organic manures and lime onto crop and grassland. The
survey seeks to identify the cropping patterns that influence fertiliser rates and dressing covers,
including for key crops (e.g. winter wheat, winter barley, oil seed rape, other tillage crops).

The BSFP has been run since the 1940s across England and Wales, with amalgamated data for
GB presented since 1992, as well as individual data for Scotland, England and Wales. The
method is described in detail within annual reports but can be summarised thus:

1 A sample of holdings are surveyed to reduce the reporting burden on the industry and to
manage resources efficiently. In 2021 the target sample size was 1,500 farms and the
actual sample size was 1,310; this is regarded as a statistically representative sample size
nationally.

1 The survey sample is selected from the population of agricultural holdings that report to
the JAS/C, with survey samples selected from either Scotland or from England & Wales.
Holdings with <20ha allotted to crops and grass in total are excluded from the BSFP
sample.

1 In England & Wales, farms are classified across three types: cropping, livestock,
horticulture, and then four size groups. Scotland farms are classified similarly but across
two types: mainly cropping and mainly 1

1 The survey design is such that the number of farms sampled per farm type and size
combination (strata) is in proportion to the latest JAS/C data on total area of crops and
grass, except for E&W horticultural farms which are sampled at a higher rate to ensure
that a robust estimate can be made across this more heterogeneous farm type.

I To assure survey response rates and reduce year to year variability, a core of respondents
completes the survey annually; for example in 2021, 74% of the panel had responded the
previous year.

1 This sample design is constructed primarily to collect data on manufactured fertiliser
usage, whilst it may not fully represent farms using organic manures; therefore the survey
responses are considered accordingly by the Inventory Agency, taking note of the sample
sizes per fertiliser type.

22 https://www.gov.uk/government/collections/fertiliser-usage
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Other Input Datasets used for the UK Agriculture Inventory

In addition to the three core, cross-cutting annual datasets outlined above, the UK Inventory
Agency requests a host of other data for use within the inventory source category methods

annually. The most critical of these additional datasets are summarised here:

Table A 3.3.21

Agriculture Inventory: Main Annual Data Inputs per Data Provider

Data Provider

Data / information

Defra

Monthly UK Statistics on Cattle, Sheep and Pig Slaughter and Meat Production
UK Home Fed Meat Production, Trade and Supplies

Sheep and Lamb Dressed Carcase Weights - England Slaughterhouses Only
Agriculture in the United Kingdom, Chapter 7 - Crop Area and Production
Cereal and Oilseed Area, Yield and Production

UK Poultry Slaughter Weights and Poultry Meat Production - Monthly Data

UK Chick and Poultry Placings - Monthly Data

England Farm Type and England Holding Locations - Holding Level Datasets
Horticulture Statistics Dataset - Area and Production

England and UK, ideally also the GB/NI split of milk yield from dairy cattle

DAERA Northern Ireland Farm Business Survey
DAERA-NI Fertiliser Delivery Statistics
Northern Ireland June Agricultural Survey - Holding Level Dataset
Northern Ireland June Agricultural Survey - National summary data
NI dairy and beef cow breeds percentages
Northern Ireland Lamb and Ewe Carcase Weights
Scottish Scotland June Agricultural Survey - Holding Level Dataset
Government Scotland June Agricultural Survey - National summary data
Scotland milk yield data; Economic Report on Scottish Agriculture: Scotland
Slaughtered Sheep Number and Weight
Welsh Wales June Agricultural Survey - Holding Level Dataset
Government Wales June Agricultural Survey - National summary data
AHDB Great Britain Animal Feed Production

Performance indicators: Pork indoor breeding herd, Pork outdoor breeding herd,
Pork rearing 7-35kg herd, Pork finishing 35-110kg herd.

Hybu Cig Cymru

Wales Total Sheep Carcase Weights

ESCAA

Certified Seed Production in the United Kingdom

IFA Stat

IFA Stat Fertiliser Supply and Consumption

National Bovine
Centre

Cattle breed performance statistics

SRUC Estimated liveweight of mature cows (from slaughter weight data)
UKCEH Anaerobic Digestion data (agriculture sector only); Mineralisation data
Ricardo Sewage sludge data; Poultry litter incineration data

The above datasets are used by sector experts in the annual updates to inventory methods, as
described within the main chapter of the National Inventory Report.

In addition to the above annual routine data requests, the UK agricultural methods also rely on
periodic data inputs / updates, which may be the result of interstitial sector surveys or one-off
research by academics or other organisations. These datasets include:
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1 Holding location information / numbers, for example:
https://ahdb.org.uk/pork/uk-pig-numbers-and-holdings

1 Killing-out percentages:
https://ahdb.org.uk/knowledge-library/killing-out-percentage

1 UK farming structural analysis, for example:
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/fi
le/1106562/AUK Evidence Pack 2021 Sept22.pdf

1 UK fertiliser sales, import, export data, including industry publications such as:
https://www.agindustries.org.uk/resource/fertiliser-consumption-in-the-uk.html

9 Detailed surveys or research projects on e.g. housing, management practices

1 Information / research regarding the uptake and impact of mitigation actions

1 The findings of literature searches and / or stakeholder consultations that inform of new

research or data on EFs, assumptions.

A 3.3.7.13 Mitigati on Actions per Source Category

Within the source category methods across all sectors there is scope for consideration of the
impacts of mitigation measures, which may impact upon the source emissions of ammonia (NHs)
and/or GHGs. The inventory model code has been developed such that method algorithms can
call upon parameters (where available) that indicate the level of uptake and the impacts of the
mitigation measure per pollutant at a detailed level of resolution (e.g. per DA, per crop/livestock
type, per stage i e.g. housing, storage, yarding, spreading). This ensures that the inventory model
can reflect the impacts of mitigation uptake, where it occurs, subject to data availability

Although there are only a relatively small number of distinct measures (summarised in the table
below), each is potentially applicable to a number of sectors and sources with variations in cost
and effect, resulting in around 200 measure variants across the inventory. The list of variants
covers all those currently reflected in the Agricultural Ammonia and Greenhouse Gas Inventory
(AAGHGI), and some which are applicable only to future projection scenarios but is not
comprehensive.

Measure uptake values are year specific, and often region-specific (e.g. per DA, for GB only, for
NI only) as they are based on a range of data sources, typically the annual surveys noted above
(i.e. the BSFP, the JAS/C) or from more targeted surveys and studies, such as the Farm Business
Surveys that are conducted around the UK, capturing evidence on current farm management
practices. Each mitigation measure is associated with a target Sector, Stage, Country, Farm Type,
Item, Source and Location and then with a reduction factor applicable to the unmitigated pollutant
(e.g. NHs, N2O, CH,) emission factor. For the purposes of policy scenario analysis, each measure
is also considered on a cost basis (per stock place, per occupied stock place, per mass of manure,
per mass of nitrogen fertiliser), a cost value comprising capital and operating components and a
list of mutually exclusive mitigation measures for the target Stage, Location and Source.

Pollutant emission reduction factors are primarily based on empirical evidence, largely from
experimental work conducted in the United Kingdom but also taking account of relevant
international studies and with reference to international literature such as the UNECE Task Force
for Reactive Nitrogen Ammonia Abatement Guidance Document (Bittman et al., 2014).

Mitigation actions represented in the inventory model are summarised in the table below. Full
details of all these parameters, references and dependencies can be provided upon request.
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Table A 3.3.22  Mitigation Measures reflected within Inventory Source Methods
Measure Sector(s) | Stage / | Uptake / comment
Source
Reduction  in | Dairy, Housing / Where dietary CP is in excess to requirement,
dietary crude | Beef, Pig, EN reductions in intake will be reflected in reductions in
protein for | Poultry . urinary N excretion.
livestock excretion o . . .
This is a scenario measure, not implemented in the
historical inventory time series.
Extending the | Dairy, Housing / Where soil conditions allow, longer grazing season
grazing period | Beef siurry. EYM means cattle urine returns will infiltrate the soil and this
Y, has a lower NHs EF compared to urine deposited on
concrete and managed as manure.
This is a scenario measure, not implemented in the
historic inventory time series.
Washing Dairy Yarding /| Applies to outdoor dairy cattle concrete collecting
outdoor  dairy Slurry yards where washing rather than just scraping reduces
collecting yards excreta from surfaces, reducing emissions.
~73% GB; ~100% NI uptake in recent years
Increased Dairy Housing /| More frequent removal of excreta from dairy cow
scraping Slurry cubicle floors to the slurry store, (e.g. twice a day) will
frequency: reduce the source from which emissions are occurring.
dairy cow .
cubicles Implementation assumed as zero to date.
Grooved floors: | Dairy Housing /| Gr ooved concrete floor pl
dairy cow Slurry quicker removal of urine from the floor surface to slurry
cubicles storage, reducing the emissions potential from the
floor.
Implementation assumed as zero to date.
Slat mats with | Dairy, Housing / | Rubber slat mats fitted to concrete slatted floor. The
scrapers for | Beef Slurry hard-wearing curved smooth surface promotes urine
slatted floor and dung movement to the below-slat storage pit.
cattle housing Automatic scraper units remove manure from surfaces.
Implementation assumed as zero to date.
In-house slurry | Dairy, Pig | Housing /| Acidification of the below-slat slurry through the
acidification Slurry automated addition of acid (normally sulphuric) to
achieve a slurry pH of below 6.
Implementation assumed as zero to date.
Partially slatted | Pig Housing /| Modified floor and pit design result in lower emissions
floor with Slurry from the floor and below-slat slurry storage compared
reduced pit with conventional fully slatted systems for weaner and
area finishing pig slatted floor housing.
2007 onwards V; now assumed BAT on EPR-
permitted farms. Assumed 33% uptake across UK for
weaner and finishing pig housing in recent years
Frequent slurry | Pig Housing /| Replace longer-term below-slat slurry storage with
removal from Slurry more frequent (twice per week), complete removal of

under-slat

slurry to an outside store using a vacuum removal
system.
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Measure Sector(s) | Stage / | Uptake / comment
Source
storage in pig 2007 onwards V; now assumed BAT on EPR-
housing permitted farms. Assumed 22% uptake across UK in
sow & gilt housing, 0% in weaner & finisher housing.
Acid air | Pig, Housing /| Acidified moisture air scrubbers fitted to the outlets of
scrubbers  for | Poultry Slurry mechanically ventilated pig or poultry housing to
mechanically remove almost all ammonia from exhaust air.
ventilated Implementation assumed as zero to date
housing P '
On-belt drying | Poultry Housing / | Drying systems installed in laying hen houses reduce
of manure in Layer the moisture content of the layer manure collected on
laying hen manure below-cage belts -> delays hydrolysis of the excreted
housing uric acid in the manure, lowering NHs emissions.
Implementation assumed as zero to date for GB; NI
data indicates ~7% uptake in recent years, started
~2000.
Litter drying for | Poultry Housing /| Drying litter using above-floor fans, heat exchanger
poultry housing Poultry units, below-floor systems reduce the poultry litter
litter, moisture content -> delays hydrolysis of the excreted
poultry uric acid in the manure, lowering NHz emissions.
manure Assumed as BAT on EPR-permitted farms for housing
for growing pullets, breeding birds, broilers, turkeys,
ducks, geese and all other poultry except for laying
hens. Assumed 72% uptake: growing pullets, breeding
birds, broilers; 35% uptake: turkeys, ducks and geese,
all UK.
Natural crusting | Dairy, Storage /| Allow natural crust to develop on stored slurry
of cattle slurry | Beef Slurry surfaces, (fibre, bedding material in the slurry); retain
storage the crust to create a physical barrier between the
ammoniacal N in the slurry and the air above the crust,
reducing ammonia emissions for above ground slurry
tanks, lagoons.
80% of dairy and beef cattle slurry storage is assumed
to develop a natural crust; all years, all UK.
Rigid cover on | Dairy, Storage /| Fixed cover, with vents, fitted to slurry tanks to reduce
slurry / | Beef, Pig, | Slurry ammonia emissions. Reduces airflow across the slurry
digestate tank Poultry (above surface; higher ammonia concentration builds up in the
ground headspace inhibits emission from the slurry surface.
slurry tank) .
Implementation assumed as 0% to date for cattle slurry
tanks in GB, 3% uptake in Northern Ireland since 2010;
2007 onwards V now assumed BAT on EPR-permitted
pig farms. Assumed 24% uptake across UK in recent
years.
Floating cover | Dairy, Storage /| Floating covers of permeable or impermeable
on a | Beef, Pig, | Slurry materials that reduce ammonia emissions by
slurry/digestate | Poultry (above restricting contact between the slurry surface and the
tank or lagoon ground air.
z:ﬁ:z tank, Implementation assumed as zero to date for cattle
lagoon) slurry tanks; 2005 onwards VV now assumed BAT on
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Measure Sector(s) | Stage / | Uptake / comment
Source
EPR-permitted pig farm slurry lagoons. Assumed 24%
uptake across UK in recent years.
Sheeting cover | Dairy, Storage /| Asheeting cover provides a physical barrier preventing
for solid | Beef, Pig, | solid transfer of ammonia from the manure heap to the air.
manure Poultry, manure .
Sheep, (heaps) Implementation assumed as zero to date across all
. sectors and all of UK.
Minor
livestock
Slurry/digestate | Crop, Spreading / | Slurry applied to land in narrow bands via hoses trailing
application by | Grass, Slurry, from the slurry applicator boom to just above the soil
band spreading | Dairy, digestate to | surface. The emitting slurry surface area is greatly
(trailing hose) Beef, Pig | grassland, | reduced compared with surface broadcast application.
arable land | Ideal for arable crops; placement of slurry below the
crop canopy reduces air flow reducing emissions more.
Assumed uptake by 2021: 0% cattle or pig slurry to
grassland; 15% cattle slurry to cropland in GB, 25% in
Northern Ireland; 28% pig slurry to cropland; 77%
cattle or pig digestate to grassland or cropland.
Slurry/digestate | Grass, Spreading / | Slurry applied to land in narrow bands via hoses with
application by | Dairy, Slurry, adapted ends (6shoesd)
trailing shoe Beef, Pig | digestate to | applicator boom directly to the soil surface, below the
grassland grass canopy. The emitting slurry surface area is
greatly reduced compared with surface broadcast
application and further protected by the grass canopy
which reduces air flow at the emitting surface.
Assumed uptake by 2021: 15% cattle in GB, 10% in
Northern Ireland, 28% pig slurry to grassland; 0% cattle
or pig digestate to grassland.
Slurry/digestate | Crop, Spreading / | Slurry or digestate applied to soil in shallow surface
application by | Grass, Slurry, slots, greatly reducing the emitting surface area of the
shallow Dairy, digestate to | slurry in comparison with surface broadcast
injection Beef, Pig | grassland, application. Ammonium-N in slurry or digestate placed
arable land | directly into the soil will be fixed on to clay particles,
further reducing the potential for ammonia emission.
Assumed uptake by 2021: 7% cattle slurry to grassland
or cropland in GB, 0% uptake in Northern Ireland; 23%
cattle digestate to grassland or cropland; 23% pig
slurry or digestate to grassland or cropland. (BSFP)
Slurry/digestate | Crop, Spreading / | Slurry or digestate applied to soil behind tines which
application by | Grass, Slurry, ~eliminates the emitting surface area of the slurry in
deep injection Dairy, digestate to | comparison with surface broadcast application.
Beef, Pig | grassland, | Ammonium-N in slurry or digestate placed directly into
arable land | the soil will be fixed on to clay particles, further
reducing the potential for ammonia emission.
Assumed uptake by 2021: 2% cattle slurry to grassland
or cropland in GB, 1% in Northern Ireland; 0% cattle or
pig digestate to cropland. (BSFP)
Rapid soil | Crop, Spreading / | Surface applied manure is incorporated into the soil by
incorporation of | Dairy, Slurry, ploughing or by disc or tine cultivation soon after
slurry, Beef, Digestate, application. The shorter the delay between application
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Measure Sector(s) | Stage / | Uptake / comment
Source
digestate or | Sheep, Solid and incorporation, the greater the emission reduction.
solid  manure | Pig, manure to | The inventory models two approaches: 4h, 24h delay.
g)llol\ilggt?on ;?#cl)t:y’ arable land Assumed uptake by 2021: 2% cattle slurry or FYM disc
P livestock 4hr; 3% cattle slurry disc 24hr; 5% cattle FYM disc
24hr; 3% pig slurry or FYM disc 4 hr; 2% pig slurry disc
24hr; 10% pig FYM disc 24hr.
In-field  slurry | Dairy, Spreading / | Slurry is acidified during the spreading operation
acidification Beef, Pig | Slurry  to | through the use of a specially adapted tanker which
grassland, adds acid to the slurry to reduce the slurry pH to < 6.
arable land .
Implementation assumed as zero to date.
Use of a urease | Crop. Fertilising / | Apply a product with urease inhibitor incorporated with
inhibitor ~ with | Grass Fertiliser the urea to delay the hydrolysis of urea to ammonium
urea fertiliser (Urea, carbonate, giving more time for the fertiliser to enter the
UAN) soil matrix, reducing potential for ammonia emissions.
Assumed uptake by 2021: 16% urea to cropland; 10%
UAN to cropland; 17% urea to grassland; 6% UAN to
grassland.
Direct soil | Crop. Fertilising / | Incorporation of fertiliser into soil by direct closed-slot
incorporation of | Grass Fertiliser injection or by cultivation. Mixing with the soil matrix
nitrogen (all types) greatly reduces potential ammonia emissions.
fertiliser Applicable to tilled land prior to crop establishment.
Assumed uptake by 2021: 0% all to grassland; 5% urea
to cropland; 3% AN, UAN to cropland; 9% CAN to
cropland; 36% AS to cropland; 34% Other to cropland.
Genetic Dairy, Housing, Selective breeding for feed conversion efficiency
improvement in | Beef, Pig, | Grazing, improvements to reduce N excretion per animal.
livestock Poultry Yarding / N . . . .
: This is a scenario measure, not implemented in the
excretion o2 . )
historical inventory time series.
Cover crops Crop Fertilising, Planting of a cover crop enhances over-winter nitrogen
Cultivating / | plant uptake and reduces nitrate leaching, and hence
Fertiliser, indirect nitrous oxide from leached nitrate.
Residue Assumed uptake by 2021 is per DA at: 4% for England
and Scotland, 3% for Northern Ireland and 16% for
Wales.

A3.3.7.14 Pre-processing

Each of the three key annual surveys provide input data for multiple source categories within the
UK inventory; all require pre-processing into a common format of activity data tables, including
steps to:

V allocate survey data into agriculture inventory source-specific activity data (e.g. raw data
on cattle numbers per breed, age, allocated to defined inventory livestock sub-categories;
raw data on crop production allocated to defined inventory crop types);

V conduct quality checks between (i) detailed spatially-resolved survey data, and (ii)
published annual statistical summary data at country (i.e. E, S, W, NI) level;
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V identify gaps and outliers, run range checks, time-series consistency, completeness and
internal consistency checks;

The data flow in the first steps of inventory compilation are summarised in the schematic below.

Figure A 3.3 Inventory Model Data Flows: Pre-processing Steps
INPUTS
Per 10 x 10 km grid:
» Soil type, pH, histosol mapping PHYSICAL DATABASE
» Climate: long term annual and monthly Cell; Region; Soil; Histosol;
temperatures, monthly average rainfall Climate; Common land.
» Common Land Table (for sheep grazing)
» Atmospheric N-Deposition (for N,0)

INPUTS PRE-PROCESSING

Holding level data: Holding level data analysed to [> HOLDING DATABASE
» June Agricultural Census o e e [SECTOR]'[TY?E]'VALUE;
> Cattle Tracing Service > Livestock per type, age, Scalar; Location; Farm
» British Survey of breed etc. Type; LFA

Fertiliser Practice » Crop production per type
» Geo-spatial data (CPH) » Fertiliser applied per type
» Economic data (Less PROCESS STEP BASE DATABASE

Favoured Area status) Aggregate [SECTOR].[YEAR].[CELL]

holding level data
QUALITY CHECKS to per RFT per 10 [FARMTYPE].[LFA].[TYPE].

Completeness. Time series consistency. [EERETCPeN Fou VALUE.

No duplicates. Holdings map to dbase
of locations. ¥ Holding livestock and READY FOR INVENTORY

crop totals compare to national totals. CALCULATIONS PER SOURCE

PROCESS STEP: Assignment to 10 x 10 km grid squares

Across all of the data pre-processing, the various survey data are used to generate spatially
resolved activity data estimates at the holding level, which are then aggregated at 10 x 10km grid
square level, ready for use in the inventory calculations per source category.

For holdings in England and Wales (10 x 10 km) emission model grid squares are assigned based
on Easting and Northing of the holdings, as supplied in the JAS/C holding level data. In rare
instances, where the Easting and Northing of a holding is not associated to a valid grid square
(i.e. associated with the correct country/region), the parish associated with each holding is used
to assign a grid square, based on the centroid of the parish.

For Scottish holdings, grid squares are assigned using postcode information associated with each
holding. To ensure consistency throughout the time series, additional pre-processing is needed
to ensure accuracy, for example to cross-check postcode information against parish records in
the JAS/C.

For Northern Ireland, grid squares are assigned in the same way as for England and Wales, with
holding coordinates converted from Irish National Grid (TM75) projected to British National Grid
coordinates.

PROCESS STEP: Robust Farm Type (RFT) Calculation

The UK inventory model conducts calculations at the level data aggregated per Robust Farm
Type (RFT) within each 10 x 10 km grid square, for each source category. The RFT allocation
process is critical to the methodology as the UK model applies assumptions regarding the farm
management practices and investment in technologies/fertiliser use etc according to the RFT
type; for example, a mixed farm with a small number of cattle and some cropland for arable will
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likely manage manure waste differently to a large farm that is predominantly beef or dairy and
manage fertiliser use differently to a large arable farm. The RFT allocation enables the inventory
to model farm management practices aligned to the relative economic importance of different
products per holding.

The farm type of each holding is calculated using the method outlined in the EC typology
handbook. Farm type is based on the type of farming and economic size, determined on the basis
of Standard Output (SO) coefficients and structural information (area of crops and number of
heads of livestock) of the various types of agricultural production. Ten robust farm types (RFT)
are applied at Devolved Administration level (England, Wales, Scotland and Northern Ireland):
(1) cereals; (2) general cropping; (3) horticulture; (4) specialist pig; (5) specialist poultry; (6) dairy;
(7) Grazing livestock (LFA); (8) Grazing livestock (Lowland); (9) mixed; (10) other.

Although the Robust Farm Types of (most) holdings are calculated as part of the JAS/C (by the
relevant statistical authorities), methodologies and coefficients used to estimate Standard Outputs
(SO) have changed over time and hence the Inventory Agency has produced a consistent time
series, using a common set of coefficients and a consistent methodology. To preserve the
contribution each census item makes to the Standard Output of a holding, unscaled versions of
livestock (dairy, beef, sheep, pig, poultry and horses, goats and deer), grassland and arable
sector tables from the agricultural census are used, together with cattle data from CTS.

Standard Output coefficients (for the year 2010) are applied to each agricultural census item
(excluding deer) to assign a farm type. For specific years, some horticultural items in the holding
level data must be disaggregated further into flowers and nursery stock, in order to apply the
output coefficients consistently across all years in the time series.

The June Agricultural Survey / Census (JAS/C) i pre-processing

As part of the annual inventory process, JAS/C data are acquired at the holding level from the

country statistics authorities in the UK, i.e. Defra (England), the Scottish Government (Scotland),

Welsh Government (Wales) and DAERA (Northern Ireland). Category totals are then cross-

checked with national summary statistics. As a next step, the holding level data for the different

countries are then aggregated to the common set of emission source categories used by the
agricultural emi ssion inventory model, to ensur
systems and consistency over time. All data are then cross-checked against the national totals.

QC STEP: Adjustments for missing data

The original JAS/C holding level data received from the relevant government agencies contained
a number of data gaps over the years. The majority of these data gaps are associated with the
minor livestock sector (i.e. horses, farmed deer, goats), with some livestock categories not being
recorded at the start of the time series (199017 1993). Some poultry categories were also missing
from the time series, for example with no category for Turkeys in Scotland 1992 i 2015 and no
poultry categories at all being present in the Welsh dataset for 1996. In all instances, these gaps
were addressed by using IPCC good practice gap-filling techniques, such as interpolation or
extrapolation of data from adjacent years, with the processes documented in detail.

Spatial information used to assign each holding to a 10 by 10 km grid square (as used by the
agricultural inventory model) were missing for some holdings; these have been imputed based
on other years, where available. Where this was not possible, alternative locational information
such as parish centroids was used with these assumptions documented by the inventory team.

The pre-processing of the JAS/C is summarised in the schematic below.
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Figure A 3.4 Inventory Model Data Flows: Pre-processing of the JAS/C
INPUTS ‘ PROCESS STEP INPUTS PROCESS STEP
Holding level data: Allocate to inventory E> Robust Farm Type (RFT) Assign RFTs; aggregate
model Activity Data fields: definitions; AD to 10 x 10km grids

June Agricultural

Cansils (England » Per holding, DA Economic data, LFAS; » Per BfT
< » Per livestock or crop . . » Per livestock or crop
Scotland) t Holding location
ype type
Survey of updates.

Agriculture and ﬁ ‘
Horticulture (Wales) ’ L PROCESS STEP QUALITY CHECKS
Crops, Livestock and INPUT Identify and resolve <——_] Draft Activity Data

Labour Cattle Tracing data inconsistencies. checks by all sector
(Northern Ireland) System (CTS) Identify new experts.

livestock or crop

types and allocate @

to inventory AD. | OUTPUT
QUALITY CHECKS Complete, time series
consistent UK Activity
Data, at the resolution
needed for inventory
model calculations.

finalised data.

QUALITY CHECKS

Completeness,

Time series consistency.
Latest year data.
Completeness.

consistency of input
data (e.g. holding level
vs. annual totals); time
series and latest year.

QC STEP: Producing consistent cattle categories between CTS and JAS/C

To achieve a consistent dataset of cattle population data across the time series (i.e. pre and post
CTS, which began in 2005), some JAS/C categories needed to be split into sub-categories and
re-aggregated for the emission model database. In particular, there is ambiguity for young cattle
which are not explicitly associated to the beef or dairy sector in the JAS/C holding level data. The
methods for deriving the required cattle categories are detailed below:

In the pre-CTS era (1990 i 2005, and all years to present for NI), census items frequently do not
distinguish beef or dairy sector allocation, especially for young animals. In such circumstances,
these ambiguous cattle categories were separated based on other cattle categories present on
each holding, as detailed below:

1 All ambiguous cattle are assigned to the dairy herd on holdings that contain only female
breeding cattle from the dairy sector and NONE from the beef sector.

1 All ambiguous cattle are assigned to the beef herd on holdings that do not contain any
breeding females OR those containing only female breeding cattle from the beef sector
but NONE from the dairy sector.

1 Ambiguous cattle are split between the beef and dairy herd on holdings that contain both
beef AND dairy breeding females and are split using the ratio of beef/dairy breeding

females.
The methodology above was applied for all female calves (<1 year old), and for the category
Af emal e replacements >2 yearso, which was ipreser

1992.
The Cattle Tracing System (CTS) T pre-processing

The pre-processing of the CTS data is a computationally intensive process as the raw database

from APHA is typically ~60GB in size for one ye.
Inventory Agency on encrypted hard disks and the data processing is conducted by Cranfield

University on a dedicated Solid State Drive (SSD) to improve computational performance and

maintain data integrity.

The pre-processing of the CTS is summarised in the schematic below.
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Figure A 3.5 Inventory Model Data Flows: Pre-processing of the CTS
INPUT PROCESS STEP QUALITY CHECKS OUTPUT

holding level
cattle movement
data
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The pre-processing of the raw data files to generate useable AD tables with the correct UK
inventory data labelling and ready for source-category calculations comprises the following steps:

I Raw data sense checks: table record counts; record field counts to detect whether all

rows are complete, and to check that none contain a naturally occurring delimiter;
identification of new data fields and subsequent investigation and adaptation of code to
handle them correctly. For example, new breeds must be identified and categorised for
beef/dairy characteristics;
SQLite database build: use of SQLite Administrator and DOS-prompt command line
software to create the database, create the structure of the data tables, import the raw
data into the appropriate data tables, index the data tables to enable faster querying,
storage optimisation;
Querying the SQLite database: SQLite3 scripted queries are used to extract monthly
datasets of cattle and store them in another SQLite database; this process identifies all
cattle that are alive, identifies their location from latest on-movement records. Data
cleaning identifies exported or otherwise lost cattle; outputs are monthly cattle data per
location, logged against locational information: Location 1D, postcode, premises type and
stay length;
Data cleaning and disaggregating: The next step is to take the text file lists of animals
alive per month and map them onto counts of cattle categorised by gender, breed type,
cattle role, and age group, split into separate beef and dairy output tables. Within this there
are some special considerations: (further details are available within supplementary
method documents)
0 remove cattle that are located where the County Parish Holding (CPH) is of the
form 99-xxx-xxxx as these are export or other anomalies like lost or stolen;
0 re-assign cattle that are dual breeds or unknown to either dairy of beef;
0 encode the cattle into cattle roles, breed type, and age group;
o0 relocate cattle that are located off-farm, such as at a showground, onto the set of
CPHs locations that exist within the June Census/Survey dataset; and
0 rescale the extracted cattle numbers at DA level to achieve agreement with the
published June Agricultural Census/Survey dataset.

The output files are formatted respectively, using column headings ready for downstream data
transfer via ACCESS database and tables, for subsequent checking by sector experts and then
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use: (i) in the derivation of Robust Farm Type allocations (combined with JAS/C data), and (ii)
within source category method calculations:
o Al NVENTORY| YEAR| HOLDI NG| CATTLETYPE]| CATT
o il NVENTORY| YEAR| HOLDI NG| CATTLETYPE| CATT
NUMBER"
The British Survey of Fertilise Practice (BSFP) i pre-processing

LEBRE
LEBRE

The BSFP database is provided to the Inventory Agency, with the information on fertiliser type,
rates, applications and location / field all then processed into datasets that are ready for use within
the crop and grassland sector methods. The BSFP is a stratified survey that is designed based
onthe previousy e ar 6 s J W®ihtddy;Agendy is able to take the JAS/C data from the latest
inventory year (i.e. data on grass and crop production from the same year as the BSFP dataset)
and re-stratify the results of the BSFP, to improve accuracy. The pre-processing involves several
steps and is primarily conducted using R code and database tables, with outputs then held in
inventory-ready Activity Data tables.

The Inventory calculations are based on a disaggregation of manufactured fertiliser nitrogen
between 6 Fertiliser Types, having differing chemistry affecting their direct nitrous oxide and
ammonia (NHs) emission factors. On a per kilogram of nitrogen basis, direct nitrous oxide
emissions are generally higher from the nitrate-based Fertiliser Types (Ammonium Nitrate (AN)
and Calcium Ammonium Nitrate (CAN)) (Cowan, 2020), whilst direct ammonia (NH3) emissions
are higher from the urea-based Fertiliser Types (Urea (U) and Urea Ammonium Nitrate (UAN))
(Misselbrook et al., 2004). Ammonia emissions from the Ammonium Sulphate (AS) and Di-
ammonium Phosphate (DAP) are critically sensitive to soil pH (Powlson and Dawson, 2020).

Data fields within the BSFP are linked to inventory data fields using Access queries, for example
to use BSFP crop table information to allocate to inventory crop names, across grassland and
cropland as well as identifying land that is set aside. e.g. BSFP entries for oats, spring oats and
winter oats are assigned inventory crop codes 1, 2 and 3, but are all within inventory crop group
#1 to enable data handling and aggregation where necessary to reflect the size of the survey
dataset; similarly wheat, wheat i milling and wheat non-milling are inventory crop codes 10, 11
and 12, within the wider inventory crop type #10.

Estimates of manufactured fertiliser nitrogen is split across 6 fertiliser types; the BSFP fertiliser
type table is amended to add inventory fertiliser labelling, for subsequent Access queries to
extract all data separately for the 6 types used in the inventory: AN, CAN, U, UAN, OSN, NCB
(compounds and blends). This enables individual BSFP records to be assigned to an inventory
fertiliser category for subsequent calculations of fertiliser N content; further queries assign
enumerators for urease inhibitors, nitrification inhibitors and fertiliser placed as well as validating
the raw BSFP data by applying acceptance ranges for key parameters (e.g. to remove locations
with spuriously high nitrogen application rates).

Analysis in Access to link details of BSFP database tables crop (e.g. crop_id, crop, crop_group_1,
tilage_or_grass) to field (field_id, crop_id, farm_id, field_size_sampled) enables calculation of
interim data such as residue fate per field/location. Subsequent processing in R enables additional
manipulations, e.g. to account for the 1993 ban in the UK on burning of field residues.

Further analysis in Access joins details of BSFP database tables fertiliser application (e.g. fertiliser
application timing, recorded_fertiliser_rate, farm_id, nitrogen_rate, field_id) to field (field_id,
crop_id, sown_area_sampled) in order to generate outputs in terms of total nitrogen rate across
year, farm and field. Subsequent calculations, combining the data on total nitrogen rate with the
sown area, generates data on the total N fertiliser applied per crop; data range checks are used
to automatically QC the raw BSFP data, e.g. to exclude locations where the reported nitrogen
rate is either zero or spuriously high.
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Using the latest JAS/C data in conjunction with the BSFP, an updated farm stratification is
calculated using crop and grass sector groupings and the holding count survey weights.

A 3.3.7.15 Compilation of Activity Data Tables per Source Category

The next step in the inventory model data flow is for sector experts to compile the necessary
activity data tables that the coded model then draws on to generate the emission estimates. Each
source category method requires a set of data tables with clearly defined data fields populated
for all years, countries, farm types and other sub-categories as appropriate. The sector leads
draw upon the pre-processed sector datasets from the annual surveys described above. In many
cases the task is merely to populate the tables for the latest year, check for any revisions to
historic data, check for any new source-category combinations and run quality checks per DA,
per farm type etc to ensure completeness and time series consistency, identifying and resolving
any gaps or outliers. For some source sectors there is more analysis needed to review the latest
year data and aggregate data or gap-fill, for example where the latest annual survey data for a
specific activity may be missing or there are insufficient data records from the latest survey to
regard the available data as representative.

The methods applied per sector are not described in detail here; additional information can be

provided wupon request. Each source <category

developed during the process of establishing the new inventory system. The majority of this phase
of data processing is performed in MS Excel, although increasingly the data cleansing and gap-
filling is being performed in code such as R scripts.

The schematic below summarises the data processing steps to generate Activity Data tables and
the Sector Database, ready for subsequent emission calculations.

Figure A 3.6 Inventory Model Data Flows: Source AD to Sector Database
INPUTS 9 PROCESS STEP SECTOR DATABASE
Data (AD, EFs) & assumptions, Sector experts derive tables of AD, All parameters needed for
per source method: EFs per source method: E> each source category
z fi 'estea'd‘: ass”"’(pﬁ"'l’:‘c?s > Higher tier methods for key calculation, all pollutants,
o Iterature sources (e.g. . - . -
and EMEP/EEA guidelines, categaries; O detd deally - years, grid cells, AD, EFs.. -
John Nix Pocketbook) » Consistent with IPCC and
» E/S/W/NI slaughter statistics EMEP/EEA inventory GLs. UALITY. CHEGKS
» Fertiliser import/export o QUALITY CHECKS
statistics s > Activity data tables prepared at Sector experts QC draft
> Uptake, impact of mitigation approp.rlate level of data ) outputs. Address gaps,
> (Other data...) resolution per method: per grid errors. Re-run = final data
cell, per RFT, per year/month, ready for export to SQL
per livestock type / breed / age, RUN DATABASE.
per MMS, per fertiliser type, per
BASE DATABASE crop type etc.

[SECTOR].[YEAR].[CELL]
[FARMTYPE].[LFA].[TYPE].
VALUE.

» Uncertainty parameters
assigned to AD, EFs

QUALITY CHECKS

Completeness. Time series

consistency. QC against national
totals. Identify gaps, outliers >
address or justify.

Examples of the Activity Data tables completed per sector and source category are as follows:

1 Arable
0 B1 Crop Base: Year/ Country / Cell / Farm type / LFA Status / Crop Type / Area
0 B2 Crop Holding Count: Year / Country / Cell / Farm type / Holding Count
o CT10 Crop Primary Yield: Year / Country / Month / Crop / Yield
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o O

(el elNeolNe)

CT14 Residue Fate: Year / Country / Farm Type / Crop / Fate Type / % Residue Area
Fate

CT21 Fertiliser Rate: Year / Country / Farm Type / Crop / Fertilising Type / Fertiliser Rate
CT22 % Fertilising: Year / Country / Farm Type / Crop / Fertilising Type / % Fertilising
Type

CT23 % Fertiliser Type: Year / Country / Farm Type / Crop / Fertilising Type / % Fertiliser
Type

CT24 Fertiliser Timing: Year / Country / Month / Crop / % Weight Month

CT25 Nitrification Inhibition Uptake: Year / Country / Farm Type / Fertiliser Type / %
Uptake

CT27 Urease Inhibitor Uptake: Year / Country / Farm Type / Fertiliser Type / % Uptake
CT28 Urease Inhibition N2O / CH4 / NHa: Fertiliser Type / % Reduction

CT29 Cover Crop Uptake: Year / Country / Farm Type / % Area Cover Crops

CT34 Fertiliser Placement Uptake: Year / Country / Fertiliser Type / % Uptake

1 Sheep

(0]

OO0OO0OO0OO0O0o o (el elNeolNe)

o

(0]
(0)

Sheep Count: Year / Holding / Sheep Type / Count

Lamb Type: Year / Country / Sheep System Type / Lamb Type / % Lamb Type

Ram Type: Year / Country / Sheep System Type / Ram Type / % Ram Type

Ewe Type: Year / Country / Sheep System Type / Ewe Type / % Ewe Type

Lamb Slaughter Age: Year / Country / Sheep System Type / Lamb Type / Lamb Slaughter
Age

Ewe Replacement Rate: Year / Country / Sheep System Type / % Annual Replacement
Rate

Ewe Lambing Rate: Year / Country / Sheep System Type / % Ewe Lambing Rate
Sheep (Latest Year): Year / Holding / Sheep Type / Country / Count

Sheep Compost Manure Uptake: Year / Country / Farm Type / Compost Manure Uptake
Sheep Cover Manure Uptake: Year / Country / Farm Type / Cover Manure Uptake
Sheep Winter housed: Country / System Type / % Winter Housed

Sheep Diet Type: Year / Country / System Type / Sheep type / Sheep Subtype / Diet
Type

Sheep Sub-Type: Country / System Type / Sheep Type / Sheep Subtype / % Sheep
Subtype

Sheep System Type: Country / LFA Status / Sheep System Type / % System

Sheep System by Sheep Type: Country / LFA Status / Sheep type / System Type / %
System

Sector leads manage the compilation and checking of these Activity Data tables, including (where
appropriate) to check the AD against other sector experts across the UK Inventory Agency,
including:

1

Total cropland and grassland land areas per DA applied within the agriculture inventory
model are checked against the data used by the UKCEH team that compiles the Land
Use, Land Use Change and Forestry (LULUCF) source and sink emission and removal
estimates;

Poultry litter fate data are checked with the Ricardo team that derives estimates of poultry
litter incineration;

Sewage sludge applied to land estimates in the agriculture model are checked against the
data available from water companies which are managed by the Ricardo waste sector
experts;

Sector leads then share the final Activity Data tables to the team at ADAS that manages the
central C# agriculture model. Further quality controls are then conducted by ADAS to ensure that
all Activity Data tables have a consistent and complete number of data field entries, for example:
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(i) numeric checks that the number of AD table rows are as expected per table, for the latest year
as per historic years; (ii) checks that new data combinations (e.g. new breeds, crops) are handled
consistently and i where appropriate i are reported across the time series. Any issues identified
through this central QC step are communicated back to the sector leads, resolved and
documented, and the tables re-submitted.

The finalised sectoral Activity Data tables are collated together with a Sector Database, ready for
the subsequent stages of emission calculations to be performed.

A 3.3.7.16 C# Inventory Model Calculations A Source Category reporting outputs

Once these iterative AD input table checks are completed, the ADAS team combines the key
inputs from the Physical Database (soil, temperature, rainfall), Base database (geo-spatial
referencing) and Sector database (activity data tables per source category) to prepare an SQL
run database. The individual sector recipe calculations are stored in code (C#); these calculations
have been developed and tested through a series of projects during the 2010s to model the
higher-Tier inventory methods, consistent with IPCC guidelines (for GHGs) and EMEP-EEA
guidelines (for AQ pollutants).

The sector calculations are run to generate sector files, executing calculations per source, per
year, per grid cell and then aggregating for quality checking (and reporting) purposes to DA level,
per inventory source-activity; these outputs can then be aggregated for reporting to the required
taxonomy, such as CRF tables (for GHGs), NFR tables (for AQ pollutants) or to UK national
statistics and other (e.g. Net Zero Strategy) reporting formats.

The individual sector recipes are not presented here; in all cases the code enacts the scientific
method that is described within the National Inventory Report (for GHGs) and the Informative
Inventory Report (for AQ pollutants, including ammonia (NHs)).

The final stages of inventory compilation data flows are summarised in the schematic below.

Figure A 3.7 Inventory Model Data Flows: SQL Run Database to Outputs
M PROCESS STEP
PHYSICAL » C# model code executes
DATABASE = calculations per source QUALITY CHECKS
i method, vear, grid cell. Sector experts QC
draft outputs. Time
BASE - DATABASE > Data aggregated up for series consistency,
reporting purposes (per ;
DATABASE SQL code -> Run B DA, per inventory source- completenes_s at high
Tab'*;;i:fcmr, aCt’ivity, then per CRF or resolution.
NFR code.
SECTOR code U/
DATABASE
INPUTS — OUTPUT . |::> CRF, NIR
QUALITY CHECKS CH_EFKS Source category recipes: Complete, time series consistent
Cit F°de verified » C# code to enact source inventory estimates per source-
agalns:l I'\IﬂS Excel category method activity, year, DA.
mmoe:r;ozer calculations » Excel sector summaries
' > Gt code to create sector » AD, IEFs, emissions ready for |:> National statistics,
files, generate results. 2 CRF and NIR (GHGs), NFR (AQ) Carbon Budgets

PROCESS STEP
Minor source estimates generated
using Tier 1 methods in MS Excel.
» Minor livestock

Projections;
Scenario modelling

»
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The C# model run outputs are circulated to each of the sector expert teams per source category
and a round of further implementation quality checks are conducted, including, per source
category, per DA:

I Time series consistency checks, to identify any gaps or outliers and to check the reported
level of activity and emissions in the latest year;

1 Completeness checks, i.e. to ensure that emissions data are coming through for each
component of the source category, e.g. for each crop type, livestock type / subtype,
fertiliser type etc.;

1 Implied Emission Factor (IEF) checks; range checks and QC (where applicable) against
the ranges presented in IPCC/EMEP-EEA guidebooks for priority pollutants such as
methane, nitrous oxide and ammonia (NHs);

1 Recalculation checks, to identify and check or justify the reasons for changes in historic
inventory emissions data; where there have been changes to the scientific methods, input
data and /or assumptions in the methods, these are documented by the sector leads for
onward reporting within the NIR, IR and other outputs (e.g. DA inventory reports).

Once the inventory data per source category-pollutant are checked and signed off by the sector
expert leads, the source category estimates are compiled into summary files for onward reporting
within the UK inventory system. The inventory data are subsequently used for national and
international reporting outputs and are also used as the starting point for policy-focused analysis
and tools; for example, the inventory data are used to underpin GHG and air quality pollutant
projections and are used within UK Government analytical mechanisms such as regional-scale
AQ pollutant dispersion modelling and the Defra mitigation policy-focused Scenario Modelling
Tool (SMT).

A 3.3.7.17 Output Viewer and Scheduler files

Whilst the fully-detailed outputs at high resolution (per year, per DA, per source, per livestock
type, per RFT etc.) are held in sector output databases, these files are very large in size and not
readily useable by inventory data users, e.g. within Government statistics and policy teams.
Therefore, the UK agriculture inventory data are synthesised into simpler summary files, typically
by aggregating outputs per pollutant per source-category and per activity, aligned to the various
required reporting taxonomies, e.g. IPCC source categories for GHGs, NFR categories for
ammonia (NHs3) and other AQ pollutants, Net Zero Strategy categories for UK national GHG
statistical outputs and so on. To facilitate access to the dataset, more user-friendly tools have
been developed to allow policy leads to explore the data via an Output Viewer, whilst sector leads
typically conduct their quality controls on tabulated data within Scheduler files.

The Scheduler is a macro-enabled set of MS Excel workbooks that summarise the timeseries of
key outputs from the Inventory. It uses as input a set of template reports, which are generated

from the output files from the model runs, by
specifically:

a) Converts units, e.g. from kg N2O-N to kt N.O

b) Summarises information by NAEI CRF and NFR reporting codes;

c) Calculates O6i mpliedd emission factors (I EFs)

emission calculations and identify outliers;

d) Summarises both the Activity Data and Emissions.

It 6s a tfooorlmatthsatt hree mode |l out put into a dédstandar

and upload into the National Atmospheric Emissions Inventory (NAEI) database. The NAEI is the
central database, managed by Ricardo as the DESNZ-funded Inventory Agency, that holds AD
and EFs from all sectors and source categories (i.e. across Energy, IPPU, Agriculture, LULUCF,
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Waste and Other) and is the central repository of all inventory data required for UK and sub-
national reporting outputs for GHGs and AQ pollutants.

A 3.3.7.18 UK Agriculture Inventory Model QA/QC  System and Approach

The UNFCCC Reporting Guidelines for Annex 1 country submissions of national GHG inventories
set out the expectations for the transparency of reporting of national models used in higher-tier
methods. Further, in recent UNFCCC expert reviews of the UK inventory the review teams have
encouraged the UK to present more information regarding model quality assurance; this section
summarises how the UK is addressing these requirements.

The guidelines? note that Annex 1 parties shall include the following in the NIR:

ADescriptions, references and sources of i nform
higher-tier methods and models, assumptions, EFs and AD, as well as the rationale for their
selection. For tier 3 model s, additional i nfor ma

The UK inventory submission, within the NIR chapter for Agriculture, presents all of the necessary
information to cover the above requirement, i.e. regarding data sources, assumptions, methods,

algorithms etc. This is evidenced by the fact that UNFCCC expert review team findings relating

to the model QA documentation are not motanissnedt he r
and any suggested i mprovements to model d o encooragenteatd i o n
rather than a more f or malrecommerdationmandator gai dgquti h
chapter will continue to be revised and improved, as within the latest 2023 submission based on

an extensive review of several Annex | countries NIRs, where we have added numerous flow

charts, graphs and further information to provide UK evidence regarding methods, EF selection

etc, and also to illustrate the quality controls that are implemented across the compilation cycle.

Footnote 12 of the UNFCCC Reporting Guidelines clarifies that parties should also report on:

firhe basis and type of model, application and adaptation of the model, main equations /
processes, key assumptions, domain of application, how the model parameters were estimated,
description of key inputs and outputs, details of calibration and model evaluation, uncertainty and
sensitivity analysis, QA/QC procedures adopted and references to peer-reviewed literature. 0

In addition to these requirements driven by international reporting obligations, the UK Government
(DESNZ, formerly DECC) QA Guidance for Models®* sets out further modelling good practice
guidance to help ensure that models are transparent and present information to enable users to
assess the level of risk, for example regarding data inputs and assumptions applied.

Regarding adherence to the UNFCCC Guidelines, the Agriculture chapter of the UK National
Inventory Report presents the following components:

V Descriptions, references and sources of information for the specific methodologies,
including higher-tier methods and models, assumptions, EFs and AD, as well as the
rationale for their selection.

& For tier 3 models, additional information for improving transparency.

V Main equations / processes, key assumptions, description of key inputs and outputs,
uncertainty analysis.

The UK will continue to improve the information presented in the NIR, noting that there is scope
for providing more detail regarding some of the underlying data and assumptions and the rationale
for their selection; for example, within this annex, we now present more details regarding the

23

https://unfccc.int/files/meetings/warsaw nov_2013/application/pdf/sbsta39 illc 14nov 1800 annex.pdf

24 https:/Iwww.gov.uk/government/collections/quality-assurance-tools-and-guidance-in-decc

UK NIR 2023 (Issue 1) Ricardo Energy & Environment Page 861


https://unfccc.int/files/meetings/warsaw_nov_2013/application/pdf/sbsta39_i11c_14nov_1800_annex.pdf
https://www.gov.uk/government/collections/quality-assurance-tools-and-guidance-in-decc

Other Detailed Methodological Descriptions A3

data applied within the UK methods for recent years regarding the uptake of mitigation practices
in the UK inventory calculations.

The NIR chapter includes an overview of the tier 3 models that are used, and we have now
included additional graphs (e.g. to justify the country-specific EFs applied) and flow charts to
illustrate the QC for some of the more complex models, e.g. the N-flow model used across the
livestock MMS. This is in direct response to the ERT comments from the review of the 2022
submission. We welcome further reviewer feedback on where to focus future efforts.

Further, this annex seeks to address the remaining UNFCCC QA reporting requirements,
including:

For tier 3 models, additional information for improving transparency

The basis and type of model, application and adaptation of the model

domain of application

how the model parameters were estimated

details of calibration and model evaluation

QA/QC procedures adopted and references to peer-reviewed literature

This annex provides an overview of the model structure, software, processes and quality controls.
It outlines the governance, roles and responsibilities for key stakeholders and provides an insight
into the background to the development of the UK model, providing links to the more detailed
individual studies conducted during the 2010s to develop the methods and country-specific
methane and nitrous oxide emission factors.

< <K<K <K<K

Over a period of ~5 years the UK model was developed, with the development of sector-specific
Activity Data table specifications and the drafting of C# code to implement the inventory methods;
throughout that process, unit testing of steps within each method were conducted. The sector
experts implemented reperformance checks on the C# code by running equivalent calculations
conducted in MS Excel. Through this process the UK model methods were verified to be correctly
performing the intended calculations. Numerous academic papers were developed and published
to support and evidence this process and the selection of UK-specific parameters.

The UK will continue to explore how to efficiently present a concise but informative summary of
some of these facets of the model assurance, other than merely to provide links and references.

A 3.3.7.19 Annual Inventory Quality Assurance, Quality Controls and Checks

This section provides an overview of the approach to QA/QC across the annual cycle of
agriculture inventory compilation and reporting; for specific details per source category, see the
relevant section of the National Inventory Report or Informative Inventory Report.

QA activities

Through the inventory steering groups (NISC, managed by DESNZ; AQISG managed by Defra)
the agriculture inventory team consults with stakeholders (including UK and DA policy leads,
statisticians and researchers) on the current methods, areas of uncertainty and potential for
improvements to data sources, assumptions applied and emission estimation methods.

Where potential inventory improvements are identified, the inventory team may opt to prepare
draft documentation to outline the proposed data/method improvement and submit those
proposals to peer reviewers, typically academic and/or agriculture sector experts from the UK or
other countries with similar production systems. In the last 5 years the UK team has engaged in
several peer or bilateral reviews with agriculture sector experts from countries including Ireland,
Germany and Denmark.

The UK agriculture inventory team engages annually in UNFCCC Expert Review Team reviews,
CLRTAP and NECR reviews as well as attending international workshops and conferences to
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keep abreast of developments in other countries and identify potential improvements for the UK
inventory system, data and models.

Quality Control and Documentation

The agriculture sector Quality Control (checking, documentation and archiving) occurs throughout
the data gathering, compilation and reporting cycle. The key activities that are undertaken and
documented to check the estimates include:

Second person checking as standard. Throughout the compilation process, the team updates
the inventory calculation, checking and reporting files via a compiler/author and then a second
expert / checker to sign off the work. As we work across multiple organisations, we have
developed data QA templates to accompany all data / file transfers, with a common approach to
set out the compiler (name, date) and checker (hame, date), data fields to log origin data files /
date accessed, and a documented series of quality checks that the compiler must complete and
sign off, and then the checker also. In this way we have a complete audit trail of the data sources
and QC conducted through the process.

I Updated activity data tables are checked for accuracy, time series consistency and
completeness at a high level of resolution (e.g. per DA, livestock type, age, grid cell) by a
second person not involved in the initial data compilation.

1 Draft outputs from the model are checked for completeness and accuracy by the lead
sector expert, after the model runs are completed by the central team of analysts.
Checking of input data for scope, completeness, consistency with data for recent years and
(where available) verification against other independent datasets. Compilers check the incoming
data from data providers to assess whether the data are complete and consistent with data for
recent years. Specific examples are presented earlier in this annex to illustrate the specific QC of

the CTS, JAS/C, BSFP etc.

Mass flows / balances. The draft outputs are checked to ensure that process inputs and outputs
are balanced and understood. For example, for the livestock MMS we conduct a nitrogen flow
assessment to check on the origin, transfers and fate of N across the system. Sector experts
check the N partitioning across different parts of the MMS systems, e.g. the fate of N across
housing, storage and spreading end uses.

Completeness checks. The database is checked for completeness and consistency of entry
across the different pollutants and gases, per DA, livestock / crop / fertiliser type etc.

Recalculation checks. The latest inventory dataset is compared against the previous inventory
submission. Any recalculations are documented by inventory compilers and signed off by
checkers. Reasons for the recalculations are documented, e.g. method improvements, revisions
to input data or assumptions. These recalculation notes are referenced within the inventory
database to facilitate reporting and transparency of recalculations.

The sector leads and QA manager check that all recalculations are documented and that updates
expected from previous review findings and improvement projects are completed and
transparently described within reports to DESNZ and Defra, and the NIR and/or IIR.

Time series checks and benchmarking checks. The time series of emissions are checked for
step changes, trends, and any outlier data (e.g. outlier EFs or peaks/dips in activity data trends).
Any unusual features are checked and explained, with reasons for significant trends and outliers
documented in the method sections of the NIR and/or lIR. Implied Emission Factors (IEFs) are
checked against previous estimates and for key categories against defaults (from IPCC guidance)
to identify any notable UK-specific EF outliers.

Method implementation checks. A range of common checks are performed across inventory
calculation models, such as: checking that units are correct for input parameters; checking for
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either new emission estimates (e.g. due to new UK data or new methodological guidance or new
EFs within the IPCC guidance) or for any missing emission sources compared to previous
submissions.

Reporting checks. Inventory submissions are checked to ensure correct allocation into the CRF
categories. Emission totals at national and sub-c at egory | evel are checked
dataset derived from the UK inventory database outputs, to minimise risks of data transcription

errors into reporting templates.
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A 3.4 LAND USE, LAND USE CHANGE AND FORESTRY (CRF
SECTOR 4)

The following section describes in detail the methodology used in the LULUCF sector described

in Chapter 6.

The flow chart below shows the interrelationships between different data sources and the main

calculation steps.

Figure A 3.8

Data flow diagrams for each land use sub
linkages between sectors: (i) 4A and 4G, (ii) 4B, (iii) 4C, (iv) 4D, (v) 4E
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(i) 4B Cropland data flows
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(iir) 4C Grassland data flows

EEEEEEEEEEEEEEEEEEEEEEEEE
Processed data from other
sub-category

s EEEEEEEEEEEEEEEEEEEE

[
.
.
.
.
-

TEEEEEEEEEEEEEEEEEEEEE,

E Forestplanting areas &

AmsssEEEEEEmEEEEEEEE
Deforestation areas for
grassland

Calculate
biomass lost

[ Living biomassand |
DOM densities (t
I DM/ha) by country

I

SR EEEEEEEEEEEEEEEE

Grassland wildfire

activity data time
series

CARBINE Model

CRF output
Output I

Land Use change matrices from data
assimilation on ALL soils
Agriculture area and management
information from June Survey

Land use change on organic
soils

Land use change matrices on non-
organic soils

Calculate non-forest biomass
carbon stock changes due to LUC
Calculate non-forest biomass
carbon stock changes due to
Grassland Management

Report non-forest
biomass carbon stock
changes for 4C

Calculate biomass burning
GHG emissions

~
Calculate biomass burnt
and GHG emissions
4(v)/ac

Calculate mineral soil carbon
stock changes due to LUC

Report mineral
soil carbon stock

changes for 4C

Calculate N,O emissions
associated with Forest
and Cropland
conversion to Grassland

(a(1m)

Calculate CH4 and
N20O emissions from

drainage (4(11))

Calculate organic
soil carbon stock
changes due to LUC

Report organic
soil carbon stock

changes for 4C

UK NIR 2023 (Issue 1)

Ricardo Energy & Environment

Page 867




Other Detailed Methodological Descriptions A3

(iv) 4D Wetlands data flows
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(V) 4E Settlements data flows
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The Forest carbon accounting model CARBINE

Carbon uptake by the forests planted in the UK is calculated by a carbon accounting model,
CARBINE, as gains and losses in pools of carbon in standing trees, litter and soil in conifer and
broadleaf forests and in harvested wood products. Restocking is assumed in all forests. The
method is Tier 3, as defined by IPCC (2006). Section A 3.4.2 demonstrates how the use of this
model complies with IPCC good practice criteria for the use Tier 3 models.

CARBINE simulates forest C stock changes represented by tree biomass growth, mortality and
subsequent loss. The CARBINE model is primarily dedicated to reproducing the UK forest

conditions.

The model as used for this inventory consists of three sub-mo d el s

or O6compart me

estimate carbon stocks in the forest biomass, soil, and harvested wood products. The forest
biomass carbon sub-model is further compartmentalised to represent fractions due to tree stems,
branches, foliage, and roots.
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A34.11.1 Carbon in forest biomass

The main driving module of CARBINE consists of a set of computerised mathematical functions
and algorithms describing the accumulation (and loss) of carbon in tree biomass of different
forestry systems at the per-hectare scale. Different functions and algorithms are used to represent
distinct forestry systems, defined in terms of:

1 Tree species composition
1 Tree growth rate (yield class)
1 Management regime applied.

The tree species and growth rates represented are based on yield models originally produced by
the British Forestry Commission (Matthews et al., 2016a, 2016b). The tree species covered
include examples for coniferous species of spruces, pines, firs, larches, cedars, cypresses and
all the major temperate and boreal broadleaf tree species. Growth rates in terms of maximum
mean annual increment of stem volume ( 0 Y i le & sicar@le represented in the range from 2
m® halyr! upto 30 m®hatyr,

The CARBINE model uses standard estimates for wood density wood carbon content to derive
stem biomass from the stem volume predictions simulated by the M1 model (Lavers and Moore,
1983; Jenkins et al., 2011; Matthews, 1993). Wood and bark density along with the carbon content
differences are not taken into account. The density of bark is lower than that of wood (Aaron,
1970), but the carbon content is usually higher (Matthews, 1993), hence it is assumed that the
two effects cancel out. The biomass and carbon in tree foliage, branches, and coarse and fine
roots are derived from the results for the stem by applying expansion factors. Species-specific
biomass expansion factors are applied for these calculations.

The biomass of a component of interest is calculated by multiplying stem biomass by a
corresponding expansion factor. The UK species-specific crown and root biomass expansion
factors were derived from the report of Jenkins et al., (2011) report. Branch biomass is calculated
by subtracting foliage biomass from crown biomass. The coarse root biomass expansion factor
includes an allowance for stump material. Robust information on foliage expansion factors
relevant to UK conditions were not available, hence these were obtained from scientific literature.
The ratio of foliage to stem changes over time, but approaches an asymptote (Matthews et al.,
1991; Matthews and Duckworth, 2005). However, the asymptote in general is more suited to
older, larger trees and as such is considered not to be representative of typical forests under
regular management. It was decided to use a biomass expansion relationship for trees of
approximately 20 cm diameter in order to better represent managed forests. It is likely that this
will ultimately underestimate foliage biomass in smaller trees, and conversely over-estimate in
older, |l arger trees. Finally, fine root 008
from a Liski et al.,, (2002) study. The expansion factors are not sensitive to stand age,
management regime or growth rate. This approach was adopted for the simplicity and ease of
implementation on the large-scale simulations.

The mass of carbon in a forest was calculated from biomass by multiplying by the fraction of
carbon in wood (0.5 assumed). As an example, the values used for these parameters for Sitka
spruce (P. Sitchensis) are given in Table A 3.4.1. Sitka spruce is the most common species in
UK forests (c. 30%); parameters for other tree species are given in Matthews et al. (2014).
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Table A 3.4.1 Main parameters for forest carbon flow model used to estimate carbon
uptake by planting of forests of Sitka spruce (  P. Sitchensis ), yield

class 12.

Parameter Value
Time of maximum mean annual increment (years) 60
Initial spacing (m) 2
First table age (years) 20
Age at first thinning (years) 25
Stemwood density (oven dried tonnes m-3) 0.33
% Stemwood conversion loss 10%
% Branchwood left in forest 100%
% Branchwood harvested for fuel 0%
% fuel from bark 30%
% non-fuel products from bark 70%
% small roundwood (underbark) used as fuel 20%
% Pallets and fencing from small roundwood (under bark) 20%
% Paper from small roundwood (under bark) 35%
% Particleboard etc. from small roundwood (under bark) 25%
% Fuel from sawlogs (under bark) 30%
% Pallets and fencing from sawlogs (under bark) 0%
% Particleboard from sawlogs (under bark) 40%
% Structural timber from sawlogs (under bark) 30%
Root:Stem ratio 0.49
Crown:Stem ratio 0.32
Foliage:stem ratio 0.13
Fine root:stem ratio 0.02
Foliage turnover rate (annual) 0.2
Branchwood turnover rate (annual) 0.04
Coarse Root Turnover rate (annual) 0.02
Fine Root turnover rate (annual) 0.8
Underbark/overbark ratio at 15cm Diameter at Breast Height (DBH) i varies with DBH 0.9
Ratio of thinned stem volume that is sawlog at 15cm DBH (varies with DBH) 0.05
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A34.11.2 Dead wood and litter

CARBINE includes a sub-model for representing accumulation and loss of carbon in dead wood
and litter. Inputs of litter are related to the standing biomass of trees and to rates of tree mortality.
Levels of tree mortality are represented implicitly in the standard Forestry Commission growth
models, and explicit estimates are included in models for stands subject to no thinning, where
mortality levels are high. Root and branch wood volume associated with dead trees is estimated
in the same way as for living stemwood, by reference to allometric relationships. Deadwood and
litter are assumed to decay according to a first order process, with rate constants that are normally
set to be consistent with boreal and temperate conditions but can be adjusted for Mediterranean
and tropical conditions. The other significant input of carbon to the dead wood and litter pool is
due to harvesting operations (as part of either thinning or clear-felling). The carbon in roots of
harvested trees is assumed to enter the litter pool. The harvesting of stem wood is assumed to
involve a conversion loss equivalent to 10% of standing stem volume, which also enters the litter
pool. It is difficult to make accurate assumptions about the fate of branch wood and foliage at time
of harvesting. In many situations, this material will be left on-site to deteriorate and decay.
Sometimes it is possible that branch wood remaining after clear-felling may be deliberately
burned. There has also been an increasing interest in active harvesting of branch wood (or at
least some proportion of it) to supply biomass to the Energy sector. However, currently, such
practice remains very limited. For this inventory the assumption has been made that no branch
wood is harvested but is left to degrade and decay on site as part of the litter pool.

The branch Annual Turnover Rate (ATR) was fixed at 4% in accordance to Canadian forest
carbon accounting model CBM-CFS (Kurz et al., 2009). Deciduous species foliage turnover is
assumedto be 100% ( Kur z et al ., 20 Q.%onifesspgrieskioliage ATRSIwere
obtained by referring to relevant scientific literature. If insufficient empirical literature and data was
available, the species were mapped to an allometrically similar species. Coarse root annual
turnover was assumed to be 2% as in the CBM-CFS (Kurz et al., 2009; Kurz and Beukema, 1996;
Li et al., 2003). Fine root ATRs were mapped from the available scientific literature and the UK
specific datasets provided by Vanguelova (pers. com.). The UK ATRs for fine roots were derived
from Kielder forest for Sitka spruce and Alice Holt forest for oak. Lastly, root exudate ATR was
set to 160% of fine root dry biomass, the upper quartile of reported exudate mass from grassland
was adopted (Jones et al., 2009), because of limited understanding about forest rhizodeposition.
Aboveground shed litter, foliage and branches, are accumulated in a litter layer and after partial
degradation passed to the Fermenting (F) layer. Residues that are left after thinning or felling can
be set to enter a litter layer. If the crop is not a forest, it is assumed that the litter and F layers are
zero. The litter layer decomposition is modelled using modified ForClim-D model version (Liski et
al., 2002; Perruchoud et al., 1999). Belowground litter is not included in this simulation, while the
annual transfer rates are applied to foliage (Cs) and branch (Cy) litter biomass. They are expressed
as a proportion relocated annually.

Branch and foliage litter transfer are set according to the model proposed by Liski et al. (2002).
The transferred biomass is pooled and degraded by a fixed constant of 0.5, which is the average
of constants given in the Liski et al. (2002) study.

A3.41.13 Soil carbon

The CARBINE Soil Carbon Accounting model (SCOTIA, formerly referred to as CARBINE SCA,
Figure A 3.9), is based on a simplified version of the ECOSSE model (Smith et al., 2011), coupled
with a litter decomposition model derived from the ForClim-D model (Perruchoud et al., 1999;
Liski et al., 2002). Above-ground turnover of material such as foliage, branches and dead
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stemwood enters the litter pool, which is then broken down to F-material (Fermenting) as a
function of temperature and rainfall, releasing CO-. Within the soil, a number of layers exist, each
with its own set of texture (Sand, Silt, Clay) characteristics. Carbon from decayed litter, dead
roots, and root exudates enters each layer and is assigned to four active pools; resistant plant
material (RPM), readily decomposable plant material (DPM), biological material (BIO) and humic
material (HUM). A proportion of organic carbon is also assumed to be inert, and unavailable for
further activity. The active pools undergo decomposition and transference, releasing CO..
Decomposition (aerobic and anaerobic) within each pool and layer is influenced by response
functions to water saturation in the soil, temperature, pH, and the presence (or not) of plant cover
on the soil surface. The availability of water within each layer, and the level of saturation are
largely defined from soil texture following Saxton and Rawls (2006) coupled with inputs from
rainfall, (or drainage) and removal of water through evapotranspiration. In any soil layer, water
above field capacity can drain to lower soil layers, complete with any dissolved organic carbon
(DOC). The rates of potential decomposition of each carbon pool and the response functions
follow ECOSSE (Smith et al., 2011).

New carbon input to the soil arises from four sources:

1 Recently dead root material (according to a rooting profile depth),

1 Transfer from the F-material arising from the decompaosition of above-ground litter,

1 Secretions and exudates from the roots,

T DOC;thiscarbon can become available to the
materi al cycl eb.

Turnover rates for mortality of tree components (roots, foliage etc.) are species dependent and
obtained from scientific literature (see Table A 3.4.1 for example).

An improved version of the soil sub-model was implemented for the 1990-2016 inventory. This
included work on parameterisation of litter input from ground flora and other non-forest vegetation,
assuming a decrease in the contribution of non-tree litter from 60% of the carbon input assumed
in ECOSSE for pasture to zero contribution at canopy closure, after an initial year of clearance of
vegetation on planting.

A more comprehensive description of the soil sub-model will be described in a technical report.

Additional pathways in which carbon is lost from organic soil include waterborne export of DOC
and particulate organic carbon (POC) from drained organic soils, which is related to land use
disturbances (erosion, burning), and drainage ditches. The off-site CO, emissions from the
decomposition of POC and DOC exported from drained organic soils are calculated separately
using Tier 1 and 2 approaches (see Evans et al 2017 and Section A 3.4.7).
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Figure A 3.9 The CARBINE SCOTIA model
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A 3.4.2 Alignment of CARBINE to the IPCC suggestions for Ir Use of
Models in Good Practice National Greenhouse Gas
Inventories A

The IPCC has published suggestions on the approach to implementing good practice in the use

of models®i n nati onal GHG inventories. Usbda Baelssandgge st |
Facility-Level Data in Greenhouse Gas Inventories. Report of the IPCC Expert Meeting on Use of

Models and Measurements in GHG Inventories, 9-11 August 2010, Sydney, Australiad . Ch3apt er
provides a bullet point list of the key elements of a model that can be used to guide the description

provided by inventory compilers of the modelling approach they use. Providing this detalil

increases the transparency of the methodological description.

Table A 3.4.2 is based on this bullet point list, and summarises the methodological approaches
used in CARBINE for each of the elements, or criteria, and provides references to where further
information can be found.

Table A 3.4.2 Compliance of the CARBINE model with the IPCC criteria on the use of

models
Criteria (or Reference to documentation
element)
Basis and type of Summary
model

Carbon change in the forests of the UK (meeting the UK definition of forest for inventory
purposes) is calculated by a carbon accounting model, CARBINE, as the sum of gains
and losses in pools of carbon in vegetation, litter and soil in conifer and broadleaf forests
and in harvested wood products. Restocking is assumed in all forests. The method is
Tier 3, as defined by IPCC (2006).

References

9 UK NIR: Annex 3.4.1. Carbon stock changes due to afforestation and forest
management (4A); Section 6.2. CATEGORY 4A i FOREST LAND; Section
6.8. CATEGORY 4G i HARVESTED WOOD PRODUCTS

1  Matthews et al. (in prep). The CARBINE model. A technical description
Chapter 2. Modelling purpose and scope

25 |In the application of models in National Greenhouse Gas Inventories, critical issues are suitability,
parameterization, calibration, evaluation, and uncertainty.
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Criteria (or
element)

Application and
adaptation of model
(description of why
and how the model
was adapted for
conditions outside the
originally intended
domain of application)

Main equations /
processes

Reference to documentation

Summary

The CARBINE model was first developed by the then Research Division of the Forestry
Commission in 1988 (Thompson and Matthews, 1989), now Forest Research. It is built
around the stand level M1 growth and yield model which is based on yield tables
published in the early 80s (see Arcangeli and Matthews). The general purpose of the
CARBINE model is to address questions about the carbon and GHG balances of forestry
systems, and to inform the development of forest policy and practice, particularly
regarding the goal of climate change mitigation. It was adapted for use specifically with
the UK GHG inventory and first used in the GHG inventory submitted in 2014. The UK
replaced the C-FLOW model with CARBINE because CARBINE has several advantages
which allows it to more accurately estimate GHG emissions and removals. CARBINE can
model a more diverse range of species and forest management practices, and model
complex changes or trends in forest management over time. It also addresses a key
limitation of C-FLOW, which assumed that forests planted prior to 1921 were at carbon
equilibrium. Matthews et al. (2014) gives an overview of the CARBINE model and a
comparison of its use in the 1990-2012 LULUCF inventory with the C-Flow model
previously used model to forest carbon stock changes.

The growth conditions of forests represented by CARBINE are principally of relevance to
UK forest conditions. The CARBINE model is not operating outside its originally intended
domain of application.

References

T UK NIR. Annex 3.4.1. Carbon stock changes due to afforestation and forest
management (4A); Section 6.2. CATEGORY 4A 1 FOREST LAND; 6.8
CATEGORY 4G i HARVESTED WOOD PRODUCTS

1  Matthews et al. (in prep). The CARBINE model. A technical description. Chapter
2. Modelling purpose and scope

9 Thompson, D.A., Matthews, R.W., 1989. The storage of carbon in trees and
timber. Forestry Commission Research Information Note 160. Forestry
Commission: Edinburgh

9 Matthews, R., Malcolm, H., Buys, G., Henshall, P., Moxley, J., Morris, A. and
Mackie, E. (2014) Changes to the representation of Forest Land and
associated land-use changes in the 1990-2012 UK Greenhouse Gas
Inventory. Forest Research and Centre for Ecology and Hydrology (DECC
Contract GA0510, UKCEH Contract no. NEC0376)

Summary

The CARBINE model is a complex model, with several sub models. These sub-models
include: forest carbon sub-model, soil sub-model, SCOTIA, and wood products sub-
model. The forest carbon and soil sub-models are used in the GHG inventory and the
latest UK NIR provides a summary of CARBINE model.

Forest Research are working on a report which documents the methods employed in the
implementation of the CARBINE forest sector carbon accounting model. The report
includes model equations, parameters, assumptions, verification and supporting scientific
evidence, where available. Figure 2.2 in that report presents a schematic representation
of the structure and components of CARBINE.

References

1  Matthews et al. (in prep). The CARBINE model. A technical description. Chapter
3. Representation of forest stands; to; Chapter 4. Representation of
harvested wood products; and; Annex 1. Detailed soil carbon model
description

1 UK NIR: Annex 3.4.1. Carbon stock changes due to afforestation and forest
management (4A)
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Key assumptions
(important
assumptions made in
developing and
applying the model)

Summary

The CARBINE model is a complex model, and only a summary of the key assumptions
can be given here. A key concept of the methodology underlying the CARBINE model is
that net exchanges of carbon between forest pools (trees, deadwood, litter and soil) and
related pools (deforestation, HWP) can be inferred from the changes in the carbon stocks
of these individual pools. The section numbers in the description below refer to the
sections in Matthews et al. The CARBINE model. A technical description:

3.1. Stand volume growth.

The main assumption is that all types of forests and management in the UK can be
represented by the FC yield models i including by assuming that species not covered by
the UK yield tables can be mapped to a species for which a model is available.

Immediate restocking is assumed in all forests.
3.2. Stand stem biomass and carbon.

The key assumption is that stem merchantable biomass can be calculated from stem
volume from the yield tables using a species-specific stem density and a country-specific
estimate of carbon content for all wood (50%)

3.3. Stand tree biomass and carbon.

The key assumption is that the stem biomass can be converted to whole tree biomass
using biomass expansion factors for branches, leaves, coarse roots and fine roots.

3.4. Stand management.

Forest stand management is represented by four broad prescriptions: 1) No thinning and
no felling (i.e. effectively no management for production); 2) Clear-felling on a specified
rotation without thinning; 3) Thinning with clear-felling on a specified rotation; 4)
6Continuous coverd silviculture (i.e. wot(
thinning only, that also aims to always maintain tree cover on the land).

3.5. Stand disturbance events.

The key assumption for the inventory is that there will be no mortality beyond the normal
senescence of part of tree and within stand competition as predicted by the yield model
as calibrated on the permanent sample plots. Supplementary calculations are carried out
for the purposes of reporting relevant GHG emissions as part of GHG inventories for
disturbances from fires on Forest Land.

3.6. Tree harvesting in stands.

The assumption is that the harvesting is as modelled in the yield tables and that only
certain parts of the tree are removed 1 i.e. there is no whole-tree harvesting.

3.7. Losses of carbon from parts of living trees through senescence.

The key assumptions are that deadwood and litter inputs in the form of losses of
branches and foliage from living trees can be modelled by annual turnover rates and that
these losses will be replaced (i.e. that the relationships between the carbon in the
different compartments implied by the biomass expansion factors still holds).

3.8. Stand deadwood and litter accumulation.
Carbon enters the deadwood and litter pools through several processes:

1  Losses of biomass from the senescence of parts of growing trees (Section 3.7)
1  Mortality of trees as a result of stand competition (Sections 3.2 and 3.3)

1  Mortality of trees as a result of stand natural disturbance (Section 3.5)

M  Tree biomass discarded in the forest during harvesting operations (Section 3.6).

Carbon is lost from the deadwood and litter pools through decomposition.
3.10. Soil carbon (including fermenting material).

Thatthesoilcatbon and fermenting materi al can b
style model 6. This model, called SCOTI A,
UK specific conditions, including both mineral and organic soils.
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Criteria (or
element)

Domain of
application
(description of the
range of conditions for
which the model has
been developed to

apply)

How the model
parameters were
estimated

Reference to documentation

4.1. Representation of Harvest Wood Products.

While a more disaggregated description of HWP is available in CARBINE, for the
purpose of the Convention reporting, wood products are grouped in a more limited set of
semi-finished product categories consistent with the IPCC guidelines and modelled using
first order decay functions and product half-lives specified as part of Tier 1 methods in
the IPCC good practice guidance.

The summary above of the key assumptions increases the transparency of the of the
CARBINE model.

References

1  Matthews et al. (in prep). The CARBINE model. A technical description.
Chapter 3. Representation of forest stands; to; Chapter 4. Representation of
harvested wood products

T UK NIR: Annex 3.4.1. Carbon stock changes due to afforestation and forest
management (4A)

Summary

A version of CARBINE has been specifically developed for the UK GHG inventory. In
principle, the M1 forest growth model that underlies CARBINE permits a very wide range
of possible stand management regimes to be represented. However, when modelling UK
forests at national scale, forest stand management are represented by four broad
prescriptions types and a range of rotation length (see Annex 3 of the National Forestry
Accounting Plan).

References

1  Matthews et al. (in prep). The CARBINE model. A technical description. Chapter
2. Modelling purpose and scope

1 UK National Forestry Accounting Plan, 2021 to 2025 (2019) Annex 3.
https://www.gov.uk/government/publications/uk-national-forestry-accounting-
plan-2021-t0-2025

Many of the parameters in CARBINE are based on literature reviews and the key
parameters are described in the report describing CARBINE.

References

1  Matthews et al. (in prep). The CARBINE model. A technical description.
Chapter 2. Modelling purpose and scope.

1 Lavers, G.M. and Moore, G.L. (1983) The strength properties of timber. Building
Research Establishment Report CI/SFB 1(J3). Building Research
Establishment, Garston

1 Levy, P.E., Hale, S.E. and Nicoll, B.C. (2004) Biomass expansion factors and
root:shoot ratios for coniferous tree species in Great Britain. Forestry, 77,
421-430.
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Criteria (or
element)

Description of key
inputs and outputs

Details of calibration
and model
evaluation

Reference to documentation

Summary

Inputs: CARBINE uses a wide range of input data i see above for a description of these.
The main input data are, inter alia, 1) information on the growth of stem wood volume in
different stands of trees from the M1 growth model; 2) standard estimates for wood
density (see Table 3.2 in Matthews et al.) and wood carbon content (0.5 t C odt™); 3)
management practices; 4) soil turnover rates; 5) decomposition rates of active soil pools
to DOC, 6) occurrence of land use changes over time.

Outputs: All the data necessary for the reporting of forest land inventory: gains and
losses in pools of carbon in standing trees, litter and soil in conifer and broadleaf forests
and in harvested wood products and forest. Gains and losses in forest soils are also
estimated.

References

1 Matthews et al. (in prep). The CARBINE model. A technical description.
Chapter 3. Representation of forest stands; to; Chapter 4. Representation of
harvested wood products; and; Annex 1. Detailed soil carbon model
description

Summary

CARBINE (excluding soil carbon): In 2003, Robertson et al. undertook a study to
evaluate the completeness and suitability of the C-FLOW and CARBINE models for
estimating carbon stocks and potential stock changes in the forestry sector at the stand
and national levels, and the reliability of underpinning data and parameter estimates used
by C-FLOW and CARBINE. Based on the results considered, Robertson et al. concluded
that, while there may be some issues to address with regard to some inaccuracies in
predictions of tree carbon stocks made by both CARBINE and C-FLOW, such model
predictions are reasonably accurate. Although the analysis of Robertson et al. can only
be regarded as an initial investigation, the results indicated that the accuracy of
predictions made by both models is well within short-term fluctuations observed for
individual stands (+10%).

A more recent verification of the growth model M1 underpinning CARBINE started in
2017 has also confirmed that the growth model displayed good to reasonable
consistency with growth trend data collected in sample plots. For some tree species,
evidence of deviations in growth trends at older stand ages. This included Sitka spruce,
but beyond the ages of conventional forest rotations. A programme to refine existing
growth models is in progress. Significant work already done (new growth curves
calibrated). The aspiration is to integrate the new growth models into CARBINE once fully
tested. This is discussed in the report describing CARBINE.

SCOTIA (soil sub-model in CARBINE): The work done to confirm the suitability of the
soil carbon sub-model, SCOTIA, for use in the UK GHG inventory is explained in detail in
a report in preparation. The work presents the evidence that the estimates of soil carbon
stocks and stock changes produced by the SCOTIA model are consistent with available
field observations.

References

1 Matthews et al. (in prep). The CARBINE model. A technical description.
Section 8.2.5. Long-term trajectories

1  Matthews et al. (in prep). SCOTIA forest soil carbon model: Interim progress
report on comparison of model estimates and measurements of soil carbon
stocks and fluxes

1  Robertson et al . (2003). Evaluation of the C-FLOW and CARBINE carbon
accounting models. Section 3 of UK Emissions by Sources and Removals by
Sinks due to Land Use, Land Use Change and Forestry Activities (2003)
(https://www.semanticscholar.org/paper/Comparison-of-the-CFLOW-and-
CARBINE-carbon-models-Robertson-Ford-
Robertson/22f909599387970eef6b61ff7057151f4b86d76€)
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Criteria (or
element)

QA/QC procedures
adopted (including
verification and
model
intercomparison)

Reference to documentation

Summary
The QA/QC procedures used in the forest land inventory are summarised in this NIR:

1  Section 6.2.6. Category-Specific QA/QC and Verification (CATEGORY 4A i
FOREST LAND)

1  Section 6.8.4. Category-Specific QA/QC and Verification (CATEGORY 4G i
HARVESTED WOOD PRODUCTS)

bl Section 6.11. GENERAL COMMENTS ON QA/QC.

There is a detailed QA/QC plan for the forest land inventory, which is described in
Henshall (2018). Chapter 8 of the CARBINE description report presents some
comparisons of parameters referred to in the CARBINE model with standard estimates
for these parameters from scientific literature, where relevant, and with any published
parameter estimates of particular relevance to UK conditions. The SCOTIA report
provides a detailed comparison of the CARBINE SCOTIA soil carbon sub-model
estimates and measurements of soil carbon stocks and fluxes.

References
1 Matthews et al. (in prep). The CARBINE model. A technical description.
Chapter 8. Comparisons with standard parameters and estimates
| Matthews et al. (in prep). SCOTIA forest soil carbon model: Interim progress

report on comparison of model estimates and measurements of soil carbon
stocks and fluxes

i Henshall (2018). UK Greenhouse Gas Inventory LULUCF Sector Forest
Land QA Plan. Paul Henshall. Forest Research
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Criteria (or Reference to documentation

element)

References to peer- There are several papers describing the C-FLOW model which follows the same theory
reviewed literature of combining the FC yield tables with biomass expansion factors and a soil and litter

model. There are also non-journal publications that have been reviewed by peers.
Peer reviewed journal publications

q Cannell, M.G.R., Dewar, R.C. (1995). The carbon sink provided by
plantation forests and their products in Britain. Forestry 68, 351 48. doi:
https://doi.org/10.1093/forestry/68.1.35

1 Dewar, R.C. (1990). A model of carbon storage in forests and forest
products. Tree Physiol. 6, 4171 28

T Dewar, R.C. (1991). Analytical model of carbon storage in the trees, soils,
and wood products of managed forests. Tree Physiol. 8, 2391 258

T Dewar, Roderick & Cannell, M. (1992). Carbon sequestration in the trees,

products and soils of forest plantations: An analysis using UK examples.
Tree physiology. 11. 49-71. 10.1093/treephys/11.1.49.

Non- journal publications

| Matthews, R.W. (1996). The influence of carbon budget methodology on
assessments of the impacts of forest management on the carbon balance,
in: Apps, M.J., Price, D.T. (Eds.), Forest Ecosystems, Forest Management
and the Global Carbon Cycle. Springer-Verlag, Berlin, New York, pp. 23371
243.

| Matthews, R.W. (1994). Towards a methodology for the evaluation of the
carbon budget of forests. In: Kanninen, M. (Ed.), Carbon Balance of the
Wor |l débs Forested Ecosystems: Toward
of a Workshop Held by the Intergovernmental Panel on Climate Change
AFOS, Joensuu, Finland, 11-15 May 1992. Painatuskeskus, Helsinki, pp.
105i 114.

i Matthews, R.W. (1992). Forests and arable energy crops in Britain: can they
stop global warming? In: Richards, G.E. (Ed.), Wood: Fuel for Thought.
Harwell, pp. 39-62.

1 Matthews, R.W. (1991). Biomass production and carbon storage by British
forests. In: Aldhous, J.R. (Ed.), Wood for Energy: The Implications for
Harvesting, Utilisation and Marketing: Proceedings - 1991 Discussion
Meeting. Institute of Chartered Foresters, Edinburgh, pp. 162-177.

A3.4.2.1 Forest activity data: management

The activity data for forests comes from different data sources for the public and private forest
estates. The public forest estate is as defined in Forestry Statistics and covers the woodland that
used to be managed by the Forestry Commission (FC) in Great Britain and that managed by the
Northern Ireland Forest Service (NIFS). The public forest estate in Great Britain is now managed
by separate organisations in England (Forestry England (FE)), Scotland (Forestry and Land
Scotland (FLS)) and Wales (Natural Resources Wales (NRW)). The private forest estate covers
all other woodland, including areas of forest managed by local authorities and other public bodies.

Each organisation maintains a Sub-Compartment DataBase (SCDB), containing information on

location, size, species, growth rate and management of the forests. Information from the SCDB)

was used to create a distribution of species and yield class (an indication of growth rate) for the

public forest estate. For the private forest estate, information from the National Forest Inventory

(NFI) survey of woodlands was analysed to estimate yield class and species by age class and
scaled to represent the whole private forest es
planting and wood production statistics were used to assign the areas in an age class to individual

years, either as areas restocked or areas newly planted.
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Management of forests is represented as one of four options: Clearfell with thinnings, clearfell
without thinnings, managed but not clearfelled, and not used for timber production. For the
clearfell forests restocking occurs after the rotation period. For non-clearfell productive woodlands
it is assumed there is a 30-year overlap of restocking and non-restocked trees. The area of land
felled each year was estimated from the wood production statistics separately for both public and
private forests. The rotation periods for forests were estimated based on information on the
intended management of the public estate. This analysis gave a target rotation period for each
modelled species and yield class.

The actual rotations historically applied to the forest estate are unknown and for the private forests
the area of woodland used for timber production is also unknown. In order to match production,
given the age class distribution of the forest, an algorithm was implemented to adjust the assumed
rotations and the percentage of private sector woodland not used for timber production. This
algorithm adjusts these assumptions in order to match the modelled wood production with the
timber production statistics separately for the public and private forests. It was assumed that the
forests would be felled evenly over a period +/-7 years from the target rotation period. A
comprehensive description of this algorithm will be presented in a separate technical report.

Information on the management of privately owned forests that is used to inform the inventory
estimates, as well as a description of how forest land AD (forest land remaining forest land; land
converted to forest land) are derived, is included in the UK National Forest Accounting Plan, which
can be found at:

https://www.gov.uk/government/publications/uk-national-forestry-accounting-plan-2021-to-2025

A3.4.2.2 Forestry activity data: historical and current afforestation rates

Irrespective of species assumptions, the variation in CO, removals from 1990 to the present is
determined by the afforestation rate in earlier decades, the effect this has on the age structure in
the present forest estate, and hence the average growth rate. Afforestation is assumed to occur
on ground that has not been wooded for many decades, based on the assumption that if it had
previously been woodland it would be in the restocking statistics rather than the new planting
statistics as a result of the regulatory framework that applies to forestry in the UK.

A comparison of historical forest census data and the historical annual planting rates has been
undertaken. Forest censuses were taken in 1924, 1947, 1965, 1980 and the late 1990s. The latest
census (National Forest Inventory - NFI) has only just been completed. The comparison of data
sources showed that discrepancies in annual planting rates and inferred planting/establishment
date (from woodland age in the forest census) are due to restocking of older (pre-1920) woodland
areas and variations in the harvesting rotations. However, there is also evidence of shortened
conifer rotations in some decades and transfer of woodland between broadleaved categories (e.g.
between coppice and high forest). It is difficult to incorporate non-standard management in older
conifer forests and broadleaved forests into the Inventory because it is not known whether these
forests are on their first rotation or subsequent rotations (which would affect carbon stock
changes, particularly in soils). The area of afforestation in a given year is predicted based on
applying the yearly distribution from the new planting and restocking statistics to the age class
inventory. Age classes prior to the availability of new planting statistics are assigned evenly to
individual years. For this inventory submission the assumption was made that we can estimate
the area felled for recent years based on the timber production in the year of felling. It is assumed
that woodland felled is immediately restocked. As we have an estimate of the area restocked for
these years, the remainder of the area for each year was assumed to be restocking or natural
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regeneration. For years prior to the timber production statistics (i.e. prior to 1976), an estimated
ratio between restocking and afforestation was used based on the earliest data. For restocked
woodland the forest area was assumed to have been restocked twice and had been managed in
the same fashion and on the same rotation.

The planting data used as input to the CARBINE model come from national planting statistics
from 1921 to the present (provided by the Forestry Commission) for England, Scotland and Wales
and from 1900 to the present (provided by the Northern Ireland Forest Service). For England,
Scotland and Wales estimates of area of woodland by species, yield class and broad age class
came from analysis of the NFI (for private woodland) and the SCDB (for FC/NRW woodland).

The NFI provides woodland statistics for Great Britain, (England, Wales and Scotland), broken
down by region. It comprises a digital woodland map based on comprehensive aerial photography
and a field survey using 15,000 one-hectare sample squares. The digital map and field survey
cover all woodland areas down to 0.5 hectares. An initial digital woodland map was published in
spring 2011. The NFI woodland field survey provides direct assessments of woodland growing
stock including species composition, stand structure, tree age (distribution) productivity indices,
numbers of trees, and diameter and height distribution. Standing biomass (and carbon) in trees,
including above and below ground biomass, can be derived from these assessments using GB-
specific conversion factors and allometric equations. A complete 5-year cycle of ground survey
has now been completed. NFI data do not allow the carbon stocks of deadwood or litter to be
estimated. The NFI has been supplemented by an assessment of the area of small woods
(woodland between 0.1 ha and 0.5 ha) to align with the minimum woodland area for UNFCCC
reporting as set out in CMP.7 (Forestry Commission, 2017). The analysis of small woods area
included no characterisation of the resource. Since there is currently no information on the age-
distribution of the area of small woods, it was assumed to have established evenly between 1900
and 1970.

The NFI uses a lower integral open space threshold of 0.5 ha (as opposed to 1 ha), which requires
a downward adjustment to areas. However, the main differences in 2010 GB woodland cover
between the NFI (2982 kha) and previous estimates (2757 kha, Forestry Statistics 2010) arise
from identified errors in the previous woodland survey, particularly the under-estimate of
woodland areas between 0.5 and 2 hectares. Estimates of woodland loss have been assessed,
which affect the total estimated woodland area in the GHGI (but are not yet reflected in the
national Forestry Statistics).

We assumed that the NFI survey gives a distribution of all the private forest area for a base year
of 2011, and the SCDB gives a distribution of all the public forest area for a base year of 2014.

The main NFI survey includes areas of woodland >0.5 ha. An adjustment was made to the areas
of woodland to account for woods between 0.1 ha and 0.5 ha. For England and Wales, the
estimates are derived from a calibration of tree cover plotted in the National Tree Map (NTM)
product across England and Wales?®, using a comparison of manual photographic interpretation
with the NTM product within a sample of 1 km square tiles. For Scotland, the estimates are derived
from a direct evaluation of polygons in the map constructed for the Native Woodlands of Scotland
Survey (NWSS)?’, which mapped all woodland polygons in Scotland down to 0.1 hectares in size

26 http://www.bluesky-world.com/national-tree-map

27 http://scotland.forestry.gov.uk/supporting/strategy-policy-guidance/native-woodland-survey-of-scotland-nwss
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by photographic interpretation. The areas of small woods used in this inventory were based on
data published in 2017 by the Forestry Commi ssi (
in Greath Britaino

An algorithm was used to obtain the area of woodland afforested each year by removing the area

of felling from the age <c¢class distribution. Th
di stributiond by starting in the base yearg and
years for all restocked woodland are assigned by the algorithm to give two rotations of the same

|l ength as the assigned rotation and are thus not
the model in terms of soil and litter in order to reach a state consistent with land that has been

forest for a long period. This algorithm will be described in detail in the same technical report as

the description of allocation of the management of forests.

As part of implementation of wetland drainage and rewetting accounting, new maps of peat soils
have been created for each of the DAs (see Section A 3.4.7.1). These maps were combined with
a forest map to give areas of conifer and broadleaf forests planted on organic soils for each DA.
These total areas were assigned to individual afforestation years by adjusting the previously
applied the distribution of organic soil areas and an analysis of recent grant-aided new planting
on organic soils and implementation of policies against planting on organic soils in each of the
DAs.

As explained above, the planting rates given in Table A 3.4.3 are derived from administrative

records, information on forest age class distribution from NFI field assessments and interim
assumptions about the age distributi oTableoA3.48s mal |
are therefore significantly different to those reported as official planting statistics supported by
grant-aid. The afforestation rates for each planting type in the UK have been calculated from the

data and are shown in Table A 3.4.3.

Table A 3.4.3 Afforestation rate (kha p.a.) of conifers and broadleaves in the United
Kingdom since 1500 based on estimates of woodland area by age from
the NFI and administrative records.

Period Conifers on all Conifgrs on Broadleaves on all soil Broadleaveg on organic
soil types organic soil types soils

1501-1600 0.00 0.00 0.02 0.00
1601-1700 0.09 0.00 0.47 0.00
1701-1750 0.28 0.00 1.05 0.00
1751-1800 0.64 0.00 0.88 0.00
1801-1850 2.03 0.00 0.74 0.00
1851-1900 5.14 0.65 1.12 0.02
1901-1910 4.44 0.89 9.27 0.19
1911-1920 3.13 0.60 11.72 0.26

28 https://www.forestresearch.gov.uk/tools-and-resources/national-forest-inventory/what-our-woodlands-and-tree-
cover-outside-woodlands-are-like-today-8211-nfi-inventory-reports-and-woodland-map-reports/
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Period Conifers on all Conifgrs on Broadleaves on all soil Broadleaveg on organic
soil types organic soil types soils

1921-1930 3.12 0.61 13.61 0.36
1931-1940 3.82 0.66 14.70 0.52
1941-1950 8.21 1.90 18.06 0.80
1951-1960 13.31 3.73 19.34 1.06
1961-1970 20.64 6.75 21.29 1.30
1971-1980 28.10 10.69 14.76 0.97
1981-1990 20.63 7.62 17.11 0.97
1991 14.79 5.04 12.62 0.66
1992 12.71 4.22 14.67 0.77
1993 10.28 3.32 18.27 0.92
1994 14.04 4.47 19.74 1.04
1995 12.70 3.91 16.59 0.82
1996 12.49 3.70 16.06 0.79
1997 12.17 3.42 17.93 0.76
1998 11.61 3.12 17.75 0.75
1999 11.70 2.99 17.83 0.75
2000 10.29 2.49 19.75 0.87
2001 7.21 1.66 15.88 0.75
2002 6.96 1.51 15.59 0.64
2003 6.73 1.49 13.93 0.56
2004 3.30 0.77 13.29 0.46
2005 241 0.58 12.07 0.39
2006 3.02 0.65 12.82 0.41
2007 2.30 0.50 10.24 0.33
2008 2.13 0.40 8.25 0.23
2009 1.54 0.28 7.52 0.18
2010 2.70 0.37 9.89 0.21
2011 4.50 0.32 13.17 0.14
2012 2.37 0.08 14.52 0.06
2013 2.42 0.00 12.64 0.00
2014 2.79 0.00 8.86 0.00
2015 2.39 0.00 4.66 0.00
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Period Conifers on all Conifgrs on Broadleaves on all soil Broadleaveg on organic
soil types organic soil types soils

2016 3.42 0.00 3.11 0.00
2017 4.96 0.00 3.64 0.00
2018 7.58 0.00 5.00 0.00
2019 7.86 0.00 5.78 0.00
2020 7.40 0.00 5.99 0.00
2021 6.98 0.00 6.73 0.00

A 3.4.2.3 Allocation of CARBINE outputs to UNFCCC inventory sub -categories

The CARBINE model output was post-processed using the IPCC default 20-year transition period
for Land converted to Forest to move into the Forest remaining Forest category. The area within
the Land converted to Forest Land sub-category is split between cropland, pasture grassland,
semi-natural grassland, settlement and other areas. Pasture grassland and semi-natural
grassland are combined for Grassland reporting in the CRF. This split is based on the relative
proportions of historical land use change from these categories to forest. The proportions for each
country change over time because the 20-year transition period has a different start date for each
reporting year. The CARBINE model outputs take account of forest area loss through conversion
to other land uses (deforestation).

A3.4.2.4 Nitrogen fertilization of for est land

Nitrogen fertilization of forest land is assumed to occur only when absolutely necessary, i.e. new
planting on O6poor6 soils (mining spoil, i mpover.i
terms of the inventory, this means that N fertilisation is assumed for Settlement converted to

Forest land and Grassland converted to Forest Land on organic soils. The areas of new planting

with these conditions were taken from the same dataset used in the CARBINE model (see Table

A 3.4.3) for 4.A.2. Land converted to Forest land.

Where fertilisation occurs, an application rate of 150 kg N ha? is assumed based on Forestry
Commission fertilisation guidelines (Taylor, 1991). The guidelines recommend applying fertiliser
on a three-year cycle until canopy closure (at approximately 10 years), but this is thought to be
rather high (Skiba 2007) and unlikely to occur in reality, so two applications are adopted as a
compromise. These applications occur in year 1 and year 4 after planting. The N.O emission
factor for applied nitrogen fertiliser is the default value of 1% used in the IPCC 2006 Guidelines.
Emissions of N.O from N fertilisation of forests are estimated using a Tier 1 methodology and
IPCC default emission factors. The emissions have fallen since 1990 due to reduced rates of new
forest planting. A GWP of 298 for N2O is used. Indirect emissions of N.O from atmospheric
deposition also arise from this activity and are reported under Sector 4.

A 3.4.25 Non-CO; emissions from drainage on forest soils

Emissions from forest on drained soils are calculated for mineral and organic soils separately
using a Tier 1 methodology. Emissions of CH4 and NO from organic soils are calculated using
Tier 1 EFs (see Section A 3.4.7). Emissions of N.O from mineral soils are calculated using Tier
1 EFs (IPCC 2006) and information on the distribution of forest cover on different soil types
(Yamulki et al. 2012), adjusted by the amount of forest planted since 1920. The area of forest on
mineral soil is adjusted by splitting it between organo-mineral soils, free-draining mineral soils and
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easily waterlogged mineral soils, which require artificial drainage (based on the current guidance
and policy for forest operations and management). The proportion of mineral soils requiring
artificial drainage is: 34% in England, 24% in Scotland, 3% in Wales, 68% in Northern Ireland and
26% in the UK as a whole. We assumed all forest on organo-mineral soils is cultivated prior to
planting and therefore effectively drained.

A 3.4.3 Land Use Change and Soils (4B, 4C, 4E)

A3.43.1 Estimation of land -use change using Bayesian data assimilation

The tracking of land use and land-use change is fundamental to producing accurate and
consistent greenhouse gas inventories for the LULUCF sector. In previous inventories the
methodology for land use/land-use change modelling applied Approach 2 (non-spatial LUC
matrices) using a combinati on of 6snapshot 6 C
administrative statistics. However, this approach has proved to be insufficient for tracking annual
land use change, which was particularly a consideration for the reporting requirements of the
second commitment period of the Kyoto protocol. Firstly, the non-spatial matrix-based approach
is insufficient for tracking annual land-use change: the matrices have no time dimension and are
defined independently each year. There is therefore no possibility of representing a sequence of
land-use on the same parcel of land (such as afforestation followed by deforestation, or crop-
pasture rotations). Secondly, the data used to estimate these matrices in the UK are rather limited.
The Countryside Surveys are only carried out approximately once per decade (and not since
2007), and whilst the geographical extent is very wide, the actual ground area surveyed is a small
fraction of the total UK area. The afforestation/deforestation statistics from the Forestry
Commission have good national coverage (excluding Northern Ireland) but do not contain any
information on the spatial location or land use prior to afforestation or following deforestation.

BEIS (how DESNZ) commissioned a research project (Land-Use Tracking) to improve tracking of
land use change for the LULUCF sector (reference TRN 2384/05/2020), with additional funding
for inventory implementation. This built on the successful pilot project that used a Bayesian data
assimilation approach to integrate available multiple land-use data sources into vectors, i.e.,
unigue sequences of land use histories and their associated areas (Levy et al. 2018). In the pilot
study, carbon emissions arising from land-use change were modelled using the vector output,
demonstrating the feasibility of using this as a methodology for the LULUCF sector.

Although the UK is well-provided with land-use datasets, UK land-use change occurs on small,
fragmented areas and there is no single time-series with sufficient reliability to infer annual land-
use change by difference for inventory reporting. Even with advances in satellite sensors, GIS
and spatial data handling, the accuracy of change detection from EO-based products is generally
too poor; the different EO products are inconsistent (with each other, and with themselves over
time), irregular, and infrequent before 2000. Repeat ground-based surveys can detect change
more reliably but lack a spatial element or information on gross change (e.g., the annual June
Agricultural Census) and survey coverage is often incomplete or at infrequent intervals.

In the 1990-2020 submission the UK updated the methodology for estimating land use change
using a Bayesian data assimilation approach. This constrains estimates of gross land-use change
with national-scale census data, whilst retaining the detailed information available from other land-
use data sources. A full description of the methodology is given in the project reports (Levy et al.
2020, 2021; Rowland et al. 2021) and a summary is given here. Development work on the
matrices and the methodology is ongoing.
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A3.43.11 Land-use change data sets

A range of datasets containing relevant information on land use and land-use change in the UK
were assessed for inclusion in the Bayesian assimilation approach:

T

)l

Countryside Survey (DAERA 2016, UKCEH 2020a): GB and NI field repeated surveys of
stratified 1km sample grid squares giving land-use and land-use change;

Agricultural census data (DAERA 2021, Defra 2021, Scottish Government 2021, Welsh
Government 2021): annual records of the total area in the main agricultural land uses;
Land Cover Map (UKCEH 2020b): thematic land-cover classification of satellite image
data covering the UK;

Land Cover® plus: Crops (UKCEH 2016): Based on the LCM parcel framework with
additional crop information from satellite data

CORINE Land Cover (CORINE 2020): Survey of European land cover and land cover
change from semi-automatic interpretation of high resolution satellite imagery;
Agricultural holdings data: this is the finest level of detail from the Agricultural census
dataset with information on agricultural land areas at the farm level,

IACS: field-level register of agricultural subsidy claims under the EU Common Agricultural
Policy;

CROME: crop classification of satellite imagery for England, with ground-truth data from
agricultural subsidy inspectors;

Forestry Commission and Forest Service Northern Ireland data: forestry statistics on
afforestation and deforestation currently used in the GHGI, forest maps from National
Forest Inventory and National Forest Estate Sub-Compartment Database (Forestry
Commission 2020);

FAOStat MODIS data on artificial surfaces: annual area of coverage of artificial surfaces
(urban) in the UK 2001-2018 from satellite imagery
https://www.fao.org/faostat/en/#data/LC .

The decadal LUC matrices compiled for 1950-1979 from the Monitoring Landscape Change
(MLC) dataset for Great Britain (MLC 1986) were also used. The only data available for Northern
Ireland pre-1990 are land use areas from The Agricultural Census and The Forest Service
(Cruickshank and Tomlinson 2000).

Some datasets were obtained under licence from the different national governments (IACS,
agricultural holdings data) as they contain sensitive information. It was not possible to obtain
permission for some data within the timescales of the research project (agricultural holdings for
England, Wales and Northern Ireland, and IACS data for Scotland, Wales and Northern Ireland)
but efforts are continuing to obtain, assess and integrate these datasets in the future.
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Table A 3.4.4

Mapping land -use data categories to LULUCF categories (GB:

Great Britain, E: England, S: Scotland, W: Wales, NI:
Northern Ireland, UK: United Kingdom of Great Britain and Northern Ireland)

Data source Spatial and Forest Land Cropland Grassland- Grassland- Settlement Other Not
temporal pasture rough included
coverage

Countryside GB 1984, 1990, Broadleaved and | Arable and Improved Neutral Built Up Areas Inland Rock; Saltwater

Survey 1998/99, 2007 Mixed; Horticulture Grassland Grassland; and Gardens Supra-littoral Freshwater
NI: ~1990, 1998, | Coniferous Calcareous Rock; Supra-

2007 woodland grassland; Acid littoral
grassland; Fen sediment;
Marsh and Littoral Rock
Swamp; Dwarf
Shrub heath;
Bog; Littoral
Sediment
Agricultural E,S,W,NI: 1951- | Woodland Crops; Temporary Common rough
Census present Uncropped grass sown in grazing; Sole
arable land past 5 years; right rough
Land used for grazing
outdoor pigs;
Grass over 5
years old

Land Cover Map | UK: 1990, 2015, | Broadleaved Arable and Improved Neutral Urban; Inland rock; Saltwater
2017, 2018, Woodland; Horticulture Grassland Grassland; Suburban Supra-littoral Freshwater
2019,2020 Coniferous Calcareous Rock; Supra-

(publicly Woodland grassland; Acid littoral
available), UK: grassland; Fen sediment;
1994, 1998, Marsh and Littoral Rock
2002, 2006, Swamp;

2010 created for Heather;

the BEIS Land- Heather

use Tracking grassland; Bog;

project Saltmarsh

Land Cover plus | GB: 2015 Beet, Field Grass

Crops (partial Beans, Maize,
coverage), oilseed Rape,

2016, 2017, other crop,
2018, 2019 Peas, Potatoes,
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Data source Spatial and Forest Land Cropland Grassland- Grassland- Settlement Other Not
temporal pasture rough included
coverage

Spring barley,

Spring Wheat,

Winter barley,

Winter oats,

Winter wheat

CORINE land UK: 2000, 2006, | Agro-forestry Non-irrigated Green urban Natural Continuous Beaches Intertidal
Cover 2012, 2018 areas; arable land; areas; Sport and | grasslands; urban fabric; dunes sands; flats; Water

Broadleaved Permanently leisure facilities; | Moors and Discontinuous Bare rocks; courses;
woods; irrigated land; Pastures heathland; urban fabric; Sparsely Water
Coniferous Rice fields; Sclerophyllous Industrial or vegetated bodies;
woods; Mixed Vineyards; Fruit vegetation; commercial areas; Burnt Coastal
woods trees and berry Transitional units; Road and | areas; lagoons;

plantations; woodland-shrub; | rail network and | Glaciers and Estuaries;

Olive groves; Inland marshes; | associated land; | perpetual Seas and

Annual crops ; Peat bogs; Salt Port areas; snow; Salines | ocean;

associated with marshes Airports; Mineral NODATA

permanent extraction sites;

crops; Complex Dump sites;

cultivation Construction

patterns sites

Monitoring GB: 1947, 1969, | Broadleaved Crops; Market Improved Upland heath; Built up; Urban Bare rock;

Landscape 1980 wood; Conifer garden; Orchards | grassland Upland smooth open, Transport; | Sand/shingle;

Change wood; Mixed grassland,; Mineral Inland water;

wood Upland coarse workings; Coastal water

grass; Blanket Derelict
bog; Bracken
Lowland rough
grass; Lowland
heather; Gorse;
Neglected
grassland;
Marsh; Rough
pasture; Peat
bog; Fresh
Marsh; Salt
marsh
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The agricultural holdings data for Scotland were supplied for 1990-2018 and provide spatial data
at the postcode or parish level, rather than the exact location. IACS data use a very large number
of classes, which have changed over time, and a table showing the correspondence between
these and LULUCF classes is too large to display here but available on request. The IACS data
require considerable processing and classification to ensure consistency and only the data for
England 2004-2014 were included in the data assimilation, as issues with 2015-2019 data had
not been resolved within the timescale of the Land-Use Tracking project.

Ordnance Survey Land Use Change Statistics and LUCAS (Land Use Cover Area Frame Survey)
were also assessed but not included in the final data assimilation because of time constraints on
data processing and analysis.

The datasets covering multiple land categories were mapped to the LULUCF categories (Table
A 3.4.4), with a sub-division of grassland between improved pasture and semi-natural rough
grazing land. Land-use change information from repeated survey data and decadal land-use
change matrices were transformed to annual time series based on interpolation between the
survey/decadal start dates.

A3.4.3.1.2 Bayesian data assimilation methodology
There are three data structures that provide information on land-use change:
- the time series of areas of each land use, A

- the transition matrix B denoting the areas which have changed from each land use to
each of the other land uses, over a given time period

- the 3-D spatio-temporal array U which denotes land use at each location in space and
time, in a regular gridded format.

The three data structures are inter-related by arithmetic equations (see Levy et al. 2018). These
equations are used as a model to relate the different observational data via Bayesian data
assimilation in a two-stage process.

9 Firstly, a Bayesian approach is used to estimate the parameters in B, given prior
information and partial observations of U and A.

1 Secondly, the posterior distribution of B and spatial and probabilistic information on the
location of land-use change (W) is used to simulate posterior realisations of U.

The maximum a posteriori probability (MAP, the mode of the posterior distribution) realisations
represent the best estimate of land-use and land-use change, given the available data. The
spread of possible realisations in the posterior distribution provides the uncertainty in our
knowledge of the true land-use change.

The output data structure U has the high temporal and spatial resolution (annual and 100 m)
necessary for capturing small-scale land-use. The data cuboid U contains a lot of repetition and
can be summarised efficiently as the set of unique vectors of land use over time, together with
their associated areas. This provides an intermediate option for modelling the effects of land-use
change in the GHG inventory, without requiring a fully spatially explicit model.

The data assimilation approach produced transition matrix (the gross area changing annually
between the different land uses from 1951-2020), the gross gain in area of each land use, the
gross loss of area for each land use, and the net change in area occupied by each land use, for
each devolved administration (sections 7-10 in Levy et al. 2021). Example outputs are shown in
Figure A 3.10 and Figure A 3.11.
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Figure A 3.10 Transition matrix for England, representing the gross area change
between land uses 1951 -2020, showing the observations and pos terior
distribution of estimates. The grey shaded band is the 2.5 -97.5
percentiles of the posterior distribution, with the MAP the black line
within this. (Levy et al. 2021).
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Figure A 3.11 Time series of the net change in the area of each land use 1950  -2020,
showing the observations and posterior distribution of estimates. The
grey shaded band is the 2.5 -97.5 percentiles of the posterior
distribution, with th e MAP the black line within this. (Levy et al. 2021).
The thin coloured lines are the corrected observations, after accounting
for systematic uncertainty, and interpolating.
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A3.4.3.1.3 Uncertainty associated with the different datasets in the Bayesian assimilation

There was a detailed quantification of uncertainty for data included in the assimilation (Levy et al.
2021). For every spatial data source, the following contribution to uncertainty were assessed:

i1 False positive rate, F, (over-estimation of land-use change that did not happen)
i False negative rate, Fy (under-estimation through missing true land-use change)
1 Random uncertainty

o Data-source specific

obs

a

o Sampling frequency (increasing uncertainty as the sampling frequency increases
from annual to decadal intervals)

0 Sampling coverage (higher uncertainty outside the bounds of the data coverage).

G_;)hs — CTUIH&;Z

These contributions were included when estimating the likelihood of every land-use transition. For
every observation, likelihood was estimated:

L= —exp(—((1 = Fp)BiP® + Ay Fx — BP1°)? /26°P5°)
n| L]‘m \. 2;|T_ 4 S iy ’ 1]
¥
Most spatial datasets had high false positives and random uncertainty, which were large in
relation to the small signal of true land-use change in the UK. These uncertainties were corrected
for in the data assimilation algorithm by correcting for false positives and down-weighting the more
uncertain datasets. A preliminary assessment with only a subset of datasets to constrain the land-

use change matrix produced fairly similar results.

A3.4.3.1.4 Land-use change results

The rates of land-use change 1951-2020 estimated by the data assimilation are shown in Figure
A 3.12, superimposed with the rates of land-use change used in the 1990-2019 inventory. The
annual rates of land-use change in 2020 have also been used for 2021, pending further
refinement of the methodology. As in previous years, the land-use change activity data uses
Approach 2, but with annual input data instead of decadal. Pending further analysis, it has been
assumed that gross changes to/from the 4F Other Land category correspond to noise, especially
from the EO-derived datasets, and these transitions are not considered (as has been done
previously). The UK continues to use the rates of afforestation (whole time series) and
deforestation (1990 onwards) from national forest statistics. However, additional information on
the proportions of afforestation on cropland, grassland and settlements and information on pre-
1990 deforestation from the Land-Use Tracking project is used in the transitions.

UK NIR 2023 (Issue 1) Ricardo Energy & Environment Page 894



Other Detailed Methodological Descriptions A3

Forest to Grassland Grassland to Forest Cropland to Forest Settlement to Forest
_ 60 _ 35 L] 10
5 5 P 5 5
250 g 30 = ¥ Y g 10 g g
= = 25 FALIVV = =
T 40 © o T 8 [
£ 2 < £ 5
=30 * 20 A = £
@ 7 w 15 Ay pa— ) YLy )
220 ® T R [ 2 4 N L 2
5 210 LA , 5 5
S 10 S s S 2 5
g 00 == g o e g o § o s -
£ ©o n o wnw o N o O N © w o »n o < © 1 o 1N o ! o W o ! o W S N O < £ © W O N 5 N O W O WM B N o B O
28 2 8RR B8 2 84 8 8 2 2 8 w3 B R R & m & @ 8 8 = o & 28 38 RRB B &an s 38 2 2 8
223838223 2 2R’ RRBRER 2 22 22 2328228 383 3R 2222223232328 88&8SR=S8
— M ean = ===2.5% confidence limit — Mean - === 2.5% confidence limit — Mean = ===2.5% confidence limit — \ean === =2.5% confidence limit
----- 97.55 confidence limit 2019 inventory ~ = ==-97.55 confidence limit 2019 inventory ====97.55 confidence limit 2019 inventory = ===97.55 confidence limit 2019 inventory
Forest to Cropland Grassland to Cropland Cropland to Grassland Settlement to Grassland
_ 60 _ 200 _ 200 _ 1o
& & © ©
g 50 o o ]
= Z 150 < 150 z 8
£ 40 2 2 £ I ? A
= = = £ 6 Y E B AR AT W, dan) N_ TV
- 30 ~ 100 - 100 - \ 1ol oy LYY Y N g TN
o o m P o et M R 5 N
o0 & = =] aw 4 o t
e : e 1
cewe= === H n
5 10 5 === 5 5 2 VA ~AMMA AN
- 8o 3 o 3 o
< 2 32 B8R LB EIHE L LR < 2B B BR LB IRS B S 2R < R - T~ O~ - - - T - T~ = I~ < 2 8 2 8 R AL L2 HE 28 S 2R
6 8 & &§ &5 &5 & &§ & § 8 8 g 5 B & 5 o 6 % 6 o & & & 5 o 5 o o 4 8 8 85 5 & & & 388 8 5 5 8 2 858 8 8§ 5 5 8 &8 &8 88 g 8 g
222233223223 RRSR\RR 2 22322323 3232 2R /KRR 2233323 3FIJF I IR ARIA a2 2222382338 :8FR R\
= Mean ===~ 2.5% confidence limit Mean = === 2.5% confidence limit ——Mean ====2.5% confidence limit ———Mean ====2.5% confidence limit
= ===97.55 confidence limit 2019 inventory -97.55 confidence limit 2019 inventory = ===97.55 confidence limit 2019 inventory - =97.55 confidence limit 2019 inventory
Forest to Settlements Grassland to Settlements Cropland to Settlements Settlement to Cropland
_ 60 L35 _ _ 10
& 5 ] 5
g 50 g 30 g L8
= =35 = =
240 2 2 2
= £ 20 = £ 6
5 - ,
© < 10 © © YAl VRN APV TN
5 S s 5 5 2 PGP, LT A
8 3 o ] S o L M e T W
< < o mn o W o W o W o | o 1N o oo < =
2 R 8 8RR E=R &8 8 8 23 2 8
G 8 6 &’ @& oa & a & 5 o S S
a3 2 3 323332 323RAA8R/RR
— \a@n == ==2.5% confidence limit — Mean -2.5% confidence limit Mean ====2.5% confidence limit — Mean == ==25% confidence limit
97.55 confidence limit 2019 inventory — - =-97.55 confidance limit 2019 inventory ====97.55 confidence limit 2019 inventory == ==97.55 confidence limit 2019 inventory

Figure A 3.12

inventory LUC time series, based on Countryside Survey and historic datasets.

Time series for UK land -use transitions 1951-2020, showing the mean, 95% confidence limits and the 1990

-2019
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Land use change on organic soils uses the information from Evans et al. (2017) (see Section A
3.4.7), but further analysis of land-use vectors on organic soils will be undertaken in the second
stage of implementation of the Land-Use Tracking project.

Work was also done to improve the accuracy of representation of crop-grass rotational
management, usi ng t he i de a-speificfianhsitibnerokaldlites, &@ndpopalationa g e
modelling. The life table probabilities are based on an analysis of the available data from IACS,
CROME, LCM, and LCC, and these all show consistent patterns. Of these, IACS has much the
longest time span of data, and is the dominant source of information. Using this method, the
observed frequencies of transitions from crop to grassland as a function of cropland age (and vice
versa for grassland) are now reproduced in the land-use vectors, and thereby approximate the
observed frequency of crop-grass rotations. Implementing this in the inventory requires re-writing

the soils model to use land-use vector data rather than land-use matrices. Work is being done on

this, with rigorous QA/QC, with the intention of implementing in later submissions.

The full set of annual land use change matrices 1990-latest inventory year for the GBE, GBK and
GBR submissions are provided in in Chapter 6 of the main NIR report, Section 6.1.1. The full set
of annual matrices is used in the calculation of non-forest biomass carbon stock change. The full
set is adjusted to take account of land use change on organic soils (see Section A 3.4.7) to
produce a set of matrices for changes on non-organic soil only (which includes both mineral and
organo-mineral soils) and these are used as input for the soils model described below.

A 3.4.3.2 Soils modelling

A database of soil carbon density for all soils in the UK (Milne & Brown 1997, Cruickshank et al.
1998, Bradley et al. 2005) is used in conjunction with the land use change matrices. There are
three soil surveys covering England and Wales, Scotland and Northern Ireland. The field data,
soil classifications and laboratory methods for these surveys have been harmonized to reduce
uncertainty in the final joint database. The depth of soil considered was also restricted to 1 m at
maximum as part of this process. The dynamic model of carbon stock change requires the change
in equilibrium carbon density from the initial to the final land use. The core equation describing
changes in soil carbon with time for any land use transition is:

_ - kt
C, =C; - (C; - Cye

Where: C; is carbon density at time t, Co is the assumed equilibrium carbon density initial land
use, C; is the assumed equilibrium carbon density after change to new land use and k is time
constant of change.

Differentiating this equation gives the flux f; (emission or removal) per unit area:
f, =k(C, - C,))e «

This equation gives, for any inventory year, the land use change effects from any specific year in
the past. If Ar is area in a particular land use transition in year T considered from 1950 onwards
then total carbon lost or gained in an inventory year, e.g. 1990, is given by:

t=1990

Fleso= @ KA(C, - C,)(& K1998T))

T=1950
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This equation is used with k, Ar and (Cs-Co) chosen by Monte Carlo methods within ranges set by
prior knowledge, e.qg. literature, soil carbon database, agricultural census, LUC matrices.

The model calculates the change in equilibrium carbon density from the initial to the final land-
use for each land-use category as averages for Scotland, England, Wales and Northern Ireland.
These are weighted by the area of land-use change occurring in each soil group to account for
the actual carbon density where change has occurred. In previous inventories four broad soll
groups were used (organic, organo-mineral, mineral, unclassified). With the implementation for
the first time of methodologies consistent with chapters 2 and 3 of the 2013 IPCC Wetlands
supplement, we now have areas of land use change on organic soils and the emission factors for
the associated carbon losses. This would lead to double-counting without the adjustment of the
soil carbon model to exclude land use change on organic soils. The equilibrium soil carbon density
and weighting is now based on the non-organic soil groups only.

Mean soil carbon density change is calculated as:

6
a (Csichsijc)

. — s=1
Cuc - 5

é. Lsijc
s=1

This is the weighted mean, for each country, of change in equilibrium soil carbon when land use
changes, where: i = initial land use (Forestland, Grassland, Cropland, Settlements), j = new land
use (Forestland, Grassland, Cropland, Settlements), ¢ = country (Scotland, England, N. Ireland
& Wales), s = soil group (organo-mineral, mineral, unclassified) and Csjc is change in equilibrium
soil carbon for a specific land use transition

The land use data (1990 to 1998) is used in the weighting. The average change and range
calculated are presented in Table A 3.4.5-Table A 3.4.8.

Table A 3.4.5 Weighted average change and range (% from mean value ) in
equilibrium non -organic soil carbon densit y (t ha)to 1 m deep for
changes between different land types in England

From

T Forestland Grassland Cropland Settlements

Forestland 0 5 (#44%) 30 (£7%) 79 (x4%)

Grassland -5 (x49%) 0 24 (+0%) 75 (x4%)

Cropland -30 (£7%) -24 (£2%) 0 49 (+3%)

Settlements -79 (x4%) -73 (£3%) -50 (+2%) 0
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Table A 3.4.6 Weighted average change and range ( +% from mean value ) in
equilibrium non -organic soil carbon density (t ha ) to 1 m deep for
changes between different land types in Scotland

From

To Forestland Grassland Cropland Settlements

Forestland 0 56 (+4%) 174 (+2%) 235 (+2%)

Grassland -61 (+4%) 0 101 (x0%) 171(+0%)

Cropland -180 (+1%) -101 (x0%) 0 62 (+4%)

Settlements -242 (+0%) -168 (+1%) 54 (£14%) 0

Table A 3.4.7 Weighted average change and range ( +% from mean value ) in
equilibrium non -organic soil carbon density (t ha ) to 1 m deep for
changes between different land types in Wales

From

To Forestland Grassland Cropland Settlements

Forestland 0 14 (54%) 51 (+13%) 105 (+12%)

Grassland -13 (+65%) 0 38 (x11%) 91 (x10%)

Cropland -48 (£21%) -39 (£2%) 0 46 (10%

Settlements -104 (£12%) -89 (6%) -55 (+6%) 0

Table A 3.4.8 Weighted average change and range ( +% from mean value ) in
equilibrium non -organic soil carbon density (t ha 1) to 1 m deep for
changes between different land types in Northern Ireland

From

To Forestland Grassland Cropland Settlements

Forestland 0 39 (+10%) 106 (+10%) 192 (+10%)

Grassland -39 (+10%) 0 68 (+10%) 153 (+10%)

Cropland -106 (+10%) -68 (+10%) 0 85 (+10%)

Settlements -192 (+10%) -153 (+10%) -85 (+10%) 0

The rate of loss or gain of carbon is dependent on the type of land use transition (Table A 3.4.9).
For transitions where carbon is | ost e . gate s
applied, whilst a transition that gains carbon occurs much more slowly. A literature search for
information on measured rates of changes of soil carbon due to land use was carried out and
ranges of possible times for completion of different transitions were selected, in combination with
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modelling and expert judgement (Milne and Brown, 1999; Ashman, et al, 2000, Salway et al,
2001). These are shown in Table A 3.4.10. The Scottish carbon gains are slower because
Scottish soils generally have a higher equilibrium carbon content.

Table A 3.4.9 Rates of change of soil carbon for land use change transitions
From Forestland Grassland Cropland Settlement
0
Forestland Slow slow slow
Grassland Fast slow slow
Cropland Fast Fast slow
Settlement Fast Fast fast
(AFasto & ASlI owd refer to shdWhinddbleABAl®)ge occurring in times

Table A 3.4.10 Range of times for soil carbon to reach 99% of a new value after a
change in land use in England (E), Scotland (S) , Wales (W) and Northern
Ireland (NI)
Years to reach 50% | Years to reach 90%
Low (years) High (years) of carbon stock of carbon stock
change (mean) change (mean)
Carbon | oy 50 150 15 52
E, S, W, NI
Carbon gain 100 300 29 97
(fAsl owd)
Carbon gain 300 750 74 247
(Asl owd)

A Monte Carlo approach is used to vary the rate of change, the area activity data and the values
for soil carbon equilibrium (under initial and final land use) for all countries in the UK. The model
of change was run 1000 times using parameters selected from within the ranges described above.
The mean carbon flux for each region resulting from this imposed random variation is reported as
the estimate for the Inventory. An adjustment was made to these calculations for each country to
remove increases in soil carbon due to afforestation, as the CARBINE model provides a better
estimate of these fluxes in the Land Converted to Forest Land category. Variations from year to
year in the reported net emissions reflect the trend in land use change as described by the land-
use change time series.

A3.43.21 Change in soil carbon stock due to cropland management activities

Change in soil carbon stocks due to cropland management activities is estimated using the
methodology developed in Defra project SP1113 (Moxley et al, 2014a) which reviewed UK
relevant literature on the effects of cropland management practices on soil carbon stocks and
attempted to model UK specific emission factors.
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Increases in inputs of fertiliser, manure and crop residues were found to increase soil carbon
stocks of tillage land, but changes in the tillage regime from conventional tillage to reduced or
zero tillage were found to have no significant effect in a UK context. This activity is only relevant
for non-organic soils in the UK.

Using this methodology, tillage crops are divided into Medium and Low residue groups based on
the data on total crop biomass. Where land receives inputs of fertiliser or manure the inputs moved
up a class (e.g., cropland producing a Low residue crop which receives manure is considered to
receive Medium inputs, while land producing a Medium residue crop which received manure
inputs is considered to receive High inputs). If crop residues are removed from land the input level
drops. A decision tree for assessing the effect of cropland management on soil carbon stocks is
shown in Figure A 3.13.

For most cropland management activities there were insufficient UK field data to develop reliable
Tier 2 stock change factors, and so Tier 1 factors have been used (for manure and residue inputs,
and for differentiating perennial crops, annual crops and set-aside). These Tier 1 factors have
been derived for soil carbon reference stocks of 0-30 cm depth (as opposed to the 1 m depth
used in the land use change calculations. The 0-30 cm reference stocks for cropland soils are
70 tC/ha for England and Wales, 100 tC/ha for Northern Ireland and 120 tC/ha for Scotland. These
values come from the same database of soil carbon density used for the land use change
modelling. However, for tillage reduction both a literature review and modelling work suggested
that it did not have a significant effect on soil carbon stocks, and that the Tier 1 stock change
factors over-estimated its effect under UK conditions. Therefore, a stock change factor of 1 has
been used for tillage reduction.

As changes in soil carbon stocks due to changes in cropland management are smaller than
changes due to land use change the IPCC default transition time of 20 years is used.

Data on the areas under the main crop types is obtained from the annual June Agricultural
Surveys/Census carried out by each UK administration (Defra; Welsh Government; Scottish
Government; DAERA) and the annual Defra report on areas of crops grown for bioenergy. Data
on the areas of cropland receiving inputs of manure, fertiliser and crop residues is obtained from
the annual British Survey of Fertiliser Practice (Defra).

UK NIR 2023 (Issue 1) Ricardo Energy & Environment Page 900



Other Detailed Methodological Descriptions A3

Decision tree for assessing the effects of cropland management

Tillage Regi

Reduced iill
4

Stock change
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Conventional till
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PCC default 1.00
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Manure
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Stock change
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Figure A 3.13
activities on soil carbon stocks.
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No till
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Change in soil carbon stock due to grassland management activities

Defra project SP1113 attempted to develop a methodology to allow reporting of changes in soil
carbon stocks resulting from grassland management activities. There are reasonable data on the
effects of management practices such as liming, reseeding and drainage on improved grassland
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on mineral soils. However, there are few data on the effect of many management practices if
applied to semi-natural grassland or those on organo-mineral or organic soils where there is a
risk that more intensive management could increase carbon losses. As semi-natural grassland
makes up a large proportion of grassland in the UK the lack of field data makes it impossible to
reliably report changes in soil carbon stocks from grassland management activities. BEIS (now
DESNZ) funded a research project to improve understanding of the effect of grassland
management practices on soil carbon stock changes, which has not yet been published and work
IS ongoing in this area.

A 3.4.4 Changes in stocks of carbon in non -forest biomass due to
management and land use change (4B2, 4C2, 4E2)

A3.4.4.1 Change in biomass carbon stock due to change in Cropland and Grassland
Management.

Change in Cropland biomass carbon stocks was assessed based on agricultural census data.
Areas under different crop types were taken from annual agricultural census data and assigned
on one of five categories: annual crops, orchard crops, shrubby perennial crops, perennial
grassland used for biomass fuel (Miscanthus), short rotation coppice and set aside and fallow
(Figure A 3.14). Crop types reported in the agricultural census vary slightly for each
administration. Table A 3.4.11 shows how agricultural census crop types were grouped to assess
biomass carbon stocks. Areas of planting of Miscanthus and short rotation coppice are only
available since 2007, when biomass crop incentives were introduced: any areas before 2007 were
very small and for research purposes.

Figure A 3.14 Crop type area in the UK 19 90-2021
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Table A 3.4.11  Aggregation of Agricultural Census crop types for estimating biomass
carbon stock changes from Cropland Management
Devolved Annual Crops Orchard Shrubby Set Aside
Administration Crops perennial and Fallow
crops
England Cereals, Orchard Fruit Soft fruit, Hardy Uncropped land
Other arable not stockfeed, nursery stock, bulbs
Crops for stockfeeding, and flowers, Area
Vegetables for Human under glass or
Consumption plastic covered
structures.
Scotland Cereals, Orchard fruit Soft fruit Fallow ,
Oilseed rape, Set Aside
Peas for combining, Beans
for combining, Linseed,
Potatoes, Crops for
stockfeeding, Vegetables for
human consumption,
Other crops
Wales Cereals, Commercial Glasshouse Bare fallow
Other arable not for orchards,
stockfeeding, Other orchards
Crops for stockfeeding,
Salad and vegetables grown
in the open, Total hardy
crops
Northern Cereals, Fruit Ornamentals Fallow and set
Ireland Other arable not for aside
stockfeeding, Vegetables

The areas under each aggregated crop type were multiplied by the biomass carbon stock of each
crop type using the biomass carbon stock factors in Table A 3.4.12. These factors were generated
from a literature review. (Moxley et al. 2014b), except for Short Rotation Coppice, where the
values came from IPCC 2019 Refinement Tables 4.4 and 5.3.
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Table A 3.4.12 Biomass stock factors for UK Cropland types
Crop Type Total biomass Uncertainty Root: Shoot ratio
Carbon Stock
t C/ha (95% ClI)
t C/ha
Annual 5 1.2 Assume no Below Ground
Biomass.
Orchards 10 6.75 0.24
Shrubby 3.7 2.0 Assume no Below Ground
perennial crops Biomass.
Short rotation 7.57 2.54 0.192
coppice
Miscanthus 9.9 2.48 2.8
grass
Set Aside and 5 1 4.0
Fallow

Biomass carbon stock change was assumed to occur in the year in which the change in crop type
was reported. Cropland biomass stock changes resulting from land use change to or from
Cropland were subtracted from the changes due to change in cropland management, as they are
accounted for under land use change.

Change in Grassland biomass carbon stocks was assessed based on Countryside Survey data,
which is the most reliable source of change between different habitat types within a land category.
Grassland was separated into shrubby, non-shrubby and unvegetated Grassland based on
Countryside Survey Broad Habitat types. Table A 3.4.13 shows which Broad Habitats were
allocated to which Grassland type.

Table A 3.4.13  Aggregation of Countryside Survey Broad Habitats for estimati ng

biomass carbon stock changes from Grassland Management

Shrubby Grassland

Non-shrubby Grassland

Unvegetated Grassland

Dwarf Shrub Heath
Bracken
Montane

Improved Pasture
Improved Pasture
Neutral Grassland
Calcareous Grassland
Acid Grassland

Bogs

Littoral sediment
Supra littoral sediment

The areas under each aggregated Grassland type were multiplied by the biomass carbon stock
of each crop types using the biomass carbon stock factors in Table A 3.4.14. These factors were
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generated from literature reviews (Moxley et al. 2014b). Only biomass carbon stock changes
resulting from change between shrubby and non-shrubby Grassland were considered, as
changes to and from unvegetated littoral and supra-littoral sediments were considered unlikely.

Table A 3.4.14 Biomass stock factors for UK Grassland types

Crop Type Total biomass Uncertainty Root: Shoot

Carbon Stock t C/ha (95% CI) ratio
t C/ha
Non-shrubby Grassland 2.8 15 4.0
Shrubby Grassland. 10 3.6 0.53
Unvegetated Grassland 0 0 0

Managed hedge 34.86 68.75 0.3
Unmanaged hedge 175.3 476.6 0.3

Countryside Survey data are only collected on an approximately decadal basis. The annual stock
change between survey years was estimated using linear interpolation. Biomass carbon stock
change was assumed to occur in the year in which the change in Grassland type occurred.
Grassland biomass stock changes resulting from land use change to or from Grassland were
subtracted from the changes due to change in grassland management.

Change in Grassland biomass carbon stocks due to change in hedge length are included in the

estimate of change in Grassland biomass carbon stock using Countryside Survey data on hedge

length and condition. Hedges were divided into managed hedges which are trimmed to prevent

the growth of large trees and unmanaged hedges which do not received routine maintenance.
Unmanaged hedges do not fall within the UKOG6s defin
and may also have some gaps in them. The biomass carbon stocks of managed and unmanaged

hedges are estimated as the median of UK-relevant values in published literature, based on a

literature review commissioned by BEIS (Moxley et al. 2014b) supplemented with more recent

data. Full details of these values and data sources are included the Grassland Management

Biomass calculation workbook.

A3.4.4.2 Change in biomass carbon sto ck due to land use change.

Changes in stocks of carbon in biomass due to land use change are based on the all-soils area
matrices (see previous section). The average biomass carbon density for Cropland, Grassland
and Settlement are shown in Table A 3.4.15: these were derived from the distribution and
biomass densities of the different crop and grassland types in each country of the UK. For
Settlements the biomass stocks from Milne and Brown (1997) and land cover data from the 2007
Land Cover Map was used to assess the proportion of gardens, pasture-type grass (including
sports pitches, golf courses and parks) and urban (built over) area within areas identified as
Settlements.
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The average change in biomass carbon density for each country is shown in Table A 3.4.16 -
Table A 3.4.19. Changes between these equilibrium biomass carbon densities were assumed to
happen in a single year.

Table A 3.4.15 Mean biomass carbon stock densities, tC/ha

Mean C stock tC/ha | Cropland Grassland Settlement
England 5.02 3.37 2.77
Scotland 5.00 4.16 291

Wales 5.03 3.61 2.81
Northern Ireland 5.14 2.93 2.64

Table A 3.4.16 Weighted average change in equilibrium biomass carbon density ( tC/ha)
for changes between different land types in England

From

Settlements

Grassland

To Forestland Cropland

Forestland

Grassland

Cropland

Settlements
(Transitions to and from Forestland are considered elsewhere)

Table A 3.4.17 Weighted average change in equilibrium biomass carbon density ( tC/ha)
for changes between different land types in Scotland.

From

Settlements

Grassland

To Forestland Cropland

Forestland

Grassland

Cropland

Settlements
(Transitions to and from Forestland are considered elsewhere)
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Table A 3.4.18 Weighted average change in equilibrium biomass carbon density( tC/ha)
for changes between different land types in Wales.

From

To Forestland Grassland Settlements

Forestland

Cropland

Grassland

Cropland

Settlements
(Transitions to and from Forestland are considered elsewhere)

Table A 3.4.19 Weighted average change in equilibrium biomass carbon density ( tC/ha)
for changes between different land types in Northern Ireland.

From

To Forestland Grassland Settlements

Forestland

Cropland

Grassland

Cropland

Settlements
(Transitions to and from Forestland are considered elsewhere)

Living biomass carbon stocks and Dead Organic Matter (DOM) stocks on Forest Land are
modelled using CARBINE and used to calculate changes in carbon stocks due to conversions to
and from Forest Land. When land is deforested to another land use, it is assumed that all living
biomass and DOM is either converted to Harvested Wood Products or burnt on site in the year in
which deforestation takes place. Increase in biomass carbon and DOM stocks on afforested land
is modelled in CARBINE. Full details of CARBINE modelling of carbon stocks on Forest Land are
given in Section A 3.4.1.1.

A 3.4.5 Carbon stock changes and biomass burning emissions due to
Deforestation (4B, 4C, 4E, 4G)

Deforestation is an activity that cuts across LULUCF categories, affecting net emissions and
removals in all the land use categories. The process of land use change affects carbon stock
changes in biomass and soil, and the woody material left after felling either moves into the
harvested wood products pool or is assumed to be burnt on-site, resulting in immediate biomass
burning emissions.

Levy and Milne (2004) discuss methods for estimating deforestation since 1990 using a number
of data sources. Their approach of combining Forestry Commission felling licence data for rural
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areas with Ordnance Survey data for non-rural areas was expanded to include new sources of
information and to improve coverage of all countries in the UK. Deforestation before 1990 (which
contributes to soil carbon stock change from historical land use change) is estimated from the
land use change matrices described in Section A 3.4.3.

A3.45.1 Types of deforestation activity in the UK

In Great Britain, some activities that involve tree felling require permission from the Forestry
Commission (FC), in the form of a felling licence, or a felling application within the various forestry
grant schemes. There is a presumption that the felled areas will be restocked with trees, usually
by replanting but sometimes by natural regeneration. However, some licences are granted without
the requirement to restock i so-called unconditional felling licences. A felling licence is required
unless special conditions are met°,

Felling for urban development, with no requirement to restock, can be allowed under planning
permission but only local planning authorities hold documentation for this. Since 2006, remotely
sensed data used in the NFI has included this change, but prior to this, the need for collation of
data from local authorities makes estimating the national total difficult. However, in England, the
Ordnance Survey (the national mapping agency) makes an annual assessment of land use
change from the data it collects for map updating and provides this assessment to the Department
for Levelling Up, Housing and Communities (DLUHC)*. DLUHC provides an extract of this
dataset, listing annual land use change from Forest to developed land uses (1990-2008 in the
latest submission). This dataset comes from a continuous rolling survey programme, both on the
ground and from aerial photography. The changes reported each year may have actually occurred
in any of the preceding 1-5 years. The survey frequency varies among areas, and can be up to
10 years for moorland/mountain areas. Consequently, for pre-2006 deforestation to Settlement a
five-year moving average is applied to the data to smooth out the between-year variation
appropriately, to give a suitable estimate with annual resolution.

A3.45.2 Compilation of activity datasets

Pre-1990 conversion of forest to other land categories is estimated using the land-use change
matrices produced from the land-use data assimilation methodology (Section A 3.4.3)

For 1990-1999 the deforestation activity dataset is compiled from the felling licence and DLUHC
datasets as far as possible, using Countryside Survey (CS) data to fill gaps in the time series, to
estimate deforestation in Northern Ireland (for which no direct data are available) and to estimate
the conversion to different land use categories. The DLUHC data are used to estimate the area
of Forest Land converted to Settlement (4.E.2.1). The unconditional felling licence data are used
to estimate the area of Forest Land converted to Cropland (4.B.2.1) and of Forest Land converted
to Grassland (4.C.2.1). Only England has any post-1990 forest to cropland conversion: the
estimated areas in Scotland, Wales and Northern Ireland are so small that they are thought to be
due to survey classification error rather than genuine land use change.

The land-use change matrices from the data assimilation are used to estimate the relative split of
Forest conversion between Grassland, Cropland and Settlements (Table A 3.4.20). Table A

29 https://www.gov.uk/guidance/tree-felling-licence-when-you-need-to-apply

30 http://www.communities.gov.uk/planningandbuilding/planningbuilding/planningstatistics/landusechange/
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3.4.21 shows the Corrected Forest conversion rates. A correction ratio is used to adjust the
estimated deforestation areas, as the Countryside Survey is known to over-estimate deforestation
as described in the section above. There are no non-CS data for Northern Ireland so the correction
ratios for England or Wales are used, depending on availability.

The annual area of forest converted to other land uses is removed from the area of 4A1 Forest
Land remaining Forest Land to maintain consistency in the land area matrix.

Table A 3.4.20 Countryside Survey data for Forest conversion
England | Scotland | Wales Irell;lmd Grassland / | Grassland / | Grassland /
Vears Land rate of rate of rateof | - Cropland Cropland Cropland
change | change, | change, | change, split split split
khalyr | khalyr | khatyr | Sn3nge
y khalyr England Scotland Wales
1990- | Forestto 5.600 4.418 1.099 0.171 0.61 0.86 0.72
1998 | Natural
Grassland
Forest to 3.081 0.608 0.418 0.086 0.33 0.14 0.28
Pasture
Grassland
Forest to 0.545 0.097 0.019 0.008 0.06 0.00 0.00
Cropland
Forest to 1.242 0.293 0.132 0.072 - - -
Settlements
Forest to 0.169 0.231 0.058 0.025 - - -
Other Land
1999- | Forestto 2.656 10.327 0.120 0.209 0.86 0.98 0.42
2007 | Natural
Grassland
Forest to 0.277 0.186 0.162 0.102 0.09 0.02 0.58
Pasture
Grassland
Forest to 0.141 0.006 0.001 0.001 0.05 0.00 0.00
Cropland
Forests to 0.617 0.098 0.095 0.142 - - -
Settlements
Forest to 0.430 0.695 0.374 0.027 - - -
Other Land

UK NIR 2023 (Issue 1)

Ricardo Energy & Environment

Page

909




Other Detailed Methodological Descriptions

A3

Table A 3.4.21 Corrected Forest conversion rates
England Scotland Wales England | Scotland Wales N Ireland
. . ) rate of rate of rate of rate of
Years | Land type | Correction | Correction | Correction
ratio ratio ratio change, change, change, change,
khalyr khalyr kha/yr khalyr
1990- | Grassland
1998 | & Cropland
2% 2 - - 0.159 0.088¢ 0.026°¢ 0.005¢
Settlements
& Other o b . . .
Land 28% - - 0.390 0.145 0.052 0.027
1999- | Grassland
2007 | & Cropland
20%2 2%¢@ 15%32 0.602 0.262 0.041 0.045d
Settlements
& Other b . . .
Land 28% - - 0.296 0.224 0.133 0.048

@ Unconditional felling licence data used for correction
b Land Use Change Statistics used for correction
¢ England correction ratio used

d Wales correction ratio used

For 2000 onward, the area and subsequent land-use of deforestation were estimated based on a
combination of data sources:

1 observations on forest loss by the NFI (internal Forestry Commission analysis) by IPCC

category. This inventory includes an analysis of deforestation from 2006 to the current

inventory year based on a new analysis of woodland maps (Forestry Commission, 2016);

unconditional felling licences granted (assumed all converted to Grassland);

1 analysis of the FC Sub-Compartment Database for restoration of Forest land to open
habitats (conversion to Grassland or Wetland); and

9 conversion to non-forest on private sector forest covered by long-term forest plans rather
than felling licences (internal Forestry Commission report, assumed all converted to
Grassland).

E ]

The revision in deforestation was only done from 2000 onwards, partly because there were no
suitable data on which to base adjustments for 1990-1999, but also because a number of policy
developments came into play in 2000 or shortly beforehand, which affected deforestation to
restore open habitats or developwind-f ar ms. These include the i
change policy (2000), and the diversification in relevant forest policies in England, Scotland and
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Wales following the devolution of forest policy to countries in the late 1990s (Matthews et al.
2014). The deforestation information used in this inventory is based on the assumptions used in
the previous inventory, updated with the latest available information from the Forestry
Commission on deforestation for recent years and to include estimates of areas deforested to
allow rewetting to take place.

Soil carbon stock changes associated with deforestation are estimated using the dynamic soil
carbon model described in Section A 3.4.3. When deforestation occurs, it is assumed that 60%
of the standing biomass is removed as timber products and the remainder is burnt in the UNFCCC
inventory. Country-specific forest biomass densities for living and dead organic matter from
CARBINE are used. These densities change over time in relation to the forest age and species
structure. Biomass losses are reported in the relevant carbon stock change tables, assuming a
carbon fraction of 0.5 on a dry weight basis. The carbon removed as timber is reported as
Harvested Wood Products (HWP) in 4G (described in Section 6.8).

Direct and indirect greenhouse gas emissions from associated biomass burning is estimated
using the Tier 1 methodology described in the IPCC 2006 guidelines (IPCC 1997 a, b, ¢) and the
emission ratios for CHs, CO, N.O and NOx from Table 3A.1.15 in the IPCC 2003 GPG for
LULUCF. Only immediate losses are considered because sites are nhormally completely cleared,
leaving no debris to decay.

A 3.4.6 Biomass Burning ‘EForestand Non -Forest Wildfires (4A, 4B,
4C)

A3.4.6.1 Activity dataset

Data on Forest wildfires prior to 2009 come from the Forestry Commission and the Forest Service
of Northern Ireland.

In 2009 the Fire and Rescue Service (FRS) began recording wildfires in England, Scotland and
Wales on a new Incidence and Reporting Systems (IRS) which includes wildfires on all land use
categories. The IRS database contains 30 attributes for each fire to which a fire appliance was
called, including date, spatial location, property type description (e.g. heathland and moorland,
standing crop) and an estimate of the area burnt. This dataset is available from 1% April 2009.
The original dataset had >126,000 fire records but 99% of these fires were less than 1 ha in size.
The IRS database is manually completed by fire service personnel and its use requires some
subjective judgement. This is likely to lead to non-systematic differences in the accuracy and
precision of the data. The accuracy of the locations is variable, but an assessment of a number
of the larger fires suggests that the land cover type attribute is reliable. The accuracy of the FRS
burnt area estimates could not be validated using aerial photography as the available imagery
was not recent enough, so Landsat images were used to validate the FRS data. However, it was
still difficult to find cloud-free, pre- and post-fire images for fires in 2009. In addition, Landsat has

been affected by image O6stri pi ndftheimagesamrd ciised 3 ,

some data loss. There are issues with re-ignited fires or additional fires in the same area being
logged in the database as separate events. Overall, the uncertainty associated with this dataset
is high but should be re-assessed once a longer time series is available. A scoping study is
underway in the DESNZ-funded GHG Inventory Improvement programme to assess available
wildfire earth observation products.
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To provide data on non-Forest wildfires prior to 2009, thermal anomaly data from the NASA-
operated MODerate Resolution Imaging Spectroradiometer (MODIS) were obtained from the Fire
Information Resource Management System (FIRMS) and allocated to land uses using the
proportions of fire on each land use type from the Fire and Rescue Service IRS data. The
correlation between MODIS data and IRS data breaks down below 25 ha, so for consistency a
25 ha threshold was set for reporting wildfires logged on the IRS.

Thermal anomalies usually represent active fires, but may also detect industrial heat sources,
although these are typically masked out by the thermal anomaly processing chain. The IRS
dataset records 89 fires > 25 ha occurring in 2010. The FIRMS dataset records 335 fire detections
for the same period, however, the FIRMS detections may contain multiple detections for a single
fire event and the FIRMS detections are for a single 1 km pixel, and do not have a straightforward
conversion to burnt area. Searching the IRS and FIRMS data sets for temporally and spatially
coincident events, using a 2 km buffer around the IRS data, suggests that 22 fires were recorded
by both the IRS and FIRMS systems. There are wide discrepancies between the two datasets,
reflecting their different natures. The IRS data set records fires where a fire service response was
required, so does not record controlled burning, unless the fire gets out of control. The FIRMS
dataset, however, responds to anomalous heat signatures, so records controlled and uncontrolled
fires. However, in the UK controlled burning, which is primarily carried out for heath management,
is only permitted between October and mid-April to reduce the risk of these burns running out of
control (Natural England, 20143!; Scottish Government, 2011%?). As the FIRMS thermal anomaly
data is only collected between March and August it will not detect most fires from controlled
burning. FIRMS is only able to detect fires under cloud-free or light cloud conditions and is also
only able to detect fires alight at the time of the satellite overpass. The FIRMS data are more likely
to detect larger fires than smaller ones, probably due to the stronger heat signature and the longer
burn time that larger fires tend to exhibit.

The IRS and FIRMS thermal anomalies give a very different perspective on the extent, timing and
duration of fire events in the UK. However, the datasets did show correlation (R? = 70-81%) for
fires larger than 25 ha, which enabled an empirical relationship to be derived to extend the burnt
area record back to 2001. A burnt area threshold of 25 hectares was used to extract a subset of
the IRS database: this captured 75% of the IRS wildfire-burnt area in England, 86% in Scotland
and 64% in Wales.

As more IRS data become available confidence should increase in the relationship between fires
detected by FIRMS and fires logged in the IRS. This may allow FIRMS data to be extrapolated to
fires covering less than 25 ha the inventory in future (although annual FIRMS data is no longer
collected as of 2020). However to extend this to small fires there would need to be reasonable
confidence that the ratio of large to small fires used was valid, and also some investigation of
whether the distribution of small fires across land use classes was the same as that of larger fires.

It was assumed that all fires in the IRS database were wildfires: even if they started as controlled
burning, because the need for a fire appliance call-out indicates that they are no longer under
control. The IRS property type descriptions were assigned to LULUCF sub-categories (Table A

31 hitps://lwww.gov.uk/guidance/heather-and-grass-burning-apply-for-a-licence

32 http://www.gov.scot/Resource/Doc/355582/0120117.pdf

UK NIR 2023 (Issue 1) Ricardo Energy & Environment Page 912


https://www.gov.uk/guidance/heather-and-grass-burning-apply-for-a-licence
http://www.gov.scot/Resource/Doc/355582/0120117.pdf

Other Detailed Methodological Descriptions A3

3.4.22). There is a very small area of wildfires that occur on Settlement types, and these are
included in the Grassland category as the IRS land type classification suggests that they occur
on grassy areas within Settlements and there is not a separate reporting field for wildfires in
Settlements in the CRF.

Table A 3.4.22

IRS database property type descriptions by LULUCF sub  -category

Forest Cropland Grassland Settlement

Woodland/forest -
conifers/softwood

Straw/stubble burning

Heathland or moorland

Domestic garden
(vegetation fire)

Woodland/forest -

Stacked/baled crop

Grassland, pasture,

Park

broadleaf/hardwood grazing etc.
Nurseries, market garden | Scrub land Roadside vegetation
Standing crop Tree scrub Railway trackside
vegetation
Wasteland
Canal/riverbank
vegetation

A time series of wildfire-burnt areas for each non-forest land use type was constructed for 1990-
current inventory year (Figure A 3.15). For non-forest wildfires for England, Scotland and Wales
the IRS burnt areas were used for 2009 to the current inventory year and the burnt area estimated
from thermal anomalies from 2000 to 2008. For 1990-2000 the average annual burnt area 2001-
2010 was used.

In Northern Ireland, where no IRS data were available, it was assumed that the heathland and
grassland burning rates were in the same proportions as the Scottish burning rates, using the
area of heathland and grassland from the 2007 Northern Ireland Countryside Survey.

Estimates of the forest area burnt in wildfires 1990-2004 are published in different locations
(FAO/ECE 2002; FAO 2005) but all originate from either the Forestry Commission (Great Britain)
or the Forest Service (Northern Ireland). There is a gap in the time series 2005-2010 for Great
Britain but areas of forest wildfires are reported annually for Northern Ireland. The gap was filled
using the annual average areas burnt 1995-2005. These areas refer only to fire damage in state
forests; no information is collected on fire damage in privately owned forests. The proportion of
private-owned forest that was burnt each year was assumed to be the same as the percentage
of the state forest that was burnt each year.
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Figure A 3.15 Annual area of FIRMS thermal anomalies for GB for 2001 to 2010
(thermal anomalies were filtered to exclude those recorded over
urban/industrial areas).
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Figure A 3.15 shows the temporal pattern of FIRMS thermal anomalies, with peaks in hot dry
years such as 2003. The FIRMS data used only includes thermal anomalies for March i August
for each year, as these are the months where the IRS database recorded fires greater than 25 ha.
Some FIRMS thermal anomalies were recorded outside these months due to FIRMS detecting
both controlled burns and some fires less than 25 ha in size which are not included in the IRS
data. As of the 1990-2020 inventory annual FIRMS data is no longer collected as only 2001-2010
data is used in biomass burning calculations and this remains constant. Figure A 3.16 shows this
2001-2010 data.
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Figure A 3.16 Time series of wildfire burnt areas in the UK 1990 to the current
inventory year

50.00
45.00
40.00
35.00
30.00

25.00

Burnt Area (kha)

20.00

15.00

bl

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

=3

Year

M Forest M Grassland Cropland

A3.4.6.2 Estimation of emissions

The IPCC Tier 1 method is used for estimating emissions of CO, and non-CO, gases from
wildfires (IPCC 2006). The Calluna heath fuel biomass consumption factor and grassland
emission factors are used for heathland and moorland fires, the agricultural residues EFs for
cropland and t he @savan ntlehgraastant argpisedtlensehta nd o EFs f o

Country-specific biomass and Dead Organic Matter densities from the CARBINE model are used

for estimating fuel consumption in forest fires (as discussed in the deforestation methodology
section) and thet @®ekEFgs ai trtolpé ca006 oGeisdel i nes. [
the IPCC 2006 Guidelines for AFOLU it is assumed that 45% of the biomass is consumed in a

wildfire in an unfelled temperate forest.

Emi ssions from al/|l wildfiremaianengepbpantdédcandegol
4B1 and 4C1) and IE reporting under 4A2, 4B2 and 4C2.

A 3.4.6.3 Discussion of controlled burning in the Grassland category

The UK does not report emissions from controlled burning on grassland, leading to a
recommendation by the 2017 UNFCCC review team. Controlled burning in the UK context occurs
in very small (<1 ha) scattered patches, and is undertaken to enhance vegetation productivity and
forage quality, and to promote new growth to improve grazing for game species and livestock.
Only controlled burning that spreads out of control would be captured in the wildfire reporting
statistics.

A literature review of controlled burning in the UK and its Overseas Territories and Crown
Dependencies was undertaken in 2018, to identify any new information and estimate GHG
emissions if possible. This literature review was presented to the LULUCF Scientific Steering
Committee and was shared with the 2021 UNFCCC review team. Its main findings are
summarised here:
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1 The evidence for the overall impact of managed burning on moorland habitats in the UK
is mixed with regard to the longer term GHG balance beyond the immediate combustion
of vegetation

1 Managed burning following the good practice guidelines should have a minimal impact on
soils, with no release of GHGs. The longer-term impact on soil carbon stocks is
contentious and evidence is not sufficient to produce a simple estimate of GHG emissions
or removals from soil due to managed burning.

1 Reasonable evidence for burning rates on upland moorland is available for England, but
much less is available for Scotland, Wales and Northern Ireland, and it is not possible to
construct a robust time series for the UK.

1 Rates of burning across all moorland for each administration are low (less than the optimal
rotation length for heather regeneration of 8-25 years), and the estimated GHG
emissions/removals from biomass burning and regrowth are also low (see below).

An estimate of the GHG emissions from muirburn in each administration in 2015 (see Table A
3.4.23) was made using the areas of heather moorland for each country in the Land Cover Map
2015 (a subset of the area in the eastern regions is used for Scotland). An annual burn rate of
1% was used for Scotland, Wales and Northern Ireland and 3.88% for England. These burn rates
are on the higher end of the burn rates identified by sources in the literature review. Both the
emissions from burning and the carbon stock changes due to regrowth of vegetation are included
in the GHG emission calculations. The IPCC 2006 Tier 1 fuel consumption, combustion factor
and above-ground biomass for Calluna heathland have been used, with the Tier 1 emission
factors for Savannah and grassland for CO,, CO, CH,, N,O and NO..

Table A 3.4.23 Estimated GHG emissions from controlled burning on Grassland, Gg

Emission, Total GHG
Gg gas emissions
Annual CO2 CHa N20 CcO NOx CO2e
area burnt,
ha
England 6747 88.86 0.13 0.01 3.58 0.21 95.479
Scotland 4103 54.04 0.08 0.01 2.18 0.13 58.060
Wales 428 5.64 0.01 0.00 0.23 0.01 6.056
Northern
Ireland 262 3.45 0.00 0.00 0.14 0.01 3.707
UK 11540 151.99 0.22 0.02 6.12 0.37 163.30

If the burning rate is fixed over time, the CO; emissions are largely compensated by the following
regrowth, The regrowth of vegetation is assumed to increase linearly over an eight-year cycle, as
by eight years burn scars become unidentifiable on aerial photography (this is not relevant if we
are only able to assess an average rate of burning but will become so if there is variation in
burning rates over time).
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A 3.4.7 Emissions from organic soils (4A, 4B, 4C, 4D, 4E, 4(l))

In a natural state, peatlands are important long-term sinks for carbon. However, drainage of peat
can drastically alter the carbon balance in these systems, shifting them from a net sink to a net
source of carbon. Peatlands comprise a high proportion of the total land area in the UK (~12%).
Of these peatlands, around 76% are in a modified state and no longer functioning as a carbon
(C) sink. This ranges from relatively minor changes in vegetation composition and hydrology and
GHG emissions, through to deep drainage and replacement of the wetland vegetation for
agriculture, forestry, and peat extraction practices that result in large sources of anthropogenic
GHG emissions. The remaining 22% of peatlands in the UK are classified as near-natural bog or
fen with suitable conditions for C sequestration, and 4% of UK peatlands have undergone
restoration actions to restore normal peatland hydrology and biogeochemical functioning.

Prior to the 1990-2 019 i nventory, the UKOs LULUCF invento
peatlands, namely direct CO; and N>O emissions arising from domestic and industrial extraction
of peat, reservoir creation, conifer plantations on organic soils, and lowland drainage of cropland
and agricultural grassland. Following the publication of the 2013 Supplement to the 2006 IPCC
Guidelines, which provides methodology and default emission factors to allow calculation of GHG
emissions and removals for a wider range of drained and rewetted peatlands (IPCC 2014), the
UK elected to report Wetland Drainage and Rewetting (WDR) for the second commitment period
of the Kyoto Protocol (KP). A BEIS-funded (how DESNZ) study on the Implementation of an
Emission Inventory for UK Peatlands (Evans et. al. 2017) was undertaken to provide activity data
and a UK-specific Tier 2 emissions reporting approach for UK peatlands. This section summarizes
the main results used to estimate emissions from organic soils in the LULUCF inventory and full
details are available in Evans et al. (2017) on the NAEI website.

A3.4.7.1 Areas of organic soils

Peatland soils occur in all LULUCF land categories in the UK apart from 4F Other Land. Peatland
condition categories comprised near-natural bog and fen, semi-natural peatlands affected by
human activity (such as drainage, controlled burning and livestock grazing), cropland, extensive
and intensive grassland, woodland, domestic and industrial peat extraction areas and active
peatland restoration (rewetted) areas of bog and fen. This classification encompasses peat
condition categories in the UK that were sufficiently well mapped to derive emission factors
(Figure A 3.17, Table A 3.4.24). Detailed descriptions of the activity data obtained from unified
peat extent and land use maps, including key assumptions in the assignment of peat areas to
condition categories, are given in Evans et al. (2017). Updates to activity data since the
publication of the Evans et al (2017) peatlands implementation report include: the addition of a
Settlement peat condition category; amendment to the Eroded Bog category to include only the
actively eroding (bare peat) component of the landscape, with areas of not actively eroding bog
captured under Modified Bog areas; and separate Rewetted categories for rewetted semi-natural
Modified Bog, and more intensively modified peatlands (e.g. Forest, Cropland, Intensive and
Extensive Grassland, Peat Extraction, Eroding Modified Bog) (Figure A 3.17), as well as updates
due to land use change (detailed below, Table A 3.4.24). The peatlands defined in Figure A 3.17
have all been altered by human interventions and practices to some extent, with natural peatlands
managed for their high conservation value (e.g. SSSIs, SACs). Thus, emissions and removals
from all managed UK peatlands are r e p o rregadlessfof whether they are anthropogenic or
non-ant hr op GRLE ROiL4; ection 1.3, Chapter 1).
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Figure A 3.17 Final land cover hierarchy used to derive a separate EFs for UK
peatlands, amended from Evans et al (2017)

Peat condition category

1 1 1 1 1
- Cropland Semi-natural Settlement Grassland Extraction

Near natural Modified Rewetted Extensive Domestic
I
| 1 1
Heather Grass .
dominated dominated Eroding Intensive Industrial
Fen Undrained Undrained
Drained Drained Drained | Fen

Grey cells represent higher-level categories encompassing two or more sub-categories. Note that there are separate
rewetted bog categories for transitions from heavily modified peatlands (Forest Land, Cropland, Grassland,
Extraction, Eroding bog), and Semi-natural peatlands (Heather dominated and Grass dominated bogs).

Changes in peat condition were associated with restoration (rewetting) of peatlands, which has
largely occurred in the UK since 2000, changes in peat extraction, and forestry. Most large-scale
peatland drainage occurred prior to 1990, however some new drainage has occurred due to wind
farm or settlement developments, but to date it has not been possible to acquire data to report
these effects. Similarly, land-use transitions between cropland and grassland, or change between
intensive and extensive grassland on organic soils could not be reliably quantified due to an
absence of spatially explicit data.

Changes in peat extraction site area were generated from Google Earth satellite imagery and
information on site operations data from Growing Media Association and applied to the baseline
peat extraction areas (Evans et al. 2017) to give a time series of peat extraction area (see section
3.4.8). In contrast to the IPCC Tier 1 assumptions, fuel peat extraction was assumed to occur on
nutrient-poor bog peat, and horticultural peat extraction on nutrient-rich fen peat, typical of UK
practice (see Evans et al. 2017 for more detalil).

Evans et al. (2017) reported spatial datasets of peatland restoration from 2000 to 2013. It was
assumed that no rewetting activity took place before 2000 (other than peat extraction sites). An
average rate of restoration was applied 2000 i 2013 due to limited temporal information. This
annual rate has been extrapolated to the latest inventory year for England, Wales, and Northern
Ireland, which is likely an underestimate given that funding for peatland restoration in the UK has
increased in recent years. Efforts are underway to provide a reporting mechanism for recent
rewetting activities. An annual timeseries of peatland restoration in Scotland 2013- latest inventory
year was provided by Peatland Action, NatureScot. Estimates of changes in area of each peat
condition due to rewetting between 1990 and the latest inventory year are shown by UK
administration in Table A 3.4.25. An update to the total organic soil areas occurred in this
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inventory, following a DESNZ (formerly BEIS) improvement project to edit and check the geometry
of the maps and clarify activity data and the assumptions used to create the maps in Evans et al.
(2017). Notably, this has included revision of the assumed planting on organic soils to adjust for
deforestation (see Section 6.2.4), so that the total reported forest land on organic soils matches
the estimates from the peat maps. The restoration data for intensive grassland was also revised
to correct an over-estimate of intensive grassland to rewetted fen restoration in south-west
England as identified in the Peatland Compendium dataset. Updated restoration data were
supplied by Natural England and the RSPB (Table A 3.4.26).

Table A 3.4.24  Assignment of peat areas (kha) to condition categories for each UK
administration in 1990 and 202 1.
Country England Scotland Wales Northern Ireland UK Total
Peat category Deep peat Wasted peat All All All All All All All All
Year 1990 | 2021 | 1990 | 2021 | 1990 2021 | 1990 | 2021 | 1990 | 2021 | 1990 2021
Forest, D 48.38| 50.62| 13.15| 13.86| 332.75| 359.61| 9.51| 9.36| 27.98| 31.61| 431.76| 465.06
Cropland, D 53.74| 48.28|132.18|132.18 8.18 515| 0.10| 0.10| 3.15| 3.15| 197.35| 188.86
Eroding Modified

Bog (bare peal). D | 4 13| (9| o000| 000| 11.27 8.33| 0.00| 0.00| 026] 023] 1266 9.25
Eroding Modified

Bog (bare peat), UD | g65| 653| 0.00| 000| 2972 2865| 003| 0.03| 069| 065 37.09] 3586
Modified Bog

(H.&G.dom), D 69.13| 32.73| 0.00] 0.00| 252.31| 213.94| 3.19| 1.52| 12.41| 10.88| 337.05| 259.08
Modified Bog

(H.&G.dom), UD  |160.48|157.52| 1.95| 1.91| 665.19| 641.24|35.39|35.12| 32.36| 30.48| 895.36| 866.27

Extensive Grassland

(combined bog +

fen), D 401| 0.19]| 053] 052| 31.39| 32.34| 898| 1.81| 4.88| 3.87| 49.78| 38.73
Intensive Grassland,

D 41.79| 36.42| 35.91| 35.28| 78.64| 70.61| 6.56| 6.38| 32.07| 31.03| 194.97| 179.72
Near Natural Bog,

uD 83.33| 83.33| 2.35| 2.35| 490.22| 490.22|23.53|23.53| 36.08| 36.08| 635.51| 635.51
Near Natural Fen,

ub 0.00] 0.00| 0.00] 0.00 0.00 0.00| 2.67| 2.67] 0.00] 0.00 2.67 2.67
Extracted Domestic,

D 426| 4.25| 014| 014| 44.92| 4465| 0.00| 0.00| 9157| 87.27| 140.90| 136.31
Extracted Industrial,

DI 6.93| 1.31| 0.00| 0.00 2.88 2.43| 0.00| 0.00| 050| 068 10.31 4.43
Settlement, D 475| 473| 5.44| s540| 426 6.48| 0.18| 022 162| 151| 1625 1835
Rewetted Modified
(Semi-natural) Bog,

uD 1.69| 37.22| 0.00] 0.00 0.00| 29.29| 0.00| 1.64| 0.00| 0.83 1.69| 68.98
Rewetted Bog, UD | oa| 413] o000 000 o000 1674] 0.00| 515| o036] 499| 044| 3101
Rewetted Fen, UD | 5el 1905 000| 000] 000 204| 000| 261] 003] o070] o001]| 2461

UeiEl 487.22|487.22|191.64 | 191.64 | 1,951.73 | 1,951.73|90.16 | 90.16 | 243.96 | 243.96 |2,964.71 | 2,964.71

D= Drained, UD = Undrained, H.&G.dom = Heather and grass dominated

Table A 3.4.25 Estimated changes in area (kha) of each peat condition category due to
land -use change, drainage and rewetting between 1990 and 2021
) . England Deep England Scotland Wales Northern UK Total
Tier 2 peat condition peat Wasted peat Ireland
category
Forest 2.242 0.708 26.866 | -0.148 3.634 33.302
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) . England Deep England Scotland Wales Northern UK Total
Tier 2 peat condition peat Wasted peat Ireland
category
Cropland -5.457 0.000 -3.033 |  0.000 0.000 -8.489
Eégf)i”g Modified Bog (bare -0.561 0.000 -4.009 | -0.002 -0.072 -4.644
zﬁoonﬂ:gz?egfg (Heather + Grass -39.346 -0.036 -62.318 | -1.940 -3.419 -107.059
E(’)‘;eﬁg’r‘f)erass'a”d (combined -3.814 -0.010 0.948 | -7.169 -1.009 -11.055
Intensive Grassland -5.371 -0.628 -8.036 -0.179 -1.043 -15.256
Near Natural Bog 0.000 0.000 0.000 |  0.000 0.000 0.000
Near Natural Fen 0.000 0.000 0.000 |  0.000 0.000 0.000
Extracted Domestic -0.011 0.000 -0.268 |  0.000 -4.305 -4.583
Extracted Industrial -5.615 0.000 -0.447 0.000 0.187 -5.875
Settlement -0.016 -0.035 2.226 | 0.035 -0.108 2.103
Change in drained area -57.948 0.000 -48.071 -9.402 -6.136 -121.557
E;"Jf;ffg%"diﬁed (Semi- 35.527 0.000 20287 |  1.644 0.829 67.287
Rewetted Bog 4.050 0.000 16.740 |  5.147 4.633 30.569
Rewetted Fen 18.371 0.000 2.044 | 2611 0.674 23.700
Change in rewetted area 57.948 0.000 48.071 9.402 6.136 121.557

The peat condition categories are assigned to the LULUCF land categories with the majority area
falling under Grassland or Wetland (Figure A 3.18):

1 4A Forest Land: Forest;

1 4B Cropland: Cropland;

1 4C Grassland: Eroding Modified Bog, Modified Bog, Extensive Grassland, Intensive
Grassland, Rewetted Modified Bog (from Modified Bog), Rewetted Bog or Fen (from
Eroding Modified Bog, Intensive and Extensive Grassland);

1 4D Wetland: Near Natural Bog/Fen, Extracted Domestic, Extracted Industrial, Rewetted
Bog or Fen (from Forest Land, Cropland, Extracted Domestic, Extracted Industrial and
pre-1990 Rewetted Fen),
4E Settlement: Settlement.
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Figure A 3.18 Area of land -use sub -categories on organic soils in 202 1 in the UK
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A large area of the cropland organic soil area in England is classified as shallow, wasted peat:
former deep peat that has been partly lost through agricultural activity. GHG emissions from
wasted peatlands are not well quantified so it has previously been assumed that wasted peat soils
continue to emit at the same rate as deep peat, making these emissions estimates particularly
uncertain. As such, the EFs for wasted peat are under review, with a BEIS-funded (now DESNZ)
research project underway to measure GHG emissions from agriculturally managed wasted peat
in England. Flux tower measurements from this study have been used to produce a new Tier 2
CO; EF for cropland on wasted peat for incorporation in this inventory (see Table A 3.4.26) (Evans
et al., 2022b). At present, separate EFs for grassland on wasted peat cannot be derived due to
lack of data, and measurements are ongoing for N2O.

Emission factors for organic soils

Tier 2 emission factors for the UK-relevant peat condition categories were initially developed by
Evans et al. (2017). The EF literature review and meta-analysis was updated in 2019, and again
in 2022 (see Evans et al. 2022a) to include recent GHG flux measurement publications and
incorporate and generate the Tier 2 EFs given in Table A 3.4.26. Tier 2 EFs calculated from at
least four different primary study locations were considered reliable enough to replace Tier 1
values (see detailed methods in Evans et al. 2017). Thus, where a Tier 1 EF is used in Table A
3.4.26 the Tier 2 EF for that category was not reliable enough to replace the Tier 1 value (for
instance, this means a Tier 1 CO, EF is still used for Domestic Peat Extraction). A continued Tier
3 approach for forestry carbon stock changes and fluxes on organic soils using the CARBINE
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model has been used, with updates to the areas of organic soils used in the model, documented
in Section A 3.4.1. Other GHGs from forested peat (CO. from dissolved organic carbon (DOC)
and particulate organic carbon (POC), CH4, and N2O) are estimated using the EFs in Table A
3.4.26. A Tier 2 approach was used for most peatland categories for Direct CO2, Direct CH4, and
Direct N2O. Limited studies were available for CH4 from ditches, CO from DOC, and CO: from
POC, thus a Tier 1 approach was adopted until more UK-specific flux data are available.
Comparisons of the direct emission factors adopted for each UK peat condition category are given
in Figure A 3.19-Figure A 3.21. Furthermore, updates to the Tier 2 EFs developed by Evans et
al. (2017) include EFs for Settlement, which uses the closest national condition category of
drained organic soils assuming 50% garden (heather/shrub) using the EFs for Modified Bog, and
50% impermeable land (no emissions); amendment to the Eroded Modified Bog EF to represent
emissions from actively Eroding Modified Bog (bare peat) only, with emissions from the not
actively eroding bog captured by the EFs for Modified Bog; and an additional Rewetted EF for
Rewetted Modified (Semi-natural Bog), described further in Section 3.4.6.3, which employs the
EFs for Near Natural Bog.

Table A 3.4.26 Emission factors, CO, CHa4, N2O, for peat condition types, givenint
CO2-C haly? kg CHs halyr? and kg N 2O-N halyr?, respectively
(updated from Evans et al (2017) and Brown et. al. 2020, 2021). Total
fluxes are shown in tCOze ha' yrt using AR5 GWP with no feedbacks
(CH4= 28, N,O = 265).A positive EF indicates net GHG emission, and a
negative EF indicates net GHG removal. Note that the EFs for Direct CH4
include a correction for CHa4 lost in ditches (1-fraction of ditches in the
landscape) as per Equation 2.6 and Table 2.4 in IPCC (2014), where
applicable (i.e. drained status). Combined standard errors are shown for
the Total EFs in brackets.

. . Co, Co, , CHa .
Peat Condition sDtrzlSsage Dérce;ct from from chrﬁct from D’ilrecg:t Total (+ SE)
2 DOC POC 4 Ditches 2
t CO,-C t CO,-C t CO,-C kg CH,4 kg CH4 kg N>O-N t CO.e ha? yl"1
haty? haty? haty? haty? haty? haty?
5.72 t0 0.98 ( 0.46
0.95 to0 - for DOC, POC, CH
Forest Drained ' 0.34¢ 0.312 0.072 2.442 5.432 1.48° and N,O, +21% for
' direct CO, from
CARBINE)
Cropland (peat> | ;e 7.38 0.31 0.142 1.86" | 58.25° 16.28" 37.17 (+8.18
40 cm)
%Ofr"%”d (Peat< | prained 4.36° 0.31 0.142 1.86" | 58.25° 16.28" 26.10 (£2.67)
Eroding Modified | Drained 1.48 0.31° 2.80° | 40.59° | 27.10° 0.30° 18.86 (+ 1.07)
Bog (bare peat) Undrained 1.48° 0.19% 2.80% | 42.72b 0 0.30 17.72 (+1.00)
Modified Bog Drained 0.01° 0.31° 007° | 60.21° | 543° 0.13° 3.32 (x0.73)
(semi-natural
Heather + Grass | yndrained 0.01° 0.19° 0° | 6175 0° 0.13° 251 (x0.73)
dominated)
Extensive
Grassland Drained 3.21° 0.31° 0.14* | 3411° | 26.35° 1.82° 15.88 (+3.38)
(combined
bog/fen)
Intensive Drained 4.06° 0.312 0.142 | 27.58° | 58.25° 7.39 22.00 (+2.08)
Grassland
Rewetted Bog Rewetted -0.16° 0.242 0% | 111.11° 02 0.03° 3.42 (+1.07)
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: ; CO, CO, . CH,4 .
Peat Condition sDt;atlLT:ge D(':rg:t from from D(l:rsct from D,ilr%:t Total (+ SE)
2 DOC POC 4 Ditches 2

tCO»C | tCO»C | tCOC | kgCHs | kg CHs | kg N.O-N t COe hatyrt

haly! haly! haly! ha'ly?! | hatly? ha'y?
Rewetted Fen Rewetted -0.19° 0.242 0% | 111.44° 0? 02 3.31 (+4.61)
Rewetted Modified | oo otteq 0.97° 0.19° 0* | 113.07° 0° 0° 0.32 (+1.17)
(Semi-natural) Bog
Near Natural Bog Undrained -0.97° 0.192 0?2 113.07° 0?2 0? 0.32 (¥1.17)
Near Natural Fen Undrained -1.38° 0.192 0* | 143.25° 02 02 -0.36 (+1.98)
Extracted Drained 2.80° 0.31° 1.48% |  40.59° | 27.10° 0.30° 15.18 (+2.94)
Domestic
Extracted Industrial | Drained 1.48° 0.312 2.80% 40.59° 27.102 0.30? 18.86 (£1.07)
Settlement Drained 0.005° 0.16% 0.042 30.10° 2,712 0.07° 1.66 (+0.73)

aTier 1 default EF (IPCC 2014)

b Tier 2 EF (updated literature analysis in 2022 incorporating data from Evans et al. 2017; published in
Evans et al. 2022a).

¢Tier 3 Forest Research CARBINE model implied EF for 1990 to 2021. The decreasing trend is due to an
increase in age of forests on organic soils due to decreasing afforestation on organic soils.

Figure A 3.19 Direct CO , emission factors (Tier 1, 2, 3) for UK peat condition types
updated from Evans et al (2017) + standard error. Note that an EF for
Forest is not shown as the Tier 3 method employed results in a range of
EFs for forests on organic soils, which is due to cha nges in the age of
forests and differences in afforestation over time. (All fluxes are shown
in tCO »-C halyr. Note that a positive EF indicates net GHG emission,
and a negative EF indicates net GHG removal).

tCO,-C ha'ly!
-2 -1 0 1 2 3 4 5 6 7 8 9 10

Cropland - Deep
Cropland - Wasted —_—
Eroding Modified Bog (bare peat) —
Modified Bog (Heather + Grass dominated) —
Extensive Grassland (combined bog/fen) _—
Intensive Grassland —_
Rewetted Bog —
Rewetted Fen —_—
Rewetted Modified Bog —
Near Natural Bog —
Near Natural Fen ~ ———
Extracted Domestic s pm—] Tier 1
Extracted Industrial — Tier 2

Settlement —
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Other Detailed Methodological Descriptions A3

Figure A 3.20 Direct CH 4 emission factors (Tier 1 and 2) for UK peat condition types
updated from Evans et al (2017) + standard error.  Note that the EFs for
Direct CH4 include a correction for CHa lost in ditches (1-fraction of
ditches in the landscape) as per Equation 2.6 and Table 2.4 in IPCC
(2014), where applicable (i.e. drained status). (All fluxes are shown in Kg
CH4 hatyr?).

Figure A 3.21 Direct N 2O emission factors (Tier 1 and 2) for UK peat condition types
updated from Evans et al (2017) £ standard error.  (All fluxes are shown
in Kg N2O-N ha? yr?).
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