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Executive Summary

ES.1. Background information on greenhouse gas (GHG) inventories and climate
change

ES.1.1. Background information on climate change

Climate as such is the totality of all atmospheric conditions at a particular location. It undergoes natural variability. Since
industrialisation started some 150 years ago, mankind has been influencing the climate via the emission of greenhouse gases. In 1994,
by setting up the United Nations Framework Convention on Climate Change (UNFCCC), the nations of the world came together to start
a process to prevent dangerous effects of climate change. However, the Convention did not include binding commitments. To go this
step further, the Kyoto Protocol was adopted in 1997 and sets binding targets for 37 industrialized countries for the period 2008-2012.

The so-called Doha Agreement extends the Kyoto Protocol until 2020, however it has not yet been set into force.

ES.1.2. Background information on greenhouse gas (GHG) inventories

In order to evaluate the trend of greenhouse gas emissions and the progress in achieving the reduction target, it is necessary to
regularly compile an emissions inventory. The compilation of these inventories follows rules as set up by the UNFCCC and the Kyoto

Protocol.

ES.2. Summary of National Emission and Removal related Trends

ES.2.1. Greenhouse Gas (GHG) Inventory

In 2019, Luxembourg’s greenhouse gas emissions amounted to a total of 10.743 million tonnes calculated in CO, equivalents (CO; eq)
—excluding land-use, land-use change and forestry (LULUCF). Table 0-1 splits the total GHG emissions of Luxembourg into the different
greenhouse gases reported in the inventory. Carbon dioxide (CO,) was the main source of greenhouse gases (GHG) in Luxembourg.
This source counted for 90.78% of the total GHG emissions (excluding LULUCF). The second source of GHG was methane (CH4) with
5.42% of the total emissions excluding LULUCF. Nitrous oxide (N,0) was the third source with 3.13%. Fluorinated gases (F-gases) only
accounted for 0.67% of the total emissions excluding LULUCF, with hydrofluorocarbons (HFCs) representing 0.57%, and sulphur

hexafluoride (SFe) representing 0.10% of the national total (excl. LULUCF).

In 2019, total GHG emissions increased by 1.68% compared to 2018 and are currently 15.59% below their base year levell. For the

different GHG, trends over the period 1990-2019 (and 2018-2019) were as follows:

1 The base year for CO,, CH4 and N, O is 1990. For the F-gases, the base year is 1995.

2 2
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®  CO2l i -17.52% (+1.92%)

° CHal o -0.35% (-1.47%)
° N2O: i +5.69% (+1.71%)
®  F-GaASES: oo +324.72%2 (-4.16%)

Carbon dioxide emissions, over the period 1990-2019, are characterised by a V-shape evolution driven by changes in the sources of
emissions: declining emissions in industry due to technological changes in the iron and steel production, increasing emissions from
transport and natural gas fired power plants. The last emission peak was attained in 2005 and, since then, the emissions seem to be
continuously decreasing until 2009. This decrease was interrupted in 2010, where emissions increased by 5.4% compared to 2009.

However, since 2005 emissions have decreased by 19.3%.

Total methane emissions have remained fairly stable over the period 1990-2019. In 2019, reduced methane emissions were observed
in waste management (-32.70%) as compared to 1990, and increasing emissions in agriculture (+6.47%) and in energy use (+5.55%),
the latter being mainly due to an upward trend for fugitive emissions from natural gas distribution and use and, to a lesser extent, to

a downward trend of combustion related emissions in the energy production industries and the commercial and residential sectors.

Nitrous oxide emissions development between 1990 and 2019 is closely linked to an increase of liquid fuels related emissions from
combustion activities (+153.02% in the Energy sector) and to emissions from the waste sector (+99.36%) that could not be balanced
by declining emissions from the agriculture (-13.14%) and industrial products and product use sectors (-48.68%). Total N,O emissions

(excl. LULUCF) have increased by 5.69% since 1990.

With regard to F-gases, HFCs emissions increased by 304.94% in 2019 compared to the base year (1995) mainly due to the increasing
use of mobile and stationary cooling equipment. Likewise, SFs emissions showed a 495.90% increase between 1995 and 2019 due to,

in large parts, the increasing use of high-voltage electrical devices and noise reduction windows.

Finally, when including emissions and removals from land use, land use change and forestry (LULUCF), Luxembourg’s greenhouse gas
emissions amounted to a total of 10430.41 million tonnes CO; eq. (incl. LULUCF) in 2019. Net removals from the LULUCF sector
amounted to 312.39 Gg CO; eq. Since 1990, net emissions have decreased by 468.22% per cent (the sector was a source of net

emissions in 1990 (84.84 Gg CO; eq.) and a source of net removals in 1991-2019).

ES.2.2. KP-LULUCF activities

In 2019, Article 3.3 activities were a net sink in Luxembourg and net CO, removals amounted to 127 Gg CO, eq. Removals from
afforestation/reforestation amounted to 161 Gg CO,. About 4/5 of these gains were caused by the C stock increases in living biomass,
1/5 was due to increases in soil carbon and litter at the afforestation/reforestation (AR) areas. In the same year, emissions from

deforestation amounted to 34 Gg CO,. About 1/2 were due to biomass losses, and 1/2 due to C stock losses in litter and soil.

Under Article 3.4, CO, removals from the activity forest management amounted to 215 Gg CO, eq. By taking into account the FMRL of
418 Gg CO; eq and a technical correction of 21.07 Gg CO; eq, the activity forest management becomes a net source of 141.38 Gg CO,

eq. Due to a lack of reliable data, emissions or sinks due to HWP could not be estimated.

2 The trend indicated here corresponds to the period 1995 to 2019, as the base year for F-gases is 1995.
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ES.3. Overview of Source and Sink Category Emission Estimates and Trends

ES.3.1. Greenhouse Gas Inventory

Table 0-2 splits the total GHG emissions of Luxembourg into the five CRF sectors included in the inventory. In 2019, the energy sector
accounted for 86.36% of the total GHG emissions, excluding LULUCF. Two sectors represented between 6% and 7% of the total
emissions, excluding LULUCF: industrial processes and product use (6.28%) and agriculture (6.63%). The remaining sectors3 (LULUCF (-

2.91%), waste* (0.73%) and other (NO)) were each below 5.0% of the total GHG emitted in Luxembourg in 2019.

For the different sectors, trends over the period 1990-2019 (and 2018-2019) were as follows:

®  ENBIEY: oottt st -9.94% (+1.82%)

e  Industrial processes & product Use: .........ccccoveerveennn. -58.04% (+2.70%)

®  AZIICUITUIE: oot +0.14% (-0.20%)

@ LULUGE oo -468.22% (+64.05%)
®  WASTE! (i e -26.14% (-5.53%)

©  OTNEI: e e NA (NA)

Since 1990, emission reductions were observed in all sectors except for agriculture, especially for energy use and production related
emissions whose contributions to the total GHG emissions, excluding LULUCF, ranged from 80.94% to 86.36% over the period 1990 to
2019. Within the energy sector, the fastest growing sub-sectors were energy industries (1A1) and transportation (1A3): +557.01% and
+135.62%, respectively between 1990 and 2019 (+1.19% and +2.31% from 2018 to 2019). For the other sub-sectors, the observed
trends between 1990 and 2019 are -81.21% for manufacturing industries (1A2), +22.57% for the other sectors (1A4), -96.23% for Other

(1A5), and +59.11% for fugitive emissions from fuels (1B).>

Trends in agriculture, which was the second largest sector in 2019 in terms of GHG emissions, were overall stable between 1990 and
2019: declining GHG emissions were observed for agricultural soils (-13.42%), whereas enteric fermentation increased by 3.55%, liming
by 3959.77% and manure management by 14.06%. For inventory submission 2021, Luxembourg started to also compile the GHG
emissions from urea application and other carbon-containing fertilizers. While no urea related emissions were occurring in the
agriculture sector prior to 2005, the GHG emissions from carbon-containing fertilizers show a decrease of 30.94% in 2019 compared

to 1990 levels.

The third largest sector in Luxembourg with regard to 2019 GHG emissions, i.e. industrial processes and product use, shows a declining
trend between 1990 and 1998, then a relative stabilisation. This evolution was mainly driven by process changes that occurred in the
steel industry (recorded under 2C1), which moved from blast to electric arc furnaces between 1994 and 1998. As a consequence, GHG
emissions of the iron and steel industry decreased by 89.24% since 1990. Compared to 2018, emissions from industrial processes and

product use increased by 2.70% in 2019, which is mainly due to an increase in the category 2.A - Mineral industry.

3 The sector “other” is not reported for Luxembourg.

4 The waste sector covers only landfilled waste, wastewater handling and composting activities. Waste incineration, which is the main treatment method for municipal waste in Luxembourg, is
carried out in the sole incinerator of the country where energy is recovered. Consequently, waste incineration related emissions are accounted for in CRF sector 1 — Energy (details in Chapters
3 and 8 respectively).

5 Fugitive emission growth is closely linked to natural gas use in Luxembourg.
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In the waste sector, the main source of GHG was solid waste disposal on land (5A), but its weight decreased over the period 1990-2019
due to the combination of reduced amounts of landfilled waste and increased emissions arising from composting activities (5B). GHG
emission reductions for solid waste disposal on land (-50.21% between 1990 and 2019) still drove a reduction for the overall waste

sector despite rising emissions from composting. Wastewater handling emissions (5D) decreased by 44.82% over the same period.

0 o% % o% % o% % o% % o% o% o% o%
EXEXRXRX RN EXEXEX RN R RN

From this analysis, it is obvious that the biggest challenge Luxembourg is facing, with regard to GHG emissions reduction, is the
limitation of emissions from the energy sector, and more particularly from the transportation sector. Detailed explanations on the very
high shares of CO, from the energy sector will be provided in Chapter 2, when analysing trends in Luxembourg’s GHG emissions. Also,
specific national circumstances are to be kept in mind when appreciating GHG emissions trends and composition in Luxembourg. These

circumstances will be exposed in Chapter 2 as well.

ES.3.2. KP-LULUCF activities

In 2019, Article 3.3 activities were a net sink in Luxembourg and net CO, removals amounted to 127 Gg CO, eq. Removals from
afforestation/reforestation amounted to 161 Gg CO,. About 4/5 of these gains were caused by the C stock increases in living biomass,
1/5 was due to increases in soil carbon and litter at the afforestation/reforestation (AR) areas. In the same year, emissions from

deforestation amounted to 34 Gg CO,. About 1/2 were due to biomass losses, and 1/2 due to C stock losses in litter and soil.

Under Article 3.4, CO, removals from the activity forest management amounted to 215 Gg CO, eq. By taking into account the FMRL of
418 Gg CO; eq and a technical correction of 21.07 Gg CO; eq, the activity forest management becomes a net source of 141.38 Gg CO,

eq. Due to a lack of reliable data, emissions or sinks due to HWP could not be estimated.

ES.4. Other information: Emission Estimates and Trends of Indirect GHG and SO,

Some indirect GHG — NOy, CO, NMVOCs — and SO, emissions are recorded and reported in the inventory. The emissions of these air
pollutants are estimated and reported under the UNECE Convention on Long-Range Transboundary Air Pollution (CLRTAP). For more
details on the emissions of these pollutants please refer to Luxembourg’s Air Pollutant Emission Inventory and its related Informative

Inventory report, which are both published on the Center on Emission Inventories and Projections website:

http://www.ceip.at/ms/ceip_homel/ceip_home/status_reporting
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Table 0-1- Luxembourg’s GHG emissions and removals (excl. LULUCF) — overview by main gases: 1990-2019. Percentages are relative to the total GHG emissions excluding LULUCF.

Gg (1000 t.) COzeq| (ba;:gyoear) 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 201 2012 2013 2014 2015 2016 2017 2018 2019
CO:2 11823.34) 1244314  12209.70| 1235474 1154246 9151.71 920161 8553.96| 7675.93| 8127.85) 8709.92| 9207.45| 9983.58|  10458.92  11828.91 12087.02f  11919.75 11316.96] 11183.69| 10638.34| 11207.25 11102.38| 10866.20]  10320.57| 9836.04/ 9347.99| 9092.74/ 9261.34/ 9568.44/ 9752.16|
ek LULUCE 92.90% 93.06% 92.96% 92.99% 92.65% 90.75% 90.67% 90.08% 89.10% 89.52% 90.18% 90.70% 91.35% 91.96% 92.67% 92.94% 92.86% 92.35% 92.11% 91.74% 92.04% 92.11% 92.03% 91.57% 91.01% 90.54% 90.18% 90.21% 90.57% 90.78%
CHa (1) 584.29| 597.16| 581.58) 586.44/ 574.08| 589.23| 598.55| 593.62| 591.42| 596.69| 588.19| 593.86| 59415/ 583.56| 579.29| 577.94) 574.17| 583.35| 593.50| 594,63 594.28 569.59 561.70| 566.09 579.21 585.26| 589.46| 596.93| 590.94/ 582.25|
4.59% 447% 4.43% 441% 461% 5.84% 5.90% 6.25% 6.87% 6.57% 6.09% 5.85% 5.44% 5.13% 4.54% 4.44% 4.47% 4.76% 4.89% 5.13% 4.88% 4.73% 4.76% 5.02% 5.36% 5.67% 5.85% 5.81% 5.59% 5.42%
N:0 (2) 318.47| 329.37| 336.49| 33053 325.72| 326.24) 329.17| 325.86| 32231 326.67| 326.63| 309.15) 305.94/ 284.89| 310.29| 29431 293.64) 299,68 307.34) 305.04/ 313.92 316.50| 31249 312.77| 316.46| 315.09| 325.81 330.23| 330.94/ 336.60
ek LULUCE 2.50% 246% 2.56% 249% 261% 3.24% 3.24% 343% 374% 3.60% 3.38% 3.05% 2.80% 2.50% 243% 226% 229% 245% 253% 263% 2.58% 263% 265% 278% 293% 3.05% 323% 3.22% 3.13% 3.13%
HFCs (3) 0.00) 0.00| 5.49| 12.94 14.19) 15.15] 17.33] 2010, 22.96| 2621 31.08 38.25 4151 41.75) 41.93) 40.47| 43.37| 47.76| 50.25 51.40/ 53.67 56.55| 58.91 6245/ 66.64/ 66.73| 65.17 68.57| 64.70 61.36|
0.00% 0.00% 0.04% 0.10% 0.11% 0.15% 0.17% 021% 0.27% 0.29% 0.32% 0.38% 0.38% 0.37% 0.33% 0.31% 0.34% 0.39% 041% 0.44% 0.44% 047% 0.50% 0.55% 0.62% 0.65% 0.65% 0.67% 0.61% 0.57%
PFCs (3) NO| NO| NO| NO| NO| NO| NO| NO| NO| NO| NO| NO| NO| NO| NO| NO| NO| NO| NO| NO| NO| NO| NO| NO| NO| NO| NO| NO| NO| NO|
NA| NA| NA| NA| NA| NA| NA| NA| NA| NA| NA| NA| NA| NA| NA| NA| NA| NA| NA| NA| NA| NA| NA| NA| NA| NA| NA| NA| NA| NA|
SFs (3) 1.28| 1.37| 147| 1.57| 1.68| 1.75| 1.94 2.10) 2.16) 224 2.36| 2.97] 3.58| 447] 473 531 5.73| 6.17| 6.58| 6.99| 7.29| 7.75| 8.14| 8.51 8.90} 9.37| 9.72| 9.90 10.20 1043,
0.01% 0.01% 0.01% 0.01% 0.01% 0.02% 0.02% 0.02% 0.03% 0.02% 0.02% 0.03% 0.03% 0.04% 0.04% 0.04% 0.04% 0.05% 0.05% 0.06% 0.06% 0.06% 0.07% 0.08% 0.08% 0.09% 0.10% 0.10% 0.10% 0.10%
Total QHG 12727.38)  13371.04] 1313473] 13286.22| 12458.12| 10084.08|  10148.60) 949563 8614.78| 9079.66| 9658.18|  10151.68) 10928.76| 11373.29| 12765.15| 13005.05 12836.66| 12253.91 1214135  11596.40| 1217642 12052.77| 11807.44| 11270.40| 10807.26)  10324.43| 10082.90| 10266.98| 10565.23)  10742.80|
Eﬁng 100%! 100% 100%! 100%! 100% 100%! 100%! 100% 100% 100%! 100% 100%; 100%! 100%! 100% 100%! 100%! 100%! 100%! 100%! 100%! 100%! 100%! 100% 100%! 100%! 100%! 100% 100%! 100%
‘Source: Environment Agency
e
{1 Tho mebane eniodons s conrioinCO;ouvalens by g e cisions by 2, ool GHP) e br 210 artme btz
@) converted in by muttiplying the by 298, ie. the gl (GWP) value i based on the effects of GH( a100-year fme horizon.
(3) The F-gases are those not covered by he Montreal Protocol, i.e. HFCs, PFCs and SF; expressed in using I 2 100-year time horizon.
Table 0-2—- Luxembourg’s GHG emissions and removals — overview by main CRF Sectors: 1990-2019. Percentages are relative to the total GHG emissions excluding LULUCF.
Gg (1000 ) COzeq (bamm 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 201 2012 2013 2014 2015 2016 2017 2018 2019
1. Energy 10301.39|  11006.02]  10846.21 11010.85|  10295.26| 8260.38| 8368.24/ 7830.97| 7111.27 7529.84/ 8088.92| 8645.01 9417.09| 9946.49)  11267.14|  11550.84| 1133599 10740.04| 10660.82| 10184.63| 10740.47| 10621.83|  10421.94] 9891.46| 9401.60| 8918.88| 8641.00| 8803.94| 9111.46| 9277.24)
80.94% 82.31% 82.58% 8287% 82.64% 81.92% 82.46% 8247% 82.55% 82.93% 83.75% 85.16% 86.17% 87.45% 88.26% 88.82% 88.31% 87.65% 87.81% 87.83% 88.21% 88.13% 88.27% 87.77% 86.99% 86.39% 85.70% 85.75% 86.24% 86.36%
:‘r:';';s:eﬁ:l 1608.85| 1531.70} 1465.57| 1455.31 1360.52| 1004.21 950.60} 842,68 685.17 724.36| 753.46) 706.72| 727.20| 675.27| 731.19| 702.50 756.78| 752,98 703.63| 633.58 658.31) 670.07| 639.37] 622.17| 632,63 624.02| 646.32| 656.72| 657.31 675.07|
12.64% 11.46% 11.16%! 10.95% 10.92% 9.96% 9.37% 8.87% 7.95% 7.98% 780% 6.96% 6.65% 5.94% 5.73% 5.40% 5.90% 6.14% 5.80% 5.46% 541% 5.56% 542% 5.52% 5.85% 6.04% 6.41% 6.40% 6.22% 6.28%
3. Agriculture 711.34) 72543 71438 710.01 700.23| 717.98 725.90| 71551 710.00 T7.73| 710.66| 694.57| 677.78 640.72| 661.97| 646.51) 638.55| 653.88 668.91 671.76| 682.22) 669.74| 656.16) 666.46| 681.95f 695.76| 71151 721.56| T13.75| 712,35
5.59% 5.43% 5.44% 5.34% 5.62% 712% 7.15% 7.54% 8.24% 7.90% 7.36% 6.84% 6.20% 5.63% 5.19% 4.97% 497% 5.34% 551% 5.79% 5.60% 5.56% 5.56% 591% 6.31% 6.74% 7.06% 7.03% 6.76% 6.63%
:‘sta::a:;:';:d' 84.84) -210.46| -560.70| -664.50| -464.70| -584.58] -630.55| -122.39| -605.17| -699.02| 12213 -704.15| ~700.78] -655.60f -675.41 -620.65| -524.51 -432.36| -448.01 -429.10| -118.08| -289.53| -380.31 -557.83| -470.84] -420.10| -507.87| -374.74) -190.42| -312.39|
forestry 0.67% -1.57% 4.21%; -5.00%: -3.73% -5.80% -6.21% -7.61%; -7.02%; -1.70% -7.48% -6.94% -6.41% -5.76% -5.29% 4.77% -4.09% -3.53% -3.69% -3.70% -0.97% -2.40% -3.22% -4.95% -4.36% -4.07% -5.04% -3.65% -1.80% -2.91%;
5. Waste 105.80) 107.89) 108.58| 110.04] 10211 101.50) 103.86| 106.47| 108.34] 107.73] 105.15) 105.38| 106.69) 11081 104.85) 105.21) 105.34] 107.00) 107.98| 106.42| 95.42| 91.13] 89.97| 90.30} 91.08f 85.77| 84.06/ 84.77] 827 78.14)
0.83% 0.81% 0.83%: 0.83% 0.82% 1.01%; 1.02% 1.12% 1.26% 1.19% 1.09% 1.04% 0.98% 0.97% 0.82%: 0.81% 0.82% 0.87% 0.89% 0.92% 0.78% 0.76% 0.76% 0.80% 0.84% 0.83% 0.83% 0.83% 0.78% 0.73%
6. Other NO| NO| NO| NO| NO| NO| NO| NO| NO| NO| NO| NO| NO| NO| NO| NO| NO| NO| NO| NO| NO| NO| NO| NO| NO| NO| NO| NO| NO| NO|
0.00% 0.00%! 0.00%! 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%! 0.00% 0.00% 0.00% 0.00%; 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
:‘T:‘I::; 12812.22|  13160.58| 12574.03|  12621.71 11993.43| 9499.50| 9518.05| 8773.25) 8009.61) 8380.64/ 8936.05| 944754  10227.99 10717.69] 12089.74|  12384.40| 1231216 11821.55| 11693.34| 11167.30| 12058.34] 11763.24| 11427.13] 10712.56| 10336.42| 9904.34/ 9575.03| 989224  10374.80(  10430.41
LULUCF
::éf.:::: 12727.38|  13371.04] 1313473| 13286.22| 12458.12| 10084.08|  10148.60| 9495.63 8614.78| 9079.66| 9658.18|  10151.68| 10928.76| 1137329 12765.15| 1300505 12836.66| 12253.91 12141.35(  11596.40| 1217642 12052.77| 11807.4| 11270.40| 10807.26| 10324.43| 10082.90| 10266.98]  10565.23|  10742.80)
LULUCF 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
‘Source: Environment Agency.
Notes: ges are relafive o LULUCF.
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1 Introduction
1.1 Background information on greenhouse gas inventories and climate change

1.1.1 Background information on climate change

1.1.1.1 Global Warming

Global warming is the increase in the average temperature of Earth's near-surface air and oceans since the mid-20th century and its
projected continuation. Global surface temperature increased 0.74 + 0.18 °C between the start and the end of the 20th century (IPCC,
2007). The Intergovernmental Panel on Climate Change (IPCC) concludes that most of the observed temperature increases since the
middle of the 20th century was very likely caused by increasing concentrations of greenhouse gases resulting from human activity such
as fossil fuel burning and deforestation. The IPCC also concludes that variations in natural phenomena such as solar radiation and

volcanic eruptions had a small cooling effect after 1950.

Climate model projections summarized in the latest IPCC report indicate that the global surface temperature is likely to rise a further
1.1 to 6.4 °C during the 21st century. The uncertainty on this estimate arises from the use of models with differing sensitivity to
greenhouse gas concentrations and the use of differing estimates of future greenhouse gas emissions. Most studies focus on the period
leading up to the year 2100. However, warming is expected to continue beyond 2100 even if emissions stop, because of the large heat

capacity of the oceans and the long lifetime of carbon dioxide in the atmosphere.

An increase in global temperature will cause sea levels to rise and will change the amount and pattern of precipitation, probably
including expansion of subtropical deserts. Warming is expected to be strongest in the Arctic and would be associated with continuing
retreat of glaciers, permafrost and sea ice. Other likely effects include changes in the frequency and intensity of extreme weather
events, species extinctions, and changes in agricultural yields. Warming and related changes will vary from region to region around the

globe, though the nature of these regional variations is uncertain.

1.1.1.2 Climate Change in Luxembourg

Annual mean temperatures for Luxembourg-City are nowadays usually above the 30 years averages of the last century. Indeed, the
1951-1980, the 1961-1990 or the 1971-2000 mean yearly temperatures for the capital city — around 9°C — are nowadays regularly
exceeded: since the turn of the 21st century, annual mean temperatures are comprised between 9.3°C (2001) and 11.3°C (2007), 9.9°C
in 2016. The variation of yearly averages is mainly driven by variations in air temperatures during winter seasons. Other meteorological
stations disseminated throughout the country show similar results. With regard to other meteorological parameters — rainfalls,
sunshine hours, relative humidity — no clear trends can be identified yet, probably because the very small size of the country (2 586

km2) limits the identification of such changes.

Climate change effects are also witnessed by increasing frost-free periods, earlier blooming seasons and higher flood frequencies over
the last 20 years. For the future, higher average yearly temperatures are anticipated with consequences on public health (heat waves),
floods (higher frequency and intensity), vegetation cycles (longer periods with frost risks after early blooming) and forests (degradation

of its phytosanitary state).
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More details are provided in Section 2.1.2 of this NIR.

1.1.1.3 The Convention, the Kyoto Protocol and its flexible mechanisms

In 1992, Luxembourg signed the United Nations Framework Convention on Climate Change (UNFCCC) which sets an ultimate objective
of stabilizing atmospheric concentrations of greenhouse gases at levels that would prevent “dangerous” human interference with the
climate system. Such levels, which the Convention does not quantify, should be achieved within a time frame sufficient to allow
ecosystems to adapt naturally to climate change, to ensure that food production is not threatened and to enable economic

development to proceed in a sustainable manner.

The UNFCCC covers all greenhouse gases not covered by the Montreal protocol: carbon dioxide (CO,), methane (CHa), nitrous oxide
(N20) as well as hydrogenated fluorocarbons (HFCs), perfluorated halocarbons (PFCs), sulphur hexafluoride (SFe) and nitrogen

trifluoride (NFs).

Five years after adoption of the Climate Change Convention in 1997, governments took a further step forward and adopted the Kyoto
Protocol (KP). Building on the Convention, the Kyoto Protocol sets out legally binding constraints on greenhouse gas emissions and
“mechanisms” aimed at cutting the cost of curbing emissions. Under the terms of the Protocol, the industrialised parties — known as
Annex 1 countries — pledged to reduce their greenhouse gas (GHG) emissions by 5% below the 1990 levels by the period 2008-2012.
The European Union is also a Party to the Convention and the KP and agreed on a reduction target of 8% below 1990 levels during the
five-year commitment period from 2008 to 2012. The EU and its Member States decided to achieve this goal jointly, for Luxembourg

an emission target of minus 28% was set.

During an extensive review process in 2007, the so called Pre-commitment period review, the percentual reduction commitments of

the Annex 1 countries were converted and fixed to absolute emission values, the so called assigned amounts.

Luxembourg signed the KP on 29th April 1998, and ratified the protocol on 31st May 2002. The KP entered into force on 16 February
2005, triggered by Russia’s ratification in November 2004 which fulfilled the requirement that at least 55 Parties to the Convention

ratified the Protocol.

The Protocol sets out three 'flexible mechanisms' to help countries meet their obligations to cut emissions.

Emission Trading: Article 17 of the Kyoto Protocol allows Annex | Parties (basically, the industrialised nations) to purchase the rights to
emit GHG from other Annex | countries which have reduced their GHG emissions below their assigned amounts. Trading can be carried

out by intergovernmental emission trading, or entity-source trading where assigned amounts are allocated to sub-national entities.

Joint Implementation: Article 6 allows an Annex | Party to gain a credit (converted to As-signed Amounts) by investing in another Annex

| country in a project which reduces GHG emissions.

Clean Development Mechanism: Article 12 allows an Annex | country (or companies in an Annex 1 country) which funds projects in
developing countries (non-Annex | Party) to get credits for certified emission reductions providing that "benefits" accrue for the host

country.

Tradable emission permits tie the emissions to a fixed ceiling, the costs of emission reduction being as low as possible.
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The final assessment on compliance with the goals of the first commitment period of the KP will be made in the true up process after

finalization of the last review reports in 2015.

The so called Doha Agreement extends the Kyoto Protocol until 2020, establishing a second commitment period. However, it has not

yet been set into force as by the end of 2014 only 23 Parties have deposited their instruments of acceptance (144 are needed).

Independently of the setting into force of the Doha Agreement, the European Community has fixed its goal in the so called Effort
Sharing Decision (Decision No 406/2009/EC of the European Parliament and of the Council of 23 April 2009 on the effort of Member
States to reduce their greenhouse gas emissions to meet the Community's greenhouse gas emission reduction commitments up to
2020), with the goal of a 20% cut of emissions below the 1990 emission level by 2020. The ESD Directive also sets national emission
targets for the member states, Luxembourg’s target is —20% related to 2005 (not considering the sectors/sources regulated by the EU

ETS).

1.1.2 Background information on greenhouse gas inventories

As a Party to the UNFCCC, Luxembourg is required to produce and regularly update national greenhouse gas emission inventory. To
date, GHG inventories have been produced for the years 1990 to 2019. Furthermore Parties shall submit a National Inventory Report

(NIR) containing detailed and complete information on their inventories, in order to ensure the transparency of the inventory.

Responsible for the preparation of Luxembourg’s National Greenhouse Gas Inventory as well as the preparation of the NIR is the Unité
surveillance et évaluation de I'environnement of the Environment Agency, under the political responsibility of the Ministry for the

Environment, Climate and Sustainable Development.

The present NIR documents Luxembourg’s GHG emission inventory in accordance with the updated UNFCCC reporting guidelines on
annual inventories. It is aimed at complying with decisions 11/CP.4, 3/CP.5, 18/CP.8, 14/CP.11, 15/CP.17 and 24/CP.19 of the COP and
with European Parliament and Council Decision 280/2004/EC as amended by Regulation 525/2013 concerning a mechanism for
monitoring Community GHG emissions and for implementing the Kyoto Protocol. It includes a description of the methodologies and
data sources used for estimating emissions by sources and removals by sinks, a discussion of these estimates and their trends (including

an analysis of the key source categories), and information on recalculation, uncertainties, quality assessment and quality control.

This report is an update of the previous NIR submitted in 2020.5 It is based on data submitted to the UNFCCC in the Common Reporting
Format (CRF) on 15th April 2021: submission 2021v1.7 Besides being a submission under the UNFCCC, submission 2021v1 is also a

mandatory submission under the Kyoto Protocol.

6 Luxembourg’s National Inventory Report dated 15 April 2020 (covering inventory years 1990 to 2018)
7 Submission 2020v1 can be downloaded from:
a) The Central Data Repository of the European Environment Information and Observation Network (EIONET) of the European Environment Agency (EEA):

http://cdr.eionet.europa.eu/lu/eu/mmr/art07 inventory/ghg inventory/envxmtk g/

b) The UNFCCC web site: https://unfccc.int/ghg-inventories-annex-i-parties/2020
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The structure of this NIR follows, as much as possible, the outlines as set out in the updated UNFCCC reporting guidelines on annual
inventories following incorporation of the provisions of decision 24/CP.19 (see document FCCC/CP/2013/10/Add.3)8, as well as the

annotated outline of the NIR that can be found on the UNFCCC website.?

This report was compiled by Dr Nora Becker (Environment Agency) and Dr Marc Schuman (Environment Agency). Specific

responsibilities for this 2021 NIR have been as follows:

Executive Summary: Marc Schuman, Nora Becker, Max Wolter, Tim Mirgain

Chapter 1: Marc Schuman, Nora Becker (key category analysis & uncertainties)
Chapter 2: Max Wolter, Nora Becker, Marc Schuman

Chapter 3: Marc Schuman, Nora Becker, Max Wolter

Chapter 4: Ermin Hadzic, Pierre Dornseiffer

Chapter 5: Marie-Josée Mangen

Chapter 6: Tim Mirgain with the help of Georges Kugener, Willibald Croi and Peter Weiss (UBA Vienna);
Chapter 7: Tim Mirgain, Fabien Wahl, Dominique Manetta, Tom Bechet

Chapters 8 & 9: Marc Schuman

Chapter 10: Marc Schuman, Nora Becker

Chapter 11: Tim Mirgain with the help of Willibald Croi and Peter Weiss (UBA Vienna);
Chapter 12: Martine Kemmer, Nora Becker, Tim Mirgain

Chapter 13: Marc Schuman

Chapter 14: Martine Kemmer, Nora Becker

Chapter 15 & 16: Marc Schuman

Layout: Nora Schintgen

The GHG inventory reviewed in the present NIR covers the period 1990-2019 and contains information on anthropogenic emissions by
sources and removals by sinks for direct GHG (CO,, CHa, N2O, HFCs, PFCs, SFe and NFs3). With regard to indirect greenhouse gases (CO,
NOx, NMVOCs) and SO2, though also recorded in this inventory, they are derived from the air pollutant emission inventory Luxembourg

is compiling for the United Nations Economic Commission for Europe’s Convention on Long-Range Transboundary Air Pollution (UN-

8 http://unfccc.int/resource/docs/2006/sbsta/eng/09.pdf

9 Annotated outline of the National Inventory Report including reporting elements under the Kyoto Protocol:

http://unfccc.int/files/national_reports/annex_i_ghg_inventories/reporting_requirements/application/pdf/annotated_nir_outline. pdf
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ECE CLRTAP). Consequently, indirect GHG and SO, emissions are not discussed in this NIR. For more details on the emissions of these
pollutants please refer to Luxembourg’s Air Pollutant Emission Inventory and its related Informative Inventory report, which are both

published on the Center on Emission Inventories and Projections websitel0.

1.1.3 Background information on supplementary information required under Article 7, paragraph 1, of the Kyoto

Protocol

Besides the information that Parties to the Convention have to report annually, Parties to the Kyoto Protocol are additionally required
to report supplementary information necessary to determine compliance with the regulations of the Protocol. This information is
generally referred to as “supplementary information under Article 7, paragraph 1 of the Kyoto Protocol”. Main elements of this

information are the reporting on Kyoto Protocol 3.3 and 3.4 activities and reporting on national registries and Kyoto Protocol units:

1.1.3.1 Article 3.3 and 3.4 activities

Luxembourg reports only the mandatory Art. 3.3 and Art. 3.4 activities. They include emissions/removals from human-induced
Afforestation/Reforestation/Deforestation activities since 1990 (Art. 3.3) and forest management (Art. 3.4). In addition, Parties may
elect to include emissions/removals from any of the following human-induced activities since 1990 (Art. 3.4): Cropland management,
Grazing land management and Revegetation. Luxembourg has not elected Article 3.4 activities such as Cropland management, Grazing
land management and Revegetation due to the lack of reliable data allowing producing realistic estimates of the activities covered

under Article 3.4.11

Furthermore, Parties had to elect the accounting frequency for 3.3 and 3.4 activities: annual or at the end of the Commitment Period
(for all other sectors the accounting frequency is annually). For the mandatory art. 3.3 and art. 3.4 activities Luxembourg has chosen

accounting at the end of the Commitment Period.

1.1.3.2 National registry and Kyoto Protocol Units

Each Party to the Kyoto Protocol has to operate a national registry following the standards as defined in the Data Exchange Standards
for Registry Systems under the Kyoto Protocol. The registry is an electronic database for the administration of Kyoto units that are used
to account for greenhouse gas emissions under the commitments of the Kyoto Protocol. Like banks recording balances and transactions
of money in accounts belonging to individuals or other entities, registries record balances of units of greenhouse gas emissions, so
called Kyoto units, which are allocated to countries or other entities. The registry ensures the precise tracking of holdings, issuances,

transfers, cancellations and retirements of allowances and Kyoto units.

10 http://www.ceip.at/ms/ceip_homel/ceip_home/status_reporting
11 Luxembourg’s initial report under the Kyoto Protocol for the second commitment period (2013-2020) is available at

http://unfccc.int/national_reports/initial_reports_under_the_kyoto_protocol/second_commitment_period_2013-2020/items/9499.php.
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Different types of Kyoto units exist, e.g. depending on the source of emissions/removals:

e Assigned Amount Units (AAUs) are the tradable units of the Assigned Amount (AA), which a country with a
reduction commitment (Annex B country) gets allocated.

e Removal Units (RMUs) are Kyoto units which Annex B Parties can generate e.g. through national afforestation and
other sink projects.

e  Emissions Reduction Units (ERUs) are generated by Joint Implementation projects.

e  Certified Emissions Reductions (CERs) are generated from Clean Development Projects.

Additionally, registries of EC and EEA countries administrate the European Emissions Trading Scheme, the traded units are EU

Allowances (EUAs).

For more information on the National Registry and Kyoto Protocol Units, please refer to chapters 12 and 14.

1.2 A Description of the national inventory arrangements

1.2.1 Institutional, legal and procedural arrangements

1.2.1.1 Overview of Luxembourg’s obligations

Some obligations are directly linked with GHG emission reporting:

e  Annual obligations under Regulation 525/2013/EC of the European Parliament and of the Council of 21 May 2013
on a mechanism for monitoring and reporting greenhouse gas emissions and for reporting other information at
national and Union level relevant to climate change (known as Monitoring Mechanism Regulation, MMR) and
repealing Decision 280/2004/EC of the European Parliament and of the Council of 11 February 2004 concerning a
mechanism for monitoring Community GHG emissions and for implementing the Kyoto Protocol and Commission
Decision 2005/166/EC of 10 February 2005 laying down rules implementing Decision 280/2004/EC;

e  Obligations under the UNFCCC. Relevant COP Decisions and Guidelines are:

o Decision 3/CP.5 — Guidelines for the preparation of National Communications by Parties included in Annex | to
the Convention, Part |: UNFCCC Reporting Guidelines on Annual Inventories (referring to Document
FCCC/CP/1999/7) revised with Decision 18/CP.8 (referring to Document FCCC/CP/2002/8);

o Decision 4/CP.5 — Guidelines for the preparation of National Communications by Parties included in Annex | to
the Convention, Part Il: UNFCCC Reporting Guidelines on National Communications (referring to Document
FCCC/CP/1999/7) revised with Decision 19/CP.8 (referring to Document FCCC/CP/2002/8);

o Document FCCC/CP/1999/7 — Review of the Implementation of Commitments and of other Provisions of the
Convention — UNFCCC Guidelines on Reporting and Review revised with Document FCCC/CP/2002/8;

o Decision 11/CP.4 — National communications from Parties included in Annex | to the Convention;

o Document FCCC/CP/2001/13/Add.3 — Report of the Conference of the Parties on its seventh session, held at
Marrakech from 29 October to 10 November 2001, Addendum, Part two: Action taken by the Conference of the
Parties, Volume IIl (Decision 20/CP.7: Guidelines for national systems under Article 5, paragraph 1, of the Kyoto
Protocol; Decision 21/CP.7: Good practice guidance and adjustments under Article 5, paragraph 2, of the Kyoto
Protocol; Decision 22/C.7: Guidance for the preparation of the information required under Article 7 of the Kyoto
Protocol; Decision 23/CP.7: Guidelines for review under Article 8 of the Kyoto Protocol).

o Decision 24/CP.19 - Revision of the UNFCCC reporting guidelines on annual inventories for Parties included in
Annex | to the Convention —introducing the 2006 IPCC Guidelines.
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Some provide, indirectly, information that can be used to produce GHG inventories:

e  Annual obligations under the UNECE Convention on Long-Range Transboundary Air Pollution (CLRTAP) and its
Protocols comprising the annual reporting of national emission data on SO,, NOx, NMVOCs, NHs, CO, TSP, PMyp,
and PMs as well as on the heavy metals Pb, Cd and Hg and persistent organic hydrocarbons (PAHSs), dioxins and
furans and hexachlorobenzene (HCB);

e  Annual obligations under Directive 2001/81/EC of the European Parliament and of the Council of 23 October 2001
on national emission ceilings for certain atmospheric pollutants, (known as the “NEC Directive”) comprising the
annual reporting of national emission data on SO,, NOx, NMVOCs and NHs;

e  Obligations under the European Pollutant Emission Register (EPER), which was the first Europe-wide register for
emissions from industrial facilities both into air and water. The legal basis of EPER is Article 15 of the IPPC Directive
(EPER Decision 2000/479/EU), which stipulates that information on environmental pollution has to be provided to
the public. The reporting years under EPER were 2001 or 2002 and 2004. EPER was replaced by the European
Pollutant Release and Transfer Register (E-PRTR) in 2007, which was established by the E-PRTR Regulation No
166/2006.

e  Obligations under the framework of the European Union Emission Trading Scheme (EU-ETS) established by
Directive 2003/87/EC of the European Parliament. It includes heavy energy-consuming installations in power
generation and manufacturing. The activities covered are energy activities, the production and processing of
ferrous metals, the mineral industry and some other production activities. From 2012 onwards, CO, emissions from
aviation have also been included. For the trading period 2013-2020 the scope of the EU ETS has been further
extended to include additional installations from the metal and chemical industry and compressor stations.

1.2.1.2 Luxembourg’s National Inventory System

A new Grand-Ducal Regulation (GDR, 04/2017)- hereafter the “Regulation” — of April 2017 designates a Single National Entity, the
National Inventory Compiler and the National GHG Inventory Focal Point. It also defines and allocates specific responsibilities for the
realization of the GHG inventories both within the Single National Entity and within the other administrations and/or services that will
be involved in the inventory preparation in the future. This Regulation also sets up a system for reporting on emissions of certain
atmospheric pollutants under Directive (EU) 2016/2284, and more largely under the UNECE LRTAP Convention (CLRTAP). Consequently,
the system put in place aims at reporting under both the UNFCCC and CLRTAP. Moreover, the Regulation proposes a national system
for reporting on policies and measures and for reporting on projections of anthropogenic GHG emissions by sources and removals by
sinks as required by Article 12 of the MMR Regulation (Regulation 525/2013/EC). This new Regulation of April 2017 repealed the one

from 15t August 2007.

1.2.1.2.1 Single National Entity and other cross-cutting roles

The Grand-Ducal Regulation designates the Minister having environment in his or her attributions as the “Single National Entity” (SNE).
The SNE designates both the UNFCCC and CLRTAP National Focal Points (NFPs), but also the Inventory and Projections Focal Points as
well as the Inventory and Projections Sectoral Experts. With regard to GHG inventory reporting under the UNFCCC and the MMR
Regulation, the overall management of the SNE is assigned to the Inventory Focal Point that is presently located at the Environment
Agency — Unité surveillance et évaluation de I’environnement — and which also acts as National Inventory Compiler (NIC) compiling and
checking the information and GHG emission estimates coming from sector experts working in other administrations or services (Figure

1-1). The Inventory Focal Point and the NIC are actually the same person.2

12 Luxembourg being a small country, its administrations and public services are small too. Hence, it is frequent that its staff members wear different hats. Nevertheless, this conjunction of
responsibilities makes sense.

The Environment Agency is also the Inventory Focal Point for reporting under the CLRTAP and Directive (EU) 2016/2284.
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The Environment Agency has therefore the “technical” knowledge and responsibility for the GHG inventories, but the “politica
responsibility is staying with the Ministry for the Environment, Climate and Sustainable Development — hereafter designated as MECDD
—acting as UNFCCC National Focal Point (NFP). Thus, it is the Department that officially submits the inventories and their related reports

to the UNFCCC Secretariat and to the EC (see Article 11 of the Regulation).

Thus, Luxembourg has adopted an integrated approach to avoid redundant and overlapping activities in different administrative
services. This concentration of air emissions reporting in one department also allows an improved consistency between different
reporting schemes. As an ex-ample, indirect GHG and SO, emissions that are to be recorded in the GHG inventory are extracted and

adapted from the CLRTAP/NEC reporting schemes.

With regard to inputs for the monitoring of GHG emissions, having E-PRTR managed by the Unité surveillance et évaluation de
I’environnement of the Environment Agency (and EU ETS also within the Environment Agency) ensures easy access to facilities’ reported
fuel and/or emissions that are subsequently integrated in GHG emissions calculations. The Environment Agency also gathers
information from establishments and installations subordinated to operational permits to carry out certain activities, the so-called
“établissements classés”. There, too, valuable information for the inventories is found. More details on these AD and, sometimes, EF

sources are presented in Section 1.4.

With regards to outputs from the Unité surveillance et évaluation de I’environnement, not only are they used for the various inventory
reporting obligations (GHG, CLRTAP, NEC), but also for other reporting activities, such as those linked to Spatial Data Information (such
as the EC INSPIRE Directivel3) and under the Shared Environmental Information System.4 Of course, these are also used for various

national publications, as well as, for defining policies and measures (PaMs).

Figure 1-1 summarizes the organisation of the GHG reporting in Luxembourg in accordance with the national Regulation for setting-up
a National Inventory System (NIS), as well as the data flow process that is implied by the setting-up of the NIS. The Unité surveillance
et évaluation de I'environnement of the Environment Agency not only collects and validates AD, EFs, parameters and emission
estimates from sector experts, but also produces emission estimates. This flexibility is introduced in Luxembourg’s system to ensure a

better quality for the reporting of GHG emissions.

13 http://inspire.jrc.it/.

14 http://ec.europa.eu/environment/seis/index.htm.
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Figure 1-1- Luxembourg’s NIS and data flow process according to the regulation of April 2017
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1.2.1.2.2 Specific responsibilities for the GHG Inventory compilation and development process

Article 4 of the Regulation indicates that the Single National Entity designates sectoral experts. Articles 6 and 8 describe the tasks of
the Inventory Focal Point and of the Sectoral Experts. In a few words, the Inventory Focal Point—i.e. the Environment Agency — provides

sector experts for all the IPCC Sectors except Agriculture, LULUCF and Wastewater Handling (Figure 1-1). It is also the Agency that:

e manages the NIS and coordinates the work on GHG Inventories by informing the experts of any changes and evolutions in the

Guidelines;
e as National Inventory Compiler (NIC), compiles the GHG emissions estimates produced by sector experts;

e prepares the NIR (notably on the basis of chapters received from the sector experts), including the Key Category Analysis (KCA)

and the calculation of the uncertainties;
e prepares and defines work plans to secure timely data supply;
e assists sector experts in their assignments and their training;

e defines and approves, together with sector experts, activity/background data (AD), emission factors (EF), methods to estimate

GHG emissions;

e archives the relevant information on the inventories and the NIS;
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e implements recommendations from the quality assurance/quality control (QA/QC) annual exercise (section 1.6).

Article 8 describes the tasks that fall to sector experts, among others:

e choice of the best methods to evaluate GHG emissions, using IPCC Guidelines (these methods have to be approved by the

Single National Entity as indicated above);
e collection of the necessary AD and EFs;
e calculation of emission estimates;
e recalculation of emission estimates when possible and desirable: new AD sources, new parameters, new methods, etc.;

e proceeding with first quality checks (using, inter alia, tools embedded in CRF Reporter that allow to verify completeness and

consistency);

e preparation of the NIR relevant chapters.

Finally, Article 10 indicates that activity/background data providers have to transmit quality AD using formats, and respecting the

deadlines, defined by the Single National Entity.

Table 1-1- CRF sector responsibilities within the NIS

£ Emisaicng estimation
CRF Sactar AD Chaoice of EFs mithods
E;gg.-, exdl. raad transportstion — CRF 1 except HEY — STATEC HEV AEV
Foad transportation — CRF 1430 HEW - STATEC — SHCT AEN AEV
midustial Froceszes — CRF 2 BEW BEW BEV
Agricufture — CRF 3 ASTA —5ER ASTA —5ER ASTA-5ER

LULUCF - CRF 4

AMF - SER - ASTA - AEV

AMF - SER — ASTA - AEV

AMF — SER - ASTA — AEY

‘Waste - CRF 5A, 56 & 5D REV REV AEW
Wastewater Handling - CRF 5B AGE AGE AGE
Abbreviations:
Ministry of Agriculture:
ASTA = Agriculture Technical Services Administration (Administration des Services Techniques de I’Agriculture):
http://www.asta.etat.lu/
SER = Agriculture Economic Service (Service d’Economie Rurale): http://www.ser.public.lu
Ministry of Economic Affairs & External Trade:
STATEC = National Statistical Institute: http://www.statec.public.lu/fr/index.html
Ministry for the Environment, Climate and Sustainable Development: http://www.emwelt.lu/:
ANF = Nature & Forestry Administration (Administration de la Nature et des Foréts)
AEV = Environment Agency (Administration de I’Environnement)
AGE = Water Management Administration (Administration de la Gestion de I’Equ): http://www.eau.public.lu
Ministry for Mobility and Public Works:
SNCT =Technical Vehicle Inspection Administration (Société Nationale de Contréle Technique): http://www.snct.lu
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1.2.1.2.3 Luxembourg’s emissions trading registry

Luxembourg’s emissions trading registry has been operational since 2005 and serves both as registry for the EU Emissions Trading

Scheme, and as the national registry for Luxembourg as a Party of the Kyoto Protocol.

Since July 2013, Luxembourg's national registry was migrated to a European based consolidated system operated by the European

Commission. Please refer to Chapter 14 for more information on the consolidated system.

1.2.2 Overview of inventory planning, preparation and management

The main planning of Luxembourg's GHG inventory is performed once a year during summer at the so called Decision Making Body
meeting: a meeting between the Director of the Environment Agency, the head of the Unité surveillance et évaluation de

I’environnement, the quality manager, and the national inventory compiler.

During the meeting, the quality manger and the national inventory compiler present an overview of the activities, during the previous
reporting year, including information on audits and fulfilments of last year’s improvement plan. On the basis of this report, the quality
management system (QMS) is judged by the director and the head of the Unité surveillance et évaluation de I’environnement, in
collaboration with the quality manager and the national inventory compiler. If required, measures to optimize the QMS are defined.

Finally, the improvement plan is elaborated on the basis of the previously conducted discussions. It consists of two parts:

Quality management improvement plan: bases on findings of internal and external audits; it also includes a training plan for sector

experts.

Inventory improvement plan: bases on particular findings of reviews of the GHG inventory.

The decision making body prioritises the recommended improvements (including a timeline and responsibilities) and cares for

associated resources.

Table 1-2 gives an overview on the tasks of inventory preparation together with a typical timeline.
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Table 1-2—- Inventory preparation timeline

Task Description Deadline
Decision making Evaluation of the fulfilment of the previous improvement plan Summer
body meeting Preparation of a plan for QMS and inventory improvement, i.a. based on audit and
review findings.
Kick-Off Meeting of sector experts, quality manager and national inventory comiler; Summer
definition of a work plan
Activity data Collection of activity data, including contracting out studies. November 1st
collection
Inventory Estimation of emissions for all sources, including collection of background data. December 1st

preparation

Compilation of
national inventory

Stocking the database and transfer to CRF reporter ; key category analysis and
uncertainty assessment

December 31

Quality checks

Tier 1 and Tier 2 QA/QC activities

December

Compilation of
report (Short-NIR)

Compilation of an inventory report “Short NIR” and submission to the European
Commission (Decision 280/2004/EC)

January 15

Preparation of NIR

Compilation of the National Inventory Report

January - March

EU Submission NIR | Submission of the National Inventory Report to the EC March 15

UNFCCC Submission | Submission of the National Inventory Report to the UNFCCC April 15
NIR

Archive submission | All relevant calculation and documentation files as well as the NIR are archived on May

Sharepoint

Table 1-3 gives an overview on the registry related tasks for providing the supplementary information required under Article 7,

paragraph 1, of the Kyoto Protocol including a timeline.

Table 1-3- Timeline for registry related tasks

Task Description Deadline
Standard Electronic Compilation of the SEF for the previous year January 15
Format (SEF)
Information on Preparation of the chapter on the changes in the national registry, which is part March 15
changesin the of the NIR
national registry
Information on Preparation of the chapter on information on the accounting of Kyoto Protocol March 15

accounting of Kyoto
Protocol units

units, which is part of the NIR. Compilation of the files for the Standard
Independent Assessment Report (SIAR), which are submitted together with the
NIR.
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Finally, an official approval process has been established between the Single National Entity (SNE, Environment Agency) and the
UNFCCC National Focal Point (NFP, MECDD). Thus, the SNE notifies the NFP, in writing, that the inventory has been compiled according
to the rules established by the UNFCCC and uploads the submission onto the Sharepoint data archive (see Section 1.3). The NFP informs
the Minister in charge of environmental affairs accordingly. Upon acceptance, the NFP uploads the submission from the Sharepoint

archive onto the UNFCCC submission portal and onto the European central data repository hosted by the EEA.
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1.3 Inventory preparation, and data collection, processing and storage

1.3.1 GHG Inventory and KP-LULUCF inventory

Luxembourg’s greenhouse gas inventory for the period 1990 to 2019 was compiled according to the recommendations for inventories
set out in the revised UNFCCC reporting guidelines according to Decision 24/CP.19. IPCC Guidelines have been applied as much as
possible. These Guidelines are:

e  the 2006 IPCC Guidelines for National Greenhouse Gas Inventoriess;

e the 2013 Revised Supplementary Methods and Good Practice Gudance arising from the Kyoto Protocol.

During the inventory preparation process, sector experts collect activity data, emission factors and all relevant information needed for
estimating the emissions. The sector experts also have specific responsibilities regarding the choice of methods, data processing and
archiving and for contracting studies, if needed. As part of the quality management system, the national inventory compiler approves
the methodological choices. Sector experts are also responsible for performing Quality Control (QC) activities that are incorporated in
the Quality Management System (QMS). All data collected together with emission estimates are archived on a central archiving system

(see below), together with the well documented data sources in order to be able to perform future reconstructions of the inventory.

Supplementary information required under Article 7 of the Kyoto Protocol regarding KP-LULUCF is prepared by the same sector experts
as for UNFCCC-LULUCF. Other Article 7 supplementary information is requested from Luxembourg’s Emission Trading Registry, which

is also located at the Environment Agency.
Data collection, processing and storage, including for KP-LULUCF inventory
For estimating GHG emissions, Luxembourg mostly used Microsoft Excel™ spreadsheets (Table 1-4).

Table 1-4 — Programs and software used for generating emission estimates

CRF Sector

Energy — CRF 1 — stationary combustion, fugitive emissions

Emissions calculated using ...
MS Excel 2016
NEMO 5.0.1 and MS Excel 2016

Energy — CRF 1 —mobile combustion

Industrial Processes — CRF 2

MS Excel 2016

Agriculture — CRF 3

MS Excel 2016 and the add-in
software Palisade @Risk 7.5 |

LULUCF — CRF 4

MS Excel 2016

Waste — CRF 5

MS Excel 2016

This way of proceeding offers a very flexible system that can be easily adjusted to new requirements. It is only for the estimation of

road transportation emissions, where a dedicated model is used:

NEMO 5.0.1 is a Microsoft Windows™ software tool for the calculation of emissions from road transport. The emissions calculated

include all major pollutants (CO,, CO, CHs, NOx, VOC, and PM) and several more (N,O, NHs, SO,...). Data produced is then transformed

15 http://www.ipcc-nggip.iges.or.jp/public/2006gl/index.htm
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using MS Excel spreadsheets into the UNFCCC common reporting format, according to the IPCC Guidelines, to comply with the

reporting obligations under the UNFCCC.

GHG emission estimates produced by the sector experts are then being centralized and verified by the Single National Entity (i.e. the

National Inventory Compiler (Environment Agency)).

A centralised data management and archiving system (Sharepoint) has been implemented. This system is hosted by the National IT
Administration, and access is password protected. This system enables sector experts to quickly and easily exchange and store data
between administrations, which are not connected through a single network. The data stored on this system are backed up daily for
the needs of data security. Furthermore, as part of the QMS, backups of the entire inventory information are made regularly on write-
protected DVDs. This ensures the necessary documentation and archiving for future reconstruction of the inventory and for the timely

response to requests during the review process.

For the generation of the CRF tables and the XML submission file, Luxembourg used the latest version of the UNFCCC’s CRF-Reporter,
i.e. version 6.0.8. As a large number of GHG source categories are not occurring in Luxembourg, only around a hundred values per
inventory year — other than notation keys — need to be transferred to the CRF-Reporter. This is why, so far, CRF Reporter has been

“manually” populated by having recourse to “copy-paste” from Microsoft Excel™ inventory work files.

However, with the increasing number of LULUCF data, which needs to be transferred to the CRF-Reporter, this manual data transfer
becomes prone to errors. Therefore, it is foreseen to centralise the emission estimates (and all the associated data such as EFs, AD,
Documentation, etc) in a centralised database. Specific software tools embedded in this database would then allow the automatic data
transfer into the CRF-reporter software, without the need of the “copy-paste” procedure. Currently, Luxembourg is in the process of
switching to the centralised database, and it is expected that the automatic transfer will be used for the next submission. Nevertheless,
this is not an absolute “must do” for Luxembourg since, as underlined above, yearly data to be included in CRF Reporter are not
numerous. Furthermore, “manually” populating CRF Reporter offers concrete advantages compared to automated operations:
mistakes and missing values can be directly identified, recalculations cross-checked, explanations for notation keys or recalculations

not forgotten and documentation boxes filled accordingly when needed.

1.3.2 Quality assurance/quality control (QA/QC) procedures and extensive review of GHG inventory and KP-LULUCF

inventory

QA/QC procedures are performed as defined in the QMS plan (see Chapter 1.6).

Quality assurance, control and plausibility assessments of the estimates are being performed through internal audits covering all
sectors, by the SNE in collaboration with Umweltbundesamt Wien. In addition, various checking procedures, included in the CRF-

Reporter software are undertaken.

The NIR is circulated after publication to experts that are involved in the estimation on greenhouse gas emissions in Luxembourg as

identified by the National Inventory Compiler and the QA/QC manager.

Comments received from experts are considered for the inventory improvement plan.
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1.4 Methodologies and Data Sources Used

1.4.1 GHG inventory

The following table briefly presents the activity data (AD) sources, the types of emission factors (EF) used, as well as the methods

applied for estimating GHG emissions reported in this submission. A more detailed listing can be found in CRF table Summary 3.

Table 1-5 — Methodologies, data sources and EFs used by Luxembourg — main CRF Sectors

CO; CH4 N.O
CRF Sector Method AD EF Method AD EF Method AD EF
applied applied applied
Energy — CRF 1 — stationary | Tier 1 NS D Tier 1 NS D Tier 1 NS D
combustion, fugitive | Tier 2 PS 6S PS cs PS
emissions Q ps Q Q
TOV TOV TOV
Energy — CRF 1 — mobile | CIV NS CS Clv NS OTH Clv NS OTH
combustion Ccs SNCT SNCT D SNCT
Industrial Processes — CRF 2 | Tier 2 NS CS NA NO NA NA NO NA
CS PS PS
Agriculture — CRF 3 Tier 1 EJ D Tier 1 EJ CS Tier 1 EJ CS
NS Tier 2 NS D Tier 2 NS D
OTH
LULUCF — CRF 4 Tier 1 NS CS NA NA NA Tier 1 NS D
Tier 2 EJ D EJ
Waste — CRF 5 NA NA NA Tier 1 NS CS Tier 1 NS PS
Q D Q D
PS
PS

Note: for F-gases (IPCC Category 2F) methods applied = CS; AD = NS & Q; EF = CS.
Abbreviations:

CS = Country Specific CIV =NEMO D = IPCC Default
EJ = Expert Judgement NS = National Statistics OTH = Other PS = Plant Specific Data
Q = Specific Questionnaire/Survey/Annual Reports TUV = TOV Rheinland, Emissionskataster fiir das Grofsherzogtum

Luxemburg, KéIn, 1990

Detailed information on data sources for activity and emission data, as well as for EFs used by sector, can be found in the

methodological chapters of this report (chapter 3 to 7). A few general comments are, however, presented in the next sub-sections.
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1.4.1.1 Activity and background data

Data used to produce the annual air emission (including GHG) inventories are mainly:

e taken from official statistics published by the National Statistical Institute (STATEC). Concerning energy data
(energy balance), STATEC has recently developped a new system for data collection, treatment, checking and
compilation. This new system was implemented in such a way to ensure that both the needs of public
administrations dealing with energy questions and the reporting obligations to the European regulation
1099/2008/EC on energy statistics and to the IEA (IEA Joint Questionnaires!®), are fulfilled. The data sources and
methodologies for preparing Luxembourg's energy balance as well as the new compilation system are described
in STATEC 08_2010%7;

e  extracted from statistical information received by other ministries and public administrations;
e coming from information supplied directly by facilities (annual reports, emission measurement reports);

e on occasion, from specific surveys or questionnaires and from expert judgements.

For large point sources — and after careful assessment of data plausibility — activity data that are reported by facilities are preferably
used. Indeed, these data usually reflect the actual consumptions better than aggregated national statistics data, because the facility is

supposed having the best information about its own emissions. Such plant specific data have been used for CRF sectors 1 and 2.

Besides plant specific data collected under EU legal requirements, national obligations are also a source of activity and emission data
for single facilities. This is the case under the law for “établissements classés”18 that imposes regular reporting obligations to those
units — the “établissements classés” — which, by their activities, could represent a risk with regards to security, public health and
convenience for both the citizens and the workers occupied in these units, as well as regards the environment.1® These “établissements
classés” could be public or private industrial or commercial establishments and craft industries, as well as single specific equipments

or processes within an installation.

Most of the plant specific data, whether they are collected for European or national obligations, are actually transmitted and managed
by the Environment Agency which eases a more systematic use of data provided directly by facilities. In particular, it is investigated
whether it will be feasible, both technically and legally, that facilities would report only once for various purposes —such as EU-ETS, E-

PRTR, permitting activities, etc. —in order to avoid extra and unnecessary burden for them.

16 The energy balance is based on several databases mainly prepared by:
] Ministére de I'Economie et du Commerce Extérieur
] Ministére du développement durable et des infrastructures (département de I'environnement, département du transport
. Administration de I'environnement: Unité surveillance et évaluation de I'environnement, Unité permis et subsides, Registre des quotas d'émissions a effet de gaz de serre (ETS);
. Administration des Douanes et Accises (Ministére des Finances);
. Service Central de la Statistique et des Etudes Economiques (STATEC);
. Société Nationale des Chemins de fer Luxembourgeois (CFL)
. all relevant fuel importers and distributors;
. plant operators;

The methodology used to compile the enrgey balance follows the International Energy Agency (IEA) and Eurostat conventions. The aggregated balances are harmonised with the IEA tables.
17 http://www statistiques.public.lu/catalogue-publications/bulletin-Statec/2010/PDF-Bulletin-8-2010. pdf
18 See http://www.environnement.public.lu/etablissements _classes/index.html (in French).

19 “Permitting activities”, i.e. activities subordinated to a permit.

Luxembourg’s NIR 1990-2019 50



1.4.1.2 Emission factors

For EFs, besides country-specific and plant specific factors derived from emission data transmitted by facilities (see above), it is also
made use of default IPCC values published in the 2006 IPCC Guidelines, as well as in the 2013 KP Supplement for LULUCF. Other sources
for EFs are the EMEP/EEA air pollutant emission inventory guidebook — 201920 and national / international studies or calculations

leading to country-specific EFs.

1.4.2 KP-LULUCF inventory

Land use and land use change data are based on commercial satellite imagery, land cover maps held by the Nature and Forestry
Administration and on information on agricultural practices from the Service of Rural Economics. These two institutions are the main

data providers for the greenhouse gas reporting in the frame of the KP-LULUCF inventory.

Accordingly, the area of forest land reported for Afforestation/Reforestation and Deforestation (ARD) under the Kyoto Protocol has
the same basis as the area reported for Land use changes from and to forests in the UNFCCC greenhouse gas inventory taking the

different time frame (ARD areas starting with 1990) as well as the permanence of ARD areas into account.

Furthermore the methods used to estimate emissions/removals from ARD activities are of the same Tier method as those used for the

UNFCCC reporting. These are described in detail in Chapter 11.

20 https://www.eea.europa.eu/publications/emep-eea-guidebook-2019
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1.5 Brief description of key categories

The identification of key categories is described in Chapter 4 of the 2006 IPCC Guidelines. It stipulates that a key category is one that
is prioritised within the National System because its estimate has a considerable influence on a country's total inventory of GHG in
terms of the absolute level of emissions or removals, the trend in emissions or removals, or both. Any category meeting the 95%
threshold in any year of the Level Assessment (LA) or in the Trend Assessment (TA) is considered a key category. Then, whenever a
method used for the estimation of emissions/removals of a key category is not consistent with the requirements of the 2006 IPCC
Guidelines, the method will have to be improved to reduce uncertainty, which is considered in the emission inventory improvement

programme (see Chapter 10.4).

All notations, descriptions of identification and results for key categories included in this section are based on the 2006 IPCC Guidelines.

The identification includes all reported GHG CO,, CH4, N2O, HFC, PFC and SFe, and all IPCC categories.

The key category analysis was performed using the Tier 1 approach based on submission 2021v1. It comprises a level assessment for
all years between 1990 and 2019, as well as a trend assessment for the trend of the year 2019 with respect to base year emissions, i.e.
1990 (1995 for F-gases). Key categories have been identified excluding LULUCF categories and also for the full inventory including

LULUCF.
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1.5.1 GHG inventory (including and excluding LULUCF)

1.5.1.1 Level Assessment (Tier 1)

The key categories (LA) identified for 2019 are listed in Table 1-6 (excl. LULUCF) and Table 1-8 (incl. LULUCF). The 15 key categories
without LULUCF comprise 10234.61 Gg COse in 2019, which is a share of 95.27% of Luxembourg’s total GHG emissions, excluding

LULUCF.

Table 1-6 — 2019 key categories (Tier 1, LA) excluding LULUCF based on emission data reported in submission 2021v1

IPCC Category name Fuel Gas 2019 emissions Share in 2019 national total GHG
category in Gg CO2e emissions (excl. LULUCF)

1A1 Fuel combustion - Energy industries gaseous CO, 114.67 1.07%

1A1 Fuel combustion - Energy industries other €O, 108.07 1.01%

1A2 Fuel combustion - Manufacturing liquid o, 241.77 2.25%
Industries and Construction

1A2 Fuel combustion - Manufacturing solid o, 167.40 1.56%
Industries and Construction

1A2 Fuel combustion - Manufacturing gaseous o, 666.82 6.21%
Industries and Construction

1A2 Fuel combustion - Manufacturing other o, 89.88 0.84%
Industries and Construction

1A3b | Road Transportation gasoline o, 1044.28 9.72%

1A3b | Road Transportation Diesel oil | €O, 5023.89 46.77%

1A4 Fuel combustion — Other sectors Liquid o, 825 39 7.68%

1A4 Fuel combustion — Other sectors gaseous o, 826.51 7.69%

2A1 Cement production o, 394.79 3.67%

2A3 Glass production co, 63.98 0.60%

2C1 Iron & steel production o, 103.70 0.97%

3A Enteric fermentation CHa 20155 3.74%

3D1 Direct N,O emissions from managed N,O 161.90 151%

soils
All Sum of all 2019 key categories all all 10234.61 95.27%
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Table 1-7 specifies for which years any source category has been identified as key category (LA) for from 1990 to 2019 (excl. LULUCF).

Table 1-7 — Key categories (Tier 1, LA) excluding LULUCF of submission 2021v1: 1990-2019

pecsource category| gas | fuel [ (2[R (E|E|2|2(2|2(E(EIBIEIEIEIEIEIBIEIEIEIEIEIEIZIEIE|EIE|E
AlH A |A A | A | A A A | A | N | N|N[N|IN|N|N|N|N|N|N|N|N|N|N|N|N|N|N|AN

1A1 CO, |gaseous X | X XIX XXX XXX |X|X[X[X]X[X]|X]|X[X]X]|X
1A1 CO, | other X X XIX|X[X|X[X][X]|X[X
1A2 CO, liquid X | X XX | X|X X XX XXX [X[X[X][X]X]|X
1A2 CO, solid X | X XIX XX XXX XXX X XXX XXX XXX X[X]X]|X
1A2 CO, [gaseous XX XIXPX XXX X|X[X[X]X[X[X]|X]X[X]X|X|X[X]X|X]X]|X
1A2 CO, | other X XX | X[X
1A3b CO; |gasoline X | X XXX X[X|X|X|X|X]X]X]X[X|X|X[X[X[X[X]|X]X]|X]|X]|X
1A3b CO, |[diesel oil X | X XXX XX XXX X[X[X[X[X|XX]X[X]X| XXX XXX
1A4 CO, | liquid X | X XIX XXX PX[X XXX XX XXX [X[X]X[X|X]X[X]X]|X
1A4 CO, [gaseous X | X XIXPX XX PXIX|X XXX XXX XXX X|X[X]X|X]X]|X
1A5 COz | liquid X
2A1 CO, X | X XXX X|X|X|X|X|X]X]X]XX XXX [X[X[X]|X]X]X]X|X
2A3 CO, X X X X XX XX X
2C1 CO XX XIXPX XX PXX|X XXX XXX XXX X|X[X]X|X]X]|X
2F1 F-gases X | X
3A CHa X | X XXX X|X|X|X|X|X]X]X]X[X|XX[X[X[X[X]|X]X]|X]X|X
3B CHa XX [X|[X]X]|X X
3D1 N,O X | X XIX XX XXX XXX X XXX XXX XXX X[X]X]|X
SA CHa XXX |X|X[X]|X]|X|X X | X|X
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Table 1-8 indicates which source categories — including LULUCF - have been identified as key categories (LA) for 2019. The key
categories comprise 10748.94 Gg CO,e in the year 2019, which is a share of 95.45% of Luxembourg’s 2019 total GHG emissions,

including LULUCF.

Table 1-8 — 2019 key categories (Tier 1, LA) including LULUCF based on emission data recorded in submission 2021v1

IPCC IPCC source category Fuel Gas 2019 emissions Share in 2019 national total GHG
in Gg COze emissions (incl. LULUCF)
1A1 | Fuel combustion - Energy industries gaseous Co, 114.67 1.02%
1A1 | Fuel combustion - Energy industries other Co, 108.07 0.96%
1A2 Fuel combustion — I\/Ianufacturing |IqU|d o, 241.77 2.15%
industries and construction
1A2 Fuel combustion — Manufacturing solid o, 167.40 1.49%
industries and construction
1A2 | Fuel combustion — Manufacturing gaseous o, 666.82 5.92%
industries and construction
1A2 Fuel combustion — Manufacturing other o, 89 .88 0.80%
industries and construction
1A3b | Fuel combustion —Transport - Road gasoline o, 1044.28 9.27%
transportation
1A3b | Fuel combustion —Transport - Road diesel oil o, 5023.89 44.61%
transportation
1A3b | Fuel combustion — Transport - Road hesal 6l N,O 60.53 0.54%
transportation
1A4 Fuel combustion — Other sectors liquid CO; 825.39 7.33%
1A4 | Fuel combustion — Other sectors gaseous CO, 826.51 7.34%
2A1 | cement production CO, 394.79 3.51%
2A3 Glass production CO; 63.98 0.57%
2C1 Iron and steel production CO; 103.70 0.92%
3A Enteric fermentation CH4 401.55 3.57%
3B Manure management CHa 62.12 0.55%
D1 Direct N,O emissions from managed N,O 161.90 1.44%
soils
4A1 Forest Land remaining Forest Land CO; 334.77 2.97%
4E2 O, 56.91 0.51%
Land converted to settlements NoO o oD
2
all Sum of all 2019 key categories all all 10748.94 95.45%

Table 1-9 specifies for which years any source category has been identified as key category (LA) for from 1990 to 2019 (incl. LULUCF).
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The key category with the highest contribution to the national total emissions in 2019 is 1A3b Road Transportation — diesel oil (CO5).
The contribution to the national total emissions in the base year was 9.97%, whereas in 2019 this contribution has increased to
46.77%.21 This strong increase is due to the general increase of road performance, but also due to a shift from gasoline to diesel driven
vehicles. Category 1A3b Road Transportation — diesel oil (CO;) is the most important category in terms of emission trends and, since

1990 emissions have increased by 296%.

The second most important source of greenhouse gas emissions in 2019 in Luxembourg is 1A3b Road Transportation — gasoline (CO,).
Its contribution to national total emissions is 9.72% for 2019 compared to 10.07% in the base year, followed by 1A4 — Other sectors —

liquid fuels (CO;) with a contribution of 7.69% in 2019 (7.68% in 1990).

The key category with the highest contribution to national removals is 4.A.1 Forest land remaining forest land (CO.). In the key category

analysis including LULUCF it is the 8th largest category in the level assessment (2.97%) in 2019 and is also a key category in the trend

assessment.

1.5.1.2 Trend Assessment (Tier 1)

Table 1-10 presents the key categories (excluding and including LULUCF) according to the trend assessment for the year 2019.

21 The percentages given here are those obtained by the level assessment excluding LULUCF.
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Table 1-9 — Key categories (Tier 1, LA) including LULUCF based on emission data recorded in submission 2021v1: 1990-2019
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Table 1-10 —Key categories (excluding and including LULUCF) according to the trend assessment for 2019.

IPCC TAexcl. | TAincl.
Category Category Name Fuel | GHG ) yLucr| LuLuck
1A1 Energy Industries other CO, X X
1A2 M anufactL.Jrlng Industries and gaseos o, X X
Construction
1A2 Manufactt.Jrlng Industries and solid co, X X
Construction
1A3b Road Transportation diesel oil CO; X X
1A4 Other Sectors gaseous CO; X X
2C1 Iron & Steel Production Cc0o2 X X
3A Enteric Fermentation CH4 X X
4A1 Forest Land remaining FL Cco2 X
4A2 Land converted to FL C02 X
42 Land Converted to 02, N20 X
Settlements
Source: Environment Agency
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1.5.2 KP-LULUCF inventory

According to the IPCC GPG for LULUCF, the key categories for Kyoto Protocol activities can be derived from the identified key categories
in the UNFCCC inventory as follows: Whenever a category is identified as key in the UNFCCC inventory, the associated activity under

the Kyoto-Protocol can be considered as key in reporting under the Kyoto-Protocol?2.

In the case of Luxembourg, Afforestation and Reforestation, Deforestation, and Forest Management should be considered key categories

according to this quantitative analysis (level assessment). This result is confirmed by “Table NIR.3” extracted from the CRF Reporter (

Table 1-11).

The key category analysis was performed using the Tier 1 approach on the basis of submission 2021v1. It comprises a level assessment
for all years between 1990 and 2019, as well as a trend assessment for the trend of the year 2019 with respect to base year emissions,
i.e. 1990. As stipulated in the IPCC-GPG-LULUCF, key categories have been identified, for the full inventory, including LULUCF categories
(Table 1-8).

Table 1-11 — Table NIR.3 extracted from the CRF Reporter.

Table NIR 3. SUMMARY OVERVIEW FOR KEY CATEGORIES FOR LAND USE, LAND-USE CHANGE AND ACTIVITIES UNDER THE KYOTO

PROTOCOL
CRITERIA USED FORKEY CATEGORY IDENTIFICATION
KEY CATEGORIES OF Category contribution is greater
EMISSIONS AND REMOVALS Associated category in UNFCCC inventor_vm is key| than the smallest category Other® Comments¥
(indicate which category) considered key in the UNFCCC G
inventory’” @including LULUCF)

Specify key categories according

to the national level of

disaggregation used”

A fforestation and Reforestation

co2 Cco2 Land converted to forest land| Yes none| no comments
Deforestation

Land converted to cropland,Land converted to
grassland,Land converted to other land Land converted
COo2 COo2 to settlements,Land converted to wetlands Yes none| no comments

Forest Management

Cco2 Cco2 Forest land remaining forest land Yes none| no comments

(1)See section 2.3.6 of the 2013 Revised Supplementary Methods and Good Practice Guidance arising from the Kyoto Protocol.

(2) If the emissions or removals of the category exceed the emissions of the smallest category identified as key in the UNFCCC inventory
(including LULUCF).

(3) This should include qualitative assessment as per section 4.3.3 of the 2006 IPCC Guidelines or any other criteria.

(4) Indicate the criteria (level, trend of both) identifying the category as key.

22 IPCC Good Practice Guidance for LULUCF, Section 5.4.2. and Table 5.4.1.
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Comparison with the key category analysis from CRF Table 7

The results of the automatic key category analysis in the CRF Reporter (CRF Table 7) are shown in Table 1-12. Cells shaded in grey refer
to categories which have not been identified as key category for 2019 by Luxembourg’s key category analysis. These differences are
due to a different level of aggregation of the the sub-categories, for example, the category 1A3b was considered as a whole in the CRF
reporter key category analysis, while Luxembourg’s key category analysis splits 13Ab into 5 sub-categories corresponding to the fuel

types (diesel oi, gasoline, LPG, biomass, and other fossil fuels).

Table 1-12 - Results of the automatic key category from the CRF Reporter (Table 7) for the year 2019. Cells shaded in grey refer to

categories which have not been identified as key category for 2019 by Luxembourg’s key category analysis.

KEY CATEGORIES OF Gas Criteria used for key source Key category | Key category
EMISSIONS AND REMOVALS identification excluding including

L T LULUCF LULUCF
1.A.1 Fuel combustion - Energy
Industries - Gaseous Fuels CO2 X X] X
1.A.1 Fuel combustion - Energy
Industries - Other Fossil Fuels CO2 X X X] X
1.A.2 Fuel combustion - Manufacturing || CO2 X X] X
1.A.2 Fuel combustion - Manufacturing ] Cc02 X X X X|
1.A.2 Fuel combustion - Manufacturing ]| CcO2 X X X] X
1.A.2 Fuel combustion - Manufacturing ] CcO2 X X X|
1.A.3.b Road Transportation CO2 X X X X
1.A.3.b Road Transportation N20 X X
1.A.4 Other Sectors - Liquid Fuels Cc0o2 X X X
1.A.4 Other Sectors - Gaseous Fuels CcO2 X X X X
2.A.1 Cement Production CO2 X X X
2.A.3 Glass Production CO2 X X
2.C.1 Iron and Steel Production CO2 X X X X
3.A Enteric Fermentation CH4| X X X] X
3.B Manure Management CH4 X X
3.D.1 Direct N20 Emissions From
Managed Soils N20 X X X
4.A.1 Forest Land Remaining Forest
Land CO2 X X X
4.A.2 Land Converted to Forest Land CO2 X
4.C.2 Land Converted to Grassland CO2
4.E.2 Land Converted to Settlements CO2 X X
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1.6 Information on the QA/QC plan including verification and treatment of
confidentiality issues where relevant

The overall responsibility for the establishment and existence of a Quality Management System (QMS), in order to prepare the national

inventory of greenhouse gases and air pollutants, lies with the Environment Agency (Administration de I'environnement, AEV).

Being designated by a grand-ducal regulation (GDR, 08/2007) as the single national entity (SNE), the AEV, has the overall technical
responsibility for the national GHG Inventory. Political responsibility lies with the Ministry for the Environment, Climate and Sustainable

Development (MECDD). Within the AEV, the Unité surveillance et évaluation de I'environnement is responsible for the following tasks:

The National Inventory Compiler (NIC):

e  supervises the inventory preparation process for various obligations as outlined below;

e isthe national inventory focal point to the Ministry (MECDD).

The national, European and international obligations are:

UNECE Convention on Long Range Transboundary Air Pollution and its protocols

e  UNFCCC & Kyoto Protocol

. European Union:

o  EU GHG Monitoring Mechanism (525/2013/EC (repealing 280/2004/EC) & 2005/166/EC)
o  NEC Directive (2001/81/EC)

o Ambient Air Quality Directive (2008/50/EC).

1.6.1 Quality Policy

The quality policy is the central aspect of a Quality Management System. It defines the understanding of quality in relation to all topics

of inventory preparation and specifies its basic principles.

The single national entity has:

e to establish and maintain the quality policy and quality objectives regarding GHG Inventories;

e to promote the quality policy and quality objectives regarding GHG Inventories throughout the organisation to
increase awareness, motivation and involvement;

e to ensure focus on the fulfilment of the Kyoto Protocol and the requirements of the IPCC GPG Chapter 8 QA/QC;

e toensure that appropriate processes are implemented to enable requirements of the IPCC GPG Chapter 8 QA/QC
(and other interested parties) to be fulfilled and quality objectives to be achieved;

e toensure that an effective and efficient QMS is established, implemented and maintained in order to achieve these
quality objectives;

e  to ensure the availability of necessary resources;

e to review the Quality Management System periodically;

e to decide on actions regarding the quality policy and quality objectives regarding GHG Inventories;
e  todecide on actions for the improvement of the Quality Management System;

e todecide on actions for the improvement of national GHG inventories.
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1.6.2 Quality Management System Build-up

The build-up of the Quality Management System (QMS) of the GHG emission reporting was outsourced and supervised by SEG Umwelt-

Service GmbH until 201823, Since 2018, the QMS has been internalized within AEV in collaboration with Umweltbundesamt Wien.

Luxembourg’s QMS follows a Plan-Do-Check-Act-Cycle (PDCA-cycle) 24, which is an accepted model for pursuing a continual
improvement of performance according to international standards and is in line with procedures described in decision 19/CMP.1 and

in the IPCC Good Practice Guidance.

Due to Luxembourg’s clear extent, its QMS deals with a manageable quantity of documents. Following are the specifications of

Luxembourg’s Quality Management System:

e firm build-up with a quality manual consisting of a chart with all relevant documents, handling instructions and
deadlines for check (Figure 1-2);

e  good manageability (instead of a complex system);

e  usable and effective quality control procedures (user-friendly, clearly arranged).

Since the QMS has been implemented in the year 2008, it has evolved continuously and many improvements have already been

realised.

The QMS shall ensure and continuously improve the quality (measured by transparency, accuracy consistency, comparability,
completeness (TACCC) and timeliness) of Luxembourg’s GHG Inventory in order to fulfil the party’s obligations according to articles 3,

5 and 7 of the Kyoto Protocol. The QMS therefore supplies procedures to:

e check integrity, correctness and completeness of data;
° identify errors and omissions;
. reduce uncertainties of emission estimates;

e  document and archive inventory calculation sheets and background data.

23 SEG Umwelt-Service GmbH, Auf der Haardt 2, D — 66693 Mettlach, http://www.seg-online.de
24 http://www.asq.org/learn-about-quality/project-planning-tools/overview/pdsa-cycle.html

Luxembourg’s NIR 1990-2019 62



1.6.3 QMS Structure

Luxembourg’s Quality Management System (QMS) of the GHG Inventory is organised in three layers (Figure 1-2):

Performance processes: Performance processes directly concern the compilation of the GHG Inventory. They comprise input data,
data acquisition, calculations, and generation of CRF tables and NIR as well as quality control checks and the outcomes of the NIR and
CRF-tables.

Management processes: Management processes control the system’s performance by defining quality objectives, responsibilities,
quality assurance procedures, improvement plans and the personnel’s qualifications and obligations.

Supporting processes: Supporting processes assist the system’s performance by providing technical requirements and standards.
Figure 1-2 — QMS structure

management process

general QA/QC staff

+ quality policy « qualification
+ NIS and responsibilities « training

« quality assurance (QA) « nomination
+ QA/QC plan

+ Inventory improvement plan

input h output
« activity data performance process  CRF & NIR
+ emission factor - compilation of emission inventory « NFR&IIR
. par_r:lmeter - quality control (QC) . in_acoordapoe
: ven_ﬁe_d - verification W't.h re_zportmg
emissions guidelines

supporting process
+ data management
1.6.4 Quality Manual
The applied quality manual adopts the structure of the QMS and is divided in management, performance and supporting processes.

For each process, a list of related documents exists with information on content, handling, interval of document check and planned

improvement. An extract of the quality manual is given below (Figure 1-3).
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Figure 1-3 — Extract of QA/QC Manual

quality policy |basis of the quality policy obligation to prepare and improve the emission the head of administration, National Focal Point (NFP), |yearly before kick-off
implemented quality inventory according the demands resulting from Inventory Focal Point (IFP/NIC), (former National meeting
management system e UNFCCC, Kyoto protocol, Paris Agreement Inventory Compiler (NIC)) and Quality Manager (QM)
e EU MMR -> check validity of quality policy
e UNECE/LRTAP and its protocols & amendments, |-> adjustment if necessary
e EUNECD -> announcement
general QA/QC [organisation of definitions and list [explanation of important terms and abbreviations that |Inventory Focal Point (IFP/NIC) and Quality Manager  |yearly before kick-off
inventory work of abbreviations are used (Qm) meeting
-> check validity
-> adjustment if necessary
Luxembourg's organisation of Luxembourg's National System, "Reéglement grand-ducal du 24 avwril 2017 relatif a la yearly before kick-off
National Inventory organigram, position of QA/QC within the mise en place d’'un systéme national pour la meeting
System organisation, handling of submission surweillance, I'évaluation et la déclaration des
émissions de gaz a effet de serre et des polluants
atmosphériques et la déclaration d'autres informations
ayant trait au changement climatique et a la pollution
atmosphérique.”
RGD dictates handling of submission
e AEV -> EIONET,
e MEV -> UNFCCC
e MEV oder AEV -> UNECE/LRTAP
Inventory Focal Point (IFP/NIC) and Quality Manager
(@)
[7/] -> check validity
3 -> adjustment if necessary
() -> announcement
8 responsibilities personnel involved in inventory work (collection of nomination of sector experts and data suppliers yearly before kick-off
[e) activity data, selection of emission factors and according RGD; meeting
a methods, calculation of emissions, data compilation, [IFP/NIC and quality manager check validity
- uncertainties, recalculations, identification of key -> adjustment if necessary
[= categories, etc.) -> announcement
g personnel nomination nominations of sector experts and data suppliers nomination by minister of environment; yearly before kick-off
o according RGD IFP/NIC and quality manager check validity meeting or in case of
o)) -> information of ministry if necessary staff changing the
© -> nomination proposed by IFP/NIC function/unit/devision,
g etc.
E personal file proof of sector expert's qualification sector experts complete their personal file regular
quality to support and Checklist for checklist for performance of internal reviews internal audit of general aspects by quality manager, of |yearly before kick-off
assurance complete quality internal audit (conformity with IPCC Guidelines, target-performance |sector specific aspects by IFP/NIC meeting
control measures comparison) -> internal audit report
-> QA/QC plan
check of formal internal audit audited sectors, observations, proposed report prepared by quality manager and IFP/NIC yearly before kick-off
aspects report improvements -> generation of QA/QC plan meeting
check of applicability |external audit audited sectors, observations, proposed report prepared by external persons or organisations obligatory
& comparisons report improvements -> generation of QA/QC plan
audit list date, audit character, audited sectors, auditors, auditlist completed by IFP/NIC and quality manager regular
hence prepared audit reports and QA/QC plans
inconsistencies procedure for handling of inconsistencies (that are documenting and archiving of indication of yearly before kick-off
detected during compilation of inventory, in intemal or[inconsistency (audit report, annotation) meeting
external audits) -> informing of IFP/NIC and quality manager
-> entry of proposals for improvement in QA/QC plan
improvement |list of objectives and |improvement plan |QAQC plan, inventory improvement plan, priority list [result of internal and extemal audits; documenting of  |regular
plan proposed actions in detected inconsistencies or possibilities for
order to improve improvement in QA/QC plan by IFP/NIC and quality
inventory's quality manager
-> definition of deadlines
-> check if objectives have been achieved during the
following audits
Criteria for the criteria for the priorizitation of the QAQC plan QAQC plan is set up according the criteria for the yearly before kick-off
priorizitation of the priorizitation; meeting
QAQC plan
inventory Inventory timetable for inventory planning and preparation, IFP/NIC, quality manager and sector experts check yearly before kick-off
timetable’ sector specific timetable for inventory planning and  |validity meeting
preparation, QAQC timetable, submission deadlines (-> adjustment if necessary
-> announcement per mail
calculation sheets |calculated emissions; information on activity data, sector experts complete their calculation sheets yearly before kick-off
") data suppliers (QA/QC), emission factors, calculation|-> transfer to IFP/NIC before deadline; meeting
() methods and special events; information on check of document by IFP/NIC and quality manager;
% completeness, revisions and planned improvements [check of data content by sector expert
Q of emission data
o NIR and CRF-tables|national greenhouse gas inventory sector experts submit calculation sheets to IFP/NIC regular according the
2 before deadline deadlines
o -> IFP/NIC generates CRF-tables and compiles NIR
(] -> submission of crf-tables and NIR to EU and
2 UNFCCC
© IIR and NFR-tables |national air pollutant emission inventory sector experts submit calculation sheets to IFP/NIC regular according the
E before deadline deadlines
s -> IFP/NIC generates NFR-tables and compiles IIR
L= -> submission of NFR-tables and IIR to EU and
<] UNECE/LRTAP
o quality control |activities to assess sector specific Accuracy checks on data acquisition and performance by sector experts before submission; yearly before kick-off
and maintain the QA/QC Checklist  [calculations, verification of activity data, emission completion of checklists; archiving of checks; meeting
quality of the inventory factors and methods transmission of completed checklists in common with
being compiled NIR data to IFP/NIC
checklist data validation of data that are submitted by plant performance by data supporter before submission; yearly before kick-off
supplier operators and other organisations check and archiving by sector expert meeting
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data definition of data data flow cooperation between the competent authorities and  |sector experts calculate emissions and perform data |yearly before kick-off
management |naming and archiving organisations; exchange and archiving of data and validation checks -> submission of calculations to meeting

information IFP/NIC -> IFP/NIC validates methods, activity data
and emission factors, generates crf-tables and
compiles NIR; IFP/NIC and quality manager perform
internal audit on NIR compilation -> generation of a
QA/QC plan including proposed improvements ->
information of sector experts and implementation of
improvements

data management |instruction for data naming and archiving IFP/NIC designates access authorisation yearly before kick-off
on CTIE meeting

supporting

Sources: SEG Umwelt-Service GmbH and Environment Agency.

1.6.5 Inventory Timetable

The inventory timetable gives several schedules to control the performance of inventory compilation, quality control and quality

assurance procedures, implementation of inventory improvements and inventory publication (see Table 1-2 in Section 1.2.2).

In addition, there are summaries of deadlines regarding EU and UNFCCC submissions.

1.6.5.1 Timetable for inventory planning and preparation

This schedule refers to general inventory work:

e  Yearly meetings of the inventory work group and the decision making body
. Key category analysis

e Uncertainty analysis

e  Generation of CRF-tables

e NIR preparation and finalisation

e NIRand CRF submission

e  Publication and archiving of NIR

e  Consideration and implementation of EU review recommendations

e  Consideration and implementation of UNFCCC review recommendations

e Internal and external training

e  Documentation and archiving

1.6.5.2 Sector specific timetable for inventory planning and preparation

This schedule refers to sector specific compilation work and quality control checks:

e  Collection of activity data, emission factors and other parameters

e  Calculation of emissions and removals

e Quality check of data, comparison with previous years, documentation of calculations and assumptions
. Uncertainty analysis

e  Completion of checklists and other QC activities

e  Documentation and archiving
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1.6.5.3 QA/QC timetable

This schedule especially refers to QA procedures:

e Internal audit
e Implementation of internal review recommendations

e Yearly meetings of the inventory work group and the decision making body

®  QA/QC training for the National Inventory Compiler and the sector experts.

1.6.6 Quality Control and Quality Assurance procedures

The first steps to implement quality control and quality assurance procedures have already been undertaken but need further

improvement. The current status and planned improvements are described in the following sub-sections.

Figure 1-4 — QA/QC Procedures
Does NOT require knowledge of the emission Requires knowledge of the emission source
source category category
general source specific
QC procedures
Sector experts (1% party) performed throughout preparation of inventory

TIER 1 TIER 2
Data validation, calculation sheet (check of formal | Preparation of NIR, comparision with Guidelines
aspects) (check of applicability, comparisions)
QA procedures

Quality manager (2" or 3™ party; staff not directly involved, preferably independent) performed after
inventory work was finished
TIER1
Basic, before submission
Internal audit /EU ‘initial check *
(Expert Peer Review)
Evaluate if TIER 2 QC is effectively performed

(check if methodologies are applicable)
TIER 2
extensive
System audit by Umweltbundesamt (Audit) ICR by UNFCCC (Expert Peer Review)
Evaluate if TIER 2 QC is effectively performed Evaluate if TIER 2 QC is effectively performed
(Check if methodologies are applicable)

Sources: Umweltbundesamt Austria, SEG Umwelt-Service GmbH and Environment Agency.

1.6.6.1 Quality Control procedures

The following Quality Control procedures are conducted:

a) VYearly meeting of the decision making body (the decision making body consists of the head of the AEV, the National Inventory
Compiler and the quality manager) in order to appoint responsibilities, priorities and schedules for inventory work.

b)  Checklists for data supplier that have to be completed by external suppliers of input data in order to assure the reliability of
reported data.

c) Checklists for validation of data that have to be completed by sector experts until data are transmitted to the National
Inventory Compiler. An example of a data validation checklist is given in Figure 1-5.
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Figure 1-5 — Data Validation Checklist

1990 - 2xxx
CRF XXX Snap XX XX

|Actlvlty data check done Emission factor |check done |Em|sslons |check done

Greenhouse gas |c01 |cH4 |Nzo Remarks Date. Person co2 |cm |NZO |Remarks Date. Person |c01 |cm |Nzo |Remarks Date. Person

Content check

Trend checks

For each category, current inventory
estimates should be compared to previous
estimates, if available. If there are
significant changes or departures from
expected trends, re-check estimates and
explain any differences

Data plausible in comparison to other
references

Check time series consistency

For each category check input data for
temporal consistency in time series.

Check methodological and data changes
resulting in recalculations

Check that the effects of mitigation
activities have been appropriately reflected
in time series calculations

Check

Confirm that estimates are reported for all
categories and for all years from the
appropriate base year to the period of the
current inventory

For subcategories, confirm that entire
category is being covered

Provide clear definition of "Other" type
categories

Check that known data gaps that result in
incomplete estimates are documented,
including a qualitative evaluation of the
importance of the estimate in relation to
total emissions

Uncertainty estimation of data existent

data relying on a legal reporting

Formal check

Collection of data s I | | | | | I | I I I I I I

Check that assumptions and criteria for the selection of data are documented

‘Assumptions and criteria for the selection of]
data are documented

Cross-check descriptions of activity data,
emission factors and other estimation
parameters with information on categories
and ensure that these are properly recorded
and archived

Check for transcription errors in data input and reference

data correctly entered and transcribed

Confirm that bibliographical data references|
are properly cited in the internal
documentation

Cross-check a sample of data from each
source category (either measurements or
parameters used in calculations) for
transcription errors

Accurate data aggregation and correctness
of calculations

Parameters and units are correctly recorded

Data fields are properly labelled

Data transmission of intermediate result is
correct

Check that parameters and units are correctly recordedand that iate conversion factors are used

Units are properly labelled and correctly
carried through from beginning to end of
calculations

Conversion factors respectively temporal
and spatial adjustment factors are correct

Data path and data coherence are

Consistency given for the multiple use of
data

‘Archiving of data and records ensured

Emissions complete

Uncertainty estimation of emissions existent]

emission measurements in compliance with
international accredited standards

Uncertainties check done

Greenhouse gas co2 |cH4 |Nzo Remarks Date. Person

Content check
Check that uncertainties in emissions and removals are estimated and calculated correctly

Check that qualifications of individuals
providing expert judgement for uncertainty
estimates are appropriate

Check that qualifications, assumptions and
expert judgements are recorded

Formal check
Designation of uncertainties is

Uncertainties complete
documentation of fundamental assumption
concerning expert judgement

‘Archiving of data and records ensured

Sources: Umweltbundesamt Austria, SEG Umwelt-Service GmbH and Environment Agency.
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Checks for validation of data include:

o  Checks of activity data (trend checks, time series consistency, completeness, check of assumptions and criteria for
activity data, check for transcription errors in data input and reference)

o Checks of emission factors (trend checks, time series consistency, completeness, check of correct recording of
units and the use of appropriate conversion factors, check of documentation of assumptions and criteria for the
selection of emission factors, check for transcription errors in data input and reference)

o  Checks of emissions (trend checks, time series consistency, completeness, check of documentation of assumptions
and criteria for emissions, check for transcription errors in data input and reference, check of correct recording of
units and the use of appropriate conversion factors)

o  Check of uncertainties (check of correct calculation and estimation of uncertainties in emissions and removals).
Checklists for verification of methods, activity data and emission factors that have to be completed by sector experts.

Checklist for the monitoring of internal and external reviews that has to be completed by the quality manager.

1.6.6.2 Quality Assurance procedures

The following Quality Assurance procedures are conducted:

e Internal audit during NIR preparation time performed by the quality manager, the National Inventory Compiler and
a consultant from the "Umweltbundesamt Wien". The internal review analyses every sector as well as the QMS
system and checks:

o  whether inventory work and the inventory comply with IPCC 2006 Guidelines, Good Practice Guidance and
Uncertainty Management in National Greenhouse Gas Inventories and Good Practice Guidance for Land Use, Land
Use Change and Forestry

o whether data acquisition, calculation, referencing and archiving is handled according to the defined methods
o  whether there are enough resources for inventory work

o  whether relevant data are available and if the reliability of external data is guaranteed

o whether the QMS system needs improvement

o  whether recommendations of EU reviews, UNFCCC reviews and previous internal audits have been considered and
implemented.

e  QA/QC training for the sector experts and the National Inventory Compiler during execution of the internal audit.
e Support by inventory experts from the "Umweltbundesamt Wien".

e  External audits conducted by experts who provide support for inventory work, EU or UNFCCC.

1.6.6.3 Improvement plan

The results from internal and external audits are merged in the improvement plan. This plan lists the relevant sector, recommendations

for improvement, priorities, responsibilities, deadlines and gives opportunity for attest.

The improvement plan is segmented in a QA/QC plan, that contains recommendations for the improvement of the QMS and an

inventory improvement plan that contains recommendations for inventory improvement.

The decision making body prioritises the recommended improvements and cares for associated resources.
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1.6.6.4 Planned improvements

The following QMS improvements shall be implemented in the following years:

e Strengthening the implementation of the QMS in general

e Improvement of QC procedures in the LULUCF sector

e  Strengthening the implementation of QA/QC procedures in KP-LULUCF
e Development of the four-eyes principle in inventory work

e  Continuance in QA/QC training of NIC and sector experts

e Internalization of all QA/QC procedures within AEV is ongoing through 2021

1.6.7 Archiving and documentation

Within the inventory system, a system for transparent documentation of inventory data and related information (special circumstances,

assumptions etc.) is implemented. Archiving takes place on the Sharepoint server, where the data is secure for at least fifteen years.

As a principle every file shall be named clearly, shall be write/delete protected and supply relevant information concerning validity in

the footer.

1.6.8 Treatment of confidentiality issues

In this submission, data is reported using the notation key C (confidential) in categories 2.C.7 - Metal Industry - Other (secondary

aluminium production) and 2.G.4 Other — Manufacture Solvents.
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1.7 General uncertainty evaluation, including data on the overall uncertainty for
the inventory totals

Uncertainty estimates are an essential element of a complete inventory of greenhouse gas emissions and removals and requires a
detailed understanding of the uncertainties of the respective input parameters. They should be derived for both the national level and
the trend estimate, as well as for the component parts such as emission factors, activity data and other estimation parameters for each
category.2?5 Principally, two different TIER for the estimation of combined uncertainties are presented in the IPCC GPG: TIER 1 uses

simple error propagation equations, while TIER 2 uses Monte Carlo.

TIER 1 is based upon error propagation and is used to estimate uncertainty in individual categories, in the inventory as a whole, and in
trends between a year of interest and a base year. The key assumptions, requirements, and procedures are described here. TIER 1

should be implemented using Table 3.2 of the IPCC Guidelines for National Greenhouse Gas Inventories (2006).

The TIER 2 is based on a Monte Carlo analysis, which is suitable for detailed category-by-category assessment of uncertainty,
particularly where uncertainties are large, distribution is non-normal, the algorithms are complex functions and/or there are

correlations between some of the activity sets, emissions factors, or both.

1.7.1 GHG inventory

For submission 2021v1, only a Tier 1 uncertainty analysis has been carried out. A new Tier 2 uncertainty analysis will only be carried

out if important methodological changes have occurred.

1.7.11 Results using the Tier 1 (error propagation) approach

The input parameters and the results (level and trend uncertainties, with and without LULUCF) of the error propagation approach are

presented in Table 1-13. A detailed uncertainty of the agriculture sector is provided in Annex 3B.

The overall level uncertainty as well as trend uncertainty is being derived as the square root of the squares of the respective

contributions.

The TIER 1 approach including LULUCF suggests an overall level uncertainty of 4.51% and a trend uncertainty of 5.49%, and the TIER 1

approach excluding LULUCF suggests an overall level uncertainty of 3.99% and a trend uncertainty of 4.86% (Table 1-13).

Compared to the results of other countries, level and trend uncertainties in Luxembourg are on the lower end of the range. This is
plausible, as the situation in Luxembourg is characterized by high energy consumption and emission density, compared to other
countries. With respect to GHG emissions, energy data are among the best known, and also CO, emission factors are much better
understood (can be derived from material balances) than emission factors of CH4 or N,O. The fact that at the same time, in the total

inventory, N,O and CH4 emissions are less important, leads to a structurally lower uncertainty.

25 2000 IPCC GPG — Chapter UNCERTAINTIES
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1.7.1.2 Tier 2 approach

The TIER 2 method is based on a Monte Carlo analysis, which is suitable for detailed category-by-category assessment of uncertainty,
particularly where uncertainties are large, distribution is non-normal, the algorithms are complex functions and/or there are

correlations between some of the activity sets, emissions factors, or both.

A study from 2011 on the uncertainty assessment of Luxembourg's GHG inventory also covers a Tier 2 analysis. A full description of the

Tier 2 uncertainty evaluation from 2011, including the required tables, can be provided upon request.

1.7.1.3 Scope for improvement

Compared to other countries, the uncertainty of the Luxembourg GHG inventory is quite small already. Still the potential exists to even
further improve, as the share of (well understood) emissions from combustion sources is particularly large in the case of Luxembourg,

and thus the highly uncertain area-related contributors to GHG inventories play a less important role.

Nevertheless, for Luxembourg like for many other countries where these features have been investigated, the emissions of N,O from
soils and the uptake/release of CO, from LULUCF are dominant factors to the uncertainty of the national GHG inventory. It is thus

useful to focus on these parameters in an evaluation of possible improvements.

Opportunities may actually exist to provide the improvements needed to just these sectors which have been identified the major
contributors to uncertainty. In the case of LULUCF, national activities that provide an update to the national forest inventory should
be utilized also for the GHG inventory in order to remove major obstacles to data quality also affecting uncertainty. Moreover, close
observation should be given to developments on validation of the currently used soil N,O emission factors. Such validation exercises

might provide a closure of the error margins.

Luxembourg’s NIR 1990-2019 71



Table 1-13 — Input parameters and results of the Tier 1 uncertainty analysis (2021v1).
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Gg CO2 Gg CO2
jival equivalent % %
input data input data 7 J*E*sqrt(2)
input data | input data | Note A Note A Note B Note C Note D KA2 + A2
1A - Stationary
Combustion - Gaseous [  CO2 1035.80 | 1608.00 2% 0.5% 0.0206 0.0000 0.0557 0.1254 0.0003 0.0035 1.26E-05
Fuels
1A - Stationary
Combustion - Gaseous CH4 1.04 219 2% 50% 0.5004 0.0000 0.0001 0.0002 0.0001 0.0000 2.58E-09
Fuels
1A - Stationary
Combustion - Gaseous | N20 0.53 0.85 2% 50% 0.5004 0.0000 0.0000 0.0001 0.0000 0.0000 2.39E-10
Fuels
1A - Stationary
Combustion - Liquid co2 1166.05 866.48 2% 0.5% 0.0206 0.0000 0.0108 0.0675 0.0001 0.0019 3.65E-06
Fuels
1A - Stationary
Combustion - Liquid CH4 3.34 272 2% 50% 0.5004 0.0000 0.0000 0.0002 0.0000 0.0000 7.39€-11
Fuels
1A - Stationary
Combustion - Liquid N20 2.68 2.04 2% 50% 0.5004 0.0000 0.0000 0.0002 0.0000 0.0000 1.31E-10
Fuels
1A - Stationary
Combustion - Other
Fuels co2 33.48 197.30 8% 20% 0.2154 0.0000 0.0131 0.0154 0.0026 0.0017 9.92E-06
1A - Stationary
Combustion - Other
Fuels CH4 0.25 1.69 8% 50% 0.5064 0.0000 0.0001 0.0001 0.0001 0.0000 3.54E-09
1A - Stationary
Combustion - Other
Fuels N20 0.39 2.69 8% 50% 0.5064 0.0000 0.0002 0.0002 0.0001 0.0000 8.93E-09
1A - Stationary
Combustion - Biomass
CH4 5.50 8.74 7% 50% 0.5049 0.0000 0.0003 0.0007 0.0002 0.0001 2.88E-08
1A - Stationary
Combustion - Biomass
N20 1.82 6.91 7% 60% 0.6041 0.0000 0.0004 0.0005 0.0002 0.0001 6.53E-08
1A - Stationary
Combustion - Solid
Fuels Co2 5317.44 168.42 1% 3% 0.0316 0.0000 0.3427 0.0131 0.0103 0.0002 1.06E-04
1A - Stationary
Combustion - Solid
Fuels CH4 5.40 0.52 1% 50% 0.5001 0.0000 0.0003 0.0000 0.0002 0.0000 2.60E-08
1A - Stationary
Combustion - Solid
Fuels N20 5.94 0.79 1% 50% 0.5001 0.0000 0.0003 0.0001 0.0002 0.0000 2.84E-08
1A3a - Transport - Civil
Aviation
Co2 0.21 0.51 10% 5% 0.1118 0.0000 0.0000 0.0000 0.0000 0.0000 3.28E-11
1A3a - Transport - Civil
Aviation
CH4 0.00 0.00 10% 100% 1.0050 0.0000 0.0000 0.0000 0.0000 0.0000 2.10E-17
1A3a - Transport - Civil
Aviation
N20 0.00 0.00 10% 150% 1.5033 0.0000 0.0000 0.0000 0.0000 0.0000 1.05E-13
1A3b - Road
Transportation - Diesel
ail co2 1269.24 | 5023.89 2% 2% 0.0283 0.0002 0.3061 0.3916 0.0061 0.0111 1.60E-04
1A3b - Road
Transportation - Diesel
oil CH4 0.68 239 2% 20% 0.2010 0.0000 0.0001 0.0002 0.0000 0.0000 8.26E-10
1A3b - Road
Transportation - Diesel
ail N20 258 60.53 2% 20% 0.2010 0.0000 0.0045 0.0047 0.0009 0.0001 8.45E-07
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Gg CO2 Gg CO2
jival equivalent % %
input data input data |*F J*E*sqrt(2)
input data | input data | Note A Note A Note B Note C Note D KA2 + A2
1A3b - Road
Transportation -
Gasoline co2 1282.06 1044.28 2% 2% 0.0283 0.0000 0.0047 0.0814 0.0001 0.0023 5.31E-06
1A3b - Road
Transportation -
Gasoline CH4 11.67 1.07 2% 20% 0.2010 0.0000 0.0007 0.0001 0.0001 0.0000 1.96E-08
1A3b - Road
Transportation -
Gasoline N20 12.79 1.68 2% 20% 0.2010 0.0000 0.0007 0.0001 0.0001 0.0000 2.12E-08
1A3b - Road
Transportation - LPG
co2 1134 0.88 2% 2% 0.0283 0.0000 0.0007 0.0001 0.0000 0.0000 1.96E-10
1A3b - Road
Transportation - LPG
CH4 0.10 0.00 2% 40% 0.4005 0.0000 0.0000 0.0000 0.0000 0.0000 6.59E-12
1A3b - Road
Transportation - LPG
N20 0.13 0.00 2% 100% 1.0002 0.0000 0.0000 0.0000 0.0000 0.0000 7.01E-11
1A3b - Road
Transportation -
biomass CH4 0.00 0.21 2% 20% 0.2010 0.0000 0.0000 0.0000 0.0000 0.0000 1.13e-11
1A3b - Road
Transportation -
biomass N20 0.00 4.30 2% 20% 0.2010 0.0000 0.0003 0.0003 0.0001 0.0000 4.57E-09
1A3b - Road
Transportation - other
fossil fuels Co2 0.00 18.67 20% 2% 0.2010 0.0000 0.0015 0.0015 0.0000 0.0004 1.70€-07
1A3b - Road
Transportation - other
fossil fuels CHa 0.00 0.01 20% 20% 0.2828 0.0000 | 0.0000 | 0.0000 0.0000 0.0000 5.87E-14
1A3b - Road
Transportation - other
fossil fuels N20 0.00 0.23 20% 20% 0.2828 0.0000 0.0000 0.0000 0.0000 0.0000 3.75E-11
1A3c - Railways - liquid
fuels
Co2 24.82 6.74 2% 2% 0.0283 0.0000 0.0011 0.0005 0.0000 0.0000 7.43E-10
1A3c - Railways - liquid
fuels
CH4 0.05 0.00 2% 20% 0.2010 0.0000 0.0000 0.0000 0.0000 0.0000 3.41E-13
1A3c - Railways - liquid
fuels
N20 0.04 0.01 2% 20% 0.2010 0.0000 0.0000 0.0000 0.0000 0.0000 1.45€-13
1A3c - Railways -
biomass
CH4 0.00 0.00 2% 20% 0.2010 0.0000 0.0000 0.0000 0.0000 0.0000 2.45E-17
1A3c - Railways -
biomass
N20 0.00 0.00 2% 20% 0.2010 0.0000 0.0000 0.0000 0.0000 0.0000 5.51E-17
1A3c - Railways - other
fossil fuels
co2 0.00 0.03 20% 2% 0.2010 0.0000 0.0000 0.0000 0.0000 0.0000 3.07€E-13
1A3c - Railways - other
fossil fuels
CH4 0.00 0.00 20% 20% 0.2828 0.0000 0.0000 0.0000 0.0000 0.0000 2.25E-19
1A3c - Railways - other
fossil fuels
N20 0.00 0.00 20% 20% 0.2828 0.0000 0.0000 0.0000 0.0000 0.0000 5.07E-19
1A3d - Navigation -
liquid fuels
co2 1.30 0.97 2% 2% 0.0283 0.0000 0.0000 0.0001 0.0000 0.0000 4.65E-12
1A3d - Navigation -
liquid fuels
CH4 0.03 0.01 2% 20% 0.2010 0.0000 0.0000 0.0000 0.0000 0.0000 9.34E-14
1A3d - Navigation -
liquid fuels
N20 0.11 0.06 2% 20% 0.2010 0.0000 0.0000 0.0000 0.0000 0.0000 3.16E-13
1A3d - Navigation -
biomass
CH4 0.00 0.00 2% 20% 0.2010 0.0000 0.0000 0.0000 0.0000 0.0000 3.65E-17
1A3d - Navigation -
biomass
N20 0.00 0.00 2% 20% 0.2010 0.0000 0.0000 0.0000 0.0000 0.0000 4.00E-15
1A3d - Navigation -
other fossil fuels
Co2 0.00 0.00 20% 2% 0.2010 0.0000 0.0000 0.0000 0.0000 0.0000 4.91E-15
1A3d - Navigation -
other fossil fuels
CH4 0.00 0.00 20% 20% 0.2828 0.0000 0.0000 0.0000 0.0000 0.0000 3.97€E-21
1A3d - Navigation -
other fossil fuels
N20 0.00 0.00 20% 20% 0.2828 0.0000 0.0000 0.0000 0.0000 0.0000 3.65E-17
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Gg CO2 Gg CO2
equivalent | equivalent % %
input data input data BB J*E*sqrt(2)
input data | input data | Note A Note A Note B Note C Note D KA2 +LA2
1A - other mobile 1A2gvii, 1A4bii, 1A4cii,
machinery - liquid fuels 1A5b
co2 76.89 202.09 2% 2% 0.0283 0.0000 0.0106 0.0158 0.0002 0.0004 2.43E-07
1A - other mobile 1A2gvii, 1A4bii, 1A4cii,
machinery - liquid fuels 1A5b
CH4 0.61 0.19 2% 20% 0.2010 0.0000 0.0000 0.0000 0.0000 0.0000 2.72E-11
1A - other mobile 1A2gvii, 1A4bii, 1A4cii,
machinery - liquid fuels 1A5b
N20 7.53 6.73 2% 20% 0.2010 0.0000 0.0000 0.0005 0.0000 0.0000 2.33E-10
1A - other mobile 1A2gvii, 1A4bii, 1A4cii,
machinery - biomass 1A5b
CH4 0.00 0.01 2% 20% 0.2010 0.0000 0.0000 0.0000 0.0000 0.0000 2.28E-14
1A - other mobile 1A2gvii, 1A4bii, 1A4cii,
machinery - biomass 1A5b
N20 0.00 0.45 2% 20% 0.2010 0.0000 0.0000 0.0000 0.0000 0.0000 5.03E-11
1A - other mobile
machinery - other 1A2guvii, 1A4cii, 1A5b
fossil fuels co2 0.00 073 20% 2% 0.2010 0.0000 | 0.0001 | 0.0001 0.0000 0.0000 2.62E-10
1A - other mobile
machinery - other 1A2guvii, 1A4cii, 1A5b
fossil fuels CH4 0.00 0.00 20% 20% 0.2828 0.0000 | 0.0000 | 0.0000 0.0000 0.0000 1.66E-18
1A - other mobile
machinery - other 1A2gvii, 1A4cii, 1A5b
fossil fuels N20 0.00 0.03 20% 20% 0.2828 0.0000 | 0.0000 | 0.0000 0.0000 0.0000 4.60E-13
1B2 - Fugitive Emission
from Natural Gas
Cco2 0.03 0.04 2% 100% 1.0002 0.0000 0.0000 0.0000 0.0000 0.0000 2.12E-12
1B2 - Fugitive Emission
from Natural Gas
CH4 19.57 31.14 2% 100% 1.0002 0.0000 0.0011 0.0024 0.0011 0.0001 1.24E-06
2A1 - Cement
Production
co2 539.36 394.79 1% 3% 0.0269 0.0000 0.0055 0.0308 0.0001 0.0004 2.08E-07
2A3 - Glass Production
co2 53.57 63.98 2% 5% 0.0539 0.0000 0.0014 0.0050 0.0001 0.0001 2.47E-08
2C1-Iron & Steel
Production
Co2 984.91 103.70 5% 5% 0.0707 0.0000 0.0580 0.0081 0.0029 0.0006 8.75E-06
2C7 - Other Metal
Industry
Co2 0.00 2.28 0.4% 50% 0.5000 0.0000 0.0002 0.0002 0.0001 0.0000 7.92E-09
2D1 - Lubricant use
co2 6.20 4.69 5% 50% 0.5025 0.0000 0.0001 0.0004 0.0000 0.0000 1.33E-09
2D2 - Paraffin wax use
Co2 0.21 2.62 5% 100% 1.0012 0.0000 0.0002 0.0002 0.0002 0.0000 3.63E-08
2D3 - solvent use
Co2 14.13 12.93 50% 50% 0.7071 0.0000 0.0001 0.0010 0.0000 0.0007 5.09e-07
2D3 - urea-based
catalysts
co2 0.00 13.57 20% 5% 0.2062 0.0000 0.0011 0.0011 0.0001 0.0003 9.24E-08
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Gg CO2 Gg CO2
jival equivalent % %
input data input data 7 J*E*sqrt(2)
input data [ input data | Note A Note A Note B Note C Note D KA2 + A2
2F1a - Commercial
refrigeration
F-gases 0.13 3.95 25% 25% 0.3536 0.0000 0.0003 0.0003 0.0001 0.0001 1.74E-08
2F1b - Domestic
refrigeration
F-gases 0.00 0.00 1% 1% 0.0141 0.0000 0.0000 0.0000 0.0000 0.0000 1.36E-18
2F1d - Transport
refrigeration
F-gases 0.45 1.56 2% 25% 0.2508 0.0000 0.0001 0.0001 0.0000 0.0000 5.31E-10
2F1e - Mobile air-
conditioning
F-gases 2.65 47.22 2% 25% 0.2508 0.0000 0.0035 0.0037 0.0009 0.0001 7.78E-07
2F1f - Stationary air-
conditioning
F-gases 0.05 1.66 25% 25% 0.3536 0.0000 0.0001 0.0001 0.0000 0.0000 3.11E-09
2F2 - Foam blowing
agents
F-gases 10.22 222 25% 5% 0.2550 0.0000 0.0005 0.0002 0.0000 0.0001 4.40E-09
2F4a - Meter dose
inhalers
F-gases 0.00 0.92 25% 0% 0.2500 0.0000 0.0001 0.0001 0.0000 0.0000 6.40E-10
2F4b - Other
F-gases 1.65 1.95 25% 0% 0.2500 0.0000 0.0000 0.0002 0.0000 0.0001 2.88E-09
2G - Other Product
Manufacture and Use
F-gases 1.75 12.31 7% 0% 0.0660 0.0000 0.0008 0.0010 0.0000 0.0001 8.02E-09
2G - Other Product
Manufacture and Use
N20 9.19 4.71 20% 20% 0.2828 0.0000 0.0002 0.0004 0.0000 0.0001 1.33E-08
3A - Enteric total subcategory
fermentation uncertainty
CH4 387.78 401.55 15% 0% 0.1500 0.0000 0.0052 0.0313 0.0000 0.0066 4.41E-05
3Ba - Manure total subcategory
management uncertainty
CH4 47.73 62.12 25% 0% 0.2500 0.0000 0.0016 0.0048 0.0000 0.0017 2.93E-06
3Bb - Manure total subcategory
management uncertainty
N20 30.74 27.37 165% 0% 1.6500 0.0000 0.0001 0.0021 0.0000 0.0050 2.48E-05
total subcat
3D - Agricultural soils otalsu cav egory
uncertainty
N20 238.80 206.75 195% 0% 1.9500 0.0013 0.0001 0.0161 0.0000 0.0444 1.98E-03
3G - Liming total subca.tegory
uncertainty
Co2 0.26 10.38 30% 0% 0.3000 0.0000 0.0008 0.0008 0.0000 0.0003 1.18E-07
3H - Urea application total subca.tegory
uncertainty
Co2 0.00 0.00 15% 0% 0.1500 0.0000 0.0000 0.0000 0.0000 0.0000 9.57E-19
31 - Other Carbon- total subcategory
containing Fertilizers uncertainty
co2 6.04 4.17 30% 0% 0.3000 0.0000 0.0001 0.0003 0.0000 0.0001 1.90E-08
4 - Land Use, Land-Use total sector
Change and Forestry uncertainty
CO2, N20| 84.84 312.39 74% 0% 0.7400 0.0004 0.0187 0.0244 0.0000 0.0255 6.49E-04
S5A-Solid Waste
disposal on Land
CH4 92.98 46.30 8% 42% 0.4276 0.0000 0.0026 0.0036 0.0011 0.0004 1.39E-06
5B1 - Composting
CH4 0.00 7.75 5% 100% 1.0012 0.0000 0.0006 0.0006 0.0006 0.0000 3.67E-07
5B1 - Composting
N20 0.00 5.54 5% 100% 1.0012 0.0000 0.0004 0.0004 0.0004 0.0000 1.88E-07
5B2 - Anaerobic
Digestion at Biogas
Facilities CH4 0.00 11.48 7% 68% 0.6836 0.0000 0.0009 0.0009 0.0006 0.0001 3.78E-07
5D - Wastewater
treatment and
discharge CH4 7.58 2.15 10% 50% 0.5099 0.0000 0.0003 0.0002 0.0002 0.0000 2.97E-08
5D - Wastewater
treatment and
discharge N20 5.25 4.92 10% 50% 0.5099 0.0000 0.0000 0.0004 0.0000 0.0001 3.19E-09
Inventory
Uncertainty
including Trend uncertainty incl.
LULUCF 4.51% LULUCF 5.49%
Total
Inventory
Uncertainty Trend uncertainty excl.
i 3.99% LULUCF 4.86%
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1.7.1.4 KP-LULUCF inventory

Please refer to sections 0 and 11.2.7.5 for uncertainties of emissions/removals of the ARD units.

1.8 General assessment of completeness

1.8.1 GHG inventory

CRF table 9 on completeness has been filled for every reported year 1990 to 2019. It is expected that this table recapitulates all the
explanations given for the notation keys reported in Luxembourg’s GHG inventory for a given year since all the checks included in CRF
Reporter were passed successfully by submission 2021v1. Hence, if missing information is encountered in CRF table 9 for some years,
this is not due to a lack of explanations from the side of Luxembourg, but well due to conversion problems in CRF Reporter when the

CRF tables are created.

A completeness overview by CRF category and by gas is presented in Table 1-14. In this section, some additional information is

presented. An assessment of completeness for each CRF sector is given in the sector overview part of each of the sector chapters.
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Table 1-14 - Completeness overview for submission 2021v1.

GHG source & sink categories (CRF o, CHa N,O HECs PECs | SFe | NFs
nomenclature)
1. ENERGY X X X
A. Fuel Combustion X X X
1. Energy Industries X X X
a. public electricity & heat production X X X
b. petroleum refining NO NO NO
c. manufac?ure of§o||d fuels and NO NO NO
other energy industries
2. Manufacturmg industries & X X X
construction
a.iron & steel X X X
b. non-ferrous metals X X X
c. chemicals X X X
X X X
d. pulp, paper & print (2000- (2000-
2019) 2019) (2000-2019)
e. food processing, beverages & X X X
tobacco
f. non-metallic minerals X X X
g. other X X X
3. Transport X X X
a. civil aviation X X X
b. road transportation X X X
c. railways X X X
d. navigation X X X
e. other transportation NO NO NO
4. Other sectors X X X
a. commercial/institutional X X X
b. residential X X X
c. agriculture/forestry/fish farms X X X
5. Other non-specified X X X
X X X
a. stationary (1990- (1990-
2003) 2003) (1990-2003)
b. mobile X X X
B. Fugitive Emissions from Fuels X X NO
1. solid fuels NO NO NO
a. coal mining & handling NO NO NO
b. solid fuel transformation NO NO NO
c. other NO NO NO
2. oil & natural gas NA NA NO
a. oil NA NA NO
b. natural gas X X
c. venting & flaring X X NO
d. other NA NA NA
C. CO; transport and storage NO
2. Industrial Processes and Product Use X NO X X NO X NO
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GHG source & sink categories (CRF

nomenclature) CO, CHq N,O HFCs PFCs | SFs | NFs
A. mineral products X
1. cement production X
2. lime production NO
3. glass production X
4. other process uses of carbonates NO
B. chemical industry NO NO NO NO NO NO | NO
1. ammonia production NO NO NO
2. nitric acid production NO
3. adipic acid production NO NO
aélc.i;apprrcc))dlicctt?(r;, glyoxal and glyoxylic NO NO
5. carbide production NO NO
6. titanium dioxide production NO
7. soda ash production NO
F:)Sr.opzjt-:‘utcrgg:em|caI and carbon black NO NO
9. fluorochemical production NO NO NO | NO
10. other NO NO NO NO NO NO | NO
C. metal production X NO NO NO NO NO | NO
1. iron and steel production X NO
2. ferroalloys production NO NO
3. aluminium production NO NO NO
4. magnesium production NO NO NO NO
5. lead production NO
6. zinc production NO

X
7. other (2016- NO NO NO NO NO | NO

2019)
D. non-energy products from fuels and X
solvent us
1. lubricant use NO NO
2. paraffin wax use NO NO
C?;.tglt;ig)(solvent use & urea based X NO NO
E. Electronics industry NO NO NO | NO
1. integrated circuit or semiconductor NO NO NO | NO
2. TFT flat panel display NO NO NO | NO
3. photovoltaics NO NO NO | NO
4. heat transfer fluid NO NO NO | NO
5. other NO NO NO | NO
F. Product uses as substitutes for ODS NO X NO
1. refrigeration and air conditioning X NO NO | NO
2. foam blowing agents X NO NO | NO
3. fire protection NO NO NO | NO
X
4. aerosols (1992- NO NO | NO
2019)

5. solvents NO NO NO | NO
6. other applications NO NO NO | NO
G. other product manufacture and use NO NO X NO NO X NO
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GHG source & sink categories (CRF
nomenclature)

CO,

CH,

N,O

HFCs

PFCs

SFs

NF3

1. electrical equipment

NO

NO

NO

2. SF6 and PFCs from other product use

NO

NO

NO

3. N20 from product uses

4. other

NO

NO

NO

(2013-
2019)

NO

NO

NO

H. Other

NO

NO

NO

NO

NO

NO

3. Agriculture

A. Enteric Fermentation

1. cattle

2. sheep

3. swine

XXX |[X|Xx

4. other livestock (poultry, horses,
deer, mules and asses, goats, other)

>

B. Manure Management

1. CH4 emissions

1. cattle

2. sheep

3.swine

XX | X |[X|X

4. other livestock (poultry, horses,
deer, mules and asses, goats, other)

2. N,O and NMVOC emissions

1. cattle

2. sheep

3. swine

X[ X | X [Xx

4. other livestock (poultry, horses,
deer, mules and asses, goats, other)

5. indirect N,O emissions

C. Rice Cultivation

NO

D. Agricultural Soils

1. direct emissions from managed soils

2. indirect emissions from managed
soils

E. Prescribed Burning of Savannas

NO

NO

F. Field Burning of Agricultural Residues

NO

NO

G. Liming

H. Urea Application

I. Other Carbon-containing Fertilisers

J. Other

NO

4. Land Use, Land-Use Change and
Forestry

NO

A. Forest Land

NO

1. forest land remaining forest land

NO

2. land converted to forest land

NO

B. Cropland

NO

1. cropland remaining cropland

NO

2. land converted to cropland

NO

C. Grassland

XX | X[X|X|X|X

NO
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GHG source & sink categories (CRF

nomenclature) CO, CHq N,O HFCs PFCs | SFs | NFs
1. grassland remaining grassland NO NO NO
2. land converted to grassland X NO X
D. Wetlands X NO X
1. wetlands remaining wetlands NE,NO NO NO
2. land converted to wetlands X NO X
E. Settlements X NO X
1. settlements remaining settlements NO NO NO
2. land converted to settlements X NO X
F. Other Land X NO X
1. other land remaining other land
2. land converted to other land X NO X
G. Harvested Wood Products NO
H. Other NO NO NO
5. Waste NO, IE X X
A. Solid Waste Disposal NO X
1. Managed waste disposal sites NO X
2. Unmanaged waste disposal sites NO NO
3. Uncategorized waste disposal sites NO NO
B. Biological Treatment of Solid Waste X X
X X
1. Compostin 1993-
posting (2019) (1993-2019)
fi.cﬁi:iaeesrobic digestion at biogas (19X92_ NE
2019)
C. Incineration and Open Burning of
Waste IE IE IE
1. Waste incineration IE IE IE
2. Open burning of waste NO NO NO
D. Wastewater Treatment and Discharge X X
1. Domestic wastewater X X
2. Industrial wastewater NO
3. Other NO NO
E. Other NO NO NO
6. Other NO NO NO NO NO NO | NO
Memo ltems X X
International Bunkers X X
aviation X X
marine X X
Multilateral Operations NA NA NA
CO; emissions from biomass X
CO, captured NO

Note: an X indicates that emissions from this sub-category have been estimated, the grey shaded cells are those also

shaded in the CRF tables.
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1.8.1.1 Sources and sinks

All sources and sinks included in the IPCC Guidelines are covered.

1.8.1.2 Gases

Both direct GHGs and indirect GHGs — NOx, CO, NMVOCs — and SO, are covered by Luxembourg’s inventory.

1.8.1.3 Geographic coverage

The geographic coverage is complete. There is no part of the national territory not covered by the inventory.

1.8.1.4 Notation keys

The sources and sinks not considered in the inventory, but included in the IPCC Guidelines, are clearly indicated. The reasons for such

exclusions are explained. In addition, the notation keys presented below are used to fill in the blanks in all the CRF tables.

Notation keys used in the NIR are consistent with those reported in the CRF tables. Notation keys used are those described on page 12

of document FCCC/CP/2013/10/Add.3 dated 22nd November 2013.

Allocations to categories may differ from Party to Party. The main reasons for different category allocations are different allocations in
national statistics, insufficientinformation in national statistics and/or national methods, and the impossibility to disaggregate emission

declarations.

IE (included elsewhere)

The notation key IE is used for emissions by sources and removals by sinks of GHG that have been estimated but included elsewhere
in the inventory instead of the expected source/sink category. Where IE is used in the inventory, CRF table 9 indicates where (in the

inventory) these emissions or removals have been included. Such deviation from the expected category is also explained.

NE (not estimated

The notation key NE is used for existing emissions by sources and removals by sinks of GHG which have not been estimated. Where NE

is used in an inventory for emissions or removals, CRF table 9 indicates why emissions or removals have not been estimated.

NA (not applicable
The notation key NA is used for activities or processes in a given source/sink category that do not produce emissions or lead to removals

of a specific gas.

NO (not occurring

The notation key NO is used for activities or processes in a given source/sink category that do not occur within Luxembourg.

C (confidential)
The notation key C is used for emissions which could lead to the disclosure of confidential information if reported at the most

disaggregated level. In this case, a minimum of aggregation is required to protect business information.
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1.8.1.5 Transparency and completeness indexes

In Table 1-15, transparency and completeness of submission 2021v1 is presented. The exercise focuses on the inventory year 2019
and the sectoral report tables only. The level of detail for CRF sources and categories is up to 4 digits for the energy sector (e.g. IPCC
Subcategory 1A1a) and 3 digits for the other sectors (e.g. IPCC Sub-category 4D3). Finally, only the 6 GHGs are covered by this exercise.
The total number of estimates (including IE, NE, NA, NO, and empty cells in the CRF reporting tables) for each CRF sector is counted as

well as the numbers reported as ‘not estimated’ and ‘included elsewhere’.

Transparency and completeness indexes are calculated as follows:

e Transparency (TR) [%] = [1 — (number of IE/number of estimates)] * 100

e Completeness (CP) [%] = [1 — (number of NE/number of estimates)] * 100

Table 1-15 - Transparency and completeness indexes for submission 2021v1.

Submission 2021v1
CRF Sector #estimates| [E NE TR cP
Energy (sectoral approach) - CRF 1 90 0 0f 100%| 100%
Industrial Processes — CRF 2 144 0 0f 100%| 100%
Agriculture — CRF 3 57 3 0 95%| 100%
LULUCF - CRF 4 66 0 11 100% 98%
Waste — CRF 5 (*) 60 3 1 95% 98%
Total 47 6 2 99%| 100%

(*) IE from Waste includes waste incineration that is reported under IPCC Sub-category 1A1a since the energy produced while
burning waste is recovered.
1.8.2 KP-LULUCF inventory

All mandatory activities according to Article 3.3 and Article 3.4 of the Kyoto Protocol are estimated. Luxembourg did not elect Article
3.4 activities, such as Cropland Management, Grazing land Management, Revegetation, Wetland Drainage and Rewetting. Forest

management activities were estimated, as these are mandatory for the second commitment period.
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2 Trends in Greenhouse Gas Emissions

According to the Kyoto Protocol, Luxembourg’s GHG emissions had to be 8% below base year emissions during the five-year
commitment period from 2008 to 2012. The European Community and its Member States also had a common reduction target of 8%,
which they decided to achieve jointly. In April 2002, the Council of the European Union has adopted a decision, the so-called “burden
sharing agreement”, which includes reduction targets for each Member State. Luxembourg agreed to reduce its GHG emissions for
2008-2012 by 28% compared to the base year emissions level. The second commitment period bridges the gap between the end of
the 1st Kyoto period and the start of the new global agreement in 2020. Luxembourg, together with 27 other EU member states and

Iceland, has agreed to make further cuts by 20% of GHG emissions compared to 1990 (Doha Agreement).

When estimating GHG emission composition and trends in Luxembourg, one should keep in mind that the IPCC methodology used for
compiling GHG inventories is raising some peculiar issues for small countries, in particular because of the “territory” or “origin” principle
underpinning it. Therefore, in Section 2.1, specific national circumstances are examined. These specific conditions are relating to socio-
economic characteristics that have significant effects on Luxembourg’s GHG total emissions when applying IPCC accounting rules. This
first section is complemented by a discussion of how both the UNFCCC and the Kyoto Protocol are challenging Luxembourg’s action
with regard to climate change (Section 2.2) and by a general overview of the national circumstances (Section 2.3). Section 2.4 concludes

this chapter with an overview of the main developments of and drivers to GHG emissions in Luxembourg since 1990.

2.1 National Circumstances

2.1.1 The Grand-Duchy of Luxembourg

The Grand-Duchy of Luxembourg has been an independent sovereign state since the Treaty of London was signed on 19 April 1839.
The country is a parliamentary democracy in the form of a constitutional monarchy and is the second smallest Member State of the EU-
28, after Malta. For many years, it has been characterized by high economic and demographic growth rates. The country is located in
the heart of North-Western Europe and has direct borders with Belgium, Germany and France (Figure 2-1). It is therefore a crossroads

for international trade and related transport flows, the most dynamic source of its GHG emissions.

Luxembourg has a territory of 2 586 km?2. The maximum distance from North to South is some 82 km and from West to East about 57
km (Figure 2-2). In 2019, 84.8% of the total area of Luxembourg was agricultural land and land under forest — with around 47.6% for
agriculture and 37.2% for forests. The built-up areas occupied 9.8% of the total surface while land covered by water and transport

infrastructure covered about 5.1% (Table 2-1 & Figure 2-3).

The North of Luxembourg is a part of the Ardennes and is called “Osling”. Its altitude is at an average of 400 to 500 meters above sea
level. The “Osling” landscape is affected by hills and deep river valleys, as for instance the Sure (Sauer) river. With 560 m, the highest
elevation is called the “Kneiff” in Wilwerdange. In the South of Luxembourg lies the rank “Gutland”, which belongs to the “Lothringer
Stufenland”. This area has higher population and industrial densities than “Osling”. The lowest point in the country, called “Spatz” (129
m above sea level), is located at the confluence of the Moselle and the Sure rivers in Wasserbillig. The most important rivers are the

Moselle, the Sure, the Our — all three delimiting the border with Germany —and the Alzette.
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Source: Google Maps.
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Figure 2-2 — LUXEMBOURG SIZE

A
CLERVAUX
2586 km?
WILTZ :
VIANDEN
E DIEKIRCH
"
A,
&
¢ REDANGE ECHTERNACH
o MERSCH
GREVENMACHER
CAPELLEN
= LUXEMBOURG
REMICH
ESCH-SUR-ALZETTE
\ 4
< >
max 57 km
Source: Google Maps.
Table 2-1 - Land use in Luxembourg: 1972-2019
Percentages 1972 1990 2000 2010 2015 2016 2017 2018 2019
Total land 100 100 100 100 100 100 100 100 100
Agriculture & wooden area 93.2 91.8 87.4 85.7 85.3 85.1 85.1 85.2 84.8
Built-up area 31 43 8.1 9.3 9.7 9.8 9.8 9.7 9.8
of which industrial area & other NA NA 2.7 3.0 3.0 3.1 3.1 3.0 3.1
Transport network & sheets of water 3.2 34 3.9 4.4 44 45 45 45 4.5
Watercourses 0.5 0.5 0.6 0.6 0.6 0.6 0.6 0.6 0.6

Source:STATEC, Statistical Yearbook, Table A.1101 (updated 11 February 2021):
http://www.statistiques.public.lu/stat/TableViewer/tableView.aspx?Reportld=12695&IF_Language=fra&MainTheme=1&FIdr
Name=1
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Figure 2-4 — Geological map of Luxembourg’s territory
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2.1.2 Climate 26

2.1.2.1 Present climate: increasing average air temperatures and high variability in precipitation patterns during the last decades

The climate in Luxembourg can be characterized as a moderate oceanic Western European climate with mild winters and comfortable

summers (Goergen, Beersma, Hoffmann, & Junk, 2013).

As shown by the long-term annual means (WMO reference period from 1961-1990 and 1981-2010) measured at the Findel-Airport
meteorological station WMO 06590 (Table 2-2), temperatures have an unimodal distribution, with the lowest long-term mean values
occurring during January (0.0°C for the period 1961-1990) and the highest air temperature in July (16.9°C for the period 1961-1990).
Absolute minimum and maximum air temperatures ever recorded at Findel station until 31 December 2016 were -20.2°C (2 February

1956) and 37.9°C (8 and 12 August 2003)%7.

Table 2-2: Long-term mean values (1961-1990 & 1981-2010) of air temperature and precipitation for Findel-Airport station

Jan Feb Mar | Apr | May | Jun Jul Aug | Sep Oct Nov Dec Year
Mean air temperature 0.0 1.1 4.0 75| 11.8 | 149 | 169 | 164 | 134 9.1 3.8 1.0 8.3
el 08| 16| 52| 87| 130 159| 182 | 177 | 139 | 95| 47| 18 9.3
Mean minimum air -2.3 -1.8 0.6 3.3 7.1 10.2 12.0 11.8 9.3 5.7 1.2 -1.3 4.7
temperature [*C] 16| 13| 16| 44| 84| 111 133 130 100| 63| 22| -05 5.6
Mean maximum air 2.3 4.2 7.9 12.1 16.8 | 20.0 | 22.0 21.6 18.2 13.0 6.6 3.3 12.3
temperature [*C] 31| 47| 91| 133 178 | 207 | 232 | 228 | 184 | 131 | 73| 3.9 13.1
Mean monthly 711 | 617 701 | 610 | 812 | 815 | 684 | 722 | 698 | 747 | 831 | 79.6 874.4
precipitation sum [mm] 766 | 625 | 691 | 582 | 785 | 799 | 710 | 754 | 763 | 86.8 | 76.0 | 86.7 896.9

Sources: 1961-1990-MeteoLux
(http://meteolux.lu/filedownload/73/2016_Informations_sur_le_climat_au_Luxembourg_en_2016_Anglais.pdf)
1981-2010 —Meteolux (http://meteolux.lu/fr/climat/normales-et-extremes/).

According to definitions for GHG reporting, Luxembourg is situated in a cool climate region since its annual average air temperature is

below 15°C: 8.3°C for the reference period 1961-1990 (Table 2-2) and 9.3°C for the reference period 1981-2010.

A regional analysis of different stations operated by the Agriculture Technical Services Administration (Administration des Services
Techniques de I’Agriculture — ASTA) throughout Luxembourg, shows that temperatures in the North of the country (Osling) are on
average up to 1°C lower than at Findel airport, whereas in the Moselle valley they are on average nearly 1°C higher (Table 2-3 to Table

2-5).

Table 2-3: Long-term mean values (1981-2010) of mean air temperature for different ASTA stations.

Jan Feb Mar | Apr May | Jun Jul Aug Sep Oct Nov Dec Year
Asselborn 0.3 0.7 4.0 75| 119 | 148 | 170 | 163 | 12.6 8.7 4.0 1.2 8.3
Clemency 1.0 1.5 5.0 85| 13.1 | 16.2 | 182 | 174 | 134 9.4 4.7 2.0 9.2
Grevenmacher 1.7 2.5 59 95| 139 170 | 191 | 182 | 141 | 101 5.5 2.7 10.0
Remich 16 ] 25| 62| 98| 142 | 171|193 | 185 | 145 | 103 | 55| 27 10.2
26 The text of this Section has been prepared by Junk, J., Trebs, I., Hoffmann, L. of the Luxembourg Institute of Science and Technology (LIST), Department Environmental Research and Innovation

(ERIN), with additions by Andrew Ferrone of the Administration des services techniques de I'agriculture (ASTA), Meteorological Service.

27 http://meteolux.lu/fr/climat/normales-et-extremes/.
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Table 2-4: Long-term mean values (1981-2010) of maximum air temperature for different ASTA stations.

Jan Feb Mar | Apr May | Jun Jul Aug | Sep Oct Nov | Dec | Year
Asselborn 2.7 3.9 79| 122 | 167 | 195 | 219 | 215 | 173 | 125 6.6 3.2 12.2
Clemency 3.4 5.0 93| 135 | 180 | 209 | 234 | 230 | 186 | 135 7.5 4.2 134
Grevenmacher 4.3 6.1 | 10.7 | 152 | 19.7 | 226 | 251 | 246 | 20.2 | 14.6 8.6 5.3 14.7
Remich 4.1 6.0 | 106 | 149 | 193 | 223 | 246 | 242 | 19.7 | 144 8.3 5.1 14.5

Table 2-5: Long-term mean values (1981-2010) of minimum air temperature for different ASTA stations.

Jan Feb Mar | Apr | May | Jun Jul Aug | Sep Oct Nov Dec Year
Asselborn -1.8 ] -2.0 0.6 2.9 6.9 95| 116 | 11.0 8.4 5.5 1.8 | -05 4.5
Clemency -1.5 ] -15 1.2 3.2 7.4 | 101 | 12.1 | 116 8.7 5.8 23] -03 4.9
Grevenmacher -0.8 | -0.8 1.9 4.1 81| 11.0 | 13.0 | 124 9.6 6.8 2.8 0.6 5.7
Remich -0.7 | -0.4 2.4 4.8 88 | 11.5 | 136 | 13.0 | 10.0 6.8 3.0 0.5 6.1

Source: ASTA, Agrimeteo (http://asta.public.lu/meteorologie/meteo.html).

The regional distribution of precipitation (Table 2-6) shows higher regional variability. A general gradient from the North-West to the

South-East of the country can be noted, with highest annual average values recorded in Arsdorf (1055 mm) and lowest values in Remich

(725 mm).

Table 2-6: Long-term mean values (1981-2010) of precipitation for different ASTA stations.

Jan Feb Mar | Apr May | Jun Jul Aug | Sep Oct Nov | Dec | Year
Altrier, Hersdorf 72 56 60 51 62 65 65 61 63 69 70 81 775

Arsdorf 120 | 84 88 69 75 75 74 78 76 100 | 96 120 | 1055
Asselborn 81 64 69 58 68 71 68 74 69 75 75 84 856
Berdorf 73 59 63 50 63 65 68 60 68 73 68 82 791
Beringen 76 58 61 53 64 63 59 64 64 69 66 85 781
Bettborn, Pratz 90 67 69 55 66 65 60 67 66 81 75 96 857
Clemency 92 73 73 52 64 65 62 63 64 78 77 94 856
Ermsdorf 78 62 64 55 68 66 73 70 66 76 68 83 830
Fourhen 77 56 62 51 61 61 64 62 63 72 68 82 780
Grevenmacher 66 53 54 46 58 67 61 61 60 69 63 73 729
Holler 86 69 79 59 73 73 76 74 73 76 76 89 903
Hosingen 93 71 78 67 72 67 73 70 75 84 83 97 930
Kehmen 102 | 75 78 65 73 67 67 74 71 86 86 106 | 951
Koerich 88 70 69 54 62 65 56 63 62 78 76 95 834
Lorentzweiler 83 67 66 55 68 70 64 66 66 75 72 90 843
Mamer 85 68 68 54 70 68 64 64 65 79 74 94 852
Mullendorf 84 66 67 54 65 69 60 63 66 77 73 93 837
Remerschen 70 56 58 51 63 67 71 60 64 75 65 78 779
Remich 63 51 55 47 58 68 61 59 62 70 60 71 725
Saeul 93 65 68 55 67 65 60 61 64 80 75 98 852
Troine, Wincrange 92 73 80 67 76 76 74 78 76 84 83 100 | 959

Source: ASTA, Agrimeteo (http://asta.public.lu/meteorologie/meteo.html).
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Climate conditions have significant impacts on energy use for heating or cooling purposes. An increase in average air temperature in
the forthcoming years could have a positive impact on energy consumption, especially in the residential, commercial and institutional
sectors. However, in case of a substantial increase of air temperatures, an increase in energy consumption related to a more frequent

use of air conditioning systems could also be expected.

As shown by measurements at the Findel-Airport meteorological station (Table 2-7), two conclusions can be drawn: firstly, an increase
in average air temperature is observed over the last decades (Figure 2-5 and Figure 2-6); secondly, annual precipitation does not show
such clear trends (Figure 2-7 and Figure 2-8). Similar observations have been obtained in scientific studies on the climate in Luxembourg,
notably in (Goergen, Beersma, Hoffmann, & Junk, 2013), Lokys et al. (2016) and Junk et al. (2016). From 1990 onwards, annual mean
air temperatures for the Findel-Airport station started to increase rather sharply to systematically exceed the 1961-1990 mean value
(Figure 2-5). Temperature maxima have mostly been observed during the last 25 years (Figure 2-6). Further analysis of the data
suggests that the average air temperature in Luxembourg has increased mainly during the winter seasons, coupled with longer frost-

free periods (Molitor, et al., 2014).

Further analysis of the data suggests that the average air temperature in Luxembourg has increased during the winter seasons, coupled

with longer frost-free periods.

Table 2-7: Mean values of air temperature (daily mean, maximum & minimum) and precipitation for the Findel-Airport station for

different time spans and individual years.

1961-1990 1981-2010 2005 2010 2015 2016
Mean air temperature [°C] 8.3 9.3 9.6 8.7 10.4 9.8
Mean minimum air temperature [°C] 4.7 5.6 5.9 5.1 6.6 6.1
Mean maximum air temperature [°C] 12.3 13.1 13.6 12.4 14.3 13.7
Mean yearly precipitation sum [mm] 874.4 896.9 722.5 917.2 605.9 864.6

Sources: Meteolux (http://meteolux.lu/filedownload/73/2016_Informations_sur_le_climat_au_Luxembourg_en_2016_Anglais.pdf)
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Figure 2-5: Average annual air temperature (blue line), 7-year running mean (red line) and long-term annual mean 1961-1990 and

1981-2010 (grey lines) for the Findel-Airport station: 1947-2016
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Sources: Findel-Airport station (MeteolLux) and Luxembourg Institute of Science and Technology (LIST). unpublished.

Figure 2-6: Anomalies of annual air temperature from the reference period 1961-1990 for the Findel-Airport station: 1947-2016
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Figure 2-7: Annual precipitation totals (blue columns) and long-term annual mean 1961-1990 and 1981-2010 (grey lines) for the Findel-
Airport station: 1947-2016
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Sources: Findel-Airport station (MeteoLux) and Luxembourg Institute of Science and Technology (LIST). unpublished.

Figure 2-8: Anomalies of annual precipitation totals from the reference period 1961-1990 for the Findel-Airport station: 1947-2016
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Note: anomalies from the reference period 1961 until 1990: long-term mean: 874 mm.
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With regard to annual precipitation, no clear changes can be detected from the direct measurements (Table 2-7). During the
hydrological winter half-year (October / November to March / April) evaporation is rather unimportant, which means that the
precipitation falling during this period is almost completely discharged or stored underground. The most part of the precipitations
falling during the summer half year evaporates and is very important for the development of the vegetation. However, the seasonal

distribution of precipitation totals has shown substantial variability through the past 70 years (Figure 2-9).

Most of this variability can be attributed to changes in the large-scale atmospheric circulation patterns. An increase in westerly
atmospheric fluxes during winter months was shown by Buchholz et al. (2010) for the past years. In combination with higher air
temperatures, this has led to higher flood frequencies in most national river basins (Pfister, Hoffmann, & Humbert, 2000) (Pfister, et

al., 2004).

Figure 2-9: Seasonal precipitation totals (DJF = winter; MAM = spring; JJA = summer; SON = autumn) for the Findel-Airport station: 1947-

2016
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Sources: _Findel-Airport station (MeteolLux) and Luxembourg Institute of Science and Technology (LIST). unpublished.
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2.1.2.2 Climate projections for air temperature and precipitation

Results of a research project (FNR-CLIMPACT) show an increase in mean air temperature for the Grand Duchy of Luxembourg. Based
on selected results of the FP¢ ENSEMBLES project climate change projections?8, mean annual temperatures are expected to reach up

to 11.6°C for the period 2071 until 2100. This value refers to the GHG emission scenario A1B (Figure 2-10).2°

Figure 2-10: Projections of mean annual temperature.
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Source:Luxembourg Institute of Science and Technology (LIST). unpublished.
Notes: (1) based on selected ENSEMBLES data sets. A1B emission scenario.

(2) anomalies from the reference period 1961 until 1990: long-term mean: 8.9°C.
The results concerning changes in precipitation suggest a relative stability in annual totals until 2100 (Figure 2-11). However, a
substantial redistribution of seasonal precipitation totals can be expected in the second half of the 21st century, with a decrease in
summer rainfall and an increase in winter precipitation (Figure 2-12). It is also likely that there will be an increase in heavy rain events,
especially during the summer months. In addition, the winter precipitation will probably fall more often as rain and less often as snow,

whereby the risk for floods will increase especially during the winter months and spring.

28 More details on ENSEMBLE are provided in Box VI.1-1 in Section V.1.1. see also http://ensembles-eu.metoffice.com.

29 Resultswere published in a series of peer reviewed paperse.g: (Ejckermann, Beyer, Goergen, Hoffmann, & Junk, 2014) (Goergen, Beersma, Hoffmann,
& Junk, 2013), Junketal. (2014), Junk et al. (2016), (M atzarakis, Rammelberg, & Junk, 2013) (Molitor, Junk, Evers, Hoffmann, & Beyer, 2013)-
(Molitor, et al., 2014)
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Figure 2-11: Projections of precipitation sums for the meteorological winter and summer seasons.
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Figure 2-12: Projections of mean annual air temperature and precipitation sums for the meteorological seasons.
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2.1.23 Expected impacts of climate change in Luxembourg: vegetation and water in the forefront

According to a report published in 2016 by the EEA [European Environment Agency (2016)], Luxembourg is part of the biogeographical
“Continental Region” area as defined under the Convention on the Conservation of European Wildlife and Natural Habitats (Bern

Convention) — see Map ES.1, p. 25 of the aforementioned report. The threats identified for this peculiar region are:

. increase in heat extremes;

e  decrease in summer precipitation;

. increasing risks of river floods;

e increasing risk of forest fire;

e  decrease in economic value of forests;

e increase in energy demand for cooling.

Two of these threats are of main concern for Luxembourg, those relating to forests. Temperature extremes and summer precipitation
reduction are also causes for concern due to their impacts on human health, especially of the most fragile persons and the elderly

(heat, air quality), and impacts on water quality in summer when rivers flows are usually at their lowest.

According to the researchers of the Luxembourg Institute of Science and Technology (LIST), the projected changes in air temperature
(section 2.1.2.2) are likely to induce a modification of the vegetation period in Luxembourg. The start of the vegetation period is defined
as the exceedance of the 5°C daily mean temperature threshold in spring for at least 5 successive days; the end of the vegetation

period corresponds to the undershooting of this threshold until the end of the year (Chmielewski & Rotzer, 2001).

In Luxembourg, the vegetation period is expected to be initiated earlier in spring and to last longer into autumn (Figure 2-13). During
the early stages of the vegetation period this might cause an increased risk of frost damages to vegetation (Goergen, Beersma,

Hoffmann, & Junk, 2013).

The increase of temperatures, especially during the winter period (section 2.1.2.1), already has significant impacts on the phenology
of plants (earlier flowering dates) and animals (e.g. earlier breeding dates of birds, advancement of life cycle of insects (Junk,
Eickermann, Georgen, Beyer, & Hoffmann, 2012); (Eickermann, Beyer, Goergen, Hoffmann, & Junk, 2014), three instead of two yearly
cycles), but also on the migratory behaviour of birds and insects (i.e. species now winter in Luxembourg that in former times migrated
to Spain or northern Africa). Furthermore, the temperature changes have an impact on the bio-geography of plants and animals, with
new species with a Mediterranean distribution, formerly unknown in Luxembourg, which recently appeared in the country fauna (e.g.
Nomophila noctuella, Udea ferrugalis, Brenthis daphne) and flora (some moss species). Bio-climatic approaches also indicate that some

relict species of the last glaciation period (e.g. Lycaena helle) will disappear from Luxembourg with the expected temperature increase.
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Figure 2-13 - Start, end and duration of the vegetation period
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Source: Luxembourg Institute of Science and Technology, unpublished.

Notes: (1) based on selected ENSEMBLES data sets, A1B emission scenario.
(2) End and duration of the vegetation period as defined by (Chmielewski & Rotzer, 2001)
(3) DOY = day(s) of year.

The climate projections for the second half of this century will also have significant impacts on the bio-meteorological conditions in
Luxembourg. The higher air temperatures, especially stressful for humans during night in their recreation time, also increase the
likelihood of extreme heat events such as the one that struck Europe in August 2003. Besides impact on the human health, this will
also lead to more frequent and more stringent stress conditions for agricultural plants and forestry, most severely impacting perennial
forest trees. Observations on the phytosanitary state of Luxembourg forest — a rather “old” forest — show a sharp degradation —which
seems to have stabilised nowadays — resulting, among other factors, from climate change. The ageing of the forest also increases the
risk of outbreak of diseases and of infestation by insects as well as other parasites that could proliferate if more mild winters and overall

general temperatures are recorded in Luxembourg.

With regard to water, the most analysed phenomena so far are floods. It is known that; due to major redistributions of winter rainfalls,
essentially, a higher inundation frequency is being recorded since the river systems have reacted to these changes with a statistically
significant increase of maximum daily runoff during winter. (Pfister, Drogue, Poirier, & Hoffmann, 2005)this is why an observation

hydro-climatic network (réseau d’observation hydro-climatologique) has been put in place in the mid-1990s.3° Its main functions

30 http://www.hydroclimato.lu.
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consist in continuously (24/7) monitoring Luxembourg’s water courses, and in the realization and the updating of an atlas of areas of
the national territory subjected to swellings and floods. The network also suggests anti-flooding measures and participates to

renaturation projects aiming at re-creating natural areas which have been used as natural reservoirs containing rising waters.31

2.1.3 Population and Workforce

2.1.3.1 A strong population growth driven by immigration

At the end of 2019, the population of Luxembourg was estimated to 613 894 inhabitants. Since 1960, the residential population has

grown by some 299 000 inhabitants or about 95% — or 60% since 1990 (

Table 2-8). The average annual growth rate of the resident population of Luxembourg is elevated compared to the rates of its
neighbouring regions: between 1990 and 2015, the average annual growth rate for Luxembourg (1.54%) was about 4 times higher

than its equivalent for the Grande Région.32 It even reached 1.78% p. a. since 2000 (Figure 2-15).

Demographic growth in Luxembourg is actually dominated by immigration. Nationals themselves saw their number stagnating, and
without immigrants taking the citizenship of Luxembourg they would even have fallen. At the end of 2019, 47.5% of the residential
population did not have the citizenship of Luxembourg. This percentage was only around 30% in 1990, as depicted in Figure 2-14. The
main driver behind these demographic trends is the economic restructuring and development of the country towards the tertiary

sector coupled with attractive wages, which is presented in Section O.

Since population projections are based on scenarios derived from past statistical data, population forecasts a continuation of the
demographic trend in Luxembourg. Projections calculated by STATEC in 2017 forecast, under the assumption of a 3% annual gross
domestic product increase, that almost 980 000 inhabitants could be living in Luxembourg by 2050 (Figure 2-15).33 As it is the case for
any forecasts, these predictions should be treated with caution because they cannot predict radical changes in the economic structure
or demographics of a country, especially a small one whose economy relies heavily on a few economic sectors. However, since
population growth is one of the key drivers for domestic energy use, mainly in the housing and transportation sector, these forecasts
illustrate the scale of one of the many challenges Luxembourg is facing in the definition of measures aiming at reducing its GHG

emissions.

Table 2-8 — Population: 1960-2019

Calculated on 315t December 1960 1990 1995 2000 | 2005 2010 | 2015 | 2016 2017 | 2018 | 2019
Resident population (x 1000) 3149 | 384.4 | 411.6 | 439.0 | 469.1 | 511.8 | 576.2 | 590.7 | 602.0 | 6139 | 626.1

Source: STATEC, Statistical Yearbook, Table B.1100 (updated 12 February 2020):
http://www.statistiques.public.lu/stat/TableViewer/tableView.aspx?Reportld=12856&IF Language=fra&MainTheme=2&FIdr

Name=1
31 For an example, look at http://www.luxnatur.lu/alzrenal.htm.
32 Refer to Box 2-1 for a presentation of the Grande Région.

33 For details, see STATEC (2017), Projections macroéconomiques et démographiques de long terme : 2017-2060, Bulletin du STATEC N° 3-17, Luxembourg, page 31
(https://statistiques.public.lu/catalogue-publications/bulletin-Statec/2017/PDF-Bulletin3-2017.pdf)- Other projections, which are a bit lower

than STATEC's baseline scenario, are also produced in the framework of the European Commission Ageing Working Group: http://europa.eu/epc/working_groups/ageing_en.htm and

http://europa.eu/epc/pdf/2012_ageing_report_en.pdf, as well as http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Population_projections.
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Figure 2-14 — Population structure on 315t December: 1981-2019
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Source: STATEC, Statistical Yearbook, Table B.1101 (updated 12 February 2021):
https://statistiques.public.lu/stat/TableViewer/tableView.aspx?Reportld=12853&IF_Language=fra&MainTheme=2&FldrName
=1.

Note: 1981, 1991, 2001 and 2011 data are coming from population censuses held every decade, other years are calculated by
STATEC.

Figure 2-15 — Population growth on 315t December: 1960-2060 assuming a 3% annual increase of the gross domestic product
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Sources: STATEC, Statistical Yearbook, Table B.1101 (updated 12.02.2021):
http://www statistiques.public.lu/stat/TableViewer/tableView.aspx?Reportld=12856&IF_Language=fra&MainTheme=2&FIdr
Name=1.
STATEC, Projections macroéconomiques et démographiques de long terme: 2017-2060:
https://statistiques.public.lu/catalogue-publications/bulletin-Statec/2017/PDF-Bulletin3-2017.pdf.
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2.1.3.2 Workforce: the importance of cross-border commuters

The economic restructuring and development of Luxembourg led to a doubling of the workforce in the last 20 years. The resident
population of Luxembourg nationality was unable to meet this increasing demand for labour. How, therefore, could this urgent
economic need be satisfied? The initial response was to resort to immigration. The number of foreign employees living and working in
Luxembourg rose from 54 900 in 1995 to 121 837 in 2019 - but, this was not enough. So the cross-border commuters came into play.

Between 1995 and 2019, the number of cross-border workers increased from 56 900 to 192 100 (Figure 2-16).34

For 2019, among the commuters employed in Luxembourg, 52.3% came from France, 24.0% from Germany and 23.7% from Belgium.
In total, the commuters accounted for 43% of the total workforce in Luxembourg and for 33% of the residential population.3* The

commuting flows amongst the various regions of the Grande Région clearly show the economic attraction of Luxembourg (Figure 2-17).

A vast majority of workers from abroad commute by car.3® However, in order to alter the current modal split of home-work journeys,
Luxembourg invests predominantly and jointly with the neighbouring regions into the public transport offer. Since 2020, public

transportation services are free of charge in Luxembourg.

34 Figures indicated in this paragraph are annual cumulative averages.

35 Calculated from STATEC, Statistical Yearbook, Table B.3107:
http://www.statistiques.public.lu/stat/TableViewer/tableView.aspx?Reportld=12919&IF_Language=fra&MainTheme=2&FIdrName=3&RFPath=92

36 According to a recent study, for 2010, it was estimated that 86% of the cross-border commuters were only using their car for their home-work journeys. This percentage was 91% in 2007:

http://www.ceps.lu/?type=module&id=104&tmp=1900.
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Figure 2-16 — Cross-border commuters’ growth: annual cumulative averages 1980-2019
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Source:STATEC, Statistical Yearbook, Table B.3100 (updated 30.03.2020):
https://statistiques.public.lu/stat/TableViewer/tableView.aspx?Reportld=12951&IF_Language=fra&MainTheme=2&F|ldrName
=3&RFPath=92

Figure 2-17 — Commuting flows 2015

Source: INSEE, IGSS, STATEC, IWEPS, Statistisches Amt Saarland, Statistisches Landesamt Rheinland-Pfalz:
http://www statistiques.public.lu/stat/TableViewer/document.aspx?Reportld=498&IF_Language=fra&MainTheme=2&FIdr
Name=3&RFPath=92..
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21.4 Economic profile

One of the main characteristics of economic growth in Luxembourg is its volatility. Generally speaking, the economic cycle in
Luxembourg follows that of other European countries, but the amplitude of the GDP variations is more pronounced. This is a common
feature of small economies, open to the outside world, and therefore more vulnerable to external shocks. It would however appear
that over the past ten years the amplitude of GDP variations in Luxembourg has diminished, as has the gap in relation to the European

cycle.

The economic restructuring and development of the country towards the tertiary sector from the 1960s-70s, led to the following

economic cycles since 1990:

e upto 1992, the continuation of the exceptional growth initiated around 1985;

e the effects of the economic slowdown in Luxembourg during the period between 1992 and 1996 and the economic downturn
in 2001 — as well as the less impressive growth in 2002-2004 — which is mirrored by a stagnation of the GDP level per

inhabitant in Luxembourg in comparison with the EU-15;
e the good economic performance of Luxembourg between 2005 and 2008;

e the financial and economic crisis that started at the end of 2008 and that has been particularly pronounced in the first

semester of 2009;

e from 2010 onwards, a very slow recovery could be observed, though it flattened quickly for the industry and commercial

sectors.

Nowadays, gross value added is mainly generated in the financial intermediation (banking and insurances), real estate and services to
business sector. The share of total gross value added in this branch has increased from about 39.3% in 1995 to 46.5% in 2019.37 While
the commercial sector has maintained a relatively constant share at about 15% to 19%, the share of the industry sector has decreased
significantly from 14.9% in 1995 to 6.5% in 2019. Other service activities ranged between a share of 18% to 26% and construction kept
a rather constant share in total gross value added around 6.0%. The contribution of the agricultural sector is negligible with less than

1% (Table 2-9 & Figure 2-18).

Nevertheless, GHG emissions trends in Luxembourg are not so much influenced by the economic profile of the country, but for the

most part by:

e the energy-mix for both production and consumption of fuels (liquid, solid, gaseous, biomass): more on this in the next

section;

e duetoits size and the size of its energy and industrial sector, structural changes in these sectors that could be initiated by a

single entity;

e road transportation related fuel sales: more on this in Section 2.1.6.

37 Data prior to 1995 are and will not be translated into the new European System of Accounts (ESA).
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1995-2019

Table 2-9 — Sectoral gross value added at current prices
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Figure 2-18 — Sectoral gross value added at current prices: 1995 & 2019
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2.1.5 Energy

2.1.5.1 A total change in Luxembourg’s energy-mix

Primary and final energy consumption in Luxembourg experienced dramatic changes since 1990. Overall primary energy consumption
increased by 28.26% between 1990 and 2019. Whereas solid fuels and coal declined by 96.43% over the period, liquid fuels (incl.

kerosene) and natural gas consumptions increased by 86.12% and 59.70% respectively (
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Table 2-10 & Figure 2-19).
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Table 2-10 — Primary energy consumption: 1990-2019
1990
T 1991 1992 1993 1994 1995 1996 1997 1998
(base year)
Solid fuels & coal 49939.83 45812.91 43145.01 44770.76 38726.29 22010.21 20893.02 13306.17 4861.42
33.23%| 28.98%] 27.20%| 27.75%] 24.76%| 15.90% 14.78% 9.57% 357%
Liquid fuels (incl. kerosene) 66030.62 76910.67 79078.34 78994.97 78578.11 7245560 74715.90 77882.37 82209.79
43.94%] 48.66%] 49.86%] 48.97%] 50.24%| 52.35%] 52.85%] 56.00%] 60.30%|
Natural gas (1) 19925.91 20717.94 21593.35 22427.07 22593.81 25819.65 28324.39 2902346 29305.68
13.26% 13.11% 13.61% 13.90% 14.45% 18.65% 20.03%| 20.87%] 21.50%|
Electricity 13256.15 13464.58 13631.32 14006.50 15423.82 17083.75 16644.80 17889.96 18859.16
8.82% 8.52%| 8.59% 8.68%] 9.86% 12.34% 11.77% 12.86% 13.83%
Heat NO! NO! NO! NO! NO! NO NO NO NO
NA NA NA NA NA NA NA NA NA
Renewable energy sources & waste 1125.52 1167.21 1167.21 1125.52 1083.84 1042.15 808.71 964.61 1100.93
Incineration (with heat recovery) (2) 0.75% 0.74%| 0.74% 0.70%| 0.69% 0.75% 0.57% 0.69% 0.81%
Total 150278.03 158073.30 158615.20 161324.80 156405.90 138411.40 141386.80 139066.60 136337.00
TJ 1999 2000 2001 2002 2003 2004 2005 2006 2007
Solid fuels & coal 481473 4594 52 4957 .84 3083.62 2369.15 3328.54 3248.87 3876.79 3280.32
3.33%] 2.96% 3.02%] 1.79%)| 1.31% 1.65%| 1.58% 1.91%| 1.65%
Liquid fuels (incl. kerosene) 87715.26 96236.54 102063.70 104261.60 111789.90 126709.60 130884.50 124310.30 121227.00
60.72% 61.99%| 62.27% 60.42%)| 61.74% 62.91%| 63.82% 61.24%| 60.92%
Natural gas (1) 30397.85 31231.01 34718.00 49629.00 50238.00 55632.00 54720.18 57237.24 53426.14
21.04% 20.12%) 21.18% 28.76%)| 27.74% 27.62%) 26.68% 28.20%)| 26.85%
Electricity 19580.75 21059.69 19649.82 12952.77 13931.02 12698.58 12323 47 13490.64 14981.85
13.55%] 13.56%] 11.99%] 7.51% 7.69%] 6.30%] 6.01% 6.65%] 7.53%
Heat NO! 0.03 1.21 4.04 6.43 8.86 11.54 14.48 19.65
NA 0.00%| 0.00% 0.00%| 0.00% 0.00% 0.01% 0.01% 0.01%
Renewable energy sources & waste 1946.32 2128.82 2520.68 2630.06 2736.22 3041.45 3883.23 4049.26 6063.63
Incineration (with heat recovery) (2) 1.35%] 1.37%] 1.54%] 1.52%] 1.51%] 1.51%] 1.89%] 1.99%] 3.05%
Total 144454.90 155250.60 163911.20 172561.10 181070.70 201419.00 205071.80 202978.70 198998.60
TJ 2008 2009 2010 2011 2012 2013 2014 2015 2016
Solid fuels & coal 313657 280127 2806.63 244345 224959 2005.86 223546 2057.27 219319
1.57%| 1.48%) 1.40%| 1.25%) 1.18% 1.08%| 1.24% 1.15%)| 1.23%
Liquid fuels (incl. kerosene) 12265340 114781.90 12010140 122553.60 118269.70 116297.50 112052.90 110128.90 109970.50
61.51% 60.83%| 60.06% 62.58%| 61.78% 62.72%)| 62.09% 61.78%| 61.59%
Natural gas (1) 50856.70 51751.75 55665.22 48021.10 48894.89 41398.28 39223.62 35770.96 32988.07
25.51%| 27.43%] 27.84%] 24.52%] 25.54%| 22.33%] 21.74%| 20.07%] 1847%
Electricity 16412.67 12987.43 15290.40 16677.00 15567.70 18791.88 18634.28 21238.39 23821.51
8.23% 6.88%] 7.65% 8.52%| 8.13% 10.13% 10.33% 11.91% 13.34%
Heat 26.29 36.03 48.71 61.46 76.02 91.98 101.66 11351 12463
0.01% 0.02%| 0.02% 0.03%| 0.04% 0.05% 0.06% 0.06% 0.07%
Renewable energy sources & waste 6310.98 6320.76 6052.85' 6067.60 6363.53 6846.43 8208.17 8956.12 9463.93
Incineration (with heat recovery) (2) 3.17% 3.35%| 3.03% 3.10%| 3.32%] 3.69% 4.55% 5.02% 5.30%
Total 199396.70 188679.20 199965.20 195824.20 191421.50 185432.00 180456.10 178265.20 178561.90
TJ 2017 2018 2019
Solid fuels & coal 1897.95 1763.93 1784.32
1.03%] 0.92%| 0.93%
Liquid fuels (incl. kerosene) 115043.70 121501.30 122897.50
62.49%| 63.54%] 63.76%|
Natural gas (1) 32244 57 31802.53 31822.35
17.52% 16.63%] 16.51%]
Electricity 23785.11 23858.70 23030.57
12.92%] 12.48%] 11.95%]
Heat 13444 150.50 160.80
0.07%] 0.08% 0.08%]
Renewable energy sources & waste 10981.21 12137.03 13057.83
Incineration (with heat recovery) (2) 5.97%| 6.35% 6.77%]
Total 184086.90 191214.00 192753.40

Source:

STATEC, Statistical Yearbook, Table A.4200 (updated 15 February 2021):

http://www.statistiques.public.lu/stat/TableViewer/tableView.aspx?Reportld=12759&IF Language=fra&MainTheme=1&FI|
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drName=4&RFPath=54

Notes: (1) Natural gas is expressed in GCV;
(2) Only the organic fraction of waste is counted. The biogas included as renewable energy source is expressed in GCV that
also comprises blended biofuels. There is a break in the time-series between 1999 & 2000 (I1).

Figure 2-19 —Primary energy consumption: 1990-2019
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Final energy consumption increased by 29.55% between 1990 and 2019. As for primary energy consumption, all the energy sources

have seen their consumption increase over the period, except solid fuels and coal and blast furnace gases (Table 2-11 & Figure 2-20).

Over the period 1990-2019, the final energy-mix of Luxembourg changed considerably with a dropping share for solid fuels — for which
the main part was used in the iron and steel industry — in favour of liquid fuels and natural gas and, to a lesser extent, to new energy
sources based on biomass. Indeed, in 2019, 81.71% of the final energy consumption was covered by fossil fuels — 65.30% by liquid fuels
including the important volume of road fuels as well as kerosene,38 15.46% by natural gas and 0.96% by solid fuels and coal. The
remaining 18.29% of the consumption were either electricity (12.34%) and heat (2.00%) or renewable energy sources, including organic
waste incineration with energy recovery, biogas, and biofuels (3.94%). Going back to 1990, 23.83% of the final energy consumption
was stemming from solid fuels and coal, 45.95% from liquid fuels, 13.49% from natural gas, and 10.41% from electricity (Table 2-11 &

Figure 2-20). The following elements caused the shift from 1990 to 2019 in terms of final energy consumption:

e Regarding solid fuels and coal, the important decline (-94.80%) is the result of a change in production processes in the steel
industry sector: the production process was moved from blast furnaces to electric arc furnaces between 1994 and 1998 and,
therefore, solid fuels (mainly imported coke, but also imported anthracite) were replaced, to a very large extent, by electricity

and natural gas;

e Liquid fuels increase (+84.09%) was driven by road fuel sales and kerosene, but with the former being 4 to 5 times higher in
quantity than the latter. It is especially the “road fuel sales to non-residents” that explains a great deal of the sharp increase

in liquid fuels consumption (see Section 2.1.6);

e The 48.48% increase in natural gas final consumption followed the continuous extension of the natural gas network in
Luxembourg so that this fuel ranked second after the consumption of liquid fuels in 2019 — and even first if “road fuel sales

to non-residents” and kerosene are not considered.

38 Diesel being the first liquid fuel in terms of volumes sold. The liquid fuel consumption in Luxembourg is much lower than the level of fuel sales, because large amounts of road fuels are bought

by foreign commuters and transit traffic passing through Luxembourg: see section 2.1.6 below.
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Table 2-11 - Final energy consumption: 1990-2019

1990

T 1991 1992 1993 1994 1995 1996 1997 1998
(base year)
Solid fuels & coal 34331.76 30814.85 2947507 30689.24 27268.21 16035.03 15670.77 10422.20 4882.65
23.83% 20.38% 19.46%| 19.85%] 18.05%] 11.91%| 11.35%] 7.64%] 3.60%]
Liquid fuels (incl. kerosene) 66193.31 76911.52 78669.97 78837.44 78753.71 72682.85 74734.38 78046.98 82554.07
45.95%| 50.87% 51.93%] 51.00% 52.14%] 53.99%] 54.13% 57.20%] 60.90%
Natural gas (1) 19426.75 20389.72 21227.08 22064.44 21989.91 23906.63 2625124 2715558 27436.94
13.49%] 13.49%| 14.01%| 14.27%| 14.56%| 17.76%| 19.01%] 19.90%| 20.24%
Blast furnaces gas 8'457.30 7'234.80 6'196.50 6'514.20 5'503.50 2'731.90 2'511.70 1'347.31 NO
5.87%] 4.79% 4.09%] 4.21%] 3.64%] 2.03%] 1.82% 0.99%| NA
Electricity 14988.74 15198.08 15281.82 15826.10 16747.20 18045.11 17710.16 18254 45 19091.81
1041%] 10.05%| 10.09%| 10.24%| 11.09%| 13.40%| 12.83%] 13.38%| 14.08%]
Heat (2) NO NO NO NO 125.60 586.15 54721 563.54 949.98
NA NA NA NA 0.08%] 0.44%] 0.40%] 0.41%] 0.70%]
Renewable energy sources & waste 644.77 644.77 644.77 644.77 644.77 644.77 644.77 644.77 644.77
Incineration (with heat recovery) (3) 0.45%] 0.43%] 0.43%| 0.42%] 0.43%| 0.48%] 047%] 0.47%| 0.48%]
Total 144042.70)  151193.70) 15149520 154576.20] 151032.90| 134632.40| 138070.20| 136434.80| 135560.20
T 1999 2000 2001 2002 2003 2004 2005 2006 2007
Solid fuels & coal 4835.75 4594.52 4957.84 3083.62 2369.15 3328.54 324887 3876.79 3280.32
3.39%] 3.07%] 3.16%] 1.95% 141% 1.78% 1.71% 2.07%] 1.77%
Liquid fuels (incl. kerosene) 88082.74 94660.74| 10074850 103139.20|  110837.90| 125735.20{  130190.30|  123620.40| 120557.60
61.67% 63.27% 64.30% 65.18% 65.84% 67.37% 68.35% 65.86% 65.22%
Natural gas (1) 2843591 28125.74 27997.84 28258.28 28673.98 29942.32 29338.04 30622.60 29822.71
19.91%] 18.80%| 17.87%| 17.86%| 17.03%| 16.04%| 15.40%| 16.32%| 16.13%]
Blast furnaces gas NO! NO NO NO NO! NO NO NO NO
NA NA NA NA NA NA NA NA NA
Electricity 19835.80 20790.21 21033.19 21260.54 2225242 23007.38 2214943 23806.48 24097.50
13.89%] 13.90%| 13.42%| 13.44%| 13.22%| 12.33%| 11.63%] 12.68%| 13.04%]
Heat (2) 986.41 503.93 623.54 1084.56 2815.05 3031.39 3050.00 3203.55 2572.81
0.69%] 0.34%] 0.40%| 0.69%] 167% 1.62% 1.60% 1.71% 1.39%
Renewable energy sources & waste 644.77 929.70 1321.31 1405.98 1406.76 1586.77 2489.86 2562.50 4518.54
Incineration (with heat recovery) (3) 0.45%| 0.62% 0.84% 0.89% 0.84% 0.85%| 1.31%| 1.37%] 2.44%
Total 142821.40| 149604.80| 156682.20| 158232.10| 168355.20| 186631.70| 190466.50| 187692.30|  184849.50
TJ 2008 2009 2010 2011 2012 2013 2014 2015 2016
Solid fuels & coal 3136.57 2801.27 2806.63 244345 2249.59 2005.86 223546 2057.27 2193.19
1.68% 1.61% 1.52% 1.34% 1.27% 1.14% 1.31% 1.21% 1.27%
Liquid fuels (incl. kerosene) 121629.30]  113546.50| 118873.20| 121286.00| 116797.00f  114981.10| 110832.80| 108960.10|  108688.60
65.13% 65.37% 64.48% 66.47% 65.82% 65.57% 65.11% 64.16% 63.11%
Natural gas (1) 30616.00 28658.82 31411.99 27916.40 2826217 27789.82 26536.40 2779120 29226.32
16.40%] 16.50%] 17.04%| 15.30%| 15.93%] 15.85%| 15.59%] 16.36%)| 16.97%]
Blast furnaces gas NO! NO NO! NO NO! NO NO NO NO
NA NA NA NA NA NA NA NA NA
Electricity 2375044 22004.89 2373471 23343.11 22449.55 2231552 2225643 22406.96 2292220
12.72%] 12.67%] 12.87%| 12.79%] 12.65%] 12.73%| 13.07%] 13.19%)| 13.31%]
Heat (2) 2907.26 2457.70 3000.60 3057.26 2988.32 3161.19 2431.09 2260.78 2432.74
1.56% 1.42% 1.63% 1.68% 1.68% 1.80% 1.43% 1.33% 1.41%
Renewable energy sources & waste 4697.03 4219.33 4540.66 4414.70 4700.15 5103.19 5938.32 6360.30 6751.66
Incineration (with heat recovery) (3) 2.52% 2.43% 2.46%] 2.42% 2.65%] 2.91% 3.49% 3.74% 3.92%
Total 186736.70) 173688.50| 184367.80| 182461.00| 177446.70| 175356.60] 170230.50| 169836.60| 172214.70
T 2017 2018 2019
Solid fuels & coal 1897.95 1763.93 1784.32
1.07% 0.95%] 0.96%|
Liquid fuels (incl. kerosene) 113906.30|  120411.50|  121855.90
64.07% 65.09% 65.30%
Natural gas (1) 28760.25 28761.50 2884562
16.18%] 15.55%] 15.46%|
Blast furnaces gas NO! NO NO!
NA NA NA
Electricity 23015.79 2325219 23027.39
12.95%] 12.57%] 12.34%|
Heat (2) 2605.87 2955.92 3735.96
1.47% 1.60% 2.00%|
Renewable energy sources & waste 7599.27 7860.57 7361.13
Incineration (with heat recovery) (3) 4.27%) 4.25% 3.94%|
Total 177785.50)  185005.60|  186610.30
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Source: STATEC, Statistical Yearbook, Table A.4300 (updated 16 February 2021):
http://www.statistiques.public.lu/stat/TableViewer/tableView.aspx?Reportld=12771&IF Language=fra&MainTheme=1&FlI
drName=4&RFPath=51

Notes: (1) Natural gas is expressed in GCV;
(2) from 2000 onwards, heat that is consumed by the cogeneration power plants themselves is no longer included, hence
there is a break in the time series (l1);
(3) only the organic fraction of waste is counted. The biogas included as renewable energy source is expressed in GCV that
also comprises blended
biofuels. There is a break in the time series between 1999 & 2000 ().

Figure 2-20 - Final energy consumption: 1990-2019
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Natural gas has also become the main energy source of Luxembourg’s national electricity production capacity. In 1990, more than 90%
of Luxembourg’s electric energy consumption was imported and one medium size power plant of about 70 MW was run by the iron
and steel company Arbed.3? That power plant was mainly run on blast furnace gas — a side product of the blast furnaces in the steel
industry —and was phased out in 1998 after the last blast furnace went out of service. In the early 1990s, small combined heat-power
(CHP) installations (or cogeneration) plants appeared. Their installation was encouraged financially by the Government. This
development was followed later by some industrial companies which installed gas turbines to produce electricity and heat
simultaneously. In mid-2002, the ultra-modern TWINerg power plant started its commercial operation. Located in Esch-sur-Alzette,
TWINerg is a gas and steam turbine power station running on natural gas, with an electrical output of 376 MWel (efficiency 55.7%).4°

If almost all of these cogeneration plants run on natural gas, gas oil remains the emergency fuel in case of a natural gas supply disruption.

The impact of TWINerg on the primary energy consumption mix is clearly visible in

39 Then Arcelor and now, ArcelorMittal

40 http://www.twinerg.lu/en_index.html, “Environment” tab and http://www.ilr.public.lu/gaz/documents/statistiques/rapport2011.pdf, p. 29.

Luxembourg’s NIR 1990-2019 111



Table 2-10 and its associated Figure 2-19: electricity imports dropped and natural gas primary consumption increased in 2002, while
in 2015 they reverted back to similar values than in 2001. After a few years of reduced activity, the TWINerg plant was finally shut

down in 2016. To complement this analysis, a balance for the electrical energy is provided (Table 2-12 & Figure 2-21).
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Table 2-12 — Balance for electrical energy: 1990-2019

Luxembourg’s NIR 1990-2019

GWh 1990 1991 1992 1993 1994 1995 1996 1997 1998
(base year)
Net import 4665.46 471845 4523.56 444097 5015.24 5693.47 5712.33 6026.52 6366.60
Net national production 1322.04 1327.54 1144.30 1019.29 1150.11 1236.06 1251.78 1243.99 1311.39
Net inland consumption 4163.54 4221.69 4244 95 4396.14 4652.00 5012.53 4919.49 5070.68 5303.28
GWh 1999 2000 2001 2002 2003 2004 2005 2006 2007
Net import 6193.53 6445.38 6383.25 6413.64 6562.18 6506.31 6391.61 6823.54 6846.58
Net national production 1311.39 1022.59 1148.34 1591.96 3687.51 3597.10 4102.05 4104.41 4301.32
Net inland consumption 5509.95 5775.06 5842.55 5905.71 6181.23 6390.94 6152.62 6612.91 6693.75
GWh 2008 2009 2010 2011 2012 2013 2014 2015 2016
Net import 6829.87 602247 7279.51 7096.34 6732.10 6851.52 6961.18 7518.76 7718.39
Net national production 3516.43 3835.95 4560.28 3693.17 3786.31 2859.81 2937.81 2737.71 2167.69
Net inland consumption 6597.35 611247 6592.97 6484.20 6235.99 6198.76 6182.34 6224.16 6367.28
GWh 2017 2018 2019
Net import 7566.69 7553.01 6817.52
Net national production 2204.81 2171.38 1877.38
Net inland consumption 6393.28 6458.94 6396.50
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Figure 2-21 — Balance for electrical energy: 1990-2019

Electrical energy (GWh)
9000

===Net imports (GWh)

8000 ===Net national production

7000 ===Net inland consumption

6000 -
5000
4000 -

3000 TWiNerg gas-fired /
power plant

full capacity operation

A/

TWINerg maintenance

TWINerg rampdown /

2000

1000
TWINerg shutdown
0
O o N M g 1N O N 0 O © o N MM & 1N O ™Y 0 O O 4 N M < 1D O N 0 O
A O O O O O O O O 0O O O O O O O o wW o o oA d A A A o
QO O O O O O O 60O 06 O O o000 o0 0 O O O O o
- -l Ll Al - - il - - - o~ ~N o~ o~ ~N N N ~N o~ o~ o~ ~N o~ o~ o~ NN ~N o~ o~

Sources: Compiled by the Environment Agency on 3 March 2021 using data published by the Ministry of the Economy — Energy
Department,
the Institut Luxembourgeois de Régulation and STATEC (Tables A.4208, A.4203, A.4300).

Notes: (1) The net national production is the difference between the national production and the conversion process uses and

losses.
2.1.6 Road transportation
2.1.7 Diverse inland and cross-border road transport flows

Luxembourg's location and its economic development have made it a focal point for international road traffic. Luxembourg is located
at the heart of the main traffic axes for Western Europe (Figure 2-22) and, therefore, has traditionally had a high volume of road transit
traffic for both goods (freight transport) and passengers (tourists on their way to or back from southern Europe). The latter has
increased even further by the high number of commuter journeys observed every working day. In comparison with international traffic,

domestic traffic plays only a relatively small role since it responsible for only one quarter of the total road fuels sold in Luxembourg.

Road traffic is also the largest source of emissions in Luxembourg's GHG balance. Fuel quantities sold at Luxembourg’s petrol stations,
after having been converted into GHG volumes, are, according to IPCC reporting rules, totally included in the GHG balance, although
around 71% of the emissions cannot be assigned to vehicles registered in Luxembourg and are actually emitted mostly abroad. This
phenomenon is referred to as “road fuel sales to non-residents” whether they are in transit or commuting for work or leisure. Indeed,
due to a policy of low taxed fuel (gasoline and diesel), Luxembourg is an attractive “fuelling station” for daily commuters from
neighbouring countries and cross-border shoppers, but, most importantly, for international road transit traffic crossing its territory

(mainly freight transport). “Road fuel sales to non-residents” is briefly defined in Box 2-2.
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With numerous trucks transiting through Luxembourg, as well as a passenger cars market dominated by diesel vehicles in at least two
of its neighbouring countries — namely Belgium and France — it is not surprising that diesel oil is the first liquid fuel in terms of volumes

sold (Figure 2-23).

The allocation of fuel sales between residents (“domestic”) and non-residents (“exports”) is not made on the basis of statistics or

counting, but by using the Network Emission Model (NEMO). Details are provided in Section 3.2.9.3.2.2 of this report.

Box 2-2 — Road fuel sales to non-residents

2.1.7.1 Effects on GHG emissions: an untypical situation

Combining the size of the country and its economy, on the one side, and lower road fuel prices that imply a disproportionate volume
of road fuel sales compared to its resident population on the other side, Luxembourg presents a completely untypical and unique
structural feature in its GHG emission balance. In 2019, 6.14 Mio. t CO,eq were produced by the road transportation sector and out of
these, 4.38 Mio. t CO,eq, corresponding to 71.5%, are based on fuel sales to commuting and transiting vehicles. That last amount
represented around 40.8% of the total 2019 GHG emissions for Luxembourg (excluding LULUCF) while the whole CRF sub-category

1A3b accounted for 57.3% of the total 2019 GHG emissions for Luxembourg (excluding LULUCF) (Figure 2-24).

Both the emissions generated by the national vehicles fleet and by the non-residents — “road fuel sales to non-residents” — showed
dramatic increases over the 1990-2019 period: +100% and +156%, respectively.*! For the national fleet, the evolution correlates with
both the population and economic activity growth. It is also explained by an increasing rate for passenger cars per inhabitants (from
499 to 676 passenger cars per 1000 inhabitants between 1990 and 2018, i.e. the highest rate within the EU42). Regarding “road fuel
sales to non-residents”, the rise is undoubtedly linked to the growing number of commuters crossing the borders every working day

as well as to the general increase of road freight traffic in Europe.

41 Corresponding percentages were +70% and +232% in 2005, the peak year with regard to road transportation related emissions. These percentages differ slightly from those reported under
Table 3-63 since the latter includes CO2 emissions from biomass which are not counted here

42 Data extracted from https://ec.europa.eu in April 2020
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Flgure 2-22 - MAIN ROAD FREIGHT AXES CROSSING LUXEMBOURG
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Source: ViaMichelin.
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Figure 2-23 — Road blended fuel sales: 1990-2019 in tonnes
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Figure 2-24 — GHG emissions for road transportation (CRF sub-category 1A3b): 1990-2019
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Source: Submission 2021v1.
Note: CO; emissions from biofuels are excluded, and reported as “memo item”.
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2.1.8 UNFCCC and Kyoto Protocol: a demanding challenge for Luxembourg

2.1.8.1 The road transportation dilemma

Since Luxembourg is a small open economy integrated in the European internal market where mobility of tax bases are likely to be high,
only marginal variations in the price differentials for petrol and diesel can be initiated by the authorities. Indeed, if Luxembourg’s rates
of taxation and prices were higher than those in the surrounding countries, it would be rather easy for any citizen of Luxembourg to
avoid domestic taxation and to practise arbitrage: no location in Luxembourg is further than a maximum of 25-30 km away from a
border with a neighbouring country. Lower taxation rates for certain goods — such as fuels, e.g. — have therefore always been part of
Luxembourg fiscal policy and will remain crucial in the future, because of the country's geographical location and its small area.
Whereas in larger neighbouring states, increasing certain tax rates would result in a slight shift in demand and in arbitrage deals at the
outer fringes of their national territory — with a corresponding relatively slight reduction in tax revenues — this would not be the case
for Luxembourg where such a policy may result in big losses in tax incomes. However, since road transportation, and more precisely
“road fuel sales to non-residents”, is the main contributor to GHG emissions in Luxembourg, as underlined in the second national
“Action Plan for reducing CO, emissions”43, Luxembourg will use a policy mix of instruments with the aim of progressively reducing

road transport related emissions.

With regard to the instrument of excise duties, Luxembourg will gradually increase road fuels excise rates following a cautious approach
based on a better knowledge of the factors determining road fuel sales in Luxembourg that also takes into account the impact on the
public finances of the country. Furthermore, in its programme, the actual Government that took office early December 2013 underlines
that a feasibility study on the progressive way out of “fuel tourism” —and more generally of “road fuel sales to non-residents” — should
be realized so to evaluate the economic impacts of such a decision on the medium and long terms**. This study has been released in
November 2016 (Kénigswinter, 2016). Its outcomes led to the setting-up of an inter-ministerial working group with the aim to inform
the Government on possible venues to reduce the weight of road fuel sales in the GHG balance of Luxembourg, as well as making
public finances less dependent from that source of income. In parallel, STATEC is working on evaluating price-elasticities of road fuel

sales.

With regard to other instruments, the Luxembourg Government considers the organization of transport and the necessity to overcome
existing problems linked to the traffic intensity as primary objectives. In this context, it promotes sustainable ways of transport
consisting of public and non-motorized modes of transport. The re-organisation is intended to encompass both the national territory
and the neighbouring regions of Germany, France and Belgium where many commuters come from, leading to a doubling of the
workforce in Luxembourg during the day. All this is done in a conceptual way where new modes of transport such as electro-mobility

and car sharing are promoted.

43 http://www.developpement-durableinfrastructures.
public.lu/fr/actualites/articles/2013/05/presentation_plan_action_climat/2_Nationaler-Aktionsplan-Klimaschutz.pdf

44 http://www.gouvernement.lu/3322796/Programme-gouvernemental.pdf
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2.1.8.2 Country and economy sizes

Special attention must also be made for the small size of the country's economy in a different context: it is a contributory factor to the
fact that, in spite of the healthy economic situation, the courses of the overall development of the country, of the demand for energy
and of the emissions balance are often affected by a single plant which is starting its activities, closing them down or changing its
production processes. This became particularly clear when the steel industry switch from blast furnaces to electric arc furnaces was

completed during the 1990s: from 1990 to 1998, GHG emissions in Luxembourg were reduced by one third (see Section 2.4 for details).

Furthermore, the construction of a single power station, the TWINerg gas and steam plant, represents a further illustrative example as
depicted in Section 2.1.5. When TWINerg started its operation in mid-2002, Luxembourg, which did not yet have any substantial
electricity generating capacity, saw, at once, its GHG emissions increasing by 0.9 to 1 Mio. t CO2e per year. To give another illustration
on how this project affected the GHG emissions pattern in Luxembourg, one can underline that it represents 35% of the allocated
emissions volume of the whole GHG EU Emissions Trading Scheme sector (EU-ETS) for the first commitment period under the Kyoto

Protocol.

The impact that single industrial projects might have, plays also the other way round when a production unit or a plant is closed down.
After a few years of reduced activity, the TWINerg power plant was finally shut down in 2016, which has a very high impact on
Luxembourg’s total GHG emissions. Also, a sufficiently long breakdown in one of the main industrial unit of the country could have
impacts on the total GHG emissions, such as the long maintenance operations of the TWINerg plant in 2008 and 2011 demonstrated

(cf. Figure 2-21).

If these issues might not be a major concern for large economies, it is for Luxembourg, as shown by the examples discussed above.

2.1.83 Limited GHG emissions reduction potentials

As of today, Luxembourg does not have those significant technical potentials which exist in other countries where residual “old-
technology” industrial and power plants still operate. In Luxembourg, there were almost none, and there still is none of those GHG
reduction potentials stemming from the modernisation or the replacement of existing national industrial or power plants. In fact, with
the move from blast to electric arc furnaces in the steel sector during the 1990s, Luxembourg very soon exhausted its only major
technical potential for GHG emissions reduction. With the process change in the steel industry —an activity which accounted for 50%
of Luxembourg's total GHG emissions in 1990 (excluding LULUCF)* — total emissions from industry and electricity generation —i.e.
largely the sectors covered by the EU-ETS — decreased to 2 Mio. t CO2e in 2019 — about 19% of total GHG emissions (excluding LULUCF)

— coming from slightly more than 7.9 Mio. t CO2e in 1990 - or about 62% of total GHG emissions (excluding LULUCF).46

Also, any ultramodern fossil fuel-based electricity generating plant that Luxembourg might decide to construct will automatically lead
to an increase of its national GHG emissions, since there are no existing power plants which can be stopped in return. Thus, those
highly efficient CHP installations and the ultramodern gas and steam power station (TWINerg, shut down in 2016) that have been

promoted and are operating in Luxembourg since 1998, and that use natural gas and, sometimes, gas oil as inputs, have led to an

45 Sum of CRF sub-categories 1A2a and 2C1.

46 Sum of CRF sub-categories 1Ala, 1A2 and 2, excluding F-gases.
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additional amount of up to 1.2 Mio. t CO2e per year in the GHG balance.*’ Itis therefore clear that any new fossil-fuel power generating
installation that might be constructed will inevitably lead to a deterioration of Luxembourg’s GHG balance. This also implies that the
implementation of the EU CHP installation guidelines, which in other countries may lead to CO2 reductions thanks to increased
efficiency, is counterproductive for Luxembourg. For this reason, Luxembourg’s authorities will only promote heat production from
renewable energy sources, focusing mainly on biomass, wood and solar energy.*® More precisely, CHP installations using renewable

energies, biogas addition in distribution networks and the mobilization of wood resources will be favoured.

2.1.8.4 The “origin” principle of the IPCC reporting Guidelines vs. “polluter pays” principle

For the period 2002-2015, the “origin” or “territorial” principle, applied for reporting GHG emissions under the IPCC Guidelines,
generates a GHG balance for Luxembourg that looks significantly less favourable than a “consumer” or “polluter pays” approach would
produce (Figure 2-25). The “origin” principle is in favour of Luxembourg in that its imports of electricity are excluded from its GHG
emission balance: those emissions are attributed to the electricity producing countries. But, as indicated above, “road fuel sales to

non-residents” related emissions are reported in Luxembourg’s GHG balance.

Now, if the “polluter pays” principle is used as a yardstick, Luxembourg's assessment reveals that GHG emissions according to the IPCC
Guidelines are higher from 2002-2015 (the period during which the TWINerg power plant was operational and during which
Luxembourg exported significantly greater quantities of electricity), but about 0.9 Mio. t CO2e lower for 2019 (Figure 2-25).4° This
illustrates that the presence of a single power plant — even though it was highly efficient — has a significant impact on Luxembourg’s

national total GHG emissions.

Luxembourg's efforts to develop efficient, low-carbon electricity production are not rewarded in the actual reporting system for GHG
emissions. Luxembourg has, for many years, promoted the construction and the development of highly efficient CHP installations and
of a modern gas and steam power plant. Luxembourg has also actively supported power generation and uses based on renewable
energies and, in addition to all these policies, further developments are still in the offing. The impact of these policies has been
evaluated using GEMIS 4.2:50it has been estimated that electricity net imports — with, nowadays, an average emission factors of 0.75
(kt CO2 per GWh) — have fallen by more than 1 200 GWh since 2001 — the last year before the TWINerg power plant operated at full

capacity —and have been replaced by national electricity generation with a current average emission factor of 0.41 (kt CO2 per GWh).

47 Max. 1 Mio. t CO2e for the TWINerg and about 0.2 Mio. t CO2e for CHP installations.

48 See the second Action Plan for Reducing CO2 Emissions (http://www.environnement.public.lu/actualites/2013/05/plan_action_climat/index.html).
49 After having reached a “surplus” of 2.5 Mio. t CO2e in 2005.
50 GEMIS stands for Global Emission Model for Integrated Systems: http://www.iinas.org/gemis-de.html.
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Figure 2-25 — Total GHG emissions, excluding LULUCF — two approaches: 1990-2019
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Sources: Environment Agency and MECDD.

Notes: The “polluter pays” principle figures have been obtained from the total GHG emission according to the IPCC methodology by
excluding emissions from “road fuel sales to non-residents” and for electricity generated that is exported, and by adding an estimate
for electricity production emissions generated abroad for satisfying Luxembourg consumption (i.e. emissions relating to electricity
imports): Emissions “polluter pays” principle = emissions IPCC methodology — emissions “road fuel sales to non-residents” +
emissions electricity net imports

So, in terms of the GHG balance, the promotion of renewable energies in the electricity sector, which is associated with major
investments, is of little interest. Moreover, additional capacities based upon renewable energies cannot actually be used to replace
any electricity from inefficient existing fossil-fuel plants in Luxembourg. Nor will they substitute the modern and highly efficient national
production plants. In reality, they will replace the imported electricity which does not contribute to Luxembourg’s GHG balance. In this
sense, the existing system provides Luxembourg with the incentive not to earmark the generally scant subsidies for Europe's priority

investments in renewable energies but, instead, to invest these in measures which might improve its GHG balance.
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219 National circumstances: overview

Key points that play a role on GHG emissions trends in the past and in the future are:

e a country characterized by both high demographic and high economic growth in a stagnating region, hence an attractive

economic destination;
e strong population growth due to immigration and that is expected to go on;
e even stronger cross-border commuters growth that is expected as well to continue;
e increase of built-up areas (housing, offices, services, infrastructures) as a consequence of the previous statements;
e |ocation at the heart of the main Western Europe transit routes for both goods and passengers;
e increase of transport flows as a consequence of the previous statements;

e  small size and open economy: a new industrial project, a technological change, a closure or a breakdown of a production unit

might have significant impacts on the GHG emissions and increase the overall uncertainty of GHG projections;
e limitations in taxation policies due to short distances to neighbouring countries;

e  a country that needs to co-operate and to interact with its neighbours since environmental issues become quickly cross-

border issues;

e |imited national GHG emissions reduction potential.
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Figure 2-26, Figure 2-27 and Figure 2-28 provide a quick overview of the trends of some key variables since 1990.

Figure 2-26 — Key variables trends — 1: 1990-2019
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Figure 2-27 — Key variables trends — 1: 1990-2019 (excl. cross-border commuters)
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Figure 2-28 — Key variables trends — 2; 1990 & 2019
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Sources: Population: STATEC, Statistical Yearbook, Table B.1100 (updated 4 March 2021).
http://www.statistiques.public.lu/stat/TableViewer/tableView.aspx?Reportld=12856&IF Language=fra&MainTheme=2&FIdrName=1
Commuters: STATEC, Statistical Yearbook, Table B.3107 (updated 4 March 2021).
http://www.statistiques.public.lu/stat/TableViewer/tableView.aspx?Reportld=12928&IF Language=fra&MainTheme=2&FIdrName=3
&RFPath=92
Buildings stock: MECDD estimates on the basis of STATEC, Statistical Yearbook, Table D.4200 & results from the 2011 population
census.
http://www.statistiques.public.lu/stat/TableViewer/tableView.aspx?Reportld=13443&IF Language=fra&MainTheme=4&FIdrName=4
&RFPath=35
http://www.statistiques.public.lu/stat/tableviewer/document.aspx?Reportld=8624
Cars & vehicles: STATEC, Statistical Yearbook, Table D.6102 (updated 4 March 2021).
http://www.statistiques.public.lu/stat/TableViewer/tableView.aspx?Reportld=13499&IF Language=fra&MainTheme=4&FldrName=7
&RFPath=7049%2c13898
GDP: STATEC, Statistical Yearbook, Table E.2101 (updated 4 March 2021).
http://www.statistiques.public.lu/stat/TableViewer/tableView.aspx?Reportld=13147&IF Language=fra&MainTheme=5&FIdrName=2
&RFPath=23
Energy: STATEC, Statistical Yearbook, Table A.4300 (updated 4 March 2021).
http://www.statistiques.public.lu/stat/TableViewer/tableView.aspx?Reportld=12771&IF Language=fra&MainTheme=1&FIdrName=4
&RFPath=51

GHG: Environment Agency and MECDD — Submission 2021v1.
Notes: (1) Energy: there is a break in time series between 1999 & 2000.

(2) Buildings stocks = stock of permanently occupied dwellings.
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2.2 Description of Emission Trends for Aggregated GHG Emissions

Luxembourg ratified the United Nations Framework Convention on Climate Change in 1994, and the Kyoto Protocol in 2002. Pursuant
to that Protocol and the terms of the European agreement distributing the burden among, at that time, the EU-15 Member States,
Luxembourg committed itself to reduce its GHG emissions by 28% below their 1990 level over the period 2008-12. This is the deepest
cut of any agreed by the 15 Member States. When the Act approving the Kyoto Protocol was adopted in Luxembourg (2001), its GHG
emissions were down by more than 30% between 1990 and 1998 (Table 2-13). Now for the 2" commitment period EU Member States

aim to reduce GHG emissions by 20% with regard to the reference year 1990.

In 2019, carbon dioxide was the main source of GHG in Luxembourg. This source accounted for 90.78% of the total GHG emissions
calculated in CO,e — total excluding LULUCF.>! The second source of GHG was methane with 5.42% of the total GHG emissions. Nitrous
oxide was the third source with 3.13%. Fluorinated gases only accounted for 0.67% of the total GHG emissions, with
hydrofluorocarbons representing 0.57% of the total GHG emissions and sulphur hexafluoride representing 0.10% of the total GHG

emissions.

In 2019, total GHG emissions amounted to 10.743 Mio. t COe, i.e. 15.6% below their level in 1990 and 15.6% below the level retained
for the base year under the Kyoto Protocol.>? As Figure 2-29 shows, several phases can clearly be distinguished over the period 1990

to 2019:

e from base year up to 1993, Luxembourg’s emissions remained rather stable;

e then, between 1994 and 1998, they started to decrease significantly to reach their lowest value in 1998, when they were

down by more than 30%;

e  from 1999 up to 2004, emissions augmented recurrently;

e  from 2004 to 2006, a stabilisation peaking around 13 Mio. t CO,e is observed;

e  a decrease occurred between 2006 and 2007 followed by a period of two years impacted by the financial and economic
crisis;

e  Following the financial and economic crisis, the emissions fell steadily until 2016, after which they picked up again.

The evolution during those 29 years can essentially be explained by changes in production techniques, as well as by changes in the final
“energy-mix” consumption. Of course, increasing or decreasing activities for certain source categories also played a crucial role in
Luxembourg’s GHG emissions trend. During the years 2008-2010, the financial and economic crisis and its aftermaths also played a part.
The decreasing trend in emissions since 2012 is mainly due to the progressive shutdown of the TWINerg power plant and slowly

declining sales volumes of road fuels. The recent increases of GHG emissions are due to steadily increasing sales volumes of road fuels.

51 In Section 2.2, “total (GHG) emissions” means “total GHG emissions excluding LULUCF”. Reference is made to total emissions excluding LULUCF since this is the one that counts for the reduction
target under the Kyoto Protocol.

52 The level of emissions considered for the base year is 12.727 Mio. t CO2e. The base year for CO2, CH4 and N20 is 1990. For the F-gases, the base year is 1995. When the assigned amount under
the Kyoto Protocol was determined, F-gases emissions were equal in 1990 and 1995 due to a lack of background data and methods at that time. Now, as Table 2-13 shows, F-gases emissions

are no longer the same in 1990 and 1995.
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Table 2-13 — Luxembourg’s GHG emissions and removals — overview by main gases and CRF Sectors: 1990-2019

Gg (1000 t) CO, equivalent 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
CO, emissions, incl. net CO, 11886.85| 12211.35| 11627.68| 11668.92|  11056.44 8545.81 8549.74 7810.25 7049.44 7407.51 7966.78 8482.61 9262.43 9783.26| 11133.76
from LULUCF (1) 92.78% 92.79% 9247% 92.45% 92.19% 89.96% 89.83% 89.02% 88.01% 88.39% 89.15% 89.79% 90.56% 91.28% 92.09%
CO, emissions, excl. net CO, 11823.34| 1244314 12209.70 12354.74| 1154246 9151.71 9201.61 8553.96 7675.93 8127.85 8709.92 9207.45 9983.58|  10458.92|  11828.91
from LULUCF 92.90% 93.06% 92.96% 92.99% 92.65% 90.75% 90.67% 90.08% 89.10% 89.52% 90.18% 90.70% 91.35% 91.96% 92.67%
CHy (2) emissions, incl. net CH, 584.29 597.16 581.58 586.44 574.08 589.23 598.55 593.62 591.42 596.69 588.19 593.86 594.15 583.56 579.29
from LULUCF (1) 4.56%] 4.54%] 4.63%] 4.65% 4.79%] 6.20%] 6.29%| 6.77%] 7.38%] 7.12%] 6.58%] 6.29%] 5.81%] 544%) 4.79%]
CHy (2) emissions, excl. net CH, 584.29 597.16 581.58 586.44 574.08 589.23 598.55 593.62 591.42 596.69 588.19 593.86 594.15 583.56 579.29
from LULUCF 4.59%] 4.47%] 4.43%) 4.41% 4.61%] 5.84%| 5.90%| 6.25%] 6.87%] 6.57%] 6.09% 5.85%] 544%] 5.13%) 4.54%]
N0 (3) emissions, incl. net N,O 339.79 350.70 357.81 351.85 347.04 347.56 35049 34718 343.63 347.99 347.64 329.84 326.31 304.94 330.03
from LULUCF (1) 2.65%] 2.66%] 2.85%| 2.79%| 2.89%] 3.66%] 3.68%| 3.96%] 4.29%] 4.15%] 3.89%| 3.49%] 3.19%] 2.85%] 2.73%
N0 (3) emissions, excl. net N,O 318.47 329.37 336.49 330.53 325.72 326.24 32017 325.86 322.31 326.67 326.63 309.15 305.94 284.89 310.29
from LULUCF 2.50% 2.46% 2.56%] 2.49% 2.61% 3.24% 3.24%] 3.43% 3.74% 3.60% 3.38% 3.05% 2.80% 2.50% 2.43%
HFCs (4) 0.00 0.00 5.49 12.94 14.19 15.15 17.33 20.10 22.96 26.21 31.08 38.25 41.51 41.75 41.93
0.00% 0.00% 0.04%) 0.10% 0.11% 0.15% 0.17%) 0.21% 0.27% 0.29% 0.32%) 0.38% 0.38% 0.37% 0.33%
PFCs (4) NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
SFs (4) 1.28 1.37 1.47 1.57 1.68 1.75 1.94 210 2.16 224 2.36 297 3.58 417 473
0.01% 0.01% 0.01%] 0.01% 0.01% 0.02% 0.02%) 0.02% 0.03% 0.02% 0.02%) 0.03% 0.03% 0.04% 0.04%]
1. Energy 10301.39|  11006.02|  10846.21 11010.85|  10295.26 8260.38 8368.24 7830.97 MM1.27 7529.84 8088.92 8645.01 9417.09 9946.49|  11267.14
80.94% 82.31% 82.58% 82.87% 82.64% 81.92% 82.46% 82.47% 82.55% 82.93% 83.75% 85.16% 86.17% 87.45% 88.26%
2. Industrial Processes 1608.85 1531.70 1465.57 1455.31 1360.52 1004.21 950.60 842.68 685.17 724.36 753.46 706.72 727.20 675.27 731.19
12.64%| 11.46%| 11.16%] 10.95%| 10.92%| 9.96%] 9.37%| 8.87%] 7.95%] 7.98% 7.80%] 6.96%] 6.65%] 5.94%] 5.73%|
3. Agriculture 711.34 72543 71438 710.01 700.23 717.98 725.90 715.51 710.00 1.73 710.66 694.57 677.78 640.72 661.97
5.59% 5.43% 544%] 5.34%] 5.62% 712% 7.15%] 7.54%] 8.24%] 7.90% 7.36%] 6.84%] 6.20%] 5.63% 5.19%]
4. LULUCF 84.84 -210.46 -560.70 -664.50 -464.70 -584.58 -630.55 -722.39 -605.17 -699.02 72213 -704.15 -700.78 -655.60 -675.41
0.66%] -1.60% -4.46% -5.26% -3.87% 6.15% -6.62% -8.23% -7.56% -8.34% -8.08% -1.45% 6.85% 6.12% -5.59%
5. Waste 105.80 107.89 108.58 110.04 102.11 101.50 103.86 106.47 108.34 107.73 105.15 105.38 106.69 110.81 104.85
0.83%] 0.81%] 0.83%] 0.83%] 0.82%] 1.01% 1.02% 1.12% 1.26% 1.19% 1.09% 1.04% 0.98%] 0.97%] 0.82%]
6. Other NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
0.00%] 0.00%] 0.00%] 0.00%] 0.00%] 0.00%] 0.00%| 0.00%| 0.00%] 0.00%] 0.00%| 0.00%| 0.00%] 0.00%] 0.00%|
Total GHG including LULUCF 12812.22 13160.58]  12574.03( 12621.71 11993.43 9499.50 9518.05 8773.25 8009.61 8380.64 8936.05 9447.54|  10227.99] 10717.69] 12089.74
100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%) 100.00% 100.00% 100.00% 100.00%) 100.00%
Total GHG excluding LULUCF 12727.38(  13371.04] 13134.73| 13286.22 12458.12|  10084.08|  10148.60 9495.63 8614.78 9079.66 9658.18|  10151.68(  10928.76] 11373.29|  12765.15
100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

Luxembourg’s NIR 1990-2019

126



Gg (1000 t) CO, equivalent 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 20.19
CO, emissions, incl. net CO, 11446.95| 11376.14|  10865.81 10717.60|  10191.87| 1107247 10796.84  10470.57 9748.16 9351.39 8914.86 8572.63 8875.08 9367.22 9429.70
from LULUCF (1) 92.43% 92.40% 91.92% 91.66% 91.27% 91.82% 91.78% 91.63% 91.00% 90.47% 90.01% 89.53% 89.72% 90.29% 90.41%
CO, emissions, excl. net CO, 12087.02| 11919.75| 11316.96( 11183.69| 10638.34| 11207.25 11102.38| 10866.20|  10320.57 9836.04 9347.99 9092.74 9261.34 9568.44 9752.16
from LULUCF 92.94% 92.86% 92.35% 92.11% 91.74% 92.04% 92.11% 92.03% 91.57% 91.01% 90.54% 90.18% 90.21% 90.57% 90.78%
CHj (2) emissions, incl. net CH, 577.94 57417 583.35 593.50 594.63 594.28 569.59 561.70 566.09 579.21 585.26 589.46 596.93 590.94 582.25
from LULUCF (1) 4.67%] 4.66%] 4.93%) 5.08%] 5.32%] 4.93%] 4.84%] 4.92% 5.28%] 5.60%] 5.91%| 6.16%] 6.03%] 5.70%] 5.58%
CH; (2) emissions, excl. net CH, 577.94 57417 583.35 593.50 594.63 594.28 569.59 561.70 566.09 579.21 585.26 589.46 596.93 590.94 582.25
from LULUCF 4.44%] 4.47%] 4.76%] 4.89% 5.13%] 4.88%] 4.73%) 4.76% 5.02%] 5.36%] 5.67% 5.85%] 5.81%] 5.59%] 542%
N0 (3) emissions, incl. net N,O 313.73 31275 31847 325.41 32240 330.63 33251 327.82 327.35 330.27 328.12 338.05 341.75 341.74 346.67
from LULUCF (1) 2.53% 2.54% 2.69%) 2.78% 2.89% 2.74% 2.83% 2.87% 3.06% 3.20% 3.31%) 3.53% 3.45% 3.29% 3.32%
N20 (3) emissions, excl. net N,O 294.31 293.64 299.68 307.34 305.04 313.92 316.50 312.49 312.77 316.46 315.09 325.81 330.23 330.94 336.60
from LULUCF 2.26%] 2.29%| 2.45%| 2.53%] 2.63%] 2.58%] 2.63%] 2.65%] 2.78%] 2.93%] 3.05% 3.23%] 3.22%| 3.13%] 3.13%
HFCs (4) 40.47 43.37 47.76 50.25 51.40 53.67 56.55 58.91 62.45 66.64 66.73 65.17 68.57 64.70 61.36
0.31%] 0.34%] 0.39%] 0.41%] 0.44%| 0.44%] 0.47%| 0.50%] 0.55%] 0.62%] 0.65%] 0.65%] 0.67%] 0.61%] 0.57%]
PFCs (4) NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
SFs (4) 5.31 5.73 6.17 6.58 6.99 729 1.75 8.14 8.51 8.90 9.37 9.72 9.90 10.20 1043
0.04% 0.04% 0.05%) 0.05% 0.06% 0.06% 0.06%) 0.07% 0.08% 0.08% 0.09%) 0.10% 0.10% 0.10% 0.10%)
1. Energy 11550.84|  11335.99|  10740.04 10660.82| 10184.63| 10740.47( 10621.83|  10421.94 9891.46 9401.60 8918.88 8641.00 8803.94 9111.46 9277.24
88.82% 88.31% 87.65% 87.81% 87.83% 88.21% 88.13% 88.27% 87.77% 86.99% 86.39% 85.70% 85.75% 86.24% 86.36%
2. Industrial Processes 702.50 756.78 752.98 703.63 633.58 658.31 670.07 639.37 62217 632.63 624.02 646.32 656.72 657.31 675.07
540% 5.90% 6.14%) 5.80% 5.46% 541% 5.56%) 5.42% 5.52% 5.85% 6.04%) 6.41% 6.40% 6.22% 6.28%)
3. Agriculture 646.51 638.55 653.88 668.91 671.76 682.22 669.74 656.16 666.46 681.95 695.76 711.51 721.56 7T13.75 71235
497% 4.97% 5.34%) 5.51% 5.79% 5.60% 5.56%) 5.56% 591% 6.31% 6.74%) 7.06% 7.03% 6.76% 6.63%)
4. LULUCF -620.65 -524.51 -432.36 -448.01 -429.10 -118.08 -289.53 -380.31 -557.83 -470.84 -420.10 -507.87 -374.74 -190.42 -312.39
-5.01%] -4.26% -3.66% -3.83%] -3.84%] -0.98% -2.46% -3.33%] 521% -4.56% -4.24% -5.30%] -3.79% -1.84% -2.99%
5. Waste 105.21 105.34 107.00 107.98 106.42 95.42 91.13 89.97 90.30 91.08 85.77 84.06 84.77 82.7 78.14
0.81% 0.82% 0.87%) 0.89% 0.92% 0.78% 0.76%) 0.76% 0.80% 0.84% 0.83%) 0.83% 0.83% 0.78% 0.73%
6. Other NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
0.00%] 0.00%] 0.00%| 0.00%| 0.00%] 0.00%] 0.00%| 0.00%| 0.00%] 0.00%] 0.00%] 0.00%| 0.00%] 0.00%] 0.00%]
Total GHG including LULUCF 12384.40( 12312.16] 11821.55| 11693.34 11167.30] 12058.34| 11763.24] 11427.13] 10712.56| 10336.42 9904.34 9575.03 9892.24| 10374.80]  10430.41
100.00%] 100.00%) 100.00%] 100.00%] 100.00%) 100.00%] 100.00%] 100.00%] 100.00%] 100.00%] 100.00%] 100.00%] 100.00%) 100.00%] 100.00%
Total GHG excluding LULUCF 13005.05( 12836.66] 12253.91 12141.35  11596.40| 12176.42| 12052.77 11807.44| 11270.40| 10807.26( 10324.43| 10082.90| 10266.98 10565.23|  10742.80
100.00%) 100.00%) 100.00%] 100.00%] 100.00%) 100.00%) 100.00%] 100.00%] 100.00%) 100.00%] 100.00%] 100.00%] 100.00%) 100.00%] 100.00%

Source: Environment Agency and MECDD.

Notes:(1) These percentages are relative to the total GHG emissions, including LULUCF.

(2) The methane emissions are converted into CO; equivalents by multiplying the emissions by 25, i.e. the global warming potential (GWP) value for methane based on the effects of GHG
over a 100-year time horizon.

(3) The nitrous oxide emissions are converted into CO, equivalents by multiplying the emissions by 298, i.e. the global warming potential (GWP) value for nitrous oxide based on the

effects of GHG over a 100-year time horizon.

(4) The F-gases are those not covered by the Montreal Protocol, i.e. the HFCs, PFCs and SFg expressed in CO, equivalents using the global warming potential (GWP) values based on the

effects of GHG over a 100-year time horizon.
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Figure 2-29 — Luxembourg’s GHG emissions (excl. LULUCF) — absolute values: 1990-2019
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Sources: Environment Agency and MECDD.

Luxembourg’s NIR 1990-2019 128



Figure 2-30 — Luxembourg’s GHG emissions (excl. LULUCF) — indexes: 1990-2019
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A good example for a technological change in production took place in the iron and steel industry, where the steel production process
was moved from blast furnaces to electric arc furnaces between 1994 and 1998 and, therefore, solid fuels (coke) were replaced to a
very large extent by electricity and natural gas. Due to that technological change, the total energy consumption in the steel industry
was significantly reduced and the “energy-mix” greatly modified. This process change was the main driver for the reduction in GHG
emissions observed between 1994 and 1998. Changes also occurred in the industrial and residential/commercial/institutional sectors,
where the consumption of liquid fuels (residual oil, gasoil) was reduced in favour of natural gas in conjunction with the extension of

the natural gas network in Luxembourg.

The road transportation sector is a clear example about how activity levels of a source category can influence the overall GHG emission
trend. Indeed, the upward trend for GHG emissions recorded from 1999 to 2004 was merely justified by increasing energy consumption
and fuel sales in the transport sector. The stabilization spotted for the inventory years 2004 to 2006 was largely the result of relatively
steady sales of road fuels that peaked in 2005. Finally, the decrease in total emissions from 2006 to 2007 and the period of relative
stability that followed was driven by a “road fuel sales to non-residents” related emissions reduction, which reached its lower level in
2009 (financial and economic crisis), combined with a reduction of GHG emissions from the power generation sector, the latter being
exceptionally important for 2008 when the main power plant of the country underwent a lengthy maintenance. The steady decrease
of GHG emission following the year 2010 can mainly be attributed to another lengthy maintenance in 2011 as well as the steady and
gradual rampdown of the turbine. Since 2016, the GHG emissions have been rising again, mainly due to increased sales of liquid fuels

in the transport sector.

More detailed explanations are provided in Sections 2.3 (dealing with gases) and 2.4 (dealing with CRF Sectors), as well as in the analysis

of emission trends for each sector (see the first sections of CRF Sector Chapters 0 to 1).

A fundamental point worth mentioning when analysing Luxembourg’s GHG emission trends and their composition over time, is the
small size of Luxembourg, and therefore, the special nature of its economy. Indeed, the structure of the economy, the related energy
demand and the energy and emission balances may vary significantly, whether a new economic activity starts its operations or an
existing one ceases them. This characteristic explains, for instance, the reduction of emissions pertaining to the industrial sector: with
7.9 Mio. tin 1990, COe emissions from industrial processes and fuel combustion in industry accounted for 62% of total GHG emissions.
They could eventually be reduced to 2.1 Mio. t in 1998 —i.e. 24% of total GHG emissions — mainly after the reorganization of the steel
industry took place in the mid-nineties (move from blast furnaces to electric arc furnaces indicated above). At that time, GHG emissions
of Luxembourg were almost one third below the base year level. Another illustrative example is the TWINerg power plant. This plant
started its operation in mid-2002 and, by 2010, was responsible for about 0.96 Mio. t CO,, i.e. around 8% of the total GHG emissions.

In the years following 2010, the plant’s activity level progressively decreased until its final shutdown in 2016.
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2.3 Description of Emission Trends by Gas

For the different GHG, trends over the period 1990-2019 (and 2018-2019) were as follows:

S & 0 PY S -17.52% (+1.92%)
®  CHul oo -0.35% (-1.47%)
®  NoO: e +5.69% (+1.71%)
®  F-GASES:! e +324.72% (-4.16%)

For carbon dioxide, the development between 1990 and 2019 hides a V-shape evolution over the period as well as important changes
in the sources of CO; emissions: declining emissions in industrial combustion, increasing emissions from transport and natural gas fired

power plants —as underlined in the previous section.

Total methane emissions have remained fairly stable over the period 1990-2019. In 2019, reduced methane emissions were observed
in waste management (-32.70%) as compared to 1990, and increasing emissions in agriculture (+6.47%) and in energy use (+5.55%),
the latter being mainly due to an upward trend for fugitive emissions from natural gas distribution and use, and to a lesser extent to a

downward trend of combustion related emissions in the energy production industries and the commercial and residential sectors.

Nitrous oxide emissions development between 1990 and 2019 is closely linked to an increase of liquid fuels related emissions from
combustion activities (+153.02% in the Energy sector) and to emissions from the waste sector (+99.36%) that could not be balanced
by declining emissions from the agriculture (-13.14%) and industrial products and product use sectors (-48.68%). Total N,O emissions

(excl. LULUCF) have increased by 5.69 % since 1990.

With regard to F-gases, HFCs emissions increased by 304.94% in 2019 compared to the base year (1995), whereas SFg emissions
showed a 495.90% increase between 1995 and 2019. In the case of HFCs emissions, the increase is due to a wider use of mobile and
stationary cooling equipement while, in the case of SFg, the increase is due to an increase in the use of high-voltage electrical
equipement as well as noice reduction windows. Table 2-14 shows the detailed evolution of the greenhouse gases and the sector
emissions over time while Table 2-15 shows, for each greenhouse gas, the emissions of the main source categories. Figure 2-31
visualizes the data of Table 2-15. These tables and figure offer the opportunity to further analyse emission trends for each one of the

gases.

Finally, when including emissions and removals from land use, land use change and forestry (LULUCF), Luxembourg’s greenhouse gas
emissions amounted to a total of 10430.41 million tonnes CO, eq (incl. LULUCF) in 2019. Net removals from the LULUCF sector
amounted to 312.39 Gg CO; eg. Since 1990, net emissions have decreased by 468.22% per cent (the sector was a source of net

emissions in 1990 (84.84 Gg CO, eq) and a source of net removals in 1991-2018).
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Table 2-14 — Luxembourg’s GHG emissions (excl. LULUCF) —sector-based breakdown: 1990-2019

DO ke tutalsn Cal:“:ﬁes 1390 1891 1392 1393 1934 1395 1336 1997 1338 1333 2000 2001 2002 2003 2004
Fublic Eleowicny & Heat Produstion hia .00 T.00 .00 o.00 .00 50,45 56,78 5944 5957 06,53 56,33 718,57 365,02 .27 166,27
{exol. waste incineration) H iy 0.00% 0.00x% 0.00% 060 056 0.8 1% 120% 0.58% 25% 8.83% 854 9.29%
Iron & Steel h2a +2C1 6396.34 6090.26 5608, 11 5844.06 4836.05 2782.00 2518.33 1629.13 45152 493.31 476.83 548.58 530.79 512.57 556.44
(fuel combustion & processes) S0.26x 45 5524 4270 43834 38.83% 2F.554 2481 1716 B.2dx 543 4963 540 486 4514 437
Other Manufacturing Industries & 1AZblcldlellg + 144725 1519.57 1588.20 147174 1670.10 151101 1566.12 1581.73 1558.65 174413 1616.63 158520 1503.76[ 1409 79[ 1513.88
[ ion (fuel ion & p 1 Z2A I 11.36% 12,09 1.08% 13,41 .98 15.434 16.66 18.09: 19.21 6.7 1562 13.76% 1240 .86
Road Transportation - national fleet 1A3b B76.25 92154 96324 012,06 023,18 1079.48 1102.35 1143.15 1196.23 1213.38 1260.91 1335.90 1393.53 1443.18 1467.48
6882 689 733 762 821z 10702 1086 12.04% 1391 13362 13,08 1396 12.75% 1285 150
Road Transportation - fuel enport 1A3b 1714.28 2262.27 2507.63 2505.94 2553.05 275869 2344.64 2564.79 2666.80 2998 22 3586.97 3756.92 3889.93 4396.42 5326.88
13472 1.92% 18,08 886 20457 2240 23 1% 27014 2t 33,02 37 1% 3704 35554 36 561 4173
Residential Fuel Combustion 1A4b 68112 816.10 743,67 T44.20 0877 T18.70 78664 764.20 794.63 T13.47 08146 174,08 M7.46 1160.31 1240.58
5.35x B.10x% BT 5 B0 .63 7134 TV 805 8.22% 786 20 N574 10.22 0,200 8.72:
Commercial & Institutional Fuel 1Ada 64199 FEral Karairg T04.42 67¥9.00 68447 7¥63.78 T40.46 ¥i4 49 693.939 549.21 499 65 50159 498_06 463.65
Combustion 5.0d% 5,78 542 5,30 545 673 753 7.80x 8.99: T.Ba4x 563 4925 453 .38 363
Agriculture (fuel combustion, 1Ado+3 748.20 763.12 750.32 743.83 736.47 752.51 762.06 7531 748.34 773.48 736.42 719.13 703.93 667.14 669.76
livestock, crops, soils) 556 571 5.7t 560 531 7 46 751 733 865 852 765 7,08 644 567 540
Municipal Waste Incineration Ala 50) 3584 37.50 3739 3557 34,80 3323 7571 30,46 56.74 64.95 3.1 52,31 53,38 64.97 7328
{with energy & heat recovery) 0.28% 0,26 0.28% 027 0.28% 033 025% 0,323 066% 072 0.65% 061 058 057 057
Other Transport 1A3alcid 26.57 26.81 26.87 27.10 26.41 21.65 23.98 23.65 23.50 23.65 23.23 25.03 22.45 20.m 16.16
021 020 020 020 021 0.214 0.2d% 0252 027 0262 0.2d% 0255 [1R=4 018 013
Other Energy Sources 05 + 182 22.72 23.46 45.09 4575 44.32 36.10 46.27 5133 62.72 92,81 4253 57.93 61.80 52.18 54.41
018 08 037% 0,343 0.36% 036 0.46% e 073% 102% 0.44% 057 057 046 0.43%
F-gases 2F 0.00 0.00 5.43 12.94 14,13 15.15 17.33 20,10 22.96 26.21 3108 38.25 4151 4175 4193
0.00% 0,00 0.04% 0% Dtz 05 017 021 0.27% 0,29 0323 0.3 038 037 0.33%
Municipal Waste Disposal on Land 5A 92.98 4.9 95.18 93.83 85.00 84.68 84.71 86.76 86.80 86.76 82.69 81.92 82.13 82.24 T7.05
0.73% R 0.72% Lo 068 084 083 0914 1012 0562 086 0814 0.75% 0va 0.E0x
Waste Water Handling 50 12.83 12.98 13.15 13.31 13.47 12.53 12.44 1252 272 12.91 1164 12.26 11.83 2.0 T1.24
00 0% 0 00 D1t 0% 02 0% 05 0% 02 02 0t 01t 0.08%
Biological Treatment of Solid Waste 58 0.00 0.00 0.26 2.90 364 423 .72 719 8.82 .05 10.82 1.20 12.73 16.56 16.56
0.00% 0,00 NA 0,02 0.03% 0,043 0.07% 0,08 00 0,05 Dk 0t 02 035% 013
Total GHG excluding LULUCF 12727.38 13371.04 13134.73 13286.22 12458.12 10084_08 10148.60 9495 63 8614.78 9079.66 9658.18 10151.68 10928.76 M373.29 12765.15
100.003 100.00% 100.003 100,003 100.003 100,003 100.0032 100,003 100.0052 100,003 100.0052 100,00 100.0052 100,003 100.0052
Intemational Bunkers — Aviation 398.37 416.38 402.62 398.15 505.00 5712.33 52181 T43.50 30153 01707 969,38 048,37 1135.75 183,17 26736
nA N NA N NA N Na N N N Na N Na N Na
International Bunkers - Marine 0.03 0.09 0.03 01z 010 010 010 0.09 0.03 010 01z 01z 01z 012 01z
NA NA NA N NA A Na N NA A Na N Na N Na
CO, Emissions from Blomass 161,59 15.73 166.39 161.85 159.93 156.14 137.39 3,00 144.54 154.39 155.45 170.20 .48 186.06 206.77
nA N nA N nA N NA N nA N NA A NA N NA
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g [1000 £ E0; quivalent c HE 2005 2008 2007 2008 2009 2010 20m 2012 2013 2014 2015 2016 2017 2018 2019
ategnnes

Public: Electicity & Heat Pradustion Wia 17606 123583 11068 52302 Tiz1 48 Tai69 53395 57218 517.25 55144 ETZAT] 56,16 530 2321 Z3.08
{encl. waste incineration) 3.06% 3.63% 2074 7,60 2674 5.38% 7.75%4 8.23% 5484 547 362 155 1423 11T 115
Iron & Steel 1AZa+ 2C1 532.47 652.24 626.33 572.31 458.02 512.66 458.21 399.35 377.89 375.83 400.62 388.30 376.97 418.59 400.56
{fuel combustion & processes) 4,05 5 08 51t 471 395 42t 380 336 335 348 388 385 367 356 373
Other Manufacturing Industries & 1A2blcldiclilg + 1507.37 1514.46 143513 137158 1276.99 1320.99 1358.70 1325.08 1283.42 1298.09 1229.72 1304.00 13N.35 1286.14 1339.02
I ion [fuel 28 53 T80 N T30 nots 10.85% news nzzx nas 2.0t gt 12,93 T 71 2 a6
Road Transpartation - national fleet 1A3b 1450.20 1546.96 1569.13 164107 1626.95 1629.28 1652.06 165059 1643.01 1682.05 1687.90 171076 1737.89 1733.76 1750.84
T1.482 12,05 28t 13,525 14.03% 13,38 1671 1296 .63 15.56% 16.35% 16.37% .53 4L .30
Road Transportation - fuel enpart 1A3b 5685.70 5309.89 4392 32 5016.98 451059 4870.55 5223.91 4322 71 4783.98 4439.25 3992 35 3799.57 3676.91 426164 4383.90
43,7232 41,37 4074 41,34 36,30 40.00% 43 344 41,63 47,45 a1.08% 367 37.68% 37,76 40,34 05t
Residential Fuel Combustion LYTS 1214.74 1202.79 1163.01 1195.78 1182.48 1160.34 1063.21 1082.32 1074.64 572.03 1085.13 111823 1138.41 1042.07 950,34
5343 337 a3 385 10205 350 662 377 .54 B.am 1051 .03 1032 5 B 6 052
Commercial & Institutional Fuel 14a 418.87 395 72 348.92 377.62 38160 502.33 335.37 439.33 462,64 397.81 488,50 511.39 563.52 592.06 692,62
Combustion 322 308 285 311 3.29% 4T3 278 372 4107 368 4.7 507 543 5 60 6 45
Agriculture (fuel combustion, 1Ado+3 673.63 666.17 660.33 697.53 700.44 71103 697.15 663.53 689.84 705.71 719.94 735.78 745.17 737.63 736.26
5 ta 5 19 5552 5.75% 6,042 554 5 78 575 512 655 6 57 730 7 262 656 6 85
icipal Waste Incineration A1a (501 54.65 70.97 72.21 74.25 72.58 54.82 74.57 74.32 75.13 54.28 54.65 06.27 08.35 09.48 12.37
[with energy & heat recovery) 0502 055 5% nee: 6% 053 06z 063% &7 078 0322 107 108% 1043 105
Other Transport 1A3atchd nn .62 22 274 12.07 1299 12.97 185 10.25 154 8.37 7.86 8.43 5.80 8.34
0.05% 007 0.05% 010 0.10% 01 01 010 0.08% 0.1t 0.08% 0.08% 0.08% 0.08% 0.08%
Other Energy Sources 145 + 1B2 53.59 56.23 5262 50.32 50.86 54.69 47.43 48.51 4133 39.03 351 32.28 31.79 327 31.30
0.4t 0,44 043 0.4t 044 0.45% 0,354 041 0374 0.36% 0345 052 031 030 023
F-gases 2F 40.47 43.37 47.76 50.25 51.40 5367 56.55 56.91 59.69 64.94 64.74 631 63.68 60.14 59.48
03t 034 03 nat: nadx 044 047 0502 053 0.B0 063 0Ba 062y 057 0552
Municipal Waste Disposal on Land 5A 74.70 73.44 73.26 7176 70,58 5887 58.93 56.18 57.37 56.64 5423 4962 50.95 4787 46.30
0574 057 060 0554 3 0.48% 0,43 0.48% 0574 052 0.5 0.45% 050 .45 0.43%
Waste Water Handling 50 11.35 1145 11.53 10.64 10.24 10.33 10.64 957 3.46 9.23 8.62 .47 7.54 767 7.08
0.05% 0.0 0,054 0.0%% 0,054 0.08% 0,034 0.08% 0,08+ 0.05% 0,08 0.08% 0,08 0,074 007
Biological Treatment of Solid Waste 58 19.16 2045 2221 2559 25.60 26.21 2156 24.21 23.47 2521 22.92 25.97 25.98 2717 24.77
015 06 016 0.2t nzew 0.2z 0.8% 0.2t .21 nza .22y .26 025y 0263 2
Total GHG excluding LULUCF 13005.05  12836.66 12253 91 214135 11536.40 2176.42|  12052.97 T1807.44 11270.40|  10807.26|  10324.43|  10082.90]  10266.93| 1056523  10742.80
100.00% 100.00% 100,007 100.00% 100.00% 10000 100,004 100.00% 100,004 100.00% 100,004 100.00% 100,004 100.00% 100,004
Intermational Bunkers - Aviation 1306.03 122415 1315.65 1324.39 1268.65 1302.15 1218.33 12417 12977 22534 138231 533.83 T734.20 1854.35 614.00
N HA N HA s HA s HA A N A HA A N My
International Bunkers - Marine 0.16 0.17 0.13 015 0.1z o 0.4 0.13 o1 0.1z 012 014 0.17 015 o
[ A [ WA [ M [ HA A HA A nA A N i
€O, Emissions from Biomass 298.59 305.76 450.20 466.67 437.37 a53.11 446.42 458.32 495.35 627.78 693.76 739.61 845.23 352.82 1062.35
hs HA hts HA hs HA s HA A HA A nA A hts My

Sources: Environment Agency and MECDD.

Notes: (1) These percentages are relative to the total GHG emissions, excluding LULUCF.
(2) The methane emissions are converted in CO, equivalents by multiplying the emissions by 25, i.e. the global warming potential (GWP) value for methane based on the effects of GHG
over a 100-year time horizon.
(3) The nitrous oxide emissions are converted in CO, equivalents by multiplying the emissions by 298, i.e. the global warming potential (GWP) value for nitrous oxide based on the

effects of GHG over a 100-year time horizon.

(4) The F-gases are those not covered by the Montreal Protocol, i.e. the HFCs, PFCs and SFe¢ expressed in CO, equivalents using the global warming potential (GWP) values based on the

effects of GHG over a 100-year time horizon.
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Table 2-15 — Luxembourg’s GHG emissions and removals — details by main gases: 1990-2019

Gg (1000 t) CO, equivalent (balggyuean 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

co, 1182334 1244314 1220970 1235474 1154246 915171 920161 8553.96 7675.93 812785 8709.92 920745 9983.58 10458.92 828,91
92.90% 93.06% 92.96% 92.99% 9265% 90.75% 9067% 90.08% 89.10% 89.52% 90.18% 90.70% 91.35% 91.96% 9267%

of which
CRF 1-Energy 10218.66 10914.93 1075216 1091493 10198.35 8165.00 827072 7733.16 701474 743126 7988.11 8540.18 9298.88 962783 1114149
80.29% 81.63% 81.86% 82.15% 81.86% 80.97% 81.50% 81.44% 81.43% 8185% 82.71% 84.13% 85.00% 86.41% 87.28%
CRF 1A1 - Fuel Combusion fom 3348 35.03 3493 3923 3251 9147 8075 8783 16376 17097 116.64 27795 102470 103242 125523
Energy Industies 026% 0.26% 027% 025% 0.26% 091% 080% 092% 1.78% 188% 121% 274% 9.38% 9.08%) 9.83%
CRF 1A2 - Fuel Combusiion fom 625032 609259 574924 588535 5172.77 3319.14 3166.10 240285 136231 155131 138348 147512 136071 129911 1395.76)
Manuf ndusies & Constucion 49.11% 4557% 4377% 44.30% 41.52% 32.91% 31.20% 25.30% 15.81% 17.09% 14329 1453% 12.45% 1429 10.93%
CRF 1A3 - Fuel Combuson fom 2588.98 3177.07 3461.12 350779 356361 332274 343369 3693.95 387400 419883 483372 508147 527090 562436, 677498
Transport 20.34% 23.76% 26.35% 26.40% 28.60% 32.95% 33.83% 38.90% 44.97% 46.24% 50.05% 50.06% 4823% 51.21% 53.07%
ofwhich, "road el export (1) 169879 24172 28437 28232 252788 223585 232178 254127 2666.00 207491 356229 3733.04 3867.07 437305 530281
13.35% 16.77% 18.91% 18.68% 20.29% 2.17% 22.88% 26.76% 30.95% 32.76% 36.88% 36.77% 35.38% 38.45% 41.54%
CRF 14 - Fuel Combuson fom 134275 1607.10) 148013 1464 95 140742 142087 157166 152552 1590.60 144717 164207 168143 162901 1668.63 171534
Oter Seciors 10.55% 1202% 1.27% 11.03% 1130% 14.09% 15.49% 16.07% 18.46% 15.94% 17.00% 16.56% 1491% 1467% 13.44%
CRF 145 & 1B2b - Oher Energy 310 310 272 2358 201 1075 1849 2298 3403 6295 12,17 24.16 1349 325 012
Sources 002% 002% 020% 0.18% 0.18%) 0.11% 0.18% 0.24% 040% 069% 0.13%) 0.24% 0.12% 003%) 0.00%
CRF 2- Industial Processes 1598.38 152146, 145010 143260 133675, 97973 924,06 81355 65345 689,64 714.10 659.95 676.52 62393 67959
12.56% 1138% 11.04% 10.78% 10.73% 9.72% 911% 8.57% 7.59% 760% 7.39% 6.50% 6.19% 5.49% 532%
Oher Sources (2) 2054 2009 19,08 1881 18.09 1976 1952 18.45 1752 1686 16.04 16.23 1776 1524 1781
0.16% 0.15%) 0.15% 0.14% 0.15%) 0.20% 0.19% 0.19% 0.20% 019% 0.17%) 0.16% 0.16% 0.13%) 0.14%
CH,(3) 58429 597.16 581,58 586.44 574.08 589.23 598.55 50362 59142 596.69 588.19 593.86 594.15 563.56 57929
459% 447% 443% 441% 461% 5.84% 590% 6.25% 6.87% 657% 6.09%) 5.85% 544% 5.13%) 4.54%

of which
CRF 1-Energy 823 51.10 5008 4920 4715 4766 4905 4871 4806 4866 4930 5323 67.00 6746 7341
038% 0.38%) 0.38% 037% 0.38%) 047% 048% 051% 0.56% 054% 051% 052% 061% 059%) 0.56%
CRF 3A+38 - Enterc Fermentaton and 43551 4350 42835 43382 43184 4132 45376 44681 4426 44939 44351 44567, 43103 41728 41284
Manure Management 342% 3.32% 326% 327% 347% 4.40% 447% 4719 5.16% 4.95% 459% 4.39% 394% 367%) 323%
Oter Sources (4) 10055 10255, 10315 10341 95.09 9424 9574 98.09 99.10 98,64 9528 94.96 96.12 98.82 9304
079% 0.77%) 0.79% 078% 0.76%) 093% 094% 1.03% 1.15% 1.09% 099%) 094% 088% 087%) 0.73%
N0 (5) 31847 32937 33649 33053 32512 32624 32947 32586 32231 32657 32653 30915 305.94 284,89 31029
250% 246%) 2.56% 249% 261%) 3.24% 324% 3.43%) 3.74% 360% 3.38%) 3.05% 280% 250 243%

of which
CRF 1-Energy 3450 39.99 4396 4672 4977 4772 4846 4909 4847 4992 5151 5159 5121 5120 5204
027% 0.30% 033% 035% 040%) 047% 048% 052% 0.56% 055% 053%) 051% 047% 045% 041%
CRF 3D - Agicultral Solls 238,80 2548 25054 24085 23341 23534 23664 23337 23037 23456 233,00 21536 21321 19125, 21593
1.88% 1.84% 1.91% 1.81% 187% 233% 233% 246% 267% 256% 241% 212% 1.95% 168% 1.69%
Oter Sources (6) 4517 45392 4199 4296 025 4517 4407 4339 4347 219 21 4219 452 P 0213
035% 033%) 0.32% 032% 0.34%) 043% 043% 0.46% 0.50% 046% 044%) 042% 038% 037%) 0.33%
Fgases (7) 128 137 696 1451 15.87 1690 1927 2219 2541 2845 33.45] 123 2509 4592 16.66
001% 001%) 0.05% 0.11% 0.13%) 0.47% 0.19% 023%) 0.29% 031% 0.35% 041% 041% 040%) 0.37%
Total GG excluding LULUCF 1272138 1337104 1313473 1328622 T2458.12 7008408 10148.60 949563 361478 9079.66 9658.18 10151.68 1092876 37329 1276515
100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
LULUCF 8484 -210.46] 56070 66450 46470 584,58 -630.55] 72239 60547 699,02 72213 70415, 700.78 655,60 67541
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Gg (1000 t) CO; equivalent 2005 2006 2007 2008 2009 2010 201 2012 2013 2014 2015 2016 2017 2018 2019

co, 12087.02 11919.75) 11316.96 11183.69 10638.34, 11207.25 1110238 10866.20| 10320.57 9836.04 9347.99 9092.74 9261.34, 9568.44 975216,
92.94%| 92.86%] 92.35%| 92.11% 91.74%) 92.04%| 92.11%| 92.03%) 91.57%| 91.01%| 90.54%) 90.18%| 90.21%| 90.57%) 90.78%|

of which
CRF 1-Energy 11426 41 11209 46| 10615.80 1053547 10059.76| 10606.04 10490.90 10288.06| 9762.51 9271.85 8792.30) 8514.28, 8674.41 8975.65| 9139.04
87.86%| 87.32%] 86.63%| 86.77%) 86.75%) 87.10%| 87.04%| 87.13% 86.62%| 85.79%| 85.16%) 84.44%| 84.49%| 84.95%) 85.07%|
CRF 1A1 - Fuel Combustion from 1238.67 130258 1178.80 993.06 1189.72| 1202.46 1004.69 104228 688.40 67057 463.36) 258.53 24677 22411 22403,
Energy Industies 9.52% 10.15%] 9.62%| 8.18%| 10.26%] 9.88%| 8.34% 8.83%) 6.11%| 6.20% 4.49%] 2.56%| 2.40% 2.12%] 2.09%|
CRF 1A2 - Fuel Combustion from 1390.95 1465.38| 1369.62 1316.42 117718 1254.69 1231.01 117352 1133.04 1136.30 1101.71 1144.28) 1134.48 1150.98, 1165.87|
Manuf. Industries & Consfruction 10.70%) 11.42%] 11.18%) 10.84%) 10.15%] 10.30%] 10.21%) 9.94%) 10.05%) 10.51%) 10.67%] 11.35%) 11.05%) 10.89%] 10.85%)
CRF 1A3 - Fuel Combustion from 715173 6830.68, 6543.16 6638.84 6115.41 6473.00 6842.10 6537.83 6395.34 6086.48 5645.83) 5475.21 5584.36 5959.75| 6095.98,
Transport 54.99%| 53.21%) 53.40%| 54.68%| 52.74%) 53.16%| 56.77%| 55.37%) 56.74%| 56.32%| 54.68%) 54.30%| 54.39%| 56.41%) 56.74%|
ofwhich, "road fuel export'(1) 5661.75 5286.71 4967.39 4990.46 448260 4837.95 5185.79 4884.63 474525 440124 3956.65) 3764.48, 384249 422117, 4341.24,
43.54%) 41.18%) 40.54%| 41.10%) 38.66%) 39.73%| 43.03%) 41.37%] 42.10%| 40.72%) 38.32%) 37.34%j 37.43%| 39.95% 40.41%|
CRF 1A4 - Fuel Combustion fom 1644.87 1610.63| 1524.03 1586.98 1577.27| 1675.70 141291 1534.26| 1545.56 1378.33 1581.23| 1636.10| 1708.65 1640.66 1653.00|
Other Sectors 12.65%) 12.55%] 12.44%) 13.07%) 13.60%] 13.76%) 11.72%) 12.99%] 13.71%) 12.75% 15.32%] 16.23% 16.64%) 15.53%] 15.39%)
CRF 1A5 & 1B2b - Other Energy 012 0.12 0.12 012 0.12] 0.12 012 0.12] 0.12 0.12 0.12] 0.12 0.1 01 0.11
Sources 0.00% 0.00%] 0.00%f 0.00% 0.00%) 0.00%| 0.00% 0.00%) 0.00%f 0.00% 0.00%) 0.00%f 0.00% 0.00%) 0.00%|
CRF 2 - Industrial Processes 652.11 702.77| 693.82 641.12 570.13] 593.39 601.98 568.65| 547.85 55351 544 .44) 567.31 574.01 577.97| 598.57
5.01%| 5.47%) 5.66%| 5.28%| 4.92%] 4.87%| 4.99%) 4.82%] 4.86%| 5.12%| 5.27%) 5.63%| 5.59%| 5.47%) 5.57%|
Oter Sources (2) 18.97 17.24, 1742 2728 24 55 27.03 28.09 28.83 30.92 27.82 27.30] 28.95 29.92 31.43] 3381
0.15% 0.13% 0.14%| 0.22% 0.21%) 0.22% 0.23%| 0.24%| 0.27% 0.26%| 0.26%) 0.29%| 0.29%| 0.30%) 0.31%|
CH, (3) 577.94 574.17| 583.35 593.50 594.63| 594.28 569.59 561.70| 566.09 579.21 585.26| 589.46 596.93 590.94| 582.25
4.44% 447%] 4.76%| 4.89%| 5.13%| 4.88%| 4.73%| 4.76%] 5.02%| 5.36%| 5.67%| 5.85%| 5.81%| 5.59%) 5.42%|

of which
CRF 1 - Energy 7216 74.19] 69.28 67.12 67.49) 7166 6241 64.74 58.06 56.60 53.76) 5253 51.84 52.58] 5091
0.55% 0.58%) 0.57%| 0.55% 0.58%) 0.59%| 0.52%| 0.55%] 0.52% 0.52% 0.52%) 0.52%| 0.50% 0.50%) 0.47%|
CRF 3A+3B - Enteric Fermentation and 41329 40771 42073 432.76 43459 44140 428.31 418.42 428.90 44297 455.71 463.61 470.64 466.14, 463.67
Manure Management 3.18% 3.18%) 3.43%| 3.56%| 3.75%) 3.63%| 3.55% 3.54%) 3.81%| 4.10% 4.41%] 4.60%| 4.58% 4.41%] 4.32%|
Oter Sources (4) 9250 92.26| 93.34 9362 92.55) 81.22 78.87 78.54) 7913 7964 75.79] 7331 7445 7222 67.68
0.71%] 0.72%| 0.76%] 0.77%] 0.80%| 0.67%] 0.65%] 0.67%] 0.70%| 0.74%] 0.73%| 0.73%] 0.73%] 0.68%| 0.63%|
N,0 (5) 29431 293.64 299.68 307.34, 305.04| 313.92 316.50 312.49] 31277 316.46 315.09] 325.81 330.23 330.94| 336.60
2.26%) 2.29%| 2.45%) 2.53%] 2.63%| 2.58%| 263%) 2.65%| 2.78%| 2.93%] 3.05%| 3.23%| 3.22%| 3.13%| 3.13%|

of which
CRF 1 - Energy 5228 52.34) 54.96 5823 57.38] 62.77 68.52 69.14 70.90 7316 72.82| 74.20 7769 83.23] 87.29)
0.40% 0.41%) 0.45%| 0.48%| 0.49%) 0.52%| 0.57%| 0.59%] 0.63%| 0.68%| 0.71%) 0.74%| 0.76%| 0.79%) 0.81%|
CRF 3D - Agricultural Soils 199.54 198.34 199.83 20238 202.16| 20581 20554 20263 201.22 20147 201.65] 20913 209.74 204.91 206.75
1.53%| 1.55% 1.63%j 1.67%| 1.74%) 1.69%| 1.71%| 1.72%) 1.79%| 1.86%| 1.95%| 2.07%] 2.04%| 1.94%) 1.92%j
Other Sources (6) 4249 42.96) 4488 4672 45.49 4534 4244 4073, 4064 4183 4061 4249 4281 4281 42.55
0.33%| 0.33%| 0.37%] 0.38%| 0.39%| 0.37%| 0.35%] 0.34%] 0.36%] 0.39%] 0.39%| 0.42%| 0.42%| 0.41%| 0.40%|
F-gases (7) 4578 49.10 53.92 56.83 58.39] 60.97 6430 67.05) 7097 7555 76.09] 74.89, 7848 7490} 71.79,
0.35%] 0.38%| 0.44%| 0.47%] 0.50%| 0.50%| 0.53%] 0.57%| 0.63%| 0.70%] 0.74%| 0.74%] 0.76%] 0.71%| 0.67%]
Total GHG excluding LULUCF 13005.05 12836.66| 1225391 1214135 11596.40| 1217642 12052.77 11807.44) 11270.40 10807.26 10324.43| 10082.90| 10266.98 10565.23| 10742.80|
100.00%) 100.00%) 100.00%) 100.00%) 100.00%) 100.00%) 100.00%) 100.00%) 100.00%) 100.00%) 100.00%) 100.00%) 100.00%) 100.00%) 100.00%)
LULUCF -GZO,@ -524.51 -432.36 -448.01 -429.10] -118.08 -289.53 -380.31 -557.83 -470.84 -420.10 -507.87 -374.74| -190.42 -312.39

Sources: Environment Agency and MECDD.

Notes: (1) The methane emissions are converted in CO, equivalents by multiplying the emissions by 25, i.e. the global warming potential (GWP) value for methane based on the effects of GHG
over a 100-year time horizon.

(2) The nitrous oxide emissions are converted in CO; equivalents by multiplying the emissions by 298, i.e. the global warming potential (GWP) value for nitrous oxide based on the effects
of GHG over a 100-year time horizon.

(3) The F-gases are those not covered by the Montreal Protocol, i.e. the HFCs, PFCs and SFs expressed in CO, equivalents using the global warming potential (GWP) values based on the

effects of GHG over a 100-year time horizon.

(4) CRF 1A4a&b: there are breaks in time series between 1999 & 2000: the two CRF 1A4 sub-categories had a very similar level because national energy statistics does not allow for
distinguishing these two sub-categories before 2000. Hence, a 50-50 distribution was carried out in the inventories.
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Figure 2-31 — Luxembourg’s GHG emissions (excl. F-gases & LULUCF) — details by main gases:

1990-2019
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Figure 2-32 — Luxembourg’s GHG emission trends in % (excl. LULUCF) — details by main gases: 1990-2019
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Carbon dioxide — CO,

Throughout the period 1990-2019, carbon dioxide has remained the main GHG and accounted for 89% to 93% of the total GHG

emissions. However, the structure of CO, emissions has evolved with an increase in fuel combustion, which accounted for 80.29% of

total GHG emissions for the base year (1990) and climbed up to 85.07% in 2019.

Road transport, and more precisely “road fuel sales to non-residents”, is the main culprit for this development. Indeed, in 1990, fuel
combustion from the transport sector accounted for 20.34% of total GHG emissions. Then, with 6.10 Mio. t CO,, this percentage
reached 56.74% in 2019.53 CO, emissions due solely to “road fuel sales to non-residents” amounted to about 1.7 Mio. t in 1990 and
reached 4.3 Mio. t in 2019,%* i.e. a 156% increase (the same comparison shows “only” a 100% increase for road fuel consumed by the
national vehicle fleet). In 2019, “road fuel sales to non-residents” represented 71.21% of CO, emissions of the transport sector and

44.52% of the total CO, emissions. In 1990, these percentages were 65.62% and 14.37%, respectively.

Another important source of CO, in Luxembourg are industrial processes, mainly carbon oxidizing of pig iron from the steel industry
(basic oxygen furnace steel production) and decarbonisation of mineral input in the clinker and glass industry. The steel production

process change described above was the main driver behind declining emissions for this sector.

23.1 Methane — CHy

Methane emissions originate above all from the agricultural sector, and more precisely from enteric fermentation and from manure
production and management: around 71-80% of methane emissions over the period 1990-2019. As these emissions have been rather

stable, total methane emissions have not varied very much.

For the other methane emitting source categories, there is a decline in waste and waste water management related emissions (-32.7%)
and growing emissions in energy use (+5.55%). The decrease noted for waste is the result of reduced methane emissions from waste

landfill sites. The increase observed for energy is mainly due to fugitive emissions from natural gas distribution and use.

53 The highest amount of emissions was recorded for the year 2005: 7.15 Mio. t CO2 but “only” 55% of total GHG emissions

54 5.7 Mio. tin 2005.
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2.3.2 Nitrous oxide — N,O

The major part of nitrous oxide emissions is caused by agricultural soils. Total emissions of N,O over the period 1990-2019 are rather
stable and fluctuate between 285 and 337 Gg COze excl. N,O from LULUCF, and between 305 and 358 Gg COze incl. N,O from LULUCF.
Another important source that has been generating increasing N,O emissions since 1990 is road transportation, where the incomplete
NOx reduction in catalytic converters of diesel oil motor vehicles leads to N,O emissions that were multiplied by a factor 4 over the
entire period. This increase is due to the increasing share of diesel vehicles on the roads. The increase in N,O emissions from 1990-
2019 (+52.79 Gg CO,e or +153%) observed for the Energy sector is counterbalanced by diminishing nitrous oxide emissions from the

Agriculture sector (-35.41 Gg or -13%).

233 Hydrofluorocarbons — HFCs, perfluorocarbons - PFCs and sulphur hexafluoride — SFg

The increase in HFCs emissions between 1990 and 2019 is explained by a more wide spread use of mobile and stationary cooling

equipment as well as of aerosols.
No use of PFCs is reported.

SFe emissions increased from 1990 onwards following an increasing use of high-voltage electrical devices and a higher amount of gas

emitted from noise reduction windows.
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2.4 Description of Emission Trends by Category

In 2019, the energy sector accounted for almost 86.36% of the total GHG emissions, excluding LULUCF. Two sectors represent around
6% of the total emissions, excluding LULUCF: industrial processes (6.28%) and agriculture (6.63%). The remaining sector®s (waste>®

(0.73%) was not even reaching 1% of the total GHG emitted in Luxembourg: see Table 2-13 as well as Figure 2-29 and Figure 2-30.

For the different sectors, trends over the period 1990-2019 (and 2018-2019) were as follows:

L Y0 1= =1V USSR OPRTROTR -9.94% (+1.82%)

®  INAUSLIIAl PrOCESSES: w..iuiiriieicecie ettt s e -58.04% (+2.70%)
®  AZFICUITUIE: oottt +0.14% (-0.20%)

O LULUCE: e s -310.65% (-47.00%)
©  WWAST: ottt e -26.14% (-5.53%)

24.1 CRF 1 —Energy

GHG covered CO,, CH; & N0
Share in total GHG emissions, excl. LULUCF 1990 80.94% = 10 301.39 Gg CO,e
2019 86.36% = 9277.24 Gg CO,e

Energy production and consumption related GHG emissions have decreased by 9.94% between 1990 and 2019 - from 10.3 Mio. t CO5e
in 1990 to 9.3 Mio. t CO,e in 2019. For carbon dioxide, methane and nitrous oxide, the changes over the period 1990-2019 were -

10.57%, +5.55% and +153.02%, respectively.

However, the overall trends at sector level hide very different developments at the CRF sub-category level. Within the energy sector,
the fastest growing sub-sectors were energy industries (1A1) (due to the increasing number of cogeneration (CHP) plants) and transport
(1A3): +557.01% and +135.62%, respectively between 1990 and 2019. For the other sub-sectors, the observed trends between 1990
and 2019 are -81.21% for manufacturing industries and construction (1A2), +22.57% for the other sectors (1A4), and +59.11% for fugitive

emissions from fuels (1B). >/

In fact, over the period, GHG emissions have been strongly influenced by varying fuel consumption levels in industry, in particular in
the energy and the iron and steel industries, as well as in the road transport sector as percentage growths recorded for CRF sub-
categories 1A1, 1A2 and 1A3 demonstrate. There are several industrial sites which had relatively high levels of GHG emissions, and
which, therefore, have had a strong impact on the national total of GHG emissions. Examples of such sites are the TWINerg power
plant (2001-2016), as already described in previous paragraphs, and to a lesser extent several cogeneration (CHP) plants. In the
transport sector, road fuel consumption, and even more so road fuel sales, have a very important weight in the national energy balance

and, consequently, a significant impact on the total GHG emissions.

55 The sector “Others” is not reported for Luxembourg.

56 The waste sector covers only landfilled waste, wastewater handling and composting activities. Waste incineration, which is the main treatment method for municipal waste in Luxembourg, is
carried out in the sole incinerator of the country where energy is recovered. Consequently, waste incineration related emissions are accounted for in CRF sector 1 — Energy (details in Chapters
3 and 8 respectively).

57 Fugitive emission growth is closely linked to natural gas use in Luxembourg.
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In the iron and steel industry, the passage from blast furnaces to electric arc furnaces allowed to significantly reduce GHG emissions
between 1994 and 1998. Due to the importance of the iron and steel industry in Luxembourg, this evolution hid many other emission
trends between 1990 and 1998. After 1998, the increase of road fuel sales and, to a lesser extent, of electric energy production has

led to a rather steep increase of GHG emissions in the 1A1 and 1A3 sectors and, by extension, of the national total for GHG emissions.

All these changes briefly presented in the previous paragraphs completely modified the pattern of the energy related GHG emissions

with regard to CRF sub-categories share (Figure 2-33) and to the “energy-mix” or fuel usage for energy production and consumption (

Luxembourg’s NIR 1990-2019 143



Table 2-10 and Table 2-11; Figure 2-19 and Figure 2-20).
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2.4.2 CRF 2 - Industrial Processes

Industrial processes represent the third largest sector in Luxembourg with regard to GHG emissions. The sector includes emissions
from industrial installations and from consumption of halocarbons, perfluorocarbons and SFe (the fluorinated gases or F-gases). In

Luxembourg, when leaving F-gases out, only a few companies and their various production installations are part of CRF sector 2:

o CRF sub-categories 2A1 & 2A3: one cement works unit and one flat glass manufacturing company;

e CRF sub-category 2C1: the iron and steel manufacturing company ArcelorMittal.

Emissions from industrial processes show a declining trend between 1990 and 1998, following which the emissions became stable.
This evolution was mainly driven by process changes that occurred in the iron & steel industry. As indicated above, this industry moved
from blast to electric arc furnaces between 1994 and 1998. As a consequence, steel industry process emissions in CO,e decreased by
89.47% over the period 1990-2019. Overall sector emissions in CO5e fell by about 58.04% between 1990 and 2019, reducing the weight
of this sector in total GHG emissions from 12.64% in 1990 to 6.28% in 2019. By gas, however, the picture is different. For carbon dioxide,
the decrease over the period 1990-2019 was -62.55% while nitrous oxide saw a decrease of 48.68%. F-gases emissions, on the contrary,
increased regularly: +324.72% over the period 1995-2019, but these emissions are minor compared to the total emissions as Figure

2-34 shows.

The striking increase of F-gases emissions is the consequence of a growing use in the country, notably due to an increasing use of air
conditioning, high-voltage electrical equipment, and noise reduction windows (see Section 4.7). The increasing use of these devices is
mainly due to an increase in the number of residents (see Figure 2-15) and of the workforce (see Figure 2-16). The inhabitants and
foreign commuters occupy more and more residential, institutional, and commercial buildings, which leads to a greater need for air

conditioning (HFC) as well as high-voltage electrical devices (SFe).

The emission trends briefly described in the previous paragraphs led to a significant change in the composition of industrial processes’

GHG emissions: see Figure 2-34.
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243 CRF 3 — Agriculture

Trends in agriculture were quite stable between 1990 and 2019: in general GHG related to agricultural activities have increased by
0.14% (+131.21% for CO,, +6.47% for methane and -13.14% for nitrous oxide). Enteric Fermentation (3A) saw its emissions increasing
by 3.55%, whereas for agricultural soils (3D), the decrease reached 13.42%. For manure management (3B), emissions increased by
14.06% between 1990 and 2019, though opposite variations are observed for the two GHG emitted by this activity: methane increased
by 30.17% and nitrous oxide decreased by 10.95%. In 2021, Luxembourg started to report the GHG emissions from other carbon-
containing fertilizers (31). These emissions are small compared to the other agriculture-related emissions (0.59% of all agriculture GHG

emissions in 2019).

However, the evolution of nitrous oxide emissions stemming from agricultural soils (3D) shapes the overall agriculture emission pattern.
Indeed, for both the years 1990 and 2019, CRF category 3D is the biggest contributor to agriculture related emissions, though it is also,
as for other Annex | Parties, the agriculture category that shows the highest uncertainty in the inventory. It is also worth noting that

the shares of each CRF category under CRF sector 3 for which GHG emissions are reported have barely changed over the period: see

Figure 2-35.

Looking at methane emissions from manure management, an increase by 30.17% can be observed for the period 1990-2019. Animals
who contributed the most to these emissions were cattle and swine. As far as nitrous oxide emissions from manure management are

concerned, a decrease of 10.95% is observed for the period 1990-2019. These emissions are mainly due to cattle.
Finally, nitrous oxide emissions from agricultural soils are mainly driven by:

e nitrogen input to soils (such as application of synthetic fertilizers and manure) as well as nitrogen fixed by crops or crop

residues;
e nitrogen excretion on pasture, range and paddock;

e byindirect soil emissions due to atmospheric deposition as well as to nitrogen from fertilizers and animals that is lost through

leaching and run-off.
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244 CRF 5 — Waste

GHG covered CH; & N;O
Share in total GHG emissions, excl. LULUCF 1990 0.83% = 105.80 Gg CO,e
2019 0.73% = 78.14 Gg COze

In the waste sector, the main source of GHG was solid waste disposal on land (5A), but its weight decreased over the period 1990-2019
due to the combination of reduced amounts of waste disposed in landfills and of increased emissions arising from composting activities
(5B). However, GHG emission reduction for solid waste disposal on land between 1990 and 2019 (-50.21%) still drove a reduction for
the overall waste sector despite rising emissions from composting. Wastewater handling emissions (5D) experienced a 44.82% decline
in emissions between 1990 and 2019. This decrease was driven by domestic and commercial wastewater treatment — and, more

specifically methane related emissions — since industrial wastewater management remained fairly stable throughout the period.

For solid waste disposal on land, methane emissions have been reduced due to:

e adecrease in the quantity of waste being stored in authorised landfill sites (two as of today, three in the early 1990s), notably
through the development of recycling schemes and the expansion of both the numbers of and the various waste categories

collected by recycling centres;
e the aerobic pre-treatment before storage in one of the two landfill sites;
e therecentinstallation of methane recovery systems at waste dumping sites.

Wastewater treatment plant (WWTP) capacities expressed in population-equivalents have steadily grown since 1990. However,
methane and nitrous oxide emissions decreased since 1990. Therefore, technical changes, with regard to wastewater treatment, have

had an undeniable role too.

Concerning compost production, this activity started on an “industrial scale” only in the early 1990s. It experienced a steady growth
from 1993 to 2003 and then more or less stabilizes. Nowadays, 7 composting installations operate in Luxembourg, plus one that co-
compost sewage sludge. The latter uses active ventilation and fully operates aerobically —without methane formation. The other plants

operate in part under anaerobic conditions, with a residence time in the “composter” of a few weeks.

Itis recalled that waste incineration related emissions are part of CRF sub-category 1Ala (public electricity and heat production) since

energy is recovered in the sole incinerator of the country and injected in the network.

The emission trends briefly described in the previous paragraphs led to a significant change in the composition of waste related GHG

emissions: see Figure 2-36.
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24.5 CRF sectors — overview

The fact that the iron and steel industry has abandoned blast furnaces between 1994 and 1998, that the TWINerg power plant started
fully its operations in 2002, and that fossil fuel consumption as well as road fuel sales have experienced a continuous increase up to
2005, hide many other emission trends and, due to their importance in the national total GHG emissions, they shape the overall pattern

of Luxembourg’s GHG emissions trend.

2.5 Description of Emission Trends of Indirect GHG and SO,

Indirect GHG — NOy, CO, NMVOCs — and SO, emissions as recorded in the inventory were extracted from the air pollutants emission
inventory Luxembourg is compiling for the UNECE CLRTAP. Please refer to the Informative Inventory Report for more information on

the estimation of the air pollutant emissions.>8

2.6 Description of Emission Trends for the KP-LULUCF Inventory in Aggregate and
by Activity, and by Gas

In Luxembourg, LULUCF was a net sink every year, except in 1990.%° An important sub-category is forest land, in particular its sub-
source forest land remaining forest land (4A1). This sub-category, as well as the sub-category land converted to forest land (4A2), are
net sinks for CO,, whereas other categories and sub-categories reported in the inventory are generally sources of emissions (both CO,

and N,0).

The latest inventory shows potential net sinks over the second Kyoto commitment period 2013-2020. Indeed, from the “Accounting”
KP-LULUCF table, the expected net carbon sequestration from LULUCF activities (or “Removal Units” — RMUs) reaches 151.87 Gg of
C0O2e.%0 Consequently, forestry and land use changes will not contribute much to Luxembourg’s means of meeting its Kyoto
commitment. The latter would, therefore, be reached mainly via national policies and measures and the use of “Kyoto flexible

mechanisms” and not via carbon sinks.

With regard to the KP-LULUCF activities, in 2019, CO, removals from afforestation and reforestation (AR) in Luxembourg amounted to

-161.18 Gg CO,. Emissions from deforestation (D) activities amounted in 2019 to 282.31 Gg CO»eq.
Due to the nature and permanence of ARD areas, there is from 1990 on:

. a steady increase in ARD areas, and related to that,

e asteady increase of removals and emissions, respectively, at these areas.

58 https://www.ceip.at/ms/ceip_homel/ceip_home/status_reporting/2020_submissions/

59 Net emissions in 1990 are the consequence of the important storms that severely hit Luxembourg’s forests in early 1989-90.

60 In the “Accounting” KP-LULUCF table, take the sum of Al & A2, column "Accounting quantity", and divide it by 6:
(-1193.54+282.31)/6 = -151.87 Gg CO2e. In the SEF tables, no RMUs are accounted for yet).
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3 Energy (CRF Sector 1)

3.1 Sector Overview

Emissions from this sector comprise emissions from fuel combustion activities (source category 1A) and fugitive emissions from fuels
(source category 1B). For more details on categories where no emissions occur and categories that are not estimated or that are

included elsewhere, please refer to Table 3-4.

Chapter 3 also includes information on and description of methodologies used for estimating GHG emissions as well as references to
activity data and emission factors reported under CRF categories 1A — Fuel Combustion Activities and 1B — Fugitive Emissions from

Fuels for the period 1990 to 2019.

GHG emissions from fossil fuel combustion are the main source of greenhouse gas emissions in the Grand-Duchy of Luxembourg. In
2019, about 88.65% of national total GHG emissions (excl. LULUCF) were caused by fossil fuel combustion activities in the energy and
manufacturing industry, in the transportation sector and in the commercial and residential sector (category 1A). Fugitive emissions

only made up about 0.30% of the national total GHG emissions (excl. LULUCF)

GHG emissions related to waste incineration are allocated to IPCC sub-category 1A1a — Fuel Combustion Activities — Energy Industries
— Public Electricity and Heat Production (see Section 3.2.6 of this chapter) since energy is recovered and injected into the public

electricity and district heating networks.

Process related emissions are considered in CRF Sector 2 — Industrial Processes and Products Use (see Chapter 3.1).

3.1.1 Emission Trends

Figure 3-1 and Table 3-1 show the GHG emission trends from 1990 to 2019 for each of the IPCC categories under CRF Sector 1 - Energy,
for which GHG emissions are reported. These are expressed in CO, equivalents and include CH4 and N,O emissions from biomass, but
exclude CO, emissions from biomass combustion. CO, emissions from biomass combustion are reported under Memory Iltems and are
not accounted for in the national total. GHG emissions from category 5C - Incineration and open burning of waste are accounted for
in sub-category 1A1la - Public Electricity and Heat Production, as energy from waste burning is recovered and injected into the public

electricity and district heating networks.

Fuel combustion activities (category 1A) related GHG emissions have decreased by 10.07% between 1990 and 2019 from 10.28 million
tonnes CO; equivalents in 1990 to 9.25 million tonnes CO; equivalents in 2019. Carbon dioxide emissions decreased by 10.57% in 2019
compared to the base year. Methane emissions decreased by 31.0%, whereas nitrous oxide emissions increased by 153%, for the same

period.
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Figure 3-1 — GHG emission trends for CRF Sector 1-Energy: 1990-2019
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Figure 3-2 illustrates that the overall trend observed at sector level hides very different developments at the sub-category level. Indeed,
between 1990 and 2019, GHG emissions have been strongly influenced by varying fuel consumption levels in industry, in particular in
the iron and steel industry, as well as in the road transport sector as percentage growths recorded for sub-categories 1A2 —
Manufacturing Industries and Construction and 1A3 — Transport demonstrate. There are several industrial sites which had relatively
high levels of GHG emissions, and which, therefore, have had a large impact on the national total of GHG emissions. In the transport
sector, road fuel consumption, and even more so road fuel sales®l, have a very important weight in the national energy balance, and,

consequently, have also a very important impact on the total GHG emissions.

In the iron and steel industry, the technological change from blast furnaces to electric arc furnaces allowed reducing GHG emissions
significantly between 1993 and 1998. Due to the importance of the iron and steel industry in Luxembourg, this evolution hid many
other emission trends between 1990 and 1998. After 1998, the increase of road fuel sales and, to a lesser extent, the increase of
electric energy production has led to a rather steep increase of GHG emissions in these sub-categories and, by extension, of the national
total for GHG emissions. In more recent years, the closure of some industrial sites (mainly in the iron and steel industry), the decrease
in local electricity production, a reduction in the road fuel sales and the implementation of energy efficiency measures in the building

sector, led to a more or less steady decrease in emissions from 2005 onwards.

All the changes briefly presented in the previous paragraphs — as well as in Chapter 2 - completely modified the pattern of the energy
related GHG emissions between 1990 and 2019 with regard to the share between sub-categories —see Figure 3-3 —and to the “energy-

mix” or fuel use for energy production and consumption — see Table 3-2.

61  See Section 2.2
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Table 3-1 - GHG emission trends in CO,eq for CRF Sector 1 — Energy: 1990-2019

1- Energy
GHG emissions by source & sink category (Gg)
1A1 - Energy Industries 1A2 - Manufacturing Industries & Construction 1A3 - Transport 1A4 - Other Sectors
Year CO, CH, N0 Co, CH, N0 CO, CH, N,0 CO, CH, N0
TotalCOzeq el biomass) (incl.biomass) (incl.biomass)| | CO2* (excl, biomass) (incl.biomass) (incl.biomass)| | CO2* (excl, biomass) (incl.biomass) (incl.biomass)| |° %1 (excl, biomass) (incl. biomass) (incl.bi
1990 35.84 3348 0.036 0.005 6 265.75 6250.32 0.158 0.039 261711 2588.98 0.501 0.052 1359.97 134275 0451 0.020
1991 37.50 35.03 0.038 0.005 6 108.45 6092.59 0.154 0.040 3210.62 3177.07 0.542 0.067 1626.00 1607.10 0.498 0.022
1992 37.39 34.93 0.038 0.005 5765.30 5749.24 0.150 0.041 3497.74 3461.12 0.501 0.081 1497.69 1480.13 0.463 0.020
1993 35.57 33.23 0.036 0.005 5902.01 5885.35 0.151 0.043 3545.09 3507.79 0.432 0.089 148243 1464.95 0.465 0.020
1994 34.80 3251 0.035 0.005 5 189.50 5172.77 0.146 0.044 3602.64 3563.61 0.385 0.099 1424.01 140742 0431 0.019
1995 93.72 9147 0.035 0.005 3333.05 3319.14 0.097 0.039 3359.82 332274 0.323 0.097 1437.69 1420.87 0441 0.020
1996 8249 80.75 0.027 0.004 3179.90 3166.10 0.098 0.038 3470.97 3433.69 0.296 0.100 1588.58 1571.66 0434 0.020
1997 89.89 87.83 0.032 0.004 2415.82 2402.85 0.077 0.037 3731.60 3693.95 0.280 0.103 1542.27 152552 0.427 0.020
1998 156.31 153.76 0.040 0.005 1374.24 1362.31 0.057 0.035 3910.53 3874.00 0.259 0.101 160747 1590.60 0.424 0.021
1999 173.89 170.97 0.045 0.006 1564.67 1551.31 0.064 0.039 4235.25 4198.83 0.247 0.102 1463.22 144717 0403 0.020
2000 119.44 116.64 0.043 0.006 1397.41 138348 0.064 0.041 487111 4833.72 0.242 0.105 165844 164207 0410 0.020
2001 280.88 277.95 0.046 0.006 1490.06 1475.12 0.074 0.044 5117.85 508147 0.230 0.103 1698.29 168143 0432 0.020
2002 1028.40 1024.70 0.060 0.007 1375.79 1360.71 0.067 0.045 5305.91 5270.90 0.217 0.099 1645.20 1629.01 0.408 0.020
2003 1036.24 103242 0.062 0.008 1313.67 1299.11 0.061 0.044 5859.62 5824.36 0.213 0.100 1684.79 1668.63 0.408 0.020
2004 1259.55 125523 0.070 0.009 1410.55 1395.76 0.068 0.044 6810.61 6774.98 0.207 0.102 1732.02 171534 0424 0.020
2005 1242.72 123867 0.066 0.008 1406.70 1390.95 0.095 0.045 7187.10 715173 0.185 0.103 1660.74 1644.87 0.406 0.019
2006 1306.89 130258 0.070 0.009 148117 1465.38 0.099 0.045 6 865.57 6 830.68 0.159 0.104 1626.12 1610.63 0.398 0.019
2007 1183.09 1178.80 0.069 0.009 1385.05 1369.62 0.095 0.044 6580.91 6543.16 0.144 0.115 1538.38 1524.03 0.365 0.017
2008 997.27 993.06 0.068 0.008 1330.05 1316.42 0.095 0.038 6681.16 6638.84 0.130 0.131 1602.01 1586.98 0.387 0.018
2009 1194.06 1189.72 0.070 0.009 118942 117718 0.081 0.034 6157.53 611541 0.115 0.132 1592.76 1577.27 0.407 0.018
2010 1206.51 120246 0.066 0.008 1267.28 1254.69 0.092 0.035 6520.51 6473.00 0.108 0.150 169148 1675.70 0421 0.018
2011 1008.92 1004.69 0.068 0.008 1243.02 1231.01 0.086 0.033 6896.47 6842.10 0.111 0.173 1425.99 141291 0.342 0.015
2012 1046.51 1042.28 0.068 0.009 1184.61 1173.52 0.082 0.030 6593.22 6537.83 0.106 0177 1549.08 1534.26 0.400 0.016
2013 692.39 688.40 0.063 0.008 1144.39 1133.04 0.084 0.031 6452.51 6395.34 0.100 0.183 1560.86 1545.56 0.428 0.015
2014 675.73 670.57 0.081 0.010 1148.23 1136.30 0.087 0.033 6145.01 6086.48 0.106 0.188 1393.61 137833 0.435 0.015
2015 469.00 463.36 0.088 0.012 111319 1101.71 0.082 0.032 5703.77 5645.83 0.110 0.185 1597.81 158123 0472 0.016
2016 26443 258.53 0.092 0.012 1156.26 1144.28 0.091 0.033 5534.15 5475.21 0.118 0.188 1653.88 1636.10 0516 0.016
2017 253.65 246.77 0.107 0.014 1146.28 1134.48 0.090 0.032 5646.67 5584.36 0.127 0.198 172554 1708.65 0.484 0.016
2018 232.68 22411 0.133 0.018 1162.44 1150.98 0.085 0.031 6027.05 5959.75 0.138 0.214 1658.02 1640.66 0.503 0.016
2019 235.46 224.03 0177 0.023 1177.11 1165.87 0.080 0.031 6 166.49 6095.98 0.148 0.224 1666.88 1653.00 0.385 0.014
19;::_;31 9 557.01% 569.13% 385.77% 384.07% -81.21% -81.35% -49.08% -19.64% 135.62% 135.46% -70.41% 328.16% 2257% 23.11% -14.60% -28.59%
20.:;9_2319 1.19% -0.03% 33.06% 33.23% 1.26% 1.29% -5.17% -1.20% 231% 2.29% 7.31% 4.65% 0.53% 0.75% -23.45% -11.20%
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1-Energy
GHG emissions by source & sink category (Gg)
1A5 - Other 1B2 - Oil & Natural Gas 1 - Total Energy
Year co, CH, N,0 co, CH, N,0 co, CH, N0
Total C0z.q (excl. biomass) (incl. biomass) (incl. biomass) Total C0z.q (excl. biomass) (incl. biomass) (incl. biomass) Total C0z.q (excl. biomass) (incl. biomass) (incl. biomass)
1990 312 3.10 0.000 0.000 19.60 0.03 0.78 NA, NO 10 301.39 10 218.66 1.93 0.12
1991 312 3.10 0.000 0.000 20.33 0.03 0.81 NA, NO 11006.02 10914.93 2.04 0.13
1992 26.87 26.72 0.003 0.000 21.22 0.03 0.85 NA,NO 10 846.21 10752.16 2.00 0.15
1993 23.72 23.58 0.003 0.000 22.02 0.03 0.88 NA, NO 11010.85 10914.93 1.97 0.16
1994 2214 22.01 0.003 0.000 2218 0.03 0.89 NA, NO 10 295.26 10 198.35 1.89 017
1995 10.82 10.75 0.001 0.000 2528 0.03 1.01 NA,NO 8260.38 8165.00 1.91 0.16
1996 18.61 18.49 0.002 0.000 27.66 0.04 1.10 NA, NO 8 368.22 8270.72 1.96 0.16
1997 2310 22.98 0.003 0.000 28.29 0.04 1.13 NA, NO 7830.97 7733.16 1.95 0.16
1998 34.21 34.03 0.004 0.000 28.51 0.04 1.14 NA,NO 7111.27 7014.74 1.92 0.16
1999 63.29 62.95 0.008 0.000 29.52 0.04 1.18 NA, NO 7529.84 7431.26 1.95 017
2000 12.21 1217 0.001 0.000 30.31 0.04 1.21 NA, NO 8088.92 7988.11 1.97 017
2001 2424 2416 0.002 0.000 33.69 0.04 1.35 NA,NO 8645.01 8540.18 213 017
2002 13.54 13.49 0.001 0.000 48.26 0.06 1.93 NA, NO 9417.09 9298.88 2.68 017
2003 3.27 3.25 0.000 0.000 4891 0.06 1.95 NA, NO 9946.49 9827.83 2.70 017
2004 0.13 0.12 0.000 0.000 54.27 0.07 217 NA,NO 11267.14 11141.49 2.94 0.18
2005 0.13 0.12 0.000 0.000 53.46 0.07 2.14 NA,NO 11 550.84 11426.41 2.89 0.18
2006 013 0.12 0.000 0.000 56.10 0.07 2.24 NA, NO 11 335.99 11 209.46 297 0.18
2007 0.13 0.12 0.000 0.000 52.49 0.07 2.10 NA,NO 10 740.04 10615.80 277 0.18
2008 0.13 0.12 0.000 0.000 50.20 0.07 2.01 NA,NO 10 660.82 10 535.47 2.68 0.20
2009 013 0.12 0.000 0.000 50.74 0.07 2.03 NA, NO 10184.63 10 059.76 2.70 0.19
2010 0.13 0.12 0.000 0.000 54.57 0.07 2.18 NA,NO 1074047 10 606.04 287 0.21
2011 0.12 0.12 0.000 0.000 47.30 0.06 1.89 NA,NO 10621.83 10 490.90 2.50 0.23
2012 012 0.12 0.000 0.000 48.39 0.06 1.93 NA, NO 10421.94 10 288.06 2.59 0.23
2013 0.12 0.12 0.000 0.000 41.21 0.05 1.65 NA,NO 9891.46 9762.51 2.32 0.24
2014 0.12 0.12 0.000 0.000 38.91 0.05 1.55 NA,NO 9401.60 9271.85 2.26 0.25
2015 012 0.12 0.000 0.000 34.99 0.05 1.40 NA,NO 8918.88 879230 215 0.24
2016 0.12 0.12 0.000 0.000 32.16 0.04 1.28 NA,NO 8641.00 8514.28 2.10 0.25
2017 0.12 0.11 0.000 0.000 31.68 0.04 1.27 NA,NO 8803.94 8674.41 2.07 0.26
2018 0.12 0.1 0.000 0.000 31.15 0.04 1.24 NA, NO 9111.46 8975.65 2.10 0.28
2019 0.12 0.11 0.000 0.000 31.18 0.04 1.25 NA,NO 9277.24 9139.04 2.04 0.29
19?:_2319 -96.23% -96.34% -99.61% -71.33% 59.11% 58.47% 59.11% NA -9.94% -10.57% 5.55% 153.02%
2011-':_2319 -0.12% -0.01% -6.30% -2.93% 0.11% 0.11% 0.11% NA 1.82% 1.82% -3.19% 4.88%

Source: Environment Agency.

Notes: CH4 emissions are converted in CO,eq by multiplying the emissions by 25, i.e. the global warming potential (GWP) value for methane based on the effects of GHG over a 100-year time
horizon. N,O emissions are converted in CO,eq by multiplying the emissions by 298, i.e. the global warming potential (GWP) value for nitrous oxide based on the effects of GHG over a 100-
year time horizon.
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Figure 3-2 — GHG emission trend indexes for CRF Sector 1 — Energy: 1990-2019
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Figure 3-3 — IPCC sub-categories share in GHG emissions for CRF Sector 1 — Energy: 1990 and 2019
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Table 3-2- Final energy consumption trends: 1990-2019

T
Year Total Coal Blast gf: ;nace Natu{;a)l gas Electricity H(t;:)at quw(t:i3 )fuels ::I:r::si
1990 144 043 34'332 8'457 19'427 14'989 - 66'193 645
1991 151194 30'815 7235 20'390 15'198 76'912 645
1992 151 495 29'475 6'196 21'227 15282 78'670 645
1993 154 576 30'689 6'514 22'064 15'826 - 78'837 645
1994 151033 27'268 5'504 21'990 16'747 126 78'754 645
1995 134 632 16'035 2'732 23'907 18'045 586 72'683 645
1996 138 070 15'671 2'512 26'251 17'710 547 74'734 645
1997 136 435 10'422 1'347 27'156 18'254 564 78'047 645
1998 135 560 4'883 - 27'437 19'092 950 82'554 645
1999 142 821 4'836 28'436 19'836 986 88'083 645
2000 149 605 4'595 28'126 20'790 504 94'661 930
2001 156 682 4'958 27'998 21'033 624 100'748 1'321
2002 158 232 3'084 28'258 21'261 1'085 103'139 1'406
2003 168 355 2'369 28'674 22'252 2'815 110'838 1'407
2004 186 632 3'329 29'942 23'007 3031 125'735 1'587
2005 190 467 3249 29'338 22'149 3050 130'190 2'490
2006 187 692 3877 30'623 23'806 3204 123'620 2'562
2007 184 849 3280 29'823 24'098 2'573 120'558 4'519
2008 186 737 3137 30'616 23'750 2'907 121'629 4'697
2009 173 689 2'801 28'659 22'005 2'458 113'546 4'219
2010 184 368 2'807 31'412 23'735 3001 118'873 4'541
2011 182 461 2'443 27'916 23'343 3057 121'286 4'415
2012 177 447 2'250 28'262 22'450 2'988 116'797 4'700
2013 175 357 2'006 27'790 22'316 3161 114'981 5103
2014 170 231 2'235 26'536 22'256 2'431 110'833 5'938
2015 169 837 2'057 27'791 22'407 2261 108'960 6'360
2016 172215 2'193 29'226 22'922 2'433 108'689 6'752
2017 177 785 1'898 28'760 23'016 2'606 113'906 7'599
2018 185 006 1'764 28'762 23'252 2'956 120'411 7'861
2019 186 610 1'784 28'846 23'027 3736 121'856 7'361
19;:;:2319 29.55% -94.80% -100.00% 48.48% 53.63% NA 84.09% 1041.67%
Share 1990 100.00% 23.83% 5.87% 13.49% 10.41% NA 45.95% 0.45%
Share 2019 100.00% 0.96% NA 15.46% 12.34% 2.00% 65.30% 3.94%

Source:STATEC: Statistical Yearbook, Table A4300: http://www.statistiques.public.lu/

Notes: (1) based on GCV

(2) heat from cogeneration, including heat recovery from waste incineration

(3) including blended biodiesel

Data extracted on 10th March 2021 (subject to change since that date)
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Final energy consumption increased by 29.55% between 1990 and 2019 and passed through a minimum in 1995 and a maximum in
2005. All the energy sources have seen their consumption increase over the period, except coal and blast furnace gas, for which the
declining use in the first part of the 1990s was closely related to the discontinuation of the use of blast furnaces in the iron & steel
industry. Table 3-2 also shows the dramatic change in the “energy-mix” in Luxembourg between 1990 and 2019, with a dropping share
of solid fuels — for which the main part was used in the iron and steel industry —in favour of liquid fuels and natural gas and, to a lesser
extent, to new energy sources such as cogeneration and biomass. Biomass is expected to increase more rapidly in the future due to

European commitments, also engaged by Luxembourg, to promote the use of biomass, especially solid biomass and biogas.

In 2019, with 65.30% of the final total energy consumption in Luxembourg, liquid fuels are the most important energy source, with
diesel being the first liquid fuel in terms of volumes sold. The domestic liquid fuel consumption in Luxembourg is much lower than the
level of fuel sales, because large amounts of road fuels are bought by cross-border commuters and transit traffic passing through
Luxembourg and thus exported on board of road vehicle tanks. Actually, in 2019, 71.53% of road fuels sold on Luxembourg’s territory

are exported inside vehicle tanks and combusted abroad (see

Table 3-64 in Section 3.2.9.3).

The importance of natural gas has increased constantly and significantly since 1990. In 2019, natural gas consumption ranked second
after the consumption of liquid fuels. This development followed the continuous extension of the natural gas network in Luxembourg
and the substantial increase of Luxembourg's population since 1990, and as such, natural gas becomes more and more the main fuel

for heating purposes.

Natural gas has also become the main energy source of Luxembourg’s national electricity production capacity®2. In 1990, more than
90% of Luxembourg’s electric energy consumption was imported. One medium size power plant of about 70 MW was owned by the
iron & steel industry, and partially fed the public network when electricity was produced in excess. That power plant was mainly run

on blast furnace gas and was phased out in 1997 after the last blast furnace went out of service.

In the early 1990s, small cogeneration plants appeared. Their installation was encouraged financially by the Government. This
development was followed later by some industrial companies which installed gas turbines to produce electricity and heat
simultaneously. In mid-2002, the TWINerg power plant —a 350MW gas turbine — started its operation, producing electricity only until
2010. From 2011 onwards, heat is also recovered and fed into a district heating network providing heat for the new developement site
at Esch-Belval. The TWINerg plant was shut down in 2016. Almost all of these cogeneration plants run on natural gas. Gas oil remains,

however, the emergency fuel in case of a natural gas supply disruption.

Table 3-3 summarises electricity production trends in Luxembourg since 1990.

62 This cannot be seen in final energy consumption statistics but only in the primary energy consumption figures.
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Table 3-3 - Electricity production trends: 1990-2019

Electricity production (GWh)
Year Total Thermic (1) RES (2) Cogeneration (3)
1990 626 559 68 NO
1991 676 622 54 NO
1992 662 594 68 NO
1993 670 608 62 NO
1994 625 506 86 33
1995 530 347 81 102
1996 474 306 53 114
1997 424 214 92 118
1998 406 105 107 195
1999 389 52 132 205
2000 415 51 144 219
2001 869 457 143 269
2002 2817 2333 131 352
2003 2784 2285 102 397
2004 3374 2787 144 442
2005 3337 2737 155 445
2006 3519 2866 182 471
2007 3190 2599 192 399
2008 2713 2089 202 422
2009 3143 2571 181 390
2010 3224 2607 176 440
2011 2644 2049 148 447
2012 2746 2104 204 438
2013 1843 1157 269 417
2014 1918 1241 296 381
2015 1350 680 320 350
2016 800 113 332 355
2017 936 124 466 346
2018 1021 124 531 366
2019 1192 125 644 423
19::2319 49.52% 77.18% 590.88% NA
Share 1990 100.00% 89.22% 10.78% NA
Share 2019 100.00% 13.26% 49.82% 36.92%

Sources: STATEC: Statistical yearbook, Table A.4203: http://www.statistiques.public.lu
Notes: (1) includes thermal power plants (TWINerg), autoproducer thermal power plants and MSW incineration.
(2) RES=Renewable Energy Sources, includes small hydro-electric power plants, wind power, photo voltaic power.

(3) Cogeneration includes biomethanisation
Data extracted on March 10 2021 (subject to changes since that date)
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3.1.2 Completeness

Table 3-4 gives an overview of the IPCC categories included under CRF Sector 1-Energy and provides information on the status of

emission estimates of all sub-categories.

Table 3-4 — Overview of CRF Sector 1 — Energy: status of emission estimates for CO,, CH; and N,O

GHG source & Description Status

sink category o, CH, N,0
1A1a fuel combustion activities — energy industries — public electricity & heat production X X X
1A1b fuel combustion activities — energy industries — petroleum refining NO NO NO
1A1c fuel combustion activities — energy industries — manufacture of solid fuels and other energy industries NO NO NO
1A2a fuel combustion activities — manufacturing industries & construction - iron & steel X X X
1A2b fuel combustion activities — manufacturing industries & construction - non-ferrous metals X X X
1A2c fuel combustion activities — manufacturing industries & construction — chemicals X X X
1A2d fuel combustion activities — manufacturing industries & construction - pulp, paper & print X X X

(2000-2019) (2000-2019) (2000-2019)
1A2e fuel combustion activities — manufacturing industries & construction — food processing, beverages & X X X
tobacco
1A2f fuel combustion activities — manufacturing industries & construction — non-metallic minerals X X X
1A2g fuel combustion activities — manufacturing industries & construction - other X X X
1A3a fuel combustion activities — transport - civil aviation X X X
1A3b fuel combustion activities — transport — road transportation X X X
1A3c fuel combustion activities — transport - railway's X X X
1A3d fuel combustion activities — transport — navigation X X X
1A3e fuel combustion activities — transport — other transportation NO NO NO
1Ada fuel combustion activities — other sectors — commercial/institutional X X X
1A4b fuel combustion activities — other sectors - residential X X X
1A4c fuel combustion activities — other sectors — agriculture/forestry /fish farms X X X
1A5a fuel combustion activities — non-specified — stationary X X X
(1990-2003) (1990-2003) (1990-2003)

1A5b fuel combustion activities — non-specified — mobile X X X
1B1a fugitive emissions from fuels - solid fuels — coal mining & handling NO NO NO
1B1b fugitive emissions from fuels - solid fuels - solid fuel transformation NO NO NO
1B1c fugitive emissions from fuels - solid fuels - other NO NO NO
1B2a fugitive emissions from fuels - oil & natural gas - oil NA NA NO
1B2b fugitive emissions from fuels - oil & natural gas — natural gas
1B2c fugitive emissions from fuels - oil & natural gas — venting & flaring X X NO
1B2d fugitive emissions from fuels - oil & natural gas - other NA NA NA

Memo Items [international bunkers — aviation X X X

Memo Items [international bunkers — marine X X X

Memo Items |multilateral operations NA NA NA

Memo Items [CO2 emissions from biomass X

Note: X indicates that emissions from this sub-category have been estimated, the grey shaded cells are those also shaded in the CRF
tables.
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3.2 Fuel Combustion Activities (1.A)

In 2019, GHG emissions of category 1A - Fuel Combustion amounted to a total of 9.25 million tonnes CO,eq (see Table 3-5). The

transport sector (1A3 - Transport) represented the most important source, with a share of 66.69% of the GHG emissions within

category 1A (57.40% of national total excl. LULUCF). These emissions include emissions from fuel export, i.e. fuel bought by foreign

commuters and transit traffic, but mostly emitted outside of Luxembourg's territory.

Combustion in the commercial and residential sector (1A4 - Other Sectors) was the second largest source of emissions with a share of

18.03% of the GHG emissions within category 1A (15.52% of national total excl. LULUCF), followed by the industrial sector (1A2 -

Manufacturing Industries and Construction) and the energy sector (1Al - Energy) with shares of 12.73% and 2.55%, respectively

(10.96% and 2.19% of national total excl. LULUCF, respectively). Emissions from sub-category 1A5 - Other, which includes emissions

from other non-specified sources, represented only 0.001% of the GHG emissions within category 1A in 2019.

Table 3-5 - GHG emission trends and shares of 1A-Fuel combustion

1A - Fuel Combustion
GHG emissions by source category excluding CO, emissions from biomass (Gg CO, eq.)
1A2
Year 1A1 Manufacturing 1A3 1A4 1A5 1A
Energy Industries Industries & Transportation Other Sectors Other Fuel Combustion
Construction
1990 35.8 6 265.7 2617.1 1360.0 3.1 10281.8
1991 375 6108.5 32106 1626.0 3.1 10985.7
1992 374 5765.3 34977 14977 26.9 10 825.0
1993 356 5902.0 3545.1 14824 237 10988.8
1994 348 5189.5 3602.6 14240 221 102731
1995 93.7 3333.1 3359.8 14377 108 8235.1
1996 82.5 3179.9 34710 15886 186 8340.6
1997 89.9 24158 37316 15423 231 7802.7
1998 156.3 13742 39105 16075 342 70828
1999 173.9 1564.7 42352 14632 63.3 7500.3
2000 1194 13974 48711 16584 122 8058.6
2001 280.9 1490.1 51179 1698.3 242 8611.3
2002 10284 13758 5305.9 16452 135 9368.8
2003 1036.2 13137 5859.6 16848 33 9897.6
2004 1259.6 14105 6810.6 17320 0.1 112129
2005 12427 1406.7 71871 1660.7 0.1 114974
2006 1306.9 14812 6 865.6 1626.1 0.1 11279.9
2007 1183.1 1385.1 6580.9 15384 0.1 10 687.6
2008 997.3 1330.1 6681.2 1602.0 0.1 10610.6
2009 11941 11894 6157.5 15928 0.1 101339
2010 1206.5 12673 6520.5 16915 0.1 10685.9
2011 1008.9 12430 6896.5 14260 0.1 10574.5
2012 1046.5 11846 6593.2 1549.1 0.1 103735
2013 692.4 11444 64525 1560.9 0.1 9850.3
2014 675.7 11482 6145.0 13936 0.1 9362.7
2015 469.0 11132 5703.8 15978 0.1 88839
2016 264.4 1156.3 5534.2 1653.9 0.1 8608.8
2017 253.6 1146.3 5646.7 17255 0.1 87723
2018 232.7 11624 6027.0 1658.0 0.1 9080.3
2019 2355 11771 6 166.5 1666.9 0.1 9246.1
. 9;;":'2‘:19 557.01% 81.21% 135.62% 2257% -96.23% -10.07%
Share 1990 0.35% 60.94% 25.45% 13.23% 0.03% 100.00%
Share 2019 2.55% 12.73% 66.69% 18.03% 0.00% 100.00%
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Table 3-6 presents the key source categories of 1A — Fuel Combustion Activities.

Table 3-6 — Key categories of 1A — Fuel Combustion Activities (1990-2019)

1- Energy
Key sources
IPCC LA excl. LA incl. TA excl. TAincl.
Category Category Name Fuel GHG | LLUCF LULUCF LULUCF LULUCF
1A1 Energy Industries gaseous COz 32’98-99’01- ?g il
1A1 Energy Industries other CO, 98, 09, 11-19 98, 04, 06-19 X X
1A2 Manufactgrlng Industries and s CO, 9019 90-19 X X
Construction
1A2 Manufactyrlng Industries and iquid CO, 9019 90-19
Construction
1A2 Manufactgnng Industries and solid O, 90-19 90-19 X X
Construction
1A2 Manufactgnng Industries and ofher o, 13,1619 13,1619
Construction
1A3b Road Transportation diesel oil CO2, 9019 90-19 X X
1A3b Road Transportation gasoline CO,  90-19 90-19
1A3b Road Transportation diesel oil N20 18-19
1A4 Other Sectors gaseous CO,  90-19 90-19 X X
1A4 Other Sectors liquid CO2 9019 90-19
1A5 Other liquid COo, 99 99

Source: Environment Agency
Notes:  LA= Level Assessment (Tier 1) including respectively excluding LULUCF
TA= Trend Assessment 2019 (Tier 1) including respectively excluding LULUCF
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3.2.1 Comparison of the sectoral approach with the reference approach

This section provides a comparative analysis of the reference approach and the sectoral approach, and gives explanations for the
differences between the two approaches. Figure 3-4 and Table 3-7 present CO, emissions obtained by the sectoral and the reference

approaches. The difference for total CO; emissions from fuel combustion varies between -0.69% and +2.04% throughout the time-

series.

Figure 3-4 - CO, emissions obtained with Reference and Sectoral Approach for 1990-2019
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Table 3-7 — CO; emissions obtained with Reference and Sectoral Approach (1990-2019)

Reference Approach Sectoral Approach
Year Solid Liquid | Gaseous | Other Total Solid Liquid | Gaseous | Other Total
[Gg COy] [ [GgCOy] | [Gg COy | [Gg COy] | [Gg COy | [Gg CO] | [Gg COy | [Gg CO | [Gg COZ | [Gg COl
1990 5241 3'881 1'039 33 10194 5'317 3832 1'036 33 10'219
1991 5'081 4719 1'080 35 10'915 5'077 4728 1'074 35 10'915
1992 4'733 4'980 1'128 35 10'876 4'686 4'909 1122 35 10'752
1993 4768 4'951 1173 33 10'924 4'813 4'909 1'161 33 10'915
1994 4'093 4'961 1'184 33 10'270 4'073 4'919 1174 33 10'198
1995 2'209 4'612 1'351 31 8'204 2'239 4'552 1'343 31 8'165
1996 2'155 4'788 1'472 24 8'439 2'043 4742 1'461 24 8'271
1997 1'315 4'999 1'500 28 7'842 1'247 4'966 1'491 28 7'733
1998 280 5'253 1'506 66 7'105 280 5'174 1'495 66 7'015
1999 287 5'514 1'552 73 7'426 296 5515 1'546 73 7'431
2000 328 5'983 1'580 78 7'969 325 5'976 1'609 78 7'988
2001 320 6'354 1'758 97 8'529 317 6'346 1781 97 8'540
2002 165 6'446 2'519 105 9'235 215 6'438 2'540 105 9'299
2003 133 6'969 2'556 103 9'761 187 6'962 2'576 103 9'828
2004 218 7'960 2'837 115 11'130 213 7'954 2'859 115 11141
2005 228 8270 2'803 109 11'410 224 8264 2'829 109 11'426
2006 264 7'876 2'937 119 11'195 260 7873 2'958 119 11'209
2007 178 7'554 2'731 120 10'583 204 7'553 2'731 128 10'616
2008 189 7'625 2'594 128 10'535 186 7'620 2'594 136 10'535
2009 199 7'086 2'657 110 10'052 211 7'074 2'658 117 10'060
2010 202 7'448 2'841 117 10'609 199 7'441 2'842 124 10'606
2011 191 7'712 2'463 123 10'489 191 7'706 2'464 130 10'491
2012 184 7'478 2'499 124 10'284 185 7'473 2'500 130 10'288
2013 160 7'342 2112 132 9'746 173 7'336 2113 140 9'762
2014 183 6'939 2'004 136 9'262 186 6'935 2'004 146 9'272
2015 168 6'645 1'827 146 8'786 165 6'640 1'828 159 8'792
2016 181 6'472 1'679 177 8'509 178 6'466 1'680 190 8'514
2017 168 6'652 1'642 179 8'642 173 6'646 1'658 198 8'674
2018 155 7'006 1'609 193 8'964 154 7'000 1'609 212 8'976
2019 156 7'151 1'606 197 9111 168 7'146 1'608 217 9'139
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Table 3-8 presents the relative difference of CO, emissions between reference and sectoral approach.

Table 3-8 — Difference of CO, emissions by type of fuel
Difference of CO, emissions between sectoral and reference

[%]
Year Solid Liquid | Gaseous | Other Total
1990 - 144 1.29 0.27 0.00 - 024
1991 0.08 - 0.20 0.57 0.00 0.00
1992 1.01 1.44 0.59 0.00 1.16
1993 - 0.93 0.86 1.06 0.00 0.09
1994 0.48 0.84 0.92 0.00 0.70
1995 - 1.33 1.33 0.62 0.00 0.48
1996 5.49 0.96 0.75 0.00 2.04
1997 541 0.66 0.56 0.00 1.40
1998 0.02 1.52 0.74 0.00 1.28
1999 - 3.04 - 0.03 0.38 0.00 - 0.07
2000 0.94 0.12 - 1.80 0.00 - 024
2001 1.15 0.13 - 1.27 0.00 - 013
2002 - 23.52 0.12 - 0.83 0.00 - 0.69
2003 - 28.75 0.09 - 0.76 0.00 - 0.68
2004 2.18 0.07 - 0.76 - 0.08 - 0.10
2005 1.67 0.08 - 0.92 - 0.08 - 0.14
2006 1.72 0.04 - 0.72 - 0.07 - 013
2007 - 13.02 0.02 0.00 - 6.01 - 0.31
2008 1.43 0.06 - 0.01 - 567 0.00
2009 - 563 017 - 0.03 - 6.18 - 0.08
2010 1.54 0.09 - 0.02 - 553 0.02
2011 - 015 0.08 - 0.04 - 501 - 0.02
2012 - 0.83 0.07 - 0.02 - 529 - 0.04
2013 - 727 0.08 - 0.07 - 558 - 017
2014 -1.35 0.05 - 0.04 - 7.04 - 0.1
2015 1.56 0.07 - 0.06 - 8.13 - 0.08
2016 1.48 0.09 - 0.03 - 7.06 - 0.06
2017 - 267 0.09 - 0.95 - 915 - 0.38
2018 0.75 0.09 0.00 - 9.02 - 013
2019 - 739 0.07 - 0.10 - 897 - 031

Source: Environment Agency
Note: Positive numbers indicate that CO, emissions from the reference approach are higher than emissions from the sectoral
approach.

3.2.1.1 Methodology and data sources

The reference approach was compiled based on the 2006 IPCC Guidelines.

The primary data source for production, import, export, stock change, international bunker of fuels was the national energy balance

and /or the IEA Energy questionnaires as provided and compiled by the national statistics office (STATEC).

NCVs, CO, emission factors and oxidation factors are identical to those used for the sectoral approach, if not otherwise stated in the

CRF tables' documentation box.

The amount of carbon which does not lead to fuel combustion emissions was excluded from total carbon. Indeed, carbon excluded
from fuel combustion is either emitted in another sector of the inventory (for example as an industrial process emission) or stored in

the product manufactured from the fuel.
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3.2.1.2 Explanation of differences

The following reasons provide explanations to the differences recorded between the Sectoral Approach and the Reference Approach

(CRF table 1.A (b) and 1.A(c)):

e  The sectoral approach is based on a combined bottom-up (using plant specific data where available) & top-down
(national energy balance) approach. For some IPCC sub-categories, bottom-up activity data is higher than reported
by the energy balance. In order to avoid potential underestimation, it is preferred to use the highest data whenever
possible. Hence, emissions as calculated in the sectoral approach can be higher than the ones calculated in the
reference approach. Please refer to section 3.2.5 for more details on the methodology applied to calculate
emissions in the sectoral approach.

e Liquid fuels: difference in CO, emissions between the two approaches is +0.07% in 2019 and lies below the 2%
significance threshold for the entire timeseries.

e Solid fuels: difference in CO, emissions between the two approaches is -7.39% for 2019. For some years there is a
significant difference between both approaches (up to 28.75% for 2003). The most likely reason for these
differences is that solid fuels are often stored in large quantities, and not immediately combusted after acquisition
(sometimes combustion may even occur in a different calendar year). A more detailed investigation on this issue
will be carried out together with STATEC and the ETS team, and the methodology will be adapted for Luxembourg’s
next inventory submission if necessary.

e  Gaseous fuels: difference in CO, emissions between the two approaches is -0.10% in 2019 and lies below the 2%
significance threshold for the entire timeseries.

e Other Fossil Fuels: This category covers three dominating facilities, all covered under the emission trading scheme
(ETS). One facility is using secondary fossil fuels such as tires, fluff, waste solvents and sewage sludge as a
replacement of standard solid fossil fuels such as coal for its clinker production. The activity data for these
secondary fossil fuels, as used in the sectoral approach, are extracted from the ETS reports. However the national
energy balance, used for the reference approach, does not report the consumption of such fuels. Hence, the CO,
emission of these secondary fossil fuels was added to the reference approach, and the difference between the two
approaches tends to 0%. However, since submission 2019v1, Luxembourg has added a new type of “other fossil
fuel” in its inventory: the fossil part of FAME in biodiesel is considered here since its introduction in 2004 (please
refer to page 247 for details). As a consequence, the difference between the sectoral and the reference approach
for other fossil fuels is -8.97% in 2019. This results from the fact that the national energy balance considers
biodiesel to be 100% biomass.

Category-specific recalculations including changes made in response to the review process Table 3-9 presents the main revisions and
recalculations done since submission 2020v1 relevant to the Reference Approach. For the quantitative aspect of these recalculations,

please refer to Chapter 10.
Table 3-9 — Recalculations for the Reference Approach

GHG source & sink category ’ Revisions 2020v1 =» 2021v1 Type of revision

All fuels AD was revised according to the revised energy balance

and IEA Questionnaires as provided by STATEC

updated AD

3.2.1.3 Planned improvements
Table 3-10 lists the main improvements planned for the next submission.

Table 3-10 - Planned improvements for the Reference Approach

GHG source & sink category ‘ Planned improvement

Solid fuels — reference
approach

Investigate the significant difference for solid fuels between the reference approach and
the sectoral approach, and adapt the methodology if necessary
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3.2.2 International Bunker Fuels

In 2019, GHG emissions from International Bunkers amounted to 1798.20 Gg COze (see Table 3-11), an increase of approximately 351%

compared to 1990, which is mainly due to increased international aviation activities.

Table 3-11 — Activity data and GHG emissions for International Bunkers

International Bunkers - Aviation & Marine
Activity Data (GJ) and GHG emissions by source & sink category (Gg)

Aviation (Kerosene & Aviation Gasoline) Marine (Gas Oil) A.(I;:’i:lai:y c-l;;::

Year
Activity (GJ) Total COzeq CO, CH,4 N20 Activity (GJ) Total COzeq CO, CH,4 N20
1990 5516 169 398.37 39441 0.003 0.013 1054 0.087 0.078 0.000004  0.000029 5517 223 398
1991 5765 550 416.38 412.24 0.003 0.014 1139 0.094 0.084 0.000005  0.000032 5766 689 416
1992 5574033 402.62 398.54 0.004 0.013 1065 0.088 0.079 0.000004  0.000030 5575 098 403
1993 5512762 398.15 394.16 0.003 0.013 1430 0.118 0.106 0.000006  0.000041 5514192 398
1994 6993 817 505.00 500.06 0.004 0.016 1238 0.103 0.092 0.000005  0.000036 6995 055 505
1995 7927783 572.33 566.83 0.004 0.018 1246 0.103 0.092 0.000005  0.000037 7929 029 572
1996 8614215 621.81 615.91 0.004 0.019 1178 0.098 0.087 0.000005  0.000035 8615393 622
1997 10 305 632 743.80 736.85 0.004 0.023 1139 0.095 0.084 0.000005 0.000034 | 10306771 744
1998 12493 294 901.53 893.27 0.004 0.027 1140 0.095 0.085 0.000004  0.000034 | 12494434 902
1999 14095 591 1017.07 1007.83 0.005 0.031 1252 0.104 0.093 0.000005  0.000038 | 14096 843 1017
2000 13434073 969.38 960.53 0.005 0.029 1384 0.116 0.103 0.000005 0.000043 | 13435457 969
2001 14 530 054 1048.37 1038.90 0.005 0.031 1387 0.116 0.103 0.000005  0.000043 | 14531440 1048
2002 15742 564 1135.75 112559 0.005 0.034 1462 0.122 0.108 0.000005  0.000044 | 15744026 1136
2003 16399 902 1183.17 1172.59 0.005 0.035 1490 0.124 0.111 0.000005  0.000044 | 16401392 1183
2004 17844 514 1287.36 1275.88 0.005 0.038 1441 0.120 0.107 0.000005  0.000042 | 17845954 1287
2005 18131 067 1308.03 1296.37 0.005 0.039 1932 0.159 0.143 0.000006  0.000053 | 18132999 1308
2006 16 967 777 122415 121319 0.005 0.036 2041 0.167 0.151 0.000006  0.000053 | 16969 817 1224
2007 18238 604 1315.65 1304.06 0.005 0.038 1638 0.134 0.121 0.000005  0.000041 | 18240242 1316
2008 18359 132 1324.39 131268 0.005 0.039 1785 0.145 0.132 0.000005  0.000043 | 18360917 1325
2009 17 588 864 1268.85 1257.60 0.005 0.037 1430 0.116 0.106 0.000004  0.000033 | 17590 294 1269
2010 18050 982 1302.15 1290.64 0.005 0.038 1373 0.111 0.102 0.000004  0.000030 | 18052 355 1302
2011 16 887 889 1218.33 120748 0.005 0.036 1693 0.136 0.126 0.000005  0.000036 | 16889 583 1218
2012 15581 431 112417 1114.07 0.005 0.033 1631 0.131 0.121 0.000004  0.000034 | 15583063 1124
2013 15659 460 1129.77 1119.65 0.005 0.034 1345 0.108 0.100 0.000003  0.000027 | 15660 805 1130
2014 16985 116 1218.52 121443 0.005 0.036 1487 0.119 0.110 0.000004  0.000029 | 16986 603 1219
2015 19161778 1370.06 1370.07 0.005 0.041 1516 0.121 0.112 0.000004  0.000029 | 19163294 1370
2016 21263 024 1520.30 1520.30 0.006 0.045 1688 0.135 0.125 0.000004  0.000032 | 21264712 1520
2017 24041916 1719.00 1719.00 0.006 0.051 2111 0.169 0.157 0.000005  0.000040 | 24044027 1719
2018 25707 727 1838.10 1838.10 0.006 0.054 1831 0.146 0.136 0.000004  0.000033 | 25709 558 1838
2019 25148 046 1798.08 1798.08 0.006 0.053 1428 0.113 0.106 0.000003  0.000025 | 25149 474 1798
1990-2019 355.90% 351.36%  355.90%  102.72%  305.95% 35.50% 30.21% 35.33% 29.27%  -14.97% 355.84% 351.29%

Source:Environment Agency

Luxembourg’s NIR 1990-2019 168



3.2.21 Aviation Bunkers

As there is only one airport for commercial aviation in Luxembourg (located next to Luxembourg City), all commercial flights, either
coming to Luxembourg or going out of Luxembourg, are international flights. Non-commercial flights are mainly leisure or urgency
(medical, police) flights made with small-sized propeller airplanes or helicopters using aviation gasoline. These flights depart and arrive
at the same airport in Luxembourg. Based on communication with an expert of the sole aviation fuel reseller (Luxfuel) and with the
aviation authorities, about 90% of these non-commercial flights should be considered as domestic flights. The remaining 10% of the
light non-commercial aviation flights using aviation gasoline should be considered as international flights, as these flights depart from
Luxembourg with an international destination, which could be a small leisure airport in one of the neighbouring countries. 63
Consequently, all kerosene sales (commercial flights) and 10% of the aviation gasoline sales (non-commercial flights) and their related
emissions are considered as international flights and, thus, are allocated to international bunkers (see also 1A3a — Domestic aviation:

section 3.2.9.2.2).

3.2.2.1.1 Activity data

Fuel consumption of jet type kerosene was obtained from the national statistics institute (STATEC) and fuel consumption of aviation
gasoline was obtained from the sole vendor of aviation gasoline at the airport (Luxfuel S.A.) (see Table 3-11). Data on the number of

landings and take-offs (LTO) has been obtained from national statistics institute (STATEC).

3.2.2.1.2 Methodological issues

The 2006 IPCC Guidelines Tier 2 approach has been applied for flights combusting jet kerosene. This methodology is based on five
steps:

e  Estimation of the domestic and international fuel consumption totals for aviation. In Luxembourg's case this
estimation is straight forward as the entire fuel consumption of jet kerosene is considered as international.

e  Estimation of LTO fuel consumption for domestic and international operations. The LTO fuel consumption of
international operations (no domestic operations using jet kerosene) are estimated using the Eurostat 2004-2019
data on aircraft types and the EMEP/EEA Guidebook 2019 Master and LTO emission calculator for each aircraft
type. The 1990-2003 LTO fuel consumption data are estimated through a linear extrapolation of the 2004-2019
data.

e  Estimation of the cruise fuel consumption for domestic and international aviation. The cruise fuel consumption
was estimated by calculating the difference between the amount of fuel sold and the LTO fuel consumption.

e  Estimation of emissions from LTO and cruise phases for domestic and international aviation. The emissions of LTO
and cruise phases are calculated using emission factors from the IPCC 2006 Guidelines (please refer to section
3.2.2.1.3 below for more details).

e  Calculation of total emissions = LTO emissions + cruise emissions.

For non-commercial flights, combusting aviation gasoline, the 2006 IPCC Guidelines Tier 1 approach has been used. As explained above,
aviation gasoline fuel consumption was split into 90% domestic non-commercial flights and 10% international non-commercial flights.
The respective emissions were estimated using the IPCC default emission factors for aviation gasoline (please refer to section 3.2.2.1.3

for more details).

63 This oral communication has been documented internally by the energy expert (ARR 2011, §48).
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3.2.2.1.3 Emission factors

The emission factors, used for calculating emissions from International Bunkers — Aviation, are listed in Table 3-12. Emission factors

for jet kerosene are taken from the IPCC 2006 Guidelines.

Table 3-12 — Emission factors for International Bunkers - Aviation

International Bunkers - Aviation
Emission Factors for 2019
Fuel Flight Phase €0, . CH . N0 . Source
EF (unit) type EF (unit) type EF (unit) type
LTO 71.50 (tmd)D 0.00008 (tLTO)D 0.0001 (fLTO)D
JetKerosene

cruise 71.50 (tmd)D 0.00 (ttfuel) D 0.002 (ttfuel) D | 2006 IPCC GL
Aviation
gasoline all 70000 (kg/mJ) D 0.50 (kg/TJ) D 2.00 (kg/mJ) D

Source:Environment Agency

3.2.2.2 Marine Bunkers

As motorised navigation only occurs on the Moselle River, about 20% of the total GHG emissions from shipping are considered as

international and are, thus, reported under International Bunkers — Marine.

Activity data and emissions are listed in Table 3-11.

For more details on activity data sources, methodological issues, the split between international and domestic navigation and emission

factors used, please refer to Section 3.2.9.5.

3.2.23 Multilateral Operations

There are no multilateral operations in Luxembourg, hence notation key NO is used.
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3.2.24 Category-specific recalculations including changes made in response to the review process

Revisions and recalculations relevant to International Bunkers since submission 2020v1 are described in Table 3-13.

Table 3-13 - Recalculations done since submission 2020v1

GHG source & sink category

Revisions 2020v1 =» 2021v1

Type of revision

1D1a - International Aviation — jet kerosene

change of methodology for CO, emissions. 1) for LTO:
switched from emissions per LTO to emissions per TJ
(71.5 t/T) = default EF IPCC 2006). 2) for cruise:
corrected EF from 70 to 71.5 t/TJ (IPCC 2006)

Methodology change &
error correction

1D1b — International Navigation — diesel ail,
biodiesel, other fossil fuels

The total amounts of gasoline, diesel oil, LPG,
bioethanol and biodiesel sold in Luxembourg are
obtained from the national energy balance, and the
activity data is then allocated to the different road and
offroad subcategories with the NEMO and GEORG
models developed by TU Graz. No changes were made
to the total amounts of the different fuel types, but
minor reallocations were done for diesel, biodiesel and
other fossil fuels from 1A3d-Domestic Navigation to
1D1b-International navigation for the years 1995-2018
(for details please refer to Table 3-77). These
reallocations are due to an update of the specific fuel
consumption of offroad vehicles (Schwingshackl,
Rexeis, & Weller, 2020).

3.2.25 Category-specific QA/QC and verification

AD reallocation

Apart from the standard QA/QC procedures, fuel splits between International Bunker Fuels and national consumptions were checked

to avoid omissions or potential double counting. Jet type kerosene consumption as reported by the national statistics institute in the

national energy balance and compared to the inventory is considered to be consistent (see Table 3-15 - Discrepancies in International

Bunkers — Aviation), except for a small discrepancy for the year 2018 (22 TJ). Also noteworthy is the fact that the national statistical

institute does not publish data prior to the year 2000 on its website.

When comparing inventory data with the data as reported by Eurostat, small discrepancies are observed for every year between 1990

and 1999, as well as for 2018.

Furthermore, cross-checking between national statistics and data provided by the fuel provider was also undertaken, and the only

discrepancy that could be identified is a difference of 22 TJ for the year 2018. This was brought to the attention of the national statistics

institute, which will address this issue for the next version of the national energy balance.

3.2.2.6 Planned Improvements

Planned improvements, as listed in Table 3-14, will be explored, based on available resources.

Table 3-14- Planned improvements for International Bunkers

GHG source & sink category | Planned improvement

International Bunkers | No further improvements planned
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Table 3-15 - Discrepancies in International Bunkers — Aviation

Discrepancies in International Bunkers - Aviation hetween inventory data and international data

Product

2016

017

2018

2019

Aviaion gasoline

0

0

0

0

Aviaon gasoline

0

Kerosene type jet fuel

493

58

597

583

Kerosene type jet uel

1262

240

K728

21147

Kerosene type jet fuel

43105

43105

#3105

43105

Source of dafa
Extacted on

Product

201

017

2018

2019

Aviaton gasoline

9.657

9.657

10223

9.048

Kerosene type jet fuel

12602

40

B8

25147

Source of dafa
Extacted on

Product

201

2017

2018

2019

Aviaon gasoline

022

0212

0.206

0185

Aviation gasoline

Unit 1990 1991 1992 1993 1994 1995 1996 1997 1996 1999 2000 2001 2002 2003 2004 2005 2006
kt 1 1 1 . : : . : : 0 0 0 0 0 0

T) 44 M 0 0 0 0 0 0 0 0 0 0 0 0 0

kt 2 133 18 125 162 18 N1 M W5 3 M2 3 s W M4 4 3
T 5517 5733 5517 5388 6983 7931 8664 10518 11854 13923 13433 14529 15742 16309 17%44 18130 16967
TUktorGJt 43105 43405 43405 43105 43105 43405 43405 43405 43105 43105 43105 43105 43405 43105 43105 43105 43.05
Eurostat

08.04.21

Unit 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006
T) 1484 9701 10353 11136 8613 6308 7.3
T 13433 14529 15742 16399 17844 18130 16967
STATEC

08.04.21

Unit 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006
kt 0078 0019 0168 0217 0257 0217 0283 0287 0247 0253 0264 0223 0238 025 049% 0145 0164
T 3410 5180 7310 9460 11190 12050 12308 12480 10742 10986 11484 9701 10353 11436 8613 6308 74

9659

912

8965

8042

Aviation gasoline

TUkorGJt 43500 43.500 43500 43.500 43500 43500 43.500 43500 43.500 43500 43.500 43500 43.500 43500 43.500 43500 43.500

43500

43500

43.500

43500

Kerosene type jet fuel

K

127,963 133744 129.206 127.870 162.225 183890 199.814 239.053 280.809 326980 311.635 337.061 365192 380438 413.955 420.603 393.619 423400 425.897 408.027 418.748 391.764 361458 363269 304022

493.262

557.731

596.3711

583.395

Kerosene type jet fuel
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3.2.3 Feedstocks and non-energy use

Non-energy use of fuels is considered in the national energy balance. Below explanations for the reported non-energy use is provided

together with information on where CO; emissions due to manufacture, use and disposal of carbon containing products are considered.

For the fraction of carbon stored, the IPCC default values are applied.

3.2.3.1 Lubricants

Manufacturing: manufacturing of lubricants does not occur in Luxembourg.

Use: Lubricants are either used in road transportation (motor oil and greases) or in the manufacturing and construction industry (mainly
greases). Emissions from lubricants use are reported under category 2D1 — Lubricant Use. Please refer to section 4.5.1 for more details

on the estimation of emissions from lubricant use.

Disposal: incineration of lubricants (waste oil) does not occur in Luxembourg. Waste oil is either recycled or exported.

3.2.3.2 Bitumen

Manufacturing: manufacturing of bitumen does not occur in Luxembourg.

Use: by default the carbon contained in bitumen is considered to be entirely stored in the product, i.e. asphalt for road paving.

Disposal: CO, emissions from the disposal of bitumen are assumed to be negligible. Recycling is not considered.

3.2.33 Coke oven coke

Manufacturing: not occurring. All coke used in the iron and steel industry is imported.

Use: CO; emissions from coke used in iron and steel industry are reported under 2.C.1 — Iron and Steel Production.

Disposal: not applicable.

3.2.3.4 Other bituminous coal

Manufacturing: Manufacturing of electrodes from anthracite used in the electric arc furnaces does not occur in Luxembourg.

Use: Emissions from the use of electrodes in the iron and steel production are considered in category 2.C.1 — Iron and steel production.

Disposal: not applicable.

3.2.3.5 Other oil products

Manufacturing: not occurring. All products such as white spirits, etc. are imported.

Use: CO, emissions from solvent and other products use are considered in category 2.D.3. - Non-energy products from fuels and solvent

use — Other — Solvent use.
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Disposal: emissions from the disposal of plastics in landfills are considered in 6.A and emissions from incineration, with energy recovery,

of waste plastics are considered in 1A 1 a.

3.2.3.6 Category-specific recalculations including changes made in response to the review process

No revisions and recalculations were done since submission 2020v1.

3.2.3.7 Planned improvements

No further improvements are planned.

3.2.4 CO, capture from flue gases and subsequent CO, storage

CO, capture from flue gases and CO, storage is not occurring in Luxembourg.

3.2.5 Country specific issues

3.2.5.1 Activity data

As Luxembourg’s industrial sector is relatively small compared to larger countries, one has to keep in mind, that, when analysing trends
in activity data, relatively large fluctuations may occur in between years simply due to the fact that a facility was temporally switched
off for maintenance reasons, or shut-down for good. This may then be reflected by a sharp decrease in the activity data. On the other
hand, the bringing into service of a single installation may lead to a sharp increase of activity data in a source category, and

consequently also an increase in emissions.

3.2.5.2 Methodological choices

In general, the IPCC methodologies were applied for IPCC category 1-Energy, except for road transportation and offroad mobile

machinery, where detailed calculation models (NEMO and GEORG) were used for non-CO, greenhouse gases.

Methodologies used were mostly Tier 1 for solid fuels (except blast furnace gas) and liquid fuels (residual fuel oil, aviation gasoline,
kerosene) and Tier 2 for liquid fuels (motor gasoline, diesel oil, gas oil and LPG), gaseous fuel (natural gas), blast furnace gas and waste
incineration (Tier 2a, 2006 IPCC Guidelines). For CHs and N,O in road transportation and the off-road sector, the model is considered

as a Tier 3 methodology.

Emissions are estimated by multiplying each activity, according to its fuel input, by an emission factor.

Activity data are taken from the energy balance (2000-2019) as compiled by the national statistics institute (STATEC), or obtained
directly from plant operators. Energy balance data, covering 1990 to 1999, originates from the Ministry of Economic Affairs (Energy
Directorate). Customs and Excise Administration provide data on liquid fuels and biofuels which is used for QA/QC purposes. Activity
data obtained through the Emission Trading System (ETS) are used for QA/QC procedures by comparing its data to the data reported

by the plant operators.
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Net calorific values used for conversion of fuel activity data from physical units into energy units were fixed to national values in
agreement with national statistics (STATEC) and the "Office Commercial du Ravitaillement” (OCRA) of the Ministry of Economic
Affairs.64 These are mostly country-specific values, however, were no such values were available, defaults from the 2006 IPCC

Guidelines or the European Directive on Statistics (2006/32/EC) were used (see Table 3-16). For natural gas, please refer to Table 3-17.

Table 3-16 — Fuel Properties for 2019

Fuel Characteristics for 2019
Country-specific Net Calorific Values and Densities

Fuel Net calorific value Density
NCV  Unit Source Density Unit Source
Anthracite 26.70  GJit 2006 IPCC GL
Bituminous Coal & Coking Coal 2440 GJit ETS
Patent Fuel ("boulets") 2820 GJit 2006 IPCC GL
Brown Coal Briquettes (incl. Lignite dust) 2220 Gt ETS
Coke Oven Coke 28.50 GJit EU-2006/32EC
Tires 2820 GJit ETS
Dry sewage sludge 1010  GJit ETS
Humid sewage sludge 215  GJi ETS
Fluff 2250 GJit ETS
Waste solvents 2986 GJit ETS
Residual Fuel Qil (low / high sulphur) 40.00 GJit EU-2006/32/EC | 0.92/0.96 kg/l  Fuel Providers
Gas Oil 4249  GJit Fuel Providers 0.85 kg/l  Fuel Providers
Diesel Oil 4249  GJit Fuel Providers 0.85 kg/l  Fuel Providers
Gasoline 43.05 GJit Fuel Providers 0.76 kg/l  Fuel Providers
Liquefied Petroleum Gas (LPG) 46.00 GJit EU-2006/32EC 0.53 kgl Fuel Providers
Aviation Gasoline 4350 GJit Fuel Provider 0.71 kg/l  Fuel Provider
Jet Kerosene 4311 GJit Fuel Provider
Other Kerosene 4380 GJit 2006 IPCC GL
Wood 7.15 GJim® Statec 0.69 t/m? Statec
Pellets 11.00 GJ/im® Statec 0.65 t/m? Statec
Wood chips 781 GJim® Statec 0.69 t/m® Statec
Biogaz 0.02 GJim® Statec
Biodiesel (pure) 39.76  GJit Fuel Providers
Biogasoline (pure) 26.80 GJit Fuel Providers
Lubricants 40.20 GJit 2006 IPCC GL
Bitumen 4020 GJit 2006 IPCC GL

Source: Environment Agency

Emission factors are defaults from 2006 IPCC Guidelines for solid (except blast furnace gas) and some liquid fuels and country-

specific for natural gas, motor gasoline, gas/diesel oil, and LPG.

64 ARR2010,§21

Luxembourg’s NIR 1990-2019 175



3.2.5.3 Country specific emission factors

Blast Furnace Gas

A country-specific CO, emission factor for the combustion of blast furnace gas was determined based on emission measurement data
and on the CO and CO; contents of blast furnace gas produced in Luxembourg's blast furnaces in 1990.6> As no further measurements
were available until the closure of the blast furnaces in 1997, the same emission factor, i.e. 257'181 kg CO,/TJ, was used for the years

1990 to 1997.

Similarly, a country-specific CO, emission factor for blast furnace gas lost in distribution or flared was determined: 245'323 kg CO,/TJ.

Natural Gas

In Luxembourg, one operator, CREOS S.A. (formerly SOTEG S.A.)®¢, operates the national natural gas network (Figure 3-5). There are
four entry points, from where natural gas is imported: two with Belgium (Braz and Pétange) with a capacity of 0.16 and 0.06 mio.
Nm3/h, respectively, one with Germany (Remich) with a capacity of 0.19 Mio Nm3/h and one with France (Esch/Alzette) with a capacity

of 0.02 mio. Nm3/h.

For the calculation of the country-specific CO, emission factor for natural gas, the operator provides the following parameters for each

entry point and for each month of a given year:

e chemical composition (methane, ethane, propane, i-butane, n-butane, i-pentane, n-pentane, hexane & higher, CO,
and N,) expressed in mol%;

e physical properties: density (kg/Nm3) and gross calorific value (GCV: MJ/Nm3);

e monthly import/consumption (mio. Nm3). &7

The monthly consumption is converted into energy units (TJ) using the respective NCV, which is calculated by multiplying the GCV with

a conversion factor of 0.90 ©8,

From the monthly chemical composition, a monthly average "molecular" weight for natural gas (g/mol), "molecular" density (mol/Nm3)
and monthly carbon content (mol C/ mol natural gas) are derived for each entry point. The monthly carbon content is then converted
into a monthly emission factor (g CO,/MJ) assuming full oxidation of carbon to carbon dioxide. By multiplying the monthly emission
factor with the respective monthly natural gas consumption, a monthly CO, emission is obtained. Finally, by dividing the yearly national
emissions (sum of the monthly emissions of all 4 entry points) by the yearly national consumption (sum of the monthly consumptions

of all 4 entry points), the country-specific emission factor for the respective year is obtained.

65 TUV Rheinland, 1990, Bericht: 934/651014.

66 http://www.creos.lu
67 Nm3 is defined at a pressure of 1035 mbar and O degree Celsius.
68 IEA Energy Statistics Manual, 2005, Table A3.12, p.183
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Figure 3-5 - Natural gas network
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Source: Creos (http://www.creos-net.lu/creos-luxembourg/infrastructure/reseau-de-gaz-naturel.html)

Country-specific NCVs and emission factors have, thus, been obtained for the years 1991, 1995, 2000, 2005-2019 (Table 3-17). For the

years in-between, the values have been interpolated.

Table 3-17 - Country-specific NCV and Emission Factors for Natural Gas: 1990-2019

Year 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
EF (t CO,/T)) 57.76 57.74 57.85 57.89 57.94 57.93 57.55 57.20 56.86 56.52
Nev 36.58 36.67 36.62 36.64 36.66 36.75 36.85 36.92 36.99 37.06
(MJ/Nms)
Year 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
EF (t CO,/T)) 56.22 56.26 56.40 56.53 56.67 56.91 57.01 56.79 56.66 57.06
IS 37.10 37.01 36.96 36.91 36.86 36.85 36.72 36.64 36.48 36.72
(MJ/Nm3)
Year 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
EF (t COo/T)) 56.71 56.99 56.79 56.68 56.76 56.76 56.56 56.58 56.21 56.09
NCV
36.73 36.56 36.38 36.19 36.30 36.81 36.93 36.98 36.76 36.78
(MJ/Nms)

Source: Environment Agency
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Motor Gasoline, Gas/Diesel Oil, Liquefied Petroleum Gas

In Luxembourg, refined oil products such as motor gasoline, gasoil, diesel oil and liquefied petroleum gas (LPG) are exclusively imported
from the neighbouring countries Belgium, the Netherlands and Germany, and to a minor extent from France. As the Luxembourgish
association of mineral oil companies (Groupement Pétrolier Luxembourgeois a.s.b.l.) was not able to provide country-specific carbon
contents of the before-mentioned fuels to the Environment Agency, country-specific emission factors for motor gasoline, gas/diesel
oil and LPG were derived from the emission factors of the corresponding import countries in relation with the yearly quantities

imported.® Thus, country-specific emission factors have been obtained for the entire time-series (Table 3-18).

Table 3-18 - Country-specific Emission Factors for Gas/Diesel Oil, Motor Gasoline and LPG: 1990-2019 (tCO,/TJ)

Year 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
Gas/Diesel Oil 7417 74.16 74.13 7417 74.20 74.20 74.19 7418 7417 7417
Motor Gasoline 72.58 72.61 73.25 73.04 72.98 72.93 72.96 72.83 72.88 72.82

LPG 65.07 65.10 65.00 64.93 64.93 64.93 64.93 64.93 64.95 65.26

Year 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Gas/Diesel Oil 74.21 74.22 74.22 7419 74.15 74.14 74.14 7414 74.09 74.07
Motor Gasoline 72.63 72.70 72.68 72.76 72.56 72.63 72.66 72.55 72.51 7247

LPG 64.94 64.94 64.96 64.98 64.95 64.95 64.96 64.93 64.93 64.96

Year 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Gas/Diesel Oil 7413 7411 74.13 7414 74.07 7413 74.14 7415 74.13 74.08
Motor Gasoline 72.44 7247 72.46 72.60 73.11 73.22 73.20 73.18 73.09 73.16

LPG 64.93 64.93 64.93 64.93 64.93 64.93 65.17 65.23 65.21 65.49

Source: Environment Agency

In submission 2012v1.2, Luxembourg's country specific emission factor was revised in accordance with a technical review
recommendation during the 2012 technical review of the greenhouse gas emission inventory of Luxembourg to support the
determination of annual emission allocations under the European Decision 406/2009/EC. Indeed, the TERT (Technical Expert Review

Team) observed that:

"Luxembourg is using the CO, EF value for gasoline used by Belgium that in turn uses the IPCC default value. CO, from road
transportation is a key category, however the 2000 IPCC Good Practice Guidance (GPG) states in this respect: ‘For traded fuels in
common circulation, it is good practice to obtain the carbon content of the fuel and net calorific values from fuel suppliers, and use

local values wherever possible. If these data are not available, default values can be used.’

69  ARR2009, § 48
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The TERT also notes that the implied EF is at the low end as compared with other Member States (which have country specific data),
which could indicate an underestimation of emissions. The TERT also notes that local or country-specific data should be available in

Luxembourg and that therefore the use of the default value is not in line with good practice."

In response to this observation and because no data on the carbon content is available in Luxembourg, Luxembourg decided to revise
its CO, emission factor for motor gasoline, based on the CO; emission factor of the two other neighbouring countries from which motor
gasoline is imported. Indeed, as the Netherlands and Germany both used a CO, EF of 72 tCO,/TJ at that time, Luxembourg decided to

apply the same EF as a country-specific EF for the entire time series, to which the TERT agreed.

Then, during the UNFCCC centralised review in September 2016, the ERT recommended that Luxembourg switches back to the previous
approach where a country-specific CO, emission factor for gasoline is determined according to the quantities of gasoline imported
from the different countries and the respective emission factors used by these countries. This approach is used in this submission for

the entire time-series, in all sub-categories to which gasoline is allocated (1A2gvii, 1A3b, 1A3d, 1A4b).

Table 3-19, Table 3-20 and Table 3-21 show the data used for the calculation of the country-specific CO, emission factors for gas/diesel
oil, motor gasoline and LPG based on imported quantities and emission factors of importing countries. The source for the emission

factors of the importing countries is CRF Table1.A(a)s3 from their 2019 submissions to the UNFCCC7°.

Table 3-19 — Calculation of the country-specific CO, emission factor for gas/diesel oil based on imported quantities and emission

factors of importing countries

Gas/Diesel Oil imports (kt) 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
Belgium 668 768 774 825 872 829 892 926 1006 1015
Germany 14 11 17 19 15 14 6 7 17 26
Netherlands 91 135 196 109 65 52 80 81 102 93
Total imports 773 914 987 953 952 895 978 1014 1125 1134
Gas/Diesel Oil EF (tCO2/TJ)

Belgium 74.24 74.24 74.24 74.24 74.24 74.24 74.24 74.24 74.24 74.24
Germany 74.00 74.00 74.00 74.00 74.00 74.00 74.00 74.00 74.00 74.00
Netherlands 73.72 73.72 73.72 73.72 73.72 73.72 73.72 73.55 73.55 73.55
Luxembourg 74.17 74.16 74.13 74.17 74.20 74.20 74.19 74.18 74.17 74.17
Gas/Diesel Oil imports (kt) 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Belgium 1260 1329 1389 1391 1624 1715 1689 1542 1586 1574
Germany 42 73 94 228 161 174 158 367 348 201
Netherlands 31 14 8 27 178 245 218 67 133 147
Total imports 1333 1416 1491 1646 1963 2134 2065 1976 2067 1922
Gas/Diesel Oil EF (tCO2/TJ)

Belgium 74.24 74.24 74.24 74.24 74.24 74.24 74.24 74.24 74.24 74.24
Germany 74.00 74.00 74.00 74.00 74.00 74.00 74.00 74.00 74.00 74.00
Netherlands 73.55 73.55 73.55 73.55 73.55 73.55 73.48 72.73 72.52 72.45
Luxembourg 74.21 74.22 74.22 74.19 74.15 74.14 74.14 74.14 74.09 74.07
Gas/Diesel Oil imports (kt) 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Belgium 1622 1793 1747 1596 1534 1536 1473 1309 1396 1431
Germany 281 190 215 426 288 276 316 465 432 385
Netherlands 128 138 90 54 146 77 62 26 61 127
Total imports 2031 2121 2052 2076 1968 1889 1851 1800 1890 1943
Gas/Diesel Oil EF (tCO2/TJ)

Belgium 74.24 74.24 74.24 74.24 74.24 74.24 74.24 74.24 74.24 74.24
Germany 74.00 74.00 74.00 74.00 74.00 74.00 74.00 74.00 74.03 74.03
Netherlands 73.04 72.69 72.49 72.45 72.45 72.45 72.45 72.45 72.45 72.45
Luxembourg 74.13 74.11 74.13 74.14 74.07 74.13 74.14 74.15 74.13 74.08

70 https://unfccc.int/process-and-meetings/transparency-and-reporting/reporting-and-review-under-the-convention/greenhouse-gas-inventories-annex-i-parties/national-inventory-submissions-2019
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Table 3-20 - Calculation of the country-specific CO, emission factor for motor gasoline based on imported quantities and emission

factors of importing countries

Motor gasoline imports (kt) 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
Belgium 396 442 398 405 449 426 440 485 482 492
Germany 5 13 33 41 40 28 17 15 16 15
Netherlands 18 22 101 71 67 57 64 49 55 48
Total imports 419 477 532 517 556 511 521 549 553 555
Motor gasoline EF (tCO2/TJ)

Belgium 72.41 72.41 72.41 72.41 72.41 72.41 72.41 72.41 72.41 72.41
Germany 73.07 73.06 73.06 73.06 73.07 73.07 73.08 73.07 73.08 73.09
Netherlands 76.34 76.50 76.65 76.64 76.81 76.80 76.78 76.94 76.94 76.94
Luxembourg 72.58 72.61 73.25 73.04 72.98 72.93 72.96 72.83 72.88 72.82
Motor gasoline imports (kt) 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Belgium 545 507 494 515 512 451 400 383 346 348
Germany 25 35 31 16 24 22 31 27 60 23
Netherlands 25 32 29 42 15 21 23 18 1 9
Total imports 595 574 554 573 551 494 454 428 407 380
Motor gasoline EF (tCO2/TJ)

Belgium 72.41 72.41 72.41 72.41 72.41 72.41 72.41 72.41 72.41 72.41
Germany 73.09 73.09 73.09 73.09 73.10 73.10 73.11 73.11 73.12 73.12
Netherlands 76.94 76.94 76.94 76.94 76.94 76.94 76.48 74.72 74.28 73.43
Luxembourg 72.63 72.70 72.68 72.76 72.56 72.63 72.66 72.55 72.51 72.47
Motor gasoline imports (kt) 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Belgium 333 338 335 240 221 204 214 202 227 231
Germany 15 8 0 50 70 80 81 91 89 101
Netherlands 0 22 15 27 19 2 0 0 0 0
Total imports 348 368 350 317 310 286 295 293 316 332
Motor gasoline EF (tCO2/TJ)

Belgium 72.41 72.41 72.41 72.41 72.41 72.41 72.41 72.24 72.23 72.23
Germany 73.12 73.02 73.09 73.09 75.29 75.29 75.29 75.29 75.29 75.29
Netherlands 73.43 73.22 73.56 73.39 73.22 73.02 73.02 73.02 73.02 73.02
Luxembourg 72.44 72.47 72.46 72.60 73.11 73.22 73.20 73.18 73.09 73.16
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Table 3-21 - Calculation of the country-specific CO, emission factor for LPG based on imported quantities and emission factors of

importing countries

LPG imports (kt) 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
Belgium 17 16 15 15 14 14 18 24 30 26
Germany 1 2 1 0 0 0 0 0 0 0
Netherlands 1 1 0 0 0 0 0 0 0 6
France 1 1 2 0 0 0 0 0 2 0
Total imports 20 20 18 15 14 14 18 24 32 32
LPG EF (tCO2/TJ)

Belgium 64.93 64.93 64.93 64.93 64.93 64.93 64.93 64.93 64.93 64.93
Germany 65.56 65.56 65.54 65.37 65.33 65.33 65.21 65.21 65.23 64.04
Netherlands 66.70 66.70 66.70 66.70 66.70 66.70 66.70 66.70 66.70 66.70
France 65.25 65.25 65.25 65.25 65.25 65.25 65.25 65.25 65.25 65.25
Luxembourg 65.07 65.10 65.00 64.93 64.93 64.93 64.93 64.93 64.95 65.26
LPG imports (kt) 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Belgium 29 32 24 19 19 16 13 14 14 12
Germany 0 0 0 0 0 0 0 0 0 0
Netherlands 0 0 0 0 0 0 0 0 0 0
France 1 1 2 3 1 1 1 0 0 1
Total imports 30 33 26 22 20 17 14 14 14 13
LPG EF (tCO2/TJ)

Belgium 64.93 64.93 64.93 64.93 64.93 64.93 64.93 64.93 64.93 64.93
Germany 64.40 64.51 64.38 64.95 65.26 65.29 65.36 66.61 65.23 65.25
Netherlands 66.70 66.70 66.70 66.70 66.70 66.70 66.70 66.70 66.70 66.70
France 65.25 65.25 65.25 65.25 65.25 65.25 65.25 65.25 65.25 65.25
Luxembourg 64.94 64.94 64.96 64.98 64.95 64.95 64.96 64.93 64.93 64.96
LPG imports (kt) 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Belgium 14 10 12 11 9 9 10 8 6 6
Germany 0 0 0 0 0 0 2 2 2 2
Netherlands 0 0 0 0 0 0 0 0 0 0
France 0 0 0 0 0 0 0 0 0 0
Total imports 14 10 12 11 9 9 12 10 8 10
LPG EF (tCO2/TJ)

Belgium 64.93 64.93 64.93 64.93 64.93 64.93 64.93 64.93 64.93 64.93
Germany 65.33 65.39 65.40 65.41 65.46 66.35 66.33 66.33 66.33 66.33
Netherlands 66.70 66.70 66.70 66.70 66.70 66.70 66.70 66.70 66.70 66.70
France 65.25 65.25 65.25 65.25 65.25 65.25 65.25 65.25 65.25 65.25
Luxembourg 64.93 64.93 64.93 64.93 64.93 64.93 65.17 65.23 65.21 65.49
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3.2.6 Energy Industries (1.A.1): Public Electricity and Heat Production (1.A.1.a)

3.2.6.1 Source category description

This section describes GHG emissions resulting from fuel combustion activities in energy industries, which, in Luxembourg, only
originate from public electricity and heat production plants. There is neither manufacturing of solid fuels, nor petroleum refining in

Luxembourg. Hence, IPCC category 1A1 — Energy Industries equals IPCC sub-category 1A1a — Public Electricity and Heat Production.

In this category CO,, CH4 and N,0 emissions from combustion activities for electricity and heat production as well as from municipal
waste incineration are reported. In Luxembourg, municipal waste is combusted with energy recovery at the sole waste incineration
plant (SIDOR) where recovered heat and electricity are distributed to the urban district network. Therefore, the emissions are reported

under fuel combustion emissions.

In 2019, this source category was responsible for 2.55% of GHG emissions from fuel combustion activities (0.35% in 1990) and

represented 2.19% of the national total GHG emissions in CO»e, excluding LULUCF (0.28% in 1990).
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Table 3-22 summarizes GHG emissions for category 1.A.1. - Energy Industries. Compared to 2018, GHG emissions have increased by

1.19 %.

Regarding CO, emissions, 1Ala - Public electricity and heat production is a key category in 2019 for gaseous fuels and other fuels

(MSW): see Table 1-6 in Section 1.5.1.1.
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Table 3-22 — GHG emission trends in CO,eq in category 1A1 — Energy Industries: 1990-2019

1A1 - Energy Industries
GHG emissions by source & sink category (Gg)
1A1a - Public Electricity & Heat Production 1A1b - Petroleum Refining 1A1c - Manuf. of Solid Fuels & Other Energy Ind.
Year CO, CH, N.O CO, CH, N0 Co, CH, N.0
Total CO; ¢ (excl. biomass) (incl. biomass) (incl. biomass) | Total COzeq (excl. biomass) (incl. biomass) (incl. biomass)| Total COz¢q (excl. biomass) (incl. biomass) (incl. biomass)
1990 35.84 33.48 0.036 0.005 NO NO NO NO NO NO NO NO
1991 37.50 35.03 0.038 0.005 NO NO NO NO NO NO NO NO
1992 37.39 34.93 0.038 0.005 NO NO NO NO NO NO NO NO
1993 35.57 33.23 0.036 0.005 NO NO NO NO NO NO NO NO
1994 34.80 32.51 0.035 0.005 NO NO NO NO NO NO NO NO
1995 93.72 91.47 0.035 0.005 NO NO NO NO NO NO NO NO
1996 82.49 80.75 0.027 0.004 NO NO NO NO NO NO NO NO
1997 89.89 87.83 0.032 0.004 NO NO NO NO NO NO NO NO
1998 156.31 153.76 0.040 0.005 NO NO NO NO NO NO NO NO
1999 173.89 170.97 0.045 0.006 NO NO NO NO NO NO NO NO
2000 119.44 116.64 0.043 0.006 NO NO NO NO NO NO NO NO
2001 280.88 277.95 0.046 0.006 NO NO NO NO NO NO NO NO
2002 1028.40 1024.70 0.060 0.007 NO NO NO NO NO NO NO NO
2003 1036.24 1032.42 0.062 0.008 NO NO NO NO NO NO NO NO
2004 1259.55 125523 0.070 0.009 NO NO NO NO NO NO NO NO
2005 1242.72 1238.67 0.066 0.008 NO NO NO NO NO NO NO NO
2006 1306.89 1302.58 0.070 0.009 NO NO NO NO NO NO NO NO
2007 1183.09 1178.80 0.069 0.009 NO NO NO NO NO NO NO NO
2008 997.27 993.06 0.068 0.008 NO NO NO NO NO NO NO NO
2009 1194.06 1189.72 0.070 0.009 NO NO NO NO NO NO NO NO
2010 1206.51 1202.46 0.066 0.008 NO NO NO NO NO NO NO NO
2011 1008.92 1004.69 0.068 0.008 NO NO NO NO NO NO NO NO
2012 1046.51 1042.28 0.068 0.009 NO NO NO NO NO NO NO NO
2013 692.39 688.40 0.063 0.008 NO NO NO NO NO NO NO NO
2014 675.73 670.57 0.081 0.010 NO NO NO NO NO NO NO NO
2015 469.00 463.36 0.088 0.012 NO NO NO NO NO NO NO NO
2016 264.43 258.53 0.092 0.012 NO NO NO NO NO NO NO NO
2017 253.65 246.77 0.107 0.014 NO NO NO NO NO NO NO NO
2018 232.68 22411 0.133 0.018 NO NO NO NO NO NO NO NO
2019 23546 224.03 0177 0.023 NO NO NO NO NO NO NO NO
1 9;':231 9 557.01% 569.13% 385.77% 384.07% NA NA NA NA NA NA NA NA
Trend 1.19% -0.03% 33.06% 33.23% NA NA NA NA NA NA NA NA
2018-2019

Source: Environment Agency.

Notes: CH4 emissions are converted in CO,e by multiplying the emissions by 25, i.e. the global warming potential (GWP) value for methane based on the effects of GHG over a 100-year time
horizon. N,O emissions are converted in CO,e by multiplying the emissions by 298, i.e. the global warming potential (GWP) value for nitrous oxide based on the effects of GHG over a 100-
year time horizon.
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3.2.6.2

Methodological issues

3.2.6.2.1 Activity data

Activity data of the various installations considered in 1Ala:

combined heat and power (CHP) installations, which have appeared at the beginning of the 1990s. Those installations
generally use combustion engines, and they are operated with natural gas and/or gasoil and to a smaller extent with biogas
or wood & wood wastes. The activity rates are based on information received from the operators and on the energy balance
as compiled by the national statistics institute (STATEC).

a CHP gas turbine (350MW) running on natural gas and operated since 2002 by Twinerg S.A. Since heat was not recovered
from 2002 to 2010, this unit was counted as a thermal power plant and not as a cogeneration plant in official statistics. From
2011 on, however, heat recovery was done and the installation was considered as a cogeneration plant. This classification
change has no impact on the GHG emission estimates since it is the fuel(s) used and the technology that matter. The Twinerg
plant was shut down during 2016. There are several smaller CHP gas turbines that are operated on industrial sites while
producing heat and electricity mainly for the respective industries. Emissions related to these are accounted for in 1A2-
Manufacturing Industries and Construction, as these installations are considered as autoproducers.

one waste incinerator (SIDOR) that is fed with natural gas, gas oil, fluff, and waste (composed of municipal solid waste and
bulky waste). The incinerated waste is composed of paper/cardboard, textiles, food waste, wood, garden & park waste,
nappies, rubber & leather, plastics, multilayer composite material, metal, glass, other inert waste. The municipal soid waste
(MSW) and bulky waste (BW) are provided by the three syndicates SIDEC, SIDOR, and SIGRE. Both SIDOR and SIGRE deliver
the waste directly to the incinerator while the waste from SIDEC first undergoes a pre-treatment at a different facility before
arriving at the incinerator (some part is not taken to the incinerator after treatment but deposited on land”?). The waste flow
to the incinerator is depicted in Figure 3-6.

| .'?.)EGRE.

MBA
Fridhaff

SIDOR incinerator

Figure 3-6 Waste flow from the three syndicates SIDEC, SIDOR, and SIGRE to the incinerator. The blue lines represent municipal solid

waste while the orange lines represent bulky waste. Straight lines represent untreated waste while dotted lines represent treated waste.

71 For the different waste treatment schemes, see Chapter 7on waste.
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No industrial and hazardous wastes are incinerated because they are exported. The MSW, delivered from SIDOR and SIGRE
to the incinerator, is split into the twelve MSW fractions mentioned above according to the following studies. The years for
which the studies have been done act as pillar years. For the years in-between, a linear interpolation was carried out.

o  ECO-Conseil s.a.r.l., "Restabfallanalyse 1992/1994", Luxembourg, 2002;
o  ECO-Conseil s.a.r.l., "Restabfallanalyse 2001 im SIDOR", Luxembourg, 2002;

o ECO-Conseil s.a.r.l, "Restabfallanalyse 2004/05 im GroRherzogtum Luxemburg, Band 1: Kompendium",
Luxembourg, 2005;

o ECO-Conseil s.a.r.l, "Restabfallanalyse 2009/10 im GroRherzogtum Luxemburg, Band 1: Kompendium",
Luxembourg, 2010;

o ECO-Conseil s.a.r.l, "Restabfallanalyse 2013/14 im GroRherzogtum Luxemburg, Band 1: Kompendium",
Luxembourg, 2016.

o  ECO-Conseils.a.r.l., "Restabfallanalyse 2018/2019 im GroRherzogtum Luxemburg, Endbericht", Luxembourg, 2019.

The BW, delivered from SIDOR and SIGRE to the incinerator, is also split into the twelve MSW fractions according to the
following studies. The years for which the studies have been done act as pillar years. For the years in-between, a linear
interpolation was carried out.

o ECO-Conseil s.a.r.l., "Sperrmullanalyse 2009 im GroRherzogtum®, Luxembourg, 2010.
o ECO-Conseil s.a.r.l., "Sperrmullanalyse 2015 im GroRherzogtum®, Luxembourg, 2016.
o ECO-Conseil s.a.r.l., "Sperrmullanalyse 2020 im GroRherzogtum®, Luxembourg, 2020.

The part of the waste that originates from the pre-treatment plant (MBA Fridhaff), consisting of both MSW and BW, is split
into the twelve fractions according to the study

o ECO-Conseil s.a.r.l., "Abschatzung emittierter Klimagase durch die Gber die MBA Fridhaff abgeschiedene und
verbrannte heizwertreiche Fraktion", Luxembourg, 2009

In the following, both MSW and BW are considered as MSW i.e. the label MSW indicates that the total waste has been split into the
12 categories mentioned above. Table 3-23 gives an overview of the energy consumption by fuel type in 1A1a — Public Electricity and

Heat Production.
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Table 3-23 - Activity data for IPCC sub-category 1A1a — Public Electricity and Heat Production: 1990-2019

1A1a - Public Electricity & Heat Production
Activity Data by fuel type (GJ)
Activity Liquid Gaseous BioZi:smS:SOd Other
Year _ Total Gas Oil NaturalGas  FlufiaMsw [ uf & MSW
(incl. biomass) . . (fossil fraction)
(bio. fraction)
1990 NO NO NO 882 585 330708
1991 1213293 NO NO 923 433 346 014
1992 1269 447 NO NO 937 765 345014
1993 1282780 NO NO 892 951 328 222
1994 1221173 NO NO 874017 321127
1995 1195144 NO 1043100 837 466 306 682
1996 2187 248 900 984 600 652 217 237 269
1997 1874986 18919 1013400 765 102 281066
1998 2078 487 30783 1709 100 708 409 563 404
1999 3011697 31593 1883700 807 174 645 035
2000 3367 501 60414 920 854 800 882 626 628
2001 2408778 55018 3808343 806 156 618 720
2002 5288 237 48 220 17031071 825573 629 252
2003 18534 116 46 054 17 102 526 922 212 619 204
2004 18 689 996 46 606 20 850 220 1015721 696 697
2005 22 609 244 24 344 20 647 091 990 143 616 125
2006 22277703 24 981 21624 432 1060 366 678 527
2007 23 388 306 23409 19508 383 1108 546 690 249
2008 21330 587 49 325 16 205 838 1173637 709 240
2009 18 138 040 76 261 19534 163 1181776 702 180
2010 21494379 19416 20082 942 1186 276 626 986
2011 21915620 18 530 16 344 441 1291338 727 724
2012 18 382 034 19756 17071478 1302611 724 329
2013 19118173 15 040 10 853 489 1343216 733892
2014 12 945 637 13595 10 369 609 1944 022 832438
2015 13 159 665 18 944 6 533 034 2235618 905 865
2016 9693 462 32034 2687 859 2383900 1057 872
2017 6161664 23553 2488776 2888 533 1064 579
2018 6 465 441 17 868 2090 220 3805478 1073774
2019 6 987 340 17 469 2044 285 5240798 1101 586
19{;:;3319 NA NA NA 493.80% 233.10%
20:':2;'19 8.07% 2.24% 2.20% 37.72% 259%

Source: Environment Agency.

3.2.6.2.2 Methodological choices

The 2006 IPCC Guidelines Tier 1 approach has been applied for biomass burning (biogas & wood and wood wastes), except for the
biogenic fraction of MSW. For natural gas, gas oil, and fluff the methodological approach is classified as Tier 2 methodology as country-
specific emission factors were used.

For waste incineration, the IPCC methodology Tier 2a (2006 IPCC Guidelines) has been applied. For MSW, it is good practice to calculate

CO; emissions on the basis of waste fractions (such as paper, wood, plastics) in the waste incinerated, as the following equation shows:
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CO, emissions=MSWe Z(WF/ odm; eCF, e FCF, ¢ OF}) o%
j

with:
CO; emissions = CO, emissions in inventory year (Gg/yr)
MSW = total amount of municipal solid waste as wet weight incinerated or open-burned (Gg/yr)
WF; = fraction of waste type/material of component j in the MSW (as wet weight incinerated or open-burned)
dm; = dry matter content in the component j of the MSW incinerated or open-burned (fraction)
CF; = fraction of carbon in the dry matter (i.e., carbon content) of component j
FCF; = fraction of fossil carbon in the total carbon of componentj
OF; = oxidation factor (fraction)
44/12 = molecular weight ratio MCO2(g/mol)/MC(g/mol)
with:
> WF, =1
J

j = component of the MSW incinerated such as paper/cardboard, textiles, food waste, wood, garden (yard) and park waste,
disposable nappies, rubber and leather, plastics, metal, glass, other inert waste.

IPCC default values for CFj, FCFj and OF; were taken’2. For the dm; of the MSW from SIDOR and SIGRE, the IPCC default values were

taken. For the treated MSW from SIDEC, the dmj were taken from the study (ECO-Conseil s.a.r.l., 2009) and are compiled in Table 3-24.

Table 3-24 — Dry matter content in % of wet weight i.e. ratio of dry matter to wet matter.

MSW component Dry matter content [%] MSW component Dry matter content [%]
Paper/cardboard 76.67 Rubber and Leather 95.00
Textiles 76.00 Multilayer composite material 98.46
Food waste 25.00 Plastics 95.78
Wood 94.95 Metal 98.71
Garden and Park waste 25.00 Glass 99.01
Nappies 46.67 Other, Inert waste 87.49

Reported CO, emissions of waste incineration are only CO, emissions from fossil MSW. However, the activity data includes both

biogenic and fossil MSW fractions. This means that biogenic CO, emissions are reported under Memo Items.

Calorific values used for conversion of fuel activity data from tonnes into GJ are country-specific and derive from the studies
commissioned by the Environment Agency (see Table 3-25) (ECO-Conseil s.a.r.l., Restabfallanalyse 2009/10 im GroRherzogtum
Luxemburg, Band 1: Kompendium, 2010) (ECO-Conseil s.a.r.l., 2014) (ECO-Conseil s.a.r.l., 2019). The years 2009 and 2014 act as pillar
years for the net calorific value of the multilayer composite material. The NCVs for the years in-between were computed through a

linear interpolation. The NCVs of the remaining 11 MSW categories remained constant according to the studies.

72 2006 IPCC Guidelines, Vol. 5, Chap. 2, Tab. 2.4, p2.14
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Table 3-25 — Net calorific values for MSW components in units of GJ/t.

Multilayer .

Year Paper Textiles Food Wood Garden and Nappies Rubber compo}s/ite Plastics Metal Glass Other, inert

waste park waste and leather material waste

1990-2009 13.0 13.0 5.0 5.0 5.0 10.0 5.0 15.0 30.0 0.0 0.0 7.0
2010 13.0 13.0 5.0 5.0 5.0 10.0 5.0 158 30.0 0.0 0.0 7.0
2011 13.0 13.0 5.0 5.0 5.0 10.0 5.0 16.6 30.0 0.0 0.0 7.0
2012 13.0 13.0 5.0 5.0 5.0 10.0 5.0 174 30.0 0.0 0.0 7.0
2013 13.0 13.0 5.0 5.0 5.0 10.0 5.0 18.2 30.0 0.0 0.0 7.0
2014-2019 13.0 13.0 5.0 5.0 5.0 10.0 5.0 19.0 30.0 0.0 0.0 7.0

CH4 emissions were estimated using the 2006 IPCC Guidelines Tier 1 methodology. CH4 emissions from incineration of waste are a
result of incomplete combustion. Important factors affecting the emissions are temperature, residence time, and air ratio (i.e., air

volume in relation to the waste amount). CH4 emissions are calculated according to the following equation:
CH4 Emissions = Fuel Consumptionmsw ® Emission Factorpsw

with:

CH4 Emissions = CH4 emissions (kg GHG)
Fuel Consumptionusw = amount of incinerated MSW (TJ)

Emission Factorysw = emission factor (kg gas/TJ)

The CH4 emissions are relative to the total MSW (biogenic + fossil).

Nitrous oxide is emitted in combustion processes at relatively low combustion temperatures between 500 and 950°C. Other important
factors affecting the emissions are the type of air pollution control device, nitrogen type and content of the waste and the fraction of
excess air. The N,O emissions are calculated according to the following equation:

N,O emission=> (IW, e EF,) 10

J
with:
N,O Emissions = N,O emissions in inventory year (Gg/yr)
IW; = amount of incinerated waste of type i (Gg/yr)
EF = N,0 emission factor (kg N,O /Gg of waste) for waste of type i
10% = conversion from kilogram to gigagram

= category or type of waste incinerated (MSW)

The N,0 emissions are relative to the total MSW (biogenic + fossil).
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3.2.6.2.3 Emission factors

Default emission factors are derived from the IPCC 2006 Guidelines (Table 3-26). Country-specific emission factors were determined

by the Environment Agency and were calculated from specific data accessible to the Environment Agency (see section 3.2.5.3).

For MSW, CO, emissions were not calculated using an emission factor, but instead, the calculation is based on the carbon content of
the waste. CO, emissions are calculated, as described in section 3.2.6.2.2, by applying the default values listed in Table 2.4 of the 2006
IPCC Guidelines for:

e dry matter content in % of wet weight;

e  total carbon content in % of dry weight;

e  fossil carbon fraction in % of total carbon.

For CO,, implied emission factors (IEFs) for the different waste components were calculated by dividing the calculated emissions by

the energy content of the MSW waste fraction.

For CHa, it is good practice to apply the CH4 emission factors provided in Volume 2, Chapter 2 of the 2006 IPCC Guidelines. The CH4

default emission factor of 30 kg CH4/TJ is applied.

For N,0O, the default emission factor of 4.0 kg N,O/TJ is applied. However, this emission factor might be revised in one of the next
submissions, as the 2006 IPCC guidelines recommend to use an EF of 50 g N,O/t MSW on a wet basis (2006 IPCC Guidelines Vol.5,

Chap.5, Table 5.6).

Table 3-26 gives an overview of the different emission factors used for 2019.

Table 3-26 — Emission factors for IPCC sub-category 1A1a — Public Electricity and Heat Production

1A1a - Public Electricity & Heat Production
Emission Factors for 2019 (kg/TJ)
co, CH, N,0
Fuel Fuel Type EF type EF type EF type Source
) o AEV,
Gas Ol liquid 74078 CS 3.00 D 0.60 D 2006 IPCC GL
AEV,
Natural Gas gaseous 56 091 CS 1.00 D 0.10 D 2006 IPCC GL
Biogas biomass 54 600 D 1.00 D 0.10 D 2006 IPCC GL
Wood & wood biomass 112,000 D 30.00 D 400 D 2006 IPCC GL
wastes
) ETS,
Fluff other/biomass 84 430 CS 30.00 D 4.00 D 2006 IPCC GL
) AEV,
MSw other/biomass 100 605 IEF 30.00 D 400 D 2006 IPCC GL

Source: Environment Agency.

Notes:  |EFs and CS EFs were determined by the Environment Agency.

Table 3-27 gives an overview of the evolution of the implied emission factors per fuel type.
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Table 3-27 — Implied emission factors for IPCC sub-category 1Al1a — Public Electricity and Heat Production

1A1a - Public Electricity & Heat Production
Implied Emission Factors (ka/TJ)
Liquid Gaseous Biomass Other

Year Gas Oil Natural Gas Biogas, Wood, Fluff & MSW (bio. fraction) Fluff & MSW (fossil fraction)

Co, CH, N,0 Co, CH, N,0 Co, CH, N,0 co, CH, N,0
1990 NO NO NO NO NO NO 101 241 30.00 4.00 101241 30.00 4.00
1991 NO NO NO NO NO NO 101 241 30.00 4.00 101241 30.00 4.00
1992 NO NO NO NO NO NO 100 396 29.47 3.93 101241 30.00 4.00
1993 NO NO NO NO NO NO 100 353 29.45 393 101241 30.00 4.00
1994 NO NO NO NO NO NO 100 334 29.44 3.92 101241 30.00 4.00
1995 NO NO NO 57929 1.00 0.10 100 183 29.34 3.91 101241 30.00 4.00
1996 74192 3.00 0.60 57 546 1.00 0.10 99 882 29.16 3.89 101241 30.00 4.00
1997 74179 3.00 0.60 57 205 1.00 0.10 100 327 2943 392 101241 30.00 4.00
1998 74170 3.00 0.60 56 863 1.00 0.10 95802 29.61 395 96 362 30.00 4.00
1999 74174 3.00 0.60 56 522 1.00 0.10 96 213 29.86 398 96 362 30.00 4.00
2000 74212 3.00 0.60 56 221 1.00 0.10 95476 29.32 391 96 362 30.00 4.00
2001 74 216 3.00 0.60 56 258 1.00 0.10 94700 28.78 3.84 96 362 30.00 4.00
2002 74217 3.00 0.60 56 396 1.00 0.10 94 622 28.68 3.82 96 373 30.00 4.00
2003 74192 3.00 0.60 56 533 1.00 0.10 97 507 28.03 3.74 100 348 30.00 4.00
2004 74154 3.00 0.60 56 671 1.00 0.10 97 161 27.60 3.68 100716 30.00 4.00
2005 74137 3.00 0.60 56 910 1.00 0.10 95713 26.70 3.56 100373 30.00 4.00
2006 74138 3.00 0.60 57008 1.00 0.10 94 921 26.31 350 100 147 30.00 4.00
2007 74141 3.00 0.60 56 793 1.00 0.10 94 591 26.04 347 100 150 30.00 4.00
2008 74085 3.00 0.60 56 665 1.00 0.10 93 961 25.52 340 100 246 30.00 4.00
2009 74074 3.00 0.60 57 056 1.00 0.10 91778 24.58 327 99 022 30.00 4.00
2010 74128 3.00 0.60 56 712 1.00 0.10 88615 22.53 3.00 99008 30.00 4.00
2011 74114 3.00 0.60 56 988 1.00 0.10 89 206 22.96 3.05 98 770 30.00 4.00
2012 74134 3.00 0.60 56 793 1.00 0.10 88 272 22.45 298 98 405 30.00 4.00
2013 74141 3.00 0.60 56 680 1.00 0.10 88 959 22.63 3.01 98 249 30.00 4.00
2014 74069 3.00 0.60 56 756 1.00 0.10 93015 23.63 3.14 97 334 30.00 4.00
2015 74128 3.00 0.60 56 760 1.00 0.10 95670 24.31 323 100611 30.00 4.00
2016 74136 3.00 0.60 56 561 1.00 0.10 94 463 23.94 319 98 432 30.00 4.00
2017 74149 3.00 0.60 56 577 1.00 0.10 97 507 25.01 3.33 97 892 30.00 4.00
2018 74130 3.00 0.60 56 209 1.00 0.10 100 403 25.89 345 98 059 30.00 4.00
2019 74078 3.00 0.60 56 091 1.00 0.10 103 483 27.03 3.60 98108 30.00 4.00

Source: Environment Agency.
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The unique trend of the CO, implied emission factor for other fuels, which is composed of the fossil fraction of incinerated fluff and

MSW and as reported in

Table 3-27, is due to the varying composition of the fossil fraction over time. Indeed, as explained in section 3.2.6.2.1, the composition
of the waste fraction is based on several waste analyses. The years for which the studies were done act as pillar years that fix the waste
fractions. The waste fractions for the years in-between are calculated through a simple linear interpolation. In addition, since 2002, a
high calorific fraction of treated waste, composed of mainly plastics, textiles, rubbers and other waste, also influences the composition
of incinerated waste as this high calorific fraction is co-incinerated with the untreated MSW. Hence, the changes in the CO; IEF between

specific years correspond to the breaks in the composition of incinerated waste.

3.2.6.3 Uncertainties and time-series consistency

The uncertainties for activity data and emission factors used for IPCC category 1A1 — Energy Industries are presented in Table 3-28.

Table 3-28 - Uncertainties for activity data and emission factors used for IPCC category 1A1 — Energy Industries.

Activity data Emission factor
IPCC category/Group Gas uncertainty (%) uncertainty (%)
1A1 - Gaseous Fuels CO, 2% 0.5%
1A1 - Gaseous Fuels CHa 2% 50%
1A1 - Gaseous Fuels N,O 2% 50%
1A1 - Liquid Fuels CO, 2% 0.5%
1A1 - Liquid Fuels CHa, 2% 50%
1A1 - Liquid Fuels N20 2% 50%
1A1 - Other Fuels CO; 8% 20%
1A1 - Other Fuels CHa 8% 50%
1A1 - Other Fuels N,0 8% 50%
1A1 - Biomass CHy 7% 50%
1A1 - Biomass N,O 7% 60%
1A1 - Solid fuels CO, 1% 3%
1A1 - Solid fuels CHq 1% 50%
1A1 —Solid fuels N,O 1% 50%

The time-series are considered to be consistent with the data reported in the national energy balance.

The annual fluctuations in fuel consumption, especially for natural gas, and the resulting fluctuations of GHG emissions, are explained
by the fluctuations of electricity and heat production levels of the plants covering the sector. Indeed, a sharp increase in the natural
gas consumption was observed in 2002, with the operational start of a 350 MW gas turbine (Twinerg). Occasional maintenance stops
of the 350 MW gas turbine in the years following the operational start (e.g. 2009, 2011) have greatly influenced the energy demand
of this category. Since 2013, the electricity production level by the Twinerg gas turbine had been at a relatively low level (due to

relatively low electricity prices), and the plant was finally shut down in 2016.
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In addition, rotation of the gas oil stocks (used as emergency fuel) can cause fluctuations in the GHG emissions. This was the case in
2008-2009. The dip of fossil MSW incineration in 1996 was due to a fire in the incineration plant, followed by a shut-down for several
months. Moreover, since 2015 the incineration plant has added fluff (both fossil and biogenic) to its list of burned materials which adds

to the total amount of GHG emissions.

3.2.6.4 Source-specific QA/QC and verification

Activity data for large facilities that are under the European Union Emission Trading Scheme (EU-ETS) are cross-checked from two
sources: reports obtained directly from the operator under its operational permit obligations and the EU-ETS registry operator. Both
are hosted at the Environment Agency. A list with the large energy consuming facilities along with their respective fuel consumption
has been compiled and enables the Single National Entity to quickly cross-check these data with the EU-ETS data. Thus, completeness

can be checked on a more systematic basis.

Additionally, cross checks with other relevant sectors, mainly 5 — Waste, are performed to avoid double counting.

Finally, consistency and completeness checks are performed using the tools embedded in CRF Reporter.

3.2.6.5

Category-specific recalculations including changes made in response to the review process

Table 3-29 presents the main revisions and recalculations relevant to category 1A1la - Public Electricity and Heat Production done since

the last submission. The quantitative aspect of these recalculations can be found below and in Chapter 10.

Table 3-29 — Recalculations done since submission 2020v1

GHG source & sink | Revisions 2020v1 =» 2021v1 Type of
category revision
1Ala — gaseous Revision of the natural gas activity data for 2018 from the national energy balance following AD
fuels an error correction of the net calorific value from 36.98 to 36.76 MJ/Nm3.
) Revision of the wood and wood products activity data for the years 2017-2018 due to the
1A1la - biomass ) ) R AD
revised energy balance from the national statistics institute.
Error correction of the fossil carbon fraction of the Multilayer Composite Material (from
1Ala - 100% to a weighted function of the fossil carbon fraction of paper and plastics). This change AD
biomass/other fuels | only affects the distribution of biomass and other fuels related GHG emissions over the
entire time series.
1Ala— Changes to the internal collection and evaluation procedure of external reports to unify the
biomass/other fuels sources delivering the treated MSW and BW AD to the incineration plant. This changes | AD
affects the biomass and fossil fuels AD for 2002-2018.
1Ala— Publication of a new waste management study that sets 2018 up as a pillar year (see section AD
biomass/other fuels | 3.2.6.2.1). The publication affects the MSW AD for the years 2015-2018.
1Ala— Error correction of the Multilayer Composite Material NCV. For 2010-2013, the value was
biomass/other fuels changed from 15 GJ/t to an interpolation between 15 and 19 GJ/t. For 2014-2018, the value | AD
was changed from 15 to 19 GJ/t.
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Table 3-30 shows the effect of the recalculations listed in Table 3-29 on the total GHG emissions for the entire time series.

Table 3-30 Effects of the recalculations in the 1A1 — Energy industries sector on the GHG emissions between submissions 2020v1 and

2021v1 for the entire time series. Not included are the CO; emissions from biomass fuel.

1A1 - Energy Industries
GHG emissions (Gg CO, eq.)

Year 2020v1 2021v1 Difference
1990 35.64369 35.83750 0.19381
1991 37.29337 37.49615 0.20278
1992 37.18656 37.38875 0.20219
1993 35.37671 35.56906 0.19235
1994 3461203 34.80022 0.18819
1995 93.53768 93.71741 017973
1996 82.35501 82.49406 0.13905
1997 89.72917 89.89388 0.16472
1998 155.94157 156.31208 0.37051
1999 173.46948 173.89367 042419
2000 119.02788 119.43997 041209
2001 28047212 280.87901 0.40689
2002 1027.93480 1028.39929 0.46449
2003 1035.52000 1036.24077 0.72076
2004 1255.94130 1259.55258 3.61128
2005 1241.79836 1242.71519 0.91683
2006 1304.17779 1306.89446 2.71667
2007 1180.55304 1183.08604 253301
2008 994.80560 997.27038 246477
2009 1190.01317 1194.05582 404265
2010 1204.96648 1206.50590 1.53941
2011 1003.03708 1008.92247 5.88539
2012 1042.04187 1046.51307 447120
2013 685.47301 692.38547 6.91246
2014 668.58785 675.72758 7.13974
2015 457.36585 468.99587 11.63001
2016 252.08140 264.43067 12.34927
2017 242.77559 253.64788 10.87229
2018 223.60323 232.68458 9.08134

3.2.6.6 Category-specific planned improvements including those in response to the review process

Table 3-31 presents the category-specific planned improvements relevant to category 1Ala - Public Electricity and Heat Production

done since the last submission.

Table 3-31 — Planned improvements for category 1.A.1. — Energy Industries

GHG source & sink category | Planned improvement

1A1la - Public Electricity and Heat Production No planned improvements
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3.2.7 Manufacturing Industries and Construction (1.A.2)

3.2.7.1 Source category description

This section describes GHG emissions resulting from fuel combustion activities in manufacturing industries and construction.

This GHG emission inventory includes emissions from categories 1A2a — Iron and Steel, 1A2b — Non-Ferrous Metals, 1A2c — Chemicals,

1A2d — Pulp, Paper and Print, 1A2e — Food Processing, Beverages and Tobacco, 1A2f — Non-metallic minerals and 1A2g — Other.

In 2018, category 1A2 - Manufacturing Industries and Construction was responsible for 12.73% of GHG emissions from fuel combustion
activities (60.94% in 1990) and represented 10.96% of the total GHG emissions of Luxembourg, excluding LULUCF (49.23% in 1990).

Compared to 2017, emissions of 1A2 increased by 1.26 %.

Table 3-32 summarizes GHG emissions for 1A2 — Manufacturing Industries and Construction and the relevant sub-categories.

Regarding CO, emissions, 1A2 — Manufacturing Industries and Construction is a key category, in 2019 for gaseous, liquid, solid and

other fuels. It has been a key category for gaseous, liquid and solid fuels from 1990 onwards: see Table 3-6 in Section 3.2.
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Table 3-32 — GHG emission trends in Gg for IPCC sub-category 1A2 — Fuel Combustion Activities — Manufacturing Industries and Construction: 1990-2019

1A2 - Manufacturing Industries & Construction
GHG emissions by source & sink category (Gg)
1A2a - Iron & Steel 1A2b - Non-Ferrous Metals 1A2c - Chemicals 1A2d - Pulp, Paper & Print
Year Total CO,.q o, CH, N,0 Total COp.q o, CH, N,0 Total COyeq co, CH, N0 Total CO,cq o, CH, N0
1990 541143 5404.13 0.109 0.015 28.39 28.37 0.0005 0.0000 170.26 169.83 0.005 0.001 NO IE IE IE
1991 515251 5145.50 0.104 0.015 29.45 2942 0.0005 0.0000 186.69 186.15 0.007 0.001 NO IE IE IE
1992 4754.81 4748.27 0.097 0.014 29.70 29.67 0.0005 0.0000 173.93 173.51 0.005 0.001 NO IE IE IE
1993 4920.86 4913.85 0.104 0.015 29.14 29.12 0.0005 0.0000 181.33 180.87 0.006 0.001 NO IE IE E
1994 4067.22 4061.38 0.087 0.012 35.44 3541 0.0006 0.0001 200.59 200.13 0.006 0.001 NO IE IE IE
1995 2316.62 2313.38 0.049 0.007 36.63 36.60 0.0006 0.0001 196.42 196.07 0.005 0.001 NO IE IE IE
1996 2101.73 2098.74 0.045 0.006 58.99 58.93 0.0010 0.0001 199.72 199.37 0.005 0.001 NO IE IE IE
1997 1335.10 1333.24 0.028 0.004 41.93 41.89 0.0007 0.0001 188.21 187.93 0.004 0.001 NO IE IE E
1998 310.83 310.44 0.006 0.001 43.80 43.76 0.0008 0.0001 189.45 189.24 0.004 0.000 NO IE IE IE
1999 345.61 345.17 0.007 0.001 42.66 42.62 0.0007 0.0001 185.77 185.55 0.004 0.000 NO IE IE IE
2000 332.79 332.40 0.007 0.001 4145 4141 0.0007 0.0001 207.61 207.37 0.004 0.000 12.91 12.89 0.0003 0.0000
2001 393.82 393.37 0.008 0.001 42.04 42.00 0.0007 0.0001 217.59 21733 0.004 0.001 15.56 15.53 0.0003 0.0000
2002 375.38 374.96 0.007 0.001 40.36 40.32 0.0007 0.0001 215.29 215.04 0.004 0.000 19.26 19.24 0.0004 0.0000
2003 353.63 353.27 0.006 0.001 46.30 46.26 0.0008 0.0001 224.76 22451 0.004 0.000 21.74 21.71 0.0004 0.0000
2004 385.99 385.59 0.007 0.001 52.65 52.60 0.0009 0.0001 231.71 23145 0.004 0.001 19.07 19.05 0.0004 0.0000
2005 379.55 379.17 0.007 0.001 58.39 58.33 0.0010 0.0001 229.69 22943 0.004 0.000 18.66 18.64 0.0004 0.0000
2006 442.45 442.01 0.008 0.001 61.28 61.22 0.0011 0.0001 217.78 21756 0.004 0.000 11.51 11.50 0.0002 0.0000
2007 422.84 422.42 0.008 0.001 57.10 57.04 0.0010 0.0001 192.89 192.70 0.004 0.000 7.40 7.39 0.0001 0.0000
2008 403.02 402.62 0.007 0.001 55.54 5549 0.0010 0.0001 191.10 190.91 0.003 0.000 10.08 10.07 0.0002 0.0000
2009 329.36 329.04 0.006 0.001 48.97 48.92 0.0009 0.0001 144.38 144.24 0.003 0.000 7.96 7.95 0.0001 0.0000
2010 379.04 378.66 0.007 0.001 56.03 55.98 0.0010 0.0001 171.05 170.87 0.003 0.000 5.28 5.27 0.0001 0.0000
2011 334.35 334.02 0.006 0.001 53.81 53.76 0.0009 0.0001 185.23 185.04 0.003 0.000 8.84 8.83 0.0002 0.0000
2012 299.12 298.83 0.005 0.001 54.50 54.45 0.0010 0.0001 180.71 180.51 0.003 0.000 10.77 10.76 0.0002 0.0000
2013 276.30 276.03 0.005 0.000 53.26 53.21 0.0009 0.0001 197.80 197.57 0.004 0.000 13.45 13.43 0.0002 0.0000
2014 273.37 273.10 0.005 0.000 51.52 5147 0.0009 0.0001 162.54 162.35 0.003 0.000 6.34 6.33 0.0001 0.0000
2015 277.82 277.55 0.005 0.000 49.83 49.78 0.0009 0.0001 144.76 144.60 0.003 0.000 5.50 549 0.0001 0.0000
2016 268.96 268.70 0.005 0.000 50.74 50.69 0.0009 0.0001 147.45 147.30 0.003 0.000 5.34 5.33 0.0001 0.0000
2017 269.53 269.27 0.005 0.000 53.87 53.82 0.0010 0.0001 135.17 135.03 0.002 0.000 4.82 4.82 0.0001 0.0000
2018 306.45 306.14 0.006 0.001 51.52 5147 0.0009 0.0001 123.81 123.68 0.002 0.000 1.62 1.62 0.0000 0.0000
2019 296.86 296.56 0.005 0.001 47.50 47.45 0.0008 0.0001 121.85 121.72 0.002 0.000 1.75 1.74 0.0000 0.0000
19;::;:19 94.51% -94.51% -95.07% -96.38% 67.30% 67.29% 83.11% 83.11% -28.43% -28.33% -58.14% -75.46% NA NA NA NA
20.:::_2319 -3.13% -3.13% -2.55% -1.91% -7.81% -7.82% -7.62% -7.62% -158% -1.58% 0.62% 0.63% 7.76% 7.76% 9.74% 12.13%
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1A2 - Manufacturing Industries & Construction
GHG emissions by source & sink category (Gg)
1A2e - Food Processing, Beverages & Tobacco 1A2f - Non-Metallic Minerals 1A2g - Other 1A2 - Manuf; ing &Ci
Year Total CO, co, CH, N0 Total CO €O, ~ CH, - N0 Total €O, €O, ~ CH, - N0 Total CO,4, €O, ~ CH, - N0
(excl. biomass) (incl. biomass) (incl. biomass) (excl. biomass) (incl. biomass) (incl. biomass) (excl. biomass) (incl. biomass) (incl. biomass)
1990 8.19 8.18 0.000 0.000 539.07 536.52 0.0372 0.0054 108.41 103.29 0.005 0.017 6265.75 6250.32 0.1576 0.0386
1991 12.85 12.82 0.000 0.000 488.02 485.67 0.0342 0.0050 238.94 233.02 0.008 0.019 6108.45 6092.59 0.1536 0.0403
1992 12.52 12.49 0.000 0.000 528.99 526.36 0.0381 0.0056 265.34 258.93 0.008 0.021 5765.30 5749.24 0.1498 0.0413
1993 9.17 9.16 0.000 0.000 479.68 47744 0.0327 0.0048 281.82 274.92 0.008 0.022 5902.01 5885.35 0.1514 0.0432
1994 12.15 1212 0.000 0.000 584.03 581.08 0.0428 0.0063 290.06 282.64 0.010 0.024 5189.50 5172.77 0.1461 0.0439
1995 12.36 12.33 0.000 0.000 509.33 506.96 0.0345 0.0051 261.70 253.80 0.008 0.026 3333.05 3319.14 0.0970 0.0385
1996 10.90 10.88 0.000 0.000 538.13 535.55 0.0375 0.0055 27043 262.62 0.009 0.025 3179.90 3166.10 0.0976 0.0381
1997 13.79 13.76 0.000 0.000 495.35 493.05 0.0334 0.0049 34144 332.97 0.010 0.028 2415.82 2402.85 0.0769 0.0371
1998 12.91 12.88 0.000 0.000 461.23 458.76 0.0361 0.0052 356.02 347.22 0.010 0.029 137424 1362.31 0.0569 0.0353
1999 18.15 18.11 0.001 0.000 509.57 506.96 0.0383 0.0055 462.91 452.91 0.014 0.032 1564.67 1551.31 0.0639 0.0395
2000 25.11 25.07 0.001 0.000 526.14 523.21 0.0433 0.0062 251.40 24113 0.009 0.034 139741 1383.48 0.0640 0.0414
2001 30.83 30.78 0.001 0.000 54424 540.70 0.0526 0.0074 24598 235.40 0.008 0.035 1490.06 1475.12 0.0744 0.0439
2002 33.13 33.07 0.001 0.000 449.60 446.57 0.0458 0.0064 242.76 231.52 0.007 0.037 1375.79 1360.71 0.0666 0.0450
2003 18.75 18.71 0.000 0.000 388.02 385.29 0.0412 0.0057 260.47 249.35 0.008 0.037 1313.67 1299.11 0.0613 0.0437
2004 18.66 18.63 0.000 0.000 441.00 437.87 0.0472 0.0066 26146 250.57 0.007 0.036 1410.55 1395.76 0.0678 0.0440
2005 18.95 18.91 0.000 0.000 454.40 451.16 0.0487 0.0068 247.06 235.30 0.033 0.037 1406.70 1390.95 0.0946 0.0449
2006 14.66 14.64 0.000 0.000 491.62 487.99 0.0545 0.0076 241.87 23047 0.031 0.036 1481.17 1465.38 0.0994 0.0446
2007 13.95 13.93 0.000 0.000 439.80 436.50 0.0500 0.0069 251.07 239.64 0.033 0.036 1385.05 1369.62 0.0954 0.0438
2008 13.96 13.94 0.000 0.000 42450 421.26 0.0492 0.0068 231.86 222.14 0.034 0.030 1330.05 1316.42 0.0952 0.0378
2009 14.71 14.68 0.000 0.000 428.09 425.16 0.0442 0.0061 215.95 207.19 0.027 0.027 1189.42 117718 0.0809 0.0343
2010 14.60 1457 0.000 0.000 418.69 41542 0.0495 0.0068 22259 213.92 0.031 0.027 1267.28 1254.69 0.0918 0.0345
2011 2045 2042 0.000 0.000 41440 411.30 0.0471 0.0065 22593 217.64 0.028 0.025 1243.02 1231.01 0.0858 0.0331
2012 16.92 16.89 0.000 0.000 403.34 400.24 0.0469 0.0064 219.26 211.84 0.025 0.023 1184.61 1173.52 0.0820 0.0304
2013 17.84 17.81 0.000 0.000 355.30 352.09 0.0486 0.0067 230.44 222.90 0.025 0.023 114439 1133.04 0.0845 0.0310
2014 24.66 2462 0.001 0.000 396.07 392.89 0.0482 0.0066 233.74 225.54 0.030 0.025 1148.23 1136.30 0.0875 0.0327
2015 21.46 2142 0.001 0.000 372.81 369.85 0.0449 0.0062 241.02 233.01 0.028 0.025 1113.19 1101.71 0.0821 0.0316
2016 23.52 2348 0.001 0.000 410.85 407.31 0.0538 0.0074 249.40 241.46 0.028 0.024 1156.26 1144.28 0.0908 0.0326
2017 27.38 27132 0.001 0.000 397.94 394.34 0.0548 0.0075 257.56 249.89 0.026 0.024 1146.28 1134.48 0.0901 0.0320
2018 24.03 23.97 0.001 0.000 404.83 401.04 0.0578 0.0079 250.18 243.06 0.017 0.022 116244 1150.98 0.0846 0.0314
2019 26.24 26.17 0.001 0.000 420.76 416.66 0.0624 0.0085 262.16 255.56 0.008 0.021 1177.11 1165.87 0.0802 0.0310
19.;':_;:19 220.23% 220.14% 251.86% 268.10% -21.95% -22.34% 67.75% 56.91% 141.82% 147.42% 63.05% 27.99% -81.21% -81.35% -49.08% -19.64%
20::;:19 9.22% 9.20% 14.98% 18.31% 3.94% 3.90% 7.90% 8.15% 479% 5.14% -51.04% -4.56% 1.26% 1.29% 5.17% -1.20%

Source: Environment Agency.

Notes: CH4 emissions are converted in CO,e by multiplying the emissions by 25, i.e. the global warming potential (GWP) value for methane based on the effects of GHG over a 100-year time
horizon. N,O emissions are converted in COe by multiplying the emissions by 298, i.e. the global warming potential (GWP) value for nitrous oxide based on the effects of GHG over a 100-
year time horiz
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Iron and Steel (1A2a)
3.2.7.1.1 Source category description

In 2019, fuel combustion in iron and steel was responsible for 3.21% of GHG emissions from fuel combustion activities (this share was
52.63% in 1990) and represented 2.76% of the total GHG emissions in CO,eq, excluding LULUCF (42.52% in 1990). Compared to 2018,

emissions have decreased by 3.13% and compared to 1990, decreased by 94.51%.

3.2.7.1.2 Methodological issues

3.2.7.1.2.1 Activity Data

The iron and steel industry has been among the most important industrial activities in Luxembourg, both in terms of energy
consumption and in terms of added value. As already stressed earlier in this report, important technological changes took place
between 1993 and 1997 with the move from blast furnaces to electric arc furnaces. This led to large changes in air emissions. Today,
the iron and steel industry has a specific energy consumption which is much lower than it was in 1990 but which is still relatively high

at Luxembourg’s scale.

Emissions from fuel combustion activities in the iron and steel industry are accounted for under category 1A2a — Iron & Steel. CO,

process related emissions are included under category 2C1 - Iron & Steel Production (see Section 4.4.1).

Blast furnace gas is a side product of the iron produced in blast furnaces and can be used as fuel for combustion purposes. This was
the case in Luxembourg until 1997, when the last blast furnace was blown out. Blast furnace gas was used by the iron and steel industry
for heating purposes and for electricity production. Thus, blast furnace gas is to be considered as a secondary fuel. This has to be taken
into account when comparing official energy balances (as published by the national statistics institute) with the energy balance used
to prepare the emission inventories. Indeed, solid fuels, coke in particular, do not appear as fuel for combustion activities in blast
furnaces in emission inventories, as these are mainly used for reduction purposes, and as such are considered in category 2C1 - Iron &
Steel Production. Instead of solid fuels, blast furnace gas (although considered as a solid fuel by the IPCC) is considered in category

1A2a (see also Section 4.4.1).
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Table 3-33 gives a summary of which combustion activities are included for estimating GHG emissions pertaining to category 1A2a —

Iron & Steel.

Table 3-33 — Iron and steel combustion activities included in the GHG inventory

Combustion activity SNAP73 code

Combustion plants 50-300 MW 030102
Combustion plants <50 MW 030103
Blast Furnace Cowper's 030203
Sinter and pelletizing plants 030301
Reheating furnaces steel and iron 030302
Grey iron foundries 030303
Electric furnace steel plants 040207
Mobile Sources and Machinery in Industry 080800
Blast furnace gas distribution losses and flaring NA

Combustion plants 50-300 MW

One power plant, operated until 1997 by the iron and steel industry, located on a site called Terres Rouges, and fed with blast furnace
gas, residual fuel oil and/or natural gas. The activity rates are based on information received from the plant operator’4 and from a study
(TUV 1990). The electricity produced was used in the installations of the iron and steel industry (autoproducer). Overproduction was

fed into the public electricity network.

Combustion plants <50 MW

Various combustion plants were operated mainly for heating purposes until 1997, when the last blast furnace was shut down. They
were fed with blast furnace gas, residual fuel oil and/or natural gas. After 1997, these combustion plants were replaced by installations

running on natural gas or gasoil. The related fuel consumption data were and still are received directly from the operator.

Blast furnace cowpers

Blast furnace cowpers have been used until 1997. They were fed with blast furnace gas and with natural gas. The related fuel

consumption data were received directly from the operator.

Sinter and pelletizing plants

The sole sinter plant has been used until 1997. Its activity data, i.e. fuel consumption (coke oven coke, coal, blast furnace gas and
natural gas) and production have been established in detail for the year 1990 based on information received from the operator. The
fuel consumptions of the following years have been extrapolated based on the consumption data of 1990 and on the sintered ore

production from 1990 - 1997.

73 Technology oriented Standardized Nomenclature for Air Pollutants (SNAP)

74 Later Arcelor-Arbed, and now Arcelor-Mittal.
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Reheating furnaces steel and iron

The reheating furnaces have been used during the whole period 1990 - 2014. Their operation is directly related to steel rolling. Their
activity data (natural gas consumption) were received from the operator. In 2012, as a consequence of the economic crisis, the steel
rolling facilities as well as the electric arc furnace on the site in Schifflange were temporarily switched off. In 2015, it was decided to

finally close these facilities.

Grey iron foundries

The activity data (coking coke consumption) of those foundries have been estimated in the early 1990s (TUV 1990), and no new data
have been received since. Therefore, the values in the inventories have been kept rather constant. In 1997, grey iron production was

stopped simultaneously with the last blast furnace.

Electric furnace steel plants

The first electric furnace steel plant appeared in 1994. Beside electric energy, natural gas is used for the fusion of scrap. The related

fuel consumption data were received directly from the operator.

Blast Furnace Gas Distribution Losses and Flaring

A certain amount of blast furnace gas (BFG) is either lost during distribution or vented to avoid over-pressurization of the pipes or

flared. The amount of BFG lost, vented or flared was obtained from the national statistics institute (STATEC).

Mobile Sources and Machinery in Industry

Activity data on the consumption of diesel oil, used in mobile sources and machinery were derived from energy balance as produced
by the national statistics institute (STATEC). Since submission 2015, emissions of mobile machinery are reported under category

1.A.2.g.vii — Off-road vehicles and other machinery (see section 3.2.7.7).

The fuel consumption data obtained by the operators (bottom-up) were matched with the top-down data obtained from the national

statistics institute (STATEC) to avoid double counting or underestimation.

Table 3-34 gives a summary of the amount of energy used in category 1A2a — Iron and Steel.

Luxembourg’s NIR 1990-2019 200



Table 3-34 — Activity data for category 1A2a — Iron and Steel: 1990-2019

1A2a - Iron & Steel
Activity Data by fuel type (GJ)
Solid Liquid Gaseous Biomass Other
Blast Furnace
Year A1(:,tivity Gas, Coke (?ven Residual Fuel
otal Coke, Coking Oil. Gas Oil Natural Gas
Coke, Other !
Bituminous Coal
1990 31802 460 24 297 184 632 309 6 872 966 NO NO
1991 29 861528 23212906 1082 023 5566 599 NO NO
1992 28 074 837 21153 539 1543162 5378 135 NO NO
1993 28 969 294 22278 448 1368 941 5321905 NO NO
1994 24 669 272 18 169 300 1249 467 5250 505 NO NO
1995 16 128 469 9509 657 650 277 5968 535 NO NO
1996 15 348 355 8471037 559 065 6318 253 NO NO
1997 11405 449 4700 381 505 079 6 199 989 NO NO
1998 5294 530 NO 498 093 4796 437 NO NO
1999 5898 927 NO 634 967 5263 960 NO NO
2000 5797 134 NO 360 167 5436 967 NO NO
2001 6 869 204 NO 385452 6483752 NO NO
2002 6 541 567 NO 339077 6202 490 NO NO
2003 6220 436 NO 91 251 6129 185 NO NO
2004 6 756 649 NO 153 569 6603 080 NO NO
2005 6631230 NO 103 627 6 527 604 NO NO
2006 7729439 NO 79708 7649 731 NO NO
2007 7418 081 NO 64 889 7353192 NO NO
2008 7091888 NO 43438 7048 451 NO NO
2009 5757 748 NO 31033 5726715 NO NO
2010 6653 746 NO 75 689 6578 058 NO NO
2011 5848 948 NO 40 643 5808 306 NO NO
2012 5257 870 NO 12 569 5245302 NO NO
2013 4864 371 NO 17 984 4846 388 NO NO
2014 4808 149 NO 12163 4795 986 NO NO
2015 4 884 289 NO 18432 4 865 857 NO NO
2016 4744 566 NO 19592 4724 974 NO NO
2017 4746 012 NO 42 844 4703168 NO NO
2018 5432516 NO 43760 5388 755 NO NO
2019 5269 448 NO 54 832 5214617 NO NO
o 83.43% NA 91.33% 24.13% NA NA
o -3.00% NA 25.30% 3.23% NA NA

Source: Environment Agency.

3.2.7.1.2.2 Methodological choices
The 2006 IPCC Guidelines Tier 1 approach has been applied for residual fuel oil and solid fuels except for blast furnace gas (recorded
under solid fuels according to the 2006 IPCC Guidelines). For natural gas, gas oil, diesel oil and blast furnace gas, the methodological

approach is classified as a Tier 2 methodology as country-specific emissions factor were used.

Special care was taken with solid fuels to avoid double counting with IPCC sub-category 2C1 - Iron and Steel Production. As already
stated (section 3.2.7.1.2.1), the use of natural gas and BFG is considered as a combustion activity under 1A2a, whereas the use of coal
(other bituminous coal), coke oven coke, and some residual fuel oil was used in the blast furnaces to produce BFG and for reduction

purposes. These emissions are accounted for in category 2C1.
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3.2.7.1.23 Emission factors
Default emission factors are derived from the 2006 IPCC Guidelines. Country-specific or plant specific emission factors were
determined by the Environment Agency and are either derived from a study (TUV 1990) or were calculated from specific data accessible

to the Environment Agency from the operator (Table 3-35).

For blast furnace gas combusted in blast furnaces or combustion plants, a plant specific CO, emission factor, which is at the same time
country-specific as there was only one plant in Luxembourg, was applied. This EF was derived from a study in the year 1990 and is
based on measurements of the BFG composition (see also section 3.2.5.3). The CH4 and N,O emission factors are default values from
the 2006 IPCC Guidelines. The CO; EF for BFG lost in distribution and flaring is also plant specific and was based on measurements and
BFG composition.®®> Generally, BFG consists of about 60 percent nitrogen, 18-20% carbon dioxide and some oxygen. The rest is mostly
carbon monoxide, which has a fairly low heating value. When calculating the emissions from distribution losses, it is assumed that BFG
is completely oxidised to CO; in the atmosphere. Therefore, the same emission factor as for flaring was used. Since no default values
for CH4 and N,0 from BFG lost in distribution and flaring are given in neither the 1996 Revised IPCC Guidelines nor in the 2006 IPCC

Guidelines, the default values for coal were applied.

Table 3-35 gives an overview of the different emission factors used in this submission.

Table 3-35 — Emission factors for category 1A2a — Iron and Steel

1A2a Iron & Steel
Emission Factors for 2019 (kg/TJ)
Fuel Fuel Type EF €0, type - CHa type EF N.0 type Source
Blast furnace gas solid 257 181 PS, CS 1.00 D 0.10 D 201(;2\1;(?30(5L
BFG (DistLoss&Flar) solid 245323 PS, CS 1.00 D 0.10 D 201(;2\1;(?3%_
Coke Oven Coke solid 107 000 D 10.00 D 1.50 D 2006 IPCC GL
Other Bituminous Coal solid 94 600 D 10.00 D 1.50 D 2006 IPCC GL
Coking Coke solid 94 600 D 10.00 D 1.50 D 2006 IPCC GL
Residual Fuel Oil liquid 77 400 D 3.00 D 0.60 D 2006 IPCC GL
Gas Oil liquid 74078 CS 3.00 D 0.60 D 2006?52)/0 oL
Natural Gas gaseous 56 091 CS 1.00 D 0.10 D 2006?5(\)/0 oL

Source: Environment Agency.

Table 3-36 gives an overview of the evolution of the implied emission factors per fuel type.

Time-series are considered to be consistent, also in comparison with energy data as reported by the national statistics institute. For
solid fuels, the relatively high CO; IEF, compared to usual solid fuels, stems from the fact that blast furnace gas is the predominant fuel
in this category. Other solid fuels, such as coke oven coke, other bituminous coal or coking coal only played a minor role, and were
mainly used in the sole sinter and pelletizing plant and in grey iron foundries. For liquid fuels, the CO, IEF was higher in the early 1990s

due to the increased use of residual fuel oil, which was replaced by gas/diesel oil with the switch to electric arc steel production.
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Table 3-36 — Implied emission factors for IPCC sub-category 1A2a — Iron and Steel

1A2a Iron & Steel
Implied Emission Factors (kg/TJ)
Solid Liquid Gaseous
Year co, CH, N,0 co, CH, N0 co, CH, N,0
1990 204 087 413 0.59 76 614 3.00 0.60 57755 1.00 0.10
1991 204 235 4.11 0.58 76 874 3.00 0.60 57743 1.00 0.10
1992 204 137 4.1 0.58 77075 3.00 0.60 57 848 1.00 0.10
1993 202 008 4.24 0.60 76 935 3.00 0.60 57 894 1.00 0.10
1994 201498 4.27 0.61 76 894 3.00 0.60 57 940 1.00 0.10
1995 201690 4.27 0.61 76 322 3.00 0.60 57929 1.00 0.10
1996 199 816 4.37 0.62 76 020 3.00 0.60 57 546 1.00 0.10
1997 200 038 4.37 0.62 75863 3.00 0.60 57 205 1.00 0.10
1998 NO NO NO 75695 3.00 0.60 56 863 1.00 0.10
1999 NO NO NO 75024 3.00 0.60 56 522 1.00 0.10
2000 NO NO NO 74212 3.00 0.60 56 221 1.00 0.10
2001 NO NO NO 74 216 3.00 0.60 56 258 1.00 0.10
2002 NO NO NO 74217 3.00 0.60 56 396 1.00 0.10
2003 NO NO NO 74192 3.00 0.60 56 533 1.00 0.10
2004 NO NO NO 74 154 3.00 0.60 56 671 1.00 0.10
2005 NO NO NO 74137 3.00 0.60 56 910 1.00 0.10
2006 NO NO NO 74138 3.00 0.60 57008 1.00 0.10
2007 NO NO NO 74 141 3.00 0.60 56 793 1.00 0.10
2008 NO NO NO 74 085 3.00 0.60 56 665 1.00 0.10
2009 NO NO NO 74074 3.00 0.60 57 056 1.00 0.10
2010 NO NO NO 74 128 3.00 0.60 56712 1.00 0.10
2011 NO NO NO 74 114 3.00 0.60 56 988 1.00 0.10
2012 NO NO NO 74134 3.00 0.60 56 793 1.00 0.10
2013 NO NO NO 74 141 3.00 0.60 56 680 1.00 0.10
2014 NO NO NO 74 069 3.00 0.60 56 756 1.00 0.10
2015 NO NO NO 74128 3.00 0.60 56 760 1.00 0.10
2016 NO NO NO 74 136 3.00 0.60 56 561 1.00 0.10
2017 NO NO NO 74 149 3.00 0.60 56 577 1.00 0.10
2018 NO NO NO 74 130 3.00 0.60 56 209 1.00 0.10
2019 NO NO NO 74078 3.00 0.60 56 091 1.00 0.10

Source: Environment Agency.

3.2.7.2 Non-Ferrous Metals (1A2b)

3.2.7.2.1 Source category description

In Luxembourg, non-ferrous metals activities cover mainly secondary aluminium production from aluminium scrap.

In 2019, fuel combustion due to non-ferrous metal production was responsible for 0.51% of GHG emissions from fuel combustion
activities (0.28% in 1990) and represented 0.44% of the national total GHG emissions in CO,e, excluding LULUCF (0.22% in 1990).

Compared to 2018, emissions declined by 7.81% and compared to 1990, they increased by 67.30%.

3.2.7.2.2 Methodological issues & time series consistency

3.2.7.2.2.1 Activity data

Liquefied petroleum gas (LPG) was an important fuel used in the secondary aluminium production. It was slowly substituted by natural
gas. Generally, the fuel consumption data were obtained from the operators. The activity data for secondary aluminium production

are listed in Table 3-37.

The activity data reported here are the data reported by the operators to the Environment Agency through their annual reporting
obligations. This bottom-up data could not be matched with top-down data from the national statistics institute as no such data are

reported for this category. Due to confidentiality reasons, this data are reported under the iron & steel industry by national statistics.
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However, to avoid double counting, the bottom-up data were subtracted from the top-down data from official statistics reported for
category 1A2a - Iron and Steel.

Table 3-37 - Activity data for category 1A2b - Non-Ferrous Metals: 1990-2019

1A2b - Non-Ferrous Metals
Activity Data by fuel type (GJ)
Year Activity Solid Liquid Gaseous Biomass Other
Total LPG Natural Gas
1990 462 005 NO 230000 232005 NO NO
1991 480 174 NO 230000 250 174 NO NO
1992 484 471 NO 230000 254 471 NO NO
1993 474 992 NO 230000 244 992 NO NO
1994 574 091 NO 307 372 266 719 NO NO
1995 593 787 NO 314594 279193 NO NO
1996 983 700 NO 314594 669 106 NO NO
1997 724 596 NO 56 951 667 645 NO NO
1998 757 076 NO 87 447 669 629 NO NO
1999 740 541 NO 86 796 653 745 NO NO
2000 722 935 NO 88 251 634 683 NO NO
2001 733199 NO 86 796 646 403 NO NO
2002 715027 NO NO 715027 NO NO
2003 818 250 NO NO 818 250 NO NO
2004 928 110 NO NO 928 110 NO NO
2005 1025 041 NO NO 1025 041 NO NO
2006 1073 850 NO NO 1073 850 NO NO
2007 1004 376 NO NO 1004 376 NO NO
2008 979 207 NO NO 979 207 NO NO
2009 857 430 NO NO 857 430 NO NO
2010 987 086 NO NO 987 086 NO NO
2011 943 399 NO NO 943399 NO NO
2012 958 750 NO NO 958 750 NO NO
2013 938733 NO NO 938733 NO NO
2014 906 812 NO NO 906 812 NO NO
2015 877014 NO NO 877014 NO NO
2016 896 259 NO NO 896 259 NO NO
2017 951239 NO NO 951239 NO NO
2018 915753 NO NO 915753 NO NO
2019 845 966 NO NO 845 966 NO NO
. ggge;g 10 83.11% NA NA 264.63% NA NA
20:::;31 o 762% NA NA 762% NA NA

Source: Environment Agency.
3.2.7.2.2.2 Methodological choices

The 2006 IPCC Guidelines Tier 2 approach has been applied for liquid (LPG) and gaseous fuels (natural gas).

3.2.7.2.23 Emission factors
Country-specific EFs for CO, from LPG and natural gas were used. Default EFs from the 2006 IPCC Guidelines have been applied for

CH4 and N,O (Table 3-38).

Table 3-38 — Emission factors for category 1A2b — Non-Ferrous Metals

1A2b - Non-Ferrous Metals
Emission Factors for 2019 (kg/TJ)
Fuel Fuel Type EF co, type EF CHa type EF N.0 type Source
LPG liquid 65 489 CS 1.00 D 0.10 D 2006AIFIEE)/C oL
Natural Gas gaseous 56 091 CS 1.00 D 0.10 D 2006?!5(\3/0 oL

Source: Environment Agency.
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3.2.7.3 Chemicals (1A2c)

3.2.7.3.1 Source category description

In Luxembourg, chemical activities cover mainly the production of tires, various plastic films and synthetic non-woven textiles. Also
included in this category are the emissions of two gas turbines operated by the chemical industry for heat and electricity production

(autoproducers).

In 2019, fuel combustion from the chemical industry was responsible for 1.32% of GHG emissions from fuel combustion activities
(1.66% in 1990) and represented 1.13% of the national total GHG emissions, excluding LULUCF (1.34% in 1990). Compared to 2018,

emissions decreased by 1.58% and compared to 1990, decreased by 28.43%.

3.2.7.3.2 Methodological issues & time-series consistency

3.2.7.3.2.1 Activity data

Annual fuel consumption data of residual fuel oil, gas oil, diesel oil and natural gas were obtained from the operators. Diesel oil is
mainly used by mobile sources and machinery, whereas the remaining fuels are mainly combusted in stationary units for heating

purposes.

The activity data reported here are the data reported by the operators to the Environment Agency through their annual reporting
obligations. The bottom-up data on natural gas, between 1990 and 1999, could not be matched to the top-down data from the national
statistics institute as no such data are reported for this category. To avoid double counting, the bottom-up data for this period were
subtracted from the top-down data from official statistics reported for category 1A2g - Other. For natural gas (2000-2019) and liquid
fuels (residual fuel oil, gas oil, diesel oil) the matching exercise was done within the category 1A2c as top-down data are reported for

this category by the national statistics institute. Activity data for the chemical industry are listed in Table 3-39.

Fluctuations in activity data may occur due to temporal shut-down of installations (e.g. for maintenance). This may then be reflected
in the activity data by a sharp decrease as in 2007 when maintenance on one of the gas turbines operated by the chemical industry
led to a 9% decrease compared to the previous year.”> The dip in 2009 is explained by the global economic downturn due to the
financial and economic crisis. 2010 showed a slight recovery, with a stabilisation until 2013. The decrease observed in 2014 is mainly

due to the phase out of one of the gas turbines, being replaced by energy efficient boilers.

75 ARR 2009, § 61.
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Table 3-39- Activity data for category 1A2c - Chemicals: 1990-2019

1A2c - Chemicals
Activity Data by fuel type (GJ)
. Solid Liquid Gaseous Biomass Other
Year A;::/;y Residual Fuel Natural Gas
Qil, Gas Qil
1990 2455706 NO 1460 983 994 723 NO NO
1991 2563192 NO 1975924 587 269 NO NO
1992 2520181 NO 1453 902 1066 279 NO NO
1993 2597533 NO 1595 269 1002 264 NO NO
1994 2964 983 NO 1490 527 1474 456 NO NO
1995 3096 655 NO 895987 2200 668 NO NO
1996 3166 826 NO 905 480 2261347 NO NO
1997 3105924 NO 541574 2564 350 NO NO
1998 3282717 NO 145 022 3137 695 NO NO
1999 3223167 NO 211883 3011284 NO NO
2000 3618830 NO 218707 3400122 NO NO
2001 3782763 NO 253681 3529081 NO NO
2002 3744542 NO 220952 3523590 NO NO
2003 3918509 NO 170 242 3748 267 NO NO
2004 4023 985 NO 197 211 3826 775 NO NO
2005 3979273 NO 174153 3805119 NO NO
2006 3791898 NO 82726 3709171 NO NO
2007 3373071 NO 66 911 3306 160 NO NO
2008 3356 005 NO 43290 3312715 NO NO
2009 2516779 NO 37732 2479048 NO NO
2010 2990086 NO 75118 2914 968 NO NO
2011 3226530 NO 68 167 3158 363 NO NO
2012 3127706 NO 165 874 2961833 NO NO
2013 3415054 NO 229 291 3185763 NO NO
2014 2806 391 NO 177 507 2628 884 NO NO
2015 2520520 NO 88 559 2431961 NO NO
2016 2603415 NO 2972 2600443 NO NO
2017 2 375064 NO 37 567 2337497 NO NO
2018 2188135 NO 38371 2149764 NO NO
2019 2154 691 NO 48078 2106613 NO NO
. 93::;31 g | 1226% NA 96.71% 111.78% NA NA
20::;31 o 153% NA 25.30% 201% NA NA

Source: Environment Agency.

3.2.7.3.2.2 Methodological issues
The 2006 IPCC Guidelines Tier 1 approach has been applied for residual fuel oil, whereas the 2006 IPCC Guidelines Tier 2 approach was

applied for gas oil and natural gas.

3.2.7.3.23 Emission factors
The 2006 IPCC Guidelines default EFs have been applied for CO, for residual fuel oil, whereas for gas oil and natural gas country-specific

EFs were used. Default EFs have been applied for CH, and N,O (Table 3-40).

Table 3-40 — Emission factors for category 1A2c — Chemicals

1A2c - Chemicals
Emission Factors for 2019 (kg/TJ)
CO, CH, N0
Fuel Fuel Type EF type EF type EF type Source

Residual Fuel Qil liquid 77 400 D 3.00 D 0.60 D 2006 IPCC GL

. - AEV
Gas Oil liquid 74078 Cs 3.00 D 0.60 D 2006 IPCC GL

AEV
Natural Gas gaseous 56 091 CS 1.00 D 0.10 D 2006 IPCC GL

Source: Environment Agency.
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Table 3-41 gives an overview of the evolution of the implied emission factors per fuel type.

For liquid fuels, the CO; IEF was higher in the early 1990s due to the increased use of residual fuel oil, which was gradually replaced by

gas/diesel oil in the mid 1990s.

Table 3-41 — Implied emission factors for category 1A2c — Chemicals

1A2c - Chemicals
Implied Emission Factors (kg/TJ)
Liquid Gaseous
Year co, CHq N0 co, CHq N0
1990 76 923 3.00 0.60 57 755 1.00 0.10
1991 77 049 3.00 0.60 57 743 1.00 0.10
1992 76 914 3.00 0.60 57 848 1.00 0.10
1993 77 005 3.00 0.60 57 894 1.00 0.10
1994 76 955 3.00 0.60 57 940 1.00 0.10
1995 76 550 3.00 0.60 57 929 1.00 0.10
1996 76 465 3.00 0.60 57 546 1.00 0.10
1997 76 141 3.00 0.60 57 205 1.00 0.10
1998 74 630 2.98 0.60 56 863 1.00 0.10
1999 72 438 2.90 0.58 56 522 1.00 0.10
2000 74117 3.00 0.60 56 221 1.00 0.10
2001 74 077 2.99 0.60 56 258 1.00 0.10
2002 73 880 2.99 0.60 56 396 1.00 0.10
2003 74 047 2.99 0.60 56 533 1.00 0.10
2004 73962 2.99 0.60 56 671 1.00 0.10
2005 73979 2.99 0.60 56 910 1.00 0.10
2006 73794 2.99 0.60 57 008 1.00 0.10
2007 73680 2.98 0.60 56 793 1.00 0.10
2008 73 861 2.99 0.60 56 665 1.00 0.10
2009 73 956 3.00 0.60 57 056 1.00 0.10
2010 73933 2.99 0.60 56 712 1.00 0.10
2011 74 064 3.00 0.60 56 988 1.00 0.10
2012 74 134 3.00 0.60 56 793 1.00 0.10
2013 74 141 3.00 0.60 56 680 1.00 0.10
2014 74 069 3.00 0.60 56 756 1.00 0.10
2015 74128 3.00 0.60 56 760 1.00 0.10
2016 74 136 3.00 0.60 56 561 1.00 0.10
2017 74 149 3.00 0.60 56 577 1.00 0.10
2018 74130 3.00 0.60 56 209 1.00 0.10
2019 74078 3.00 0.60 56 091 1.00 0.10

Source: Environment Agency.

3.2.7.4 Pulp, Paper and Print (1A2d)

3.2.7.4.1 Source category description

In Luxembourg, this source category only covers the printing industry. No pulp or paper production occurs in Luxembourg. Included in
this sub-category are the emissions from stationary combustion plants (<50 MW). Emissions from mobile sources and machinery used

in this category are reported under category 1.A.2.g.vii — Off-road vehicles and other machinery.

In 2019, fuel combustion from the paper and printindustry was responsible for 0.02% of GHG emissions from fuel combustion activities
and represented 0.02% of the national total GHG emissions in COe, excluding LULUCF. Compared to 2018, emissions increased by

7.76%.
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3.2.7.4.2 Methodological issues

327421

Activity data

Annual fuel consumption data for gas oil, diesel oil and natural gas were derived from national statistics for the period 2000-2019.

Diesel oil is mainly used by mobile sources and machinery (reported under category 1.A.2.g.vii — Off-road vehicles and other machinery),

whereas the remaining fuels are mainly combusted in stationary units for heating purposes. For 1990-1999, no activity data are

available from national statistics, hence the notation key IE was used in the CRF tables. For these years, the data are included in 1A2g

- Other.

Activity data for the pulp, paper and print industry are listed in Table 3-42.

Table 3-42- Activity data for category 1A2d - Pulp, Paper and Print: 1990-2019

1A2d - Pulp, Paper & Print
Activity Data by fuel type (GJ)
Year Activity Solid Liquid Gaseous Biomass Other
Total Gas Oil, Diesel Qil Natural Gas

1990 IE NO IE IE NO NO
1991 IE NO IE IE NO NO
1992 IE NO IE IE NO NO
1993 IE NO IE IE NO NO
1994 [ NO IE IE NO NO
1995 IE NO IE IE NO NO
1996 IE NO IE IE NO NO
1997 IE NO IE IE NO NO
1998 IE NO IE IE NO NO
1999 IE NO IE IE NO NO
2000 222 948 NO 19 980 202 968 NO NO
2001 266 625 NO 29781 236 843 NO NO
2002 331511 NO 30 456 301 055 NO NO
2003 378444 NO 17 956 360 488 NO NO
2004 329795 NO 20482 309 314 NO NO
2005 323026 NO 14 804 308 222 NO NO
2006 199 751 NO 6 580 193 171 NO NO
2007 128782 NO 4379 124 403 NO NO
2008 176 705 NO 3210 173 495 NO NO
2009 138 620 NO 2335 136 285 NO NO
2010 91754 NO 3941 87 812 NO NO
2011 154 293 NO 2195 152 098 NO NO
2012 189 025 NO 1217 187 807 NO NO
2013 236 517 NO 1603 234914 NO NO
2014 111331 NO 663 110 668 NO NO
2015 96 366 NO 1393 94 973 NO NO
2016 93 858 NO 1213 92 645 NO NO
2017 84 539 NO 1898 82 641 NO NO
2018 28 156 NO 1939 26 217 NO NO
2019 30293 NO 2430 27 864 NO NO
Trend

1990-2019 NA NA NA NA NA NA

20:'8‘1':1 o 7.59% NA 25.30% 6.28% NA NA

Source: Environment Agency

3.2.7.4.2.2

Methodological choices

The 2006 IPCC Guidelines Tier 2 approach was applied for gas oil and natural gas.
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3.2.7.4.23

Emission factors

Country-specific CO, EFs were used for gasoil and natural gas, whereas 2006 IPCC default EFs have been applied for CH4 and N,O (Table

3-43).

Table 3-43 — Emission factors for category 1A2d - Pulp, Paper and Print

1A2d - Pulp, Paper & Print

Emission Factors for 2019 (kg/TJ)

Fuel Fuel Type EF €o; type EF CHq type - N:0 type Source
. - AEV
Gas Ol liquid 74078 CS 3.00 D 0.60 D 2006 IPCC GL
AEV
Natural Gas gaseous 56 091 Cs 1.00 D 0.10 D 2006 IPCC GL

Source: Environment Agency

Table 3-44 gives an overview of the evolution of the implied emission factors per fuel type.

Table 3-44 — Implied emission factors for category 1A2d - Pulp, Paper and Print

1A2d - Pulp, Paper & Print
Implied Emission Factors (kg/TJ)
Liquid Gaseous

Year co, CH, N,0 co, CH, N,0
1990 NO NO NO NO NO NO
1991 NO NO NO NO NO NO
1992 NO NO NO NO NO NO
1993 NO NO NO NO NO NO
1994 NO NO NO NO NO NO
1995 NO NO NO NO NO NO
1996 NO NO NO NO NO NO
1997 NO NO NO NO NO NO
1998 NO NO NO NO NO NO
1999 NO NO NO NO NO NO
2000 74212 3.00 0.60 56 221 1.00 0.10
2001 74216 3.00 0.60 56 258 1.00 0.10
2002 74 217 3.00 0.60 56 396 1.00 0.10
2003 74192 3.00 0.60 56 533 1.00 0.10
2004 74154 3.00 0.60 56 671 1.00 0.10
2005 74137 3.00 0.60 56 910 1.00 0.10
2006 74138 3.00 0.60 57 008 1.00 0.10
2007 74141 3.00 0.60 56 793 1.00 0.10
2008 74 085 3.00 0.60 56 665 1.00 0.10
2009 74074 3.00 0.60 57 056 1.00 0.10
2010 74128 3.00 0.60 56712 1.00 0.10
2011 74114 3.00 0.60 56 988 1.00 0.10
2012 74134 3.00 0.60 56 793 1.00 0.10
2013 74141 3.00 0.60 56 680 1.00 0.10
2014 74 069 3.00 0.60 56 756 1.00 0.10
2015 74128 3.00 0.60 56 760 1.00 0.10
2016 74136 3.00 0.60 56 561 1.00 0.10
2017 74149 3.00 0.60 56 577 1.00 0.10
2018 74130 3.00 0.60 56 209 1.00 0.10
2019 74078 3.00 0.60 56 091 1.00 0.10

Source: Environment Agency
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3.2.7.5 Food Processing, Beverages and Tobacco (1A2e)

3.2.7.5.1 Source category description

In Luxembourg, this category covers mainly the production of beer, milk, milk products, and tobacco products. Included in this category
are the emissions from combustion plants (<50 MW) operated by the food processing, beverages and tobacco industry. Emissions from

mobile sources and machinery used in this category are reported under category 1.A.2.g.vii — Off-road vehicles and other machinery.

In 2019, fuel combustion from the food processing, beverages and tobacco industry was responsible for 0.28% of GHG emissions from
fuel combustion activities (0.08% in 1990) and represented 0.24% of the national total GHG emissions excluding LULUCF (0.06% in

1990). Compared to 2018, emissions increased by 9.22% and compared to 1990, increased by 220.23%.

For liquid fuels, some exceptional inter-annual changes have been observed for the years 1993/1994 (+83%), 1998/1999 (+94%),
2008/2009 (+62%), and 2016/2017 (+93%). The main drivers of these inter-annual changes are an increase in gas oil consumption as
reported by the national energy balance (1993/1994 and 2016/2017), a switch from residual fuel oil to gas oil (1998/1999), and the

emptying of gas oil stocks at one facility prior to shutting down (2008/2009).

3.2.7.5.2 Methodological issues & time-series consistency

3.2.752.1 Activity data

Annual fuel consumption data of residual fuel oil, gas oil, diesel oil and natural gas were obtained from the operators through their
annual reporting obligations. Diesel oil is mainly used by mobile sources and machinery (reported under category 1.A.2.g.vii — Off-road
vehicles and other machinery), whereas the remaining fuels are mainly combusted in stationary units for heating purposes. The
bottom-up data on natural gas, for 1990-1999, could not be matched to the top-down data from national statistics as no such data are
reported for this category. To avoid double counting, the bottom-up data on natural gas were subtracted from the top-down data from
national statistics reported for category 1A2g - Other. For natural gas (2000-2019) and liquid fuels (residual fuel oil, gas oil, diesel oil),
the matching exercise was done within the category 1A2e as top-down data are available for this sub-category from national statistics.

Activity data for the food processing, beverages and tobacco industry are listed in Table 3-45.
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Table 3-45- Activity data for category 1A2e - Food Processing, Beverages and Tobacco: 1990-2019

1A2e - Food Processing, Beverages & Tobacco
Activity Data by fuel type (GJ)
. Solid Liquid Gaseous Biomass Other
Activity . .
Year Total Residual fuel oil, Natural Gas
Gas Oil, Diesel Qil
1990 123 939 NO 58 127 65812 NO NO
1991 193 080 NO 97 625 95 455 NO NO
1992 190 024 NO 89 556 100 468 NO NO
1993 144 772 NO 46 041 98 731 NO NO
1994 185 088 NO 84 354 100734 NO NO
1995 188 732 NO 84 363 104 369 NO NO
1996 169 396 NO 66 232 103 164 NO NO
1997 209 521 NO 103 053 106 468 NO NO
1998 199 012 NO 88135 110877 NO NO
1999 266 940 NO 170 840 96 100 NO NO
2000 414 541 NO 97 766 316776 NO NO
2001 499 227 NO 145 965 353 262 NO NO
2002 540419 NO 141 656 398763 NO NO
2003 303 252 NO 85093 218 159 NO NO
2004 299 949 NO 89 488 210460 NO NO
2005 305 846 NO 83200 222646 NO NO
2006 238614 NO 55292 183 321 NO NO
2007 227 830 NO 51653 176 177 NO NO
2008 228 536 NO 50825 177712 NO NO
2009 230932 NO 82440 148 492 NO NO
2010 232193 NO 72615 159 577 NO NO
2011 337278 NO 61839 275438 NO NO
2012 275 554 NO 63516 212037 NO NO
2013 290 831 NO 68 843 221988 NO NO
2014 406 318 NO 82 381 323937 NO NO
2015 346 636 NO 92 931 253705 NO NO
2016 384 262 NO 92 421 291842 NO NO
2017 425 396 NO 178 615 246 781 NO NO
2018 365 154 NO 184 944 180210 NO NO
2019 391213 NO 226 966 164 248 NO NO
. 9;:’2:1 o 215.65% NA 290.46% 149.57% NA NA
oot 7.14% NA 22.72% 8.86% NA NA

Source: Environment Agency.
3.2.7.52.2 Methodological choices
The 2006 IPCC Guidelines Tier 1 approach has been applied for residual fuel oil, whereas the 2006 IPCC Guidelines Tier 2 approach was

applied for gas oil, diesel oil and natural gas.

3.2.7.5.2.3 Emission factors
The 2006 IPCC Guidelines default EFs have been applied for CO, from residual fuel oil, whereas for gas oil and natural gas country

specific EFs were used. Default EFs have been applied for CH4 and N,O (Table 3-46).
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Table 3-46 — Emission factors for category 1A2e — Food Processing, Beverages and Tobacco

1A2e - Food Processing, Beverages & Tobacco
Emission Factors for 2019 (kg/TJ)
Fuel Fuel Type co, CHe N0 Source
EF type EF type EF type
Residual Fuel Oil liquid 77 400 D 3.00 D 0.60 D 2006 IPCC GL
. - AEV
Gas Ol liquid 74078 Cs 3.00 D 0.60 D 2006 IPCC GL
AEV
Natural Gas gaseous 56 091 CS 1.00 D 0.10 D 2006 IPCC GL
Source: Environment Agency
Table 3-47 gives an overview of the evolution of the implied emission factors per fuel type.
Table 3-47 — Implied emission factors for category 1A2e — Food Processing, Beverages and Tobacco
1A2e - Food Processing, Beverages & Tobacco
Implied Emission Factors (kg/TJ)
Liquid Gaseous
Year
Cco, CH, N,0 Co, CH, N,0
1990 75 265 3.00 0.60 57 755 1.00 0.10
1991 74 850 3.00 0.60 57 743 1.00 0.10
1992 74 602 3.00 0.60 57 848 1.00 0.10
1993 74713 3.00 0.60 57 894 1.00 0.10
1994 74 490 3.00 0.60 57 940 1.00 0.10
1995 74 494 3.00 0.60 57 929 1.00 0.10
1996 74 623 3.00 0.60 57 546 1.00 0.10
1997 74 405 3.00 0.60 57 205 1.00 0.10
1998 74 591 3.00 0.60 56 863 1.00 0.10
1999 74189 3.00 0.60 56 522 1.00 0.10
2000 74 238 3.00 0.60 56 221 1.00 0.10
2001 74708 3.00 0.60 56 258 1.00 0.10
2002 74 704 3.00 0.60 56 396 1.00 0.10
2003 74 982 3.00 0.60 56 533 1.00 0.10
2004 74 888 3.00 0.60 56 671 1.00 0.10
2005 75048 3.00 0.60 56 910 1.00 0.10
2006 75 684 3.00 0.60 57 008 1.00 0.10
2007 75920 3.00 0.60 56 793 1.00 0.10
2008 76 055 3.00 0.60 56 665 1.00 0.10
2009 75 252 3.00 0.60 57 056 1.00 0.10
2010 76 004 3.00 0.60 56 712 1.00 0.10
2011 76 405 3.00 0.60 56 988 1.00 0.10
2012 76 296 3.00 0.60 56 793 1.00 0.10
2013 75978 3.00 0.60 56 680 1.00 0.10
2014 75699 3.00 0.60 56 756 1.00 0.10
2015 75 587 3.00 0.60 56 760 1.00 0.10
2016 75472 3.00 0.60 56 561 1.00 0.10
2017 74 806 3.00 0.60 56 577 1.00 0.10
2018 74 826 3.00 0.60 56 209 1.00 0.10
2019 74731 3.00 0.60 56 091 1.00 0.10

Source: Environment Agency

Luxembourg’s NIR 1990-2019

212



3.2.7.6 Non-Metallic Minerals (1A2f)

3.2.7.6.1 Source category description

Source category 1A2f — Non-metallic minerals covers industrial activities such as glass, clinker / cement and ceramics production.

In 2019, fuel combustion emissions reported under 1A2f — Non-metallic minerals were responsible for 4.55% of GHG emissions from
fuel combustion activities (this share was 5.24% in 1990) and represented 3.92% of the national total GHG emissions excluding LULUCF

(4.24% in 1990). Compared to 2018, emissions increased by 3.94% and compared to 1990, decreased by 21.95%.

3.2.7.6.2 Methodological issues
3.2.76.2.1 Activity data

Under 1A2f — Non-metallic minerals, the following activities have been considered (Table 3-48):

Table 3-48 — Combustion activities included in 1A2f — Non-metallic minerals

Description SNAP code
Cement (Clinker) 030311
Flat glass 030314
Fine ceramic materials 030320

Cement (Clinker)

One industrial site produces clinker in Luxembourg. Its major fuel is other bituminous coal, but use is also made of residual oil, natural
gas and special types of waste: shredded tires, fluff and sewage sludge. These waste types contain a certain biogenic fraction, which is
annually reported by the operator and is taken into consideration when estimating the emissions. The consumption data of these fuels

are transmitted annually to the Environment Agency by the operator.

Flat glass

There are two flat glass plants in Luxembourg. Their main fuel is natural gas. LPG is also used but in very little quantities.

Fine ceramic materials

One major production site of ceramic materials existed in Luxembourg (Villeroy & Boch) using 