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EXECUTIVE SUMMARY

S.1. Background information on greenhouse gas inventories and climate change

Poland has been the signatory to the United Nations Framework Convention on Climate Change
(UNFCCC) since 1994 and to its Kyoto Protocol since 2002 thus joining the international efforts
aiming at combat climate change. One of the main obligations resulting from ratification of the Kyoto
Protocol by Poland is to reduce the greenhouse gas emissions by 6% in 2008-2012 in relation to the
base year and by 20% in 2013-2020 jointly with the European Union.

According to the provisions of Article 4.6 of the UNFCCC and decision 9/CP.2 Poland uses 1988 as the
base year for the estimation and reporting of GHG inventories. For groups of gases: HFCs, PFCs and
for sulphur hexafluoride (SFg) the year 1995 was established as the base one and for the nitrogen
trifluoride (NF;) — the year 2000 is adopted as the base year.

The underlying report presenting the results of national greenhouse gas inventory for 2013, in line
with the trend since 1988, is prepared according to the Revision of the UNFCCC reporting guidelines
on annual inventories for Parties included in Annex | to the Convention contained in the decision
24/CP.19.

The national inventory covers the following GHGs and groups of gases: carbon dioxide (CO,),
methane (CH,), nitrous oxide (N,O), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), sulphur
hexafluoride (SF¢), nitrogen trifluoride (NF;) i and are reported in five categories: 1. Energy, 2.
Industrial Processes and Product Use (IPPU), 3. Agriculture, 4. Land Use, Land Use Change and
Forestry (LULUCF) and 5. Waste. Information on emissions of sulphur dioxide (SO,) and the following
GHG precursors is also reported: carbon monoxide (CO), nitrogen oxides (NO,) and non-methane
volatile organic compounds (NMVOC).

Methodologies used to calculate emissions and sinks of GHGs are those published by the
Intergovernmental Panel on Climate Change (IPCC) in 2006, namely Revised2006 Guidelines for
National Greenhouse Gas Inventories what is in accordance with the provisions of the decision
24/CP.19. According to these guidelines country specific methods have been used where appropriate
giving more accurate emission data.

At the same time the underlying report has been elaborated for the for the purpose of Poland’s
obligations resulting from Regulation (EU) No 525/2013 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 and repealing
Decision No 280/2004/EC as well Commission Implementing Regulation (EU) No 749/2014 of 30 June
2014 on structure, format, submission processes and review of information reported by Member
States pursuant to Regulation (EU) No 525/2013 of the European Parliament and of the Council.

The unit responsible for compiling the GHG inventory for the purpose of the European Union and the
UNFCCC, according to the provisions of the Act of 17 July 2009 on the system to manage the
emissions of greenhouse gases and other substances (Journal of laws Nr 130, position 1070 with
further changes), is the National Centre for Emissions Management (KOBiIZE) in the Institute of
Environmental Protection National Research Institute, supervised by the Minister of Environment.
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S.2. Summary of national emission and removal related trends

The GHG emissions for the base year (see chapter S.1) and the year 2013, expressed as CO,
equivalents, are presented in table S.1. In 2013 the total national emission of GHG was 394.89 million
tonnes of CO, eq., excluding GHG emissions and removals from category 4 (Land use, land use
change and forestry — LULUCF). Compared to the base year, the 2013 emissions have decreased by
32.0%.

Table S.1. National emissions of greenhouse gases for the base year and 2013

Emissionin CO, eq. [kt]
Pollutant (2013-base)/base
Base year 2013 [%]
CO, (with LULUCF) 460160.19 285272.89 -38.01
CO, (without LULUCF) 474 657.36 322900.21 -31.97
CH, (with LULUCF) 77 294.20 42134.12 -45.49
CH, (without LULUCF) 77 250.07 42 097.14 -45.51
N,O (with LULUCF) 28 852.52 20236.95 -29.86
N,O (without LULUCF) 28 841.35 20233.61 -29.85
HFCs 97.34 9606.78 97.34
PFCs 171.97 14.64 -91.49
Unspecified mix of HFCs and PFCs NA NA NA
SFg 29.12 39.15 29.12
NF; NA NA,NO NA,NO
TOTAL net emission (with LULUCF) 566 478.88 357304.53 -36.93
TOTAL without LULUCF 580920.74 394 891.52 -32.02

Carbon dioxide is the main GHG in Poland with the share of 81.8% in national emissions in 2013, the
share of methane and nitrous oxide contributes respectively with: 10.7% and 5.1%. All F-gases
contribute to 2.4% of total GHG emissions. Percentage share of GHG in national total emissions
(excluding category 4. LULUCF) in 2013 is presented at figure S.1.

HFC
2.4%

PFC
0.004%

SFe
0.010%

Figure S.1. Percentage share of greenhouse gases in national total emission in 2013 (excluding
category 4. LULUCF)
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Trend of aggregated greenhouse gases emissions follows the trend of emissions CO, alone which is
the primary greenhouse gas emitted in Poland. The GHGs trend for period between 1988 and 1990
indicates dramatic decrease triggered by significant economical changes, especially in heavy industry,
related to political transformation from centralized to market economy. This drop in emissions
continued up to 1993 and then emissions started to rise with a peak in 1996 as a result of
development in heavy industry and other sectors and dynamic economic growth. The succeeding
years characterize slow decline in emissions up to 2002, when still energy efficiency policies and
measures were implemented, and then slight increase up to 2007 caused by animated economic
development. Since 2008 stabilisation in emissions has been noted with distinct decrease in 2009
related to world economic slow-down (table S.2 and figure S.2). Since 2010 GHG emissions in Poland
gradually decreases.

Since 2005 Poland takes part in the European Union’s Emission Trading System, being one of the
flexible mechanism supporting measures for limiting the greenhouse gas emissions. The share of
emissions related to installations covered by EU ETS in the national emissions in 2005-2013
amounted to about 50% on average (from 49% in 2009-2010 up to 52% in 2013). One should notice
that since 2013 the scope of the EU ETS has expanded with new industries (like production of
selected chemicals) and greenhouse gases (nitrous oxide) (Fig. S.2).
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Figure S.2. Trend of aggregated GHGs emissions excluding category 4 for 1988—2013
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Table S.2. National emissions of greenhouse gases for 1988-2013 according to gases [kt CO, eq.]

GHG 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
€O, (with LULUCF) 460 160.19 [ 434 672.34 | 352 503.13 | 356 469.99 | 370 450.85 | 362 837.21 | 358 040.22 | 348 448.09 | 344 253.18 | 335 298.88 | 300 260.35 | 283 720.28 | 288 498.87
CO, (without LULUCF) | 474 657.36 | 454 416.20 [ 379 464.82 | 376 496.13 | 366 413.10 | 366 726.68 | 362 432.48 | 363 900.96 | 377 676.61 | 368 543.24 | 339 469.55 | 329 870.26 | 319 482.57
CHa (with LULUCF) 7729420 | 74995.11 | 67479.63 | 64470.58 | 61084.54 | 60020.43 | 59392.81 | 5844856 | 57837.31 | 57012.35 | 53166.14 | 51770.51 | 49204.39
CHa (without LULUCF) 77 250.07 | 74951.07 | 6743557 | 6442559 | 61040.03 | 5997822 | 59351.88 | 58402.66 | 57800.92 | 56 974.41 | 53131.81 | 51733.41 | 49171.84
N,O (with LULUCF) 28852.52 | 30192.03 | 27759.56 | 22441.99 | 20960.10 | 21904.61 | 2176452 | 22747.56 | 22914.47 | 22.809.33 | 22554.55 | 21843.19 | 22214.48
N,O (without LULUCF) | 28 841.35 | 30180.86 | 26 866.85 | 22435.84 | 20909.08 | 21892.86 | 21752.25 | 22 738.14 | 22897.95 | 22800.06 | 2254847 | 21832.39 | 22 205.75
HFCs NA,NO NA,NO NA,NO NA,NO NA,NO NA,NO NA,NO 97.34 228.41 373.93 462.23 673.38 1739.19
PFCs 147.26 147.51 141.87 14131 134.63 144.86 152.78 171.97 161.07 173.36 174.86 168.71 176.68
Unspecified mix of HFCs NA NA NA NA NA NA NA NA NA NA NA NA NA
SFs NA,NO NA,NO NA,NO NA,NO NA,NO NA,NO 13.27 29.12 23.80 2291 23.94 23.50 23.07
NF3 NA,NO NA,NO NA,NO NA,NO NA,NO NA,NO NA,NO NA,NO NA,NO NA,NO NA,NO NA,NO NA,NO
TOTAL (with LULUCF) 566 454.17 | 540 006.98 | 447 884.19 | 443 523.87 | 452 630.12 | 444 907.11 | 439 363.60 | 429 942.65 | 425 418.24 | 415 690.76 | 376 642.06 | 358 199.57 | 361 856.67
TOTAL (without LULUCF) | 580 896.03 | 559 695.64 | 473 909.11 | 463 498.88 | 448 496.84 | 448 742.62 | 443 702.65 | 445 340.19 | 458 788.75 | 448 887.92 | 415 810.85 | 404 301.66 | 392 799.10
Table S.2. (cont.) National emissions of greenhouse gases for 1988-2013 according to gases [kt CO, eq.]
GHG 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
CO, (with LULUCF) 292 787.16 | 275 634.32 | 286 793.86 | 279317.04 | 279 010.67 | 276 744.28 | 305 305.23 | 298 537.94 | 286 803.12 | 308 474.02 | 298 872.40 | 292 423.36 | 285 272.89
CO, (without LULUCF) | 315 509.06 [ 307 790.64 | 320 487.58 | 324 514.92 [ 323 586.36 | 337 065.77 | 336 707.74 | 329 704.52 | 316 191.13 | 336 695.02 | 333 947.03 [ 326 969.55 | 322 900.21
CHq (with LULUCF) 49916.25 | 47897.98 | 47855.66 | 47120.62 | 4701534 | 4695637 | 45555.41 | 4458531 | 43047.11 | 43546.82 | 42304.59 | 4275838 | 42134.12
CHa (without LULUCF) 49883.67 | 47863.26 | 47818.75 | 47086.36 | 46981.85 | 46917.29 | 45525.71 | 44550.67 | 43017.27 | 43515.17 | 4227351 | 42726.61 | 42097.14
N0 (with LULUCF) 2237257 | 21263.48 | 2150097 | 22002.96 | 22356.38 | 22696.43 | 23521.32 | 23974.79 | 19832.83 | 19546.80 | 19887.18 | 19835.40 | 20236.95
N0 (without LULUCF) | 22367.29 | 21256.07 | 21477.45 | 21996.94 | 22168.36 | 22687.42 | 23487.23 | 2295033 | 19826.93 | 1954295 | 19882.64 | 19826.27 | 2023361
HFCs 232303 | 313701 | 4059.79 | 433511 | 5317.72 | 607469 | 699320 | 741519 | 8366.72 | 8304.03 | 899269 | 923401 | 9606.78
PFCs 197.34 207.33 201.08 205.07 187.41 193.58 184.63 163.12 17.97 17.07 16.22 15.41 14.64
Unspecified mix of HFCs NA NA NA NA NA NA NA NA NA NA NA NA NA
SFs 22.86 23.29 20.72 22.36 26.80 33.20 31.16 32.87 37.60 3537 39.02 40.13 39.15
NFs NANO NANO NANO NANO NANO NANO NANO NANO NANO NANO NANO NANO NANO
TOTAL (with LULUCF) 367 619.22 | 348 163.41 | 360 432.08 | 353 003.16 | 353 914.31 | 352 698.54 | 381 590.96 | 374 709.21 | 358 105.34 | 379 924.10 | 370 112.09 | 364 306.67 | 357 304.53
TOTAL (without LULUCF) | 390 303.26 | 380 277.60 | 394 065.37 | 398 160.76 | 398 268.49 | 412 971.94 | 412 929.67 | 404 816.70 | 387 457.61 | 408 109.60 | 405 151.11 | 398 811.96 | 394 891.52
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S.3. Overview of source and sink category emission estimates and trends

Total GHG emissions presented in CO, equivalents for the base year and for 2013 together with
change between 2013 and 1988 according to main categories are given in table S.3. In all categories
emission reduction has been observed while in LULUCF sector increase in carbon sink has been
noted. The highest drop in emissions has occurred in 3.Agriculture (by nearly 38%) what was caused
by significant structural and economic changes after 1989 in this sector, including diminishing animal
and crop production (i.e. cattle population drop from 10.7 million up to 5.7 or sheep population from
4.4 million up to 223 thousands in 1988-2013). Next category with high emission reduction in 1988-
2013 is 1.Energy (by about 32%) what was caused by transformation of heavy industry in Poland as
well as by decreasing coal use and mining and energy efficiency measures implemented.

Table S 3. GHG emissions according to main sectors in base year (1988) and 2013

Total [kt eq. CO2
otal [kt eq ] (2013-base)/base
Base year 2013 [%]
TOTAL with LULUCF 566 454.17 357 304.53 -36.9
TOTAL without LULUCF 580896.03 394 891.52 -32.0
1. Energy 483 466.81 323470.71 -33.1
2. Industrial Processes 34 248.55 30290.96 -11.6
3. Agriculture 48 438.01 30100.41 -37.9
4. Land-Use, Land-Use Change and Forestry -14441.86 -37586.99 160.3
5. Waste 14742.65 11029.45 -25.2
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Figure S.3. Trend of aggregated GHGs emissions (excluding category 4) for 1988—2013 according to

source categories
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Table S.4. National emissions of greenhouse gases for 1988-2013 according to source categories [kt CO, eq.]

IPCC sector 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
1. Energy 483 466.81 | 461 231.72 | 386 536.68 | 386 344.92 | 376 329.65 | 378 288.32 | 371 703.39 | 372 445.51 | 387 356.19 | 376 404.40 | 344 976.27 | 336 225.23 | 322 702.24
2.Industrial Processes | 34248.55 | 33067.80 | 25372.91 | 22064.63 | 21087.87 | 21212.39 | 2347135 | 25019.47 | 2413504 | 24939.16 | 23256.48 | 22116.60 | 2578857
3. Agriculture 4843801 | 5071141 | 4760857 | 40917.81 | 3709327 | 35483.29 | 3515091 | 3472057 | 34339.01 | 3467146 | 3468152 | 3314430 | 3134723
4.Land-Use, Land-Use | /111 56 | 10 688.65 | -26024.92 | 1997501 | 413329 | -383552 | -4339.05 | -15397.54 | -33370.52 | 3319716 | -39 168.79 | -46 102.00 | -30 942.43
Change and Forestry
5. Waste 14742565 | 1468471 | 1439095 | 1417152 | 13986.04 | 13758.62 | 1337699 | 13154.63 | 12958.51 | 12872.90 | 12896.58 | 1281552 | 12961.06
6. Other NO NO NO NO NO NO NO NO NO NO NO NO NO
TOTAL (with LULUCF) | 566 454.17 | 540 006.98 | 447 884.19 | 443 523.87 | 452 630.12 | 444 907.11 | 439 363.60 | 429 942.65 | 425 418.24 | 415 690.76 | 376 642.06 | 358 199.57 | 361 856.67
TOTAL (without LULUCF) | 580 896.03 | 559 695.64 | 473 909.11 | 463 498.88 | 448 496.84 | 448 742.62 | 443 702.65 | 445 340.19 | 458 788.75 | 448 887.92 | 415 810.85 | 404 301.66 | 392 799.10
Table S.4. (cont.) National emissions of greenhouse gases for 1988-2013 according to source categories [kt CO, eq.]

IPCC sector 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
1. Energy 322624.91 | 314 258.63 | 325 444.38 | 328 765.16 | 328 523.40 | 339 722.69 | 336 303.38 | 329 833.73 | 318421.23 | 338 562.43 | 332 755.32 | 327734.72 | 32347071
2.Industrial Processes | 2416598 | 23139.90 | 2641837 | 27798.64 | 27947550 | 30591.97 | 3352953 | 3231472 | 26972.63 | 28038.05 | 30966.26 | 3000045 | 3029096
3. Agriculture 30865.16 | 30267.98 | 29698.28 | 29617.04 | 29860.99 | 30912.87 | 31353.43 | 31184.76 | 3047072 | 29962.73 | 30305.15 | 30086.67 | 30100.41
4. Land-Use, Land-Use

-22684.05 | -32114.20 | -33633.29 | -45157.60 | -44354.18 | -60 273.40 | -31338.71 | -30107.49 | -29352.27 | -28 185.50 | -35039.02 | -34 505.29 | -37 586.99
Change and Forestry
5. Waste 1264721 | 1261110 | 1250434 | 11979.92 | 11936.60 | 11744.42 | 1174333 | 11483.49 | 11593.03 | 11546.40 | 1112439 | 10990.11 | 1102945
6. Other NO NO NO NO NO NO NO NO NO NO NO NO NO
TOTAL (with LULUCF) | 367 619.22 | 348 163.41 | 360 432.08 | 353 003.16 | 353 914.31 [ 352 698.54 | 381 590.96 | 374 709.21 | 358 105.34 | 379 924.10 | 370 112.09 | 364 306.67 | 357 304.53
TOTAL (without LULUCF) | 390 303.26 | 380 277.60 | 394 065.37 | 398 160.76 | 398 268.49 [ 412 971.94 | 412 929.67 | 404 816.70 | 387 457.61 | 408 109.60 | 405 151.11 | 398 811.96 | 394 891.52
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Carbon dioxide emissions

The CO, emissions (excluding category 4) in 2013 were estimated as 322.90 million tonnes. This is
32.0% lower than in the base year. CO, emission (excluding category 5) accounted for 81.8% of total
GHG emissions in Poland in 2013. The main CO, emission source is Fuel Combustion (1.A)
subcategory. This sector contributed to the total CO, emission by 92.4% in 2013. The shares of the
main subcategories were as follows: Energy industries — 52.4%, Manufacture Industries and
Construction — 9.2%, Transport — 13.4% and Other Sectors — 17.3%. Industrial Processes contributed
to the total CO, emission by 6.0% in 2013. Mineral Products (especially Cement Production) is the
main emission source in this sector. The CO, removal in LULUCF sector in 2013, was calculated to be
approximately 37.6 million tonnes. It means that app. 11.7% of the total CO, emissions are offset by
CO, uptake by forests.

Methane emissions

The CH, emission (excluding category 4) amounted to 1 683.89 kt in 2013 i.e. 42.10 million tonnes of
CO, equivalents. Compared to the base year, the emission in 2013 was lower by 45.5%. The
contribution of CH, to the national total GHG emission was 10.7% in 2013. Three of main CH,
emission sources include the following categories: Fugitive Emissions from Fuels, Agriculture and
Waste. They contributed 35.4%, 32.3% and 22.7% to the national methane emission in 2013,
respectively. The emission from the first mentioned sector was covered by emission from
underground mines (29.6% of total CH, emission) and Oil and Natural Gas system (5.8% of total CH,
emission). The emission from Enteric Fermentation dominated in Agriculture and amounted to app.
27.8% of total CH, emission in 2013. Waste disposal sites contributed to 20.3% of the methane
emission from total CH, emission and Wastewater Handling contributed to 2.1% of total CH,
emission.

Nitrous oxide emissions

The nitrous oxide emissions (excluding category 4) in 2013 were 67.90 kt i.e. 20.23 million tonnes of
CO; equivalents. The emission was app. 29.8% lower than the respective figure for the base year. The
contribution of N,O to the national total GHG emission was 5.1% in 2013. The main N,O emission
sources and its shares in total N,O emission in 2013 are as follow: Agricultural Soils — 67.3%, Manure
Management — 9.9%, Chemical Industry — 5.5% and Fuel Combustion — 12.2%.

Emissions of Fluorinated gases

The total emission of industrial gases (HFCs, PFCs and SFg) in 2013 was 9 660.57 kt CO, eq. what
accounts for 2.4% of total GHG emissions share in 2013. Industrial gases emissions were about
6460.3% higher comparing to the base year (table S.2). This significant growth in HFCs emission is
mainly due to the increase in emission from refrigeration and air conditioning equipment. Share of
HFCs, PFCs and SF¢ in total 2013 emissions was respectively as follows: 2.43%, 0.004% and 0.010%.
NF; emissions did not occur.

13
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S.4. Trends of indirect greenhouse gases and SO,

Emissions of all GHG precursors have significantly diminished since 1990. In case of SO, emissions,
which amounted to 846.8 kt in 2013, the decrease was noted by about 70% between 1990 and 2013
what was caused by the decline of the heavy industry in the late 1980s and early 1990s. In late 1990s
the emissions declined because of the diminished share of coal and lignite among fuels used for
power and heat generation. Wider application of flue gases desulphurisation installations had the
essential impact for ongoing SO, emissions decrease.

Emissions of NOy in 2013 amounted 798.2 kt and significantly decreased between 1990 and 2013.
Similar to sulphur dioxide, most of the reductions were triggered by the decline of the heavy industry
in the late 1980s and early 1990s as well as the lower share of hard coal and lignite in fuel used in
1990s. Limited rate of reduction of NOy emissions results from increased activities of various
economy sectors, including transport, as well as from technological consequences related to
reduction of emissions of other air pollutants, especially CO,, SO,, not combusted hydrocarbons and
particulate matter. CO emissions in 2013 amounted to 2876.4 kt and dropped by more than 60%
between 1990 - 2013 triggered by the same reasons as given for SO, and NOy. Emissions of NMVOC
were about 635.8 kt in 2013 and dropped by approximately 24% between 1990 and 2013.
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1. INTRODUCTION

1.1. Background information on greenhouse gas inventories and climate change

Poland has been the signatory to the United Nations Framework Convention on Climate Change
(UNFCCC) since 1994 and to its Kyoto Protocol since 2002 thus joining the international efforts
aiming at combat climate change. One of the main obligations resulting from ratification of the Kyoto
Protocol by Poland is to reduce the greenhouse gas emissions by 6% in 2008-2012 in relation to the
base year and by 20% in 2013-2020 jointly with the European Union.

According to the provisions of Article 4.6 of the UNFCCC and decisions 9/CP.2 Poland uses 1988 as
the base year for the estimation and reporting of GHG inventories. For groups of gases: HFCs, PFCs
and for sulphur hexafluoride (SFg) the year 1995 was established as the base one and for the nitrogen
trifluoride (NF;3) — the year 2000 is adopted as the base year.

The underlying report presenting the results of national greenhouse gas inventory for 2013, in line
with the trend since 1988, is prepared according to the Revision of the UNFCCC reporting guidelines
on annual inventories for Parties included in Annex | to the Convention contained in the decision
24/CP.19.

The national inventory covers the following GHGs and groups of gases: carbon dioxide (CO,),
methane (CH,), nitrous oxide (N,0), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), sulphur
hexafluoride (SFg), nitrogen trifluoride (NF3) i and are reported in five categories: 1. Energy, 2.
Industrial Processes and Product Use (IPPU), 3. Agriculture, 4. Land Use, Land Use Change and
Forestry (LULUCF) and 5. Waste. Information on emissions of sulphur dioxide (SO,) and the following
GHG precursors is also reported: carbon monoxide (CO), nitrogen oxides (NO,) and non-methane
volatile organic compounds (NMVOC).

Methodologies used to calculate emissions and sinks of GHGs are those published by the
Intergovernmental Panel on Climate Change (IPCC) in 2006, namely Revised2006 Guidelines for
National Greenhouse Gas Inventories what is in accordance with the provisions of the decision
24/CP.19. According to these guidelines country specific methods have been used where appropriate
giving more accurate emission data

At the same time the underlying report has been elaborated for the for the purpose of Poland’s
obligations resulting from Regulation (EU) No 525/2013 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 and repealing
Decision No 280/2004/EC as well Commission Implementing Regulation (EU) No 749/2014 of 30 June
2014 on structure, format, submission processes and review of information reported by Member
States pursuant to Regulation (EU) No 525/2013 of the European Parliament and of the Council.

The unit responsible for compiling the GHG inventory for the purpose of the European Union and the
UNFCCC, according to the provisions of the Act of 17 July 2009 on the system to manage the
emissions of greenhouse gases and other substances (Journal of laws Nr 130, position 1070 with
further changes), is the National Centre for Emissions Management (KOBIZE) in the Institute of
Environmental Protection National Research Institute, supervised by the Minister of Environment.
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1.2. A description of the institutional arrangements for inventory preparation, including
the legal and procedural arrangements for inventory planning, preparation and
management

The Act on 17 July 2009 on the system to manage the emissions of greenhouse gases and other
substances (Journal of Laws No 130 item 1070 with further changes) established a legal base to
manage the national emissions cap for greenhouse gases or other substances in a way that should
ensure that Poland complies with EU and international commitments and will allow for cost-
effective reductions of pollutant emission. The area of work specified in the act, carried out by the
National Centre for Emissions Management (Krajowy Osrodek Bilansowania i Zarzagdzania Emisjami —
KOBIZE) established in the Institute of Environmental Protection — National Research Institute in
Warsaw, includes:

— carry out tasks associated with functioning of the national system to balance and forecast
emissions, including managing a national database on greenhouse gas emissions and other
substances,

— elaborate methodologies to estimate emissions for individual types of installations or
activities and methodologies to estimate emission factors per unit of produced good, fuel
used or raw material applied,

— elaborate emission reports and projections for GHG and air pollutants,

— manage the national registry for Kyoto Protocol units,

— administration of Emission Trading Scheme.

The Minister responsible for issues related to the environment supervises the carrying out of tasks by
the National Centre for Emissions Management.

According to Article 11 of above mentioned Act the National Centre prepare and submit to the
Minister of Environment, 30 days before the deadlines of the provisions of European Union law or
international environmental agreements, annual greenhouse gas inventories carried out in
accordance with the guidelines of the UNFCCC and the substances listed in the Convention on
Longrange Transboundary Air Pollution (UNECE CLRTAP). Prior to the submission the elaborated
inventories undergo internal process for the official consideration and approval implemented by the
Ministry of Environment.

The emission calculation, choices of activity data, emission factors and methodology are performed
by the Emission Inventory Unit in the National Centre for Emissions Management. The national
Centre is collaborating with a number of individual experts as well as institutions when compiling
inventories. Among the latter are: Central Statistical Office (GUS), Agency of Energy Market (ARE),
Institute of Ecology of Industrial Areas in Katowice (IETU), Motor Transport Institute (ITS), Polish
Geological Institute National Research Institute (PIG PIB), State Mining Authority (WUG) as well as
Office for Forest Planning and Management (BULGIL). These institutions are mainly involved in
providing activity data for inventory estimates. The experts of the National Centre have access to the
individual data of entities participating in the European Union Emission Trading Scheme (EU-ETS).
This verified data is included in GHG inventory for some IPCC subcategories (e.g. in some subsectors
in industrial processes).
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Figure 1.1. National GHG emissions inventory system scheme

The National Centre for Emissions Management, as the unit directly responsible for GHG inventory
preparation, is also in charge of co-ordination and implementation of QA/QC procedures within
inventory. The QA/QC programme has been elaborated in line with the IPCC Guidelines to assure
high quality of the Polish annual greenhouse gas inventory. The QA/QC programme contains tasks,
responsibilities as well as time schedule for performance of the QA/QC procedures. The following
elements of the Quality Assurance and Quality Control system has been addressed:

e Inventory agency responsible for coordinating QA/QC activities,

e QA/QCplan,

e General QC procedures (Tier 1 method),

e Source category-specific QC procedures (Tier 2),

e QAreview procedures,

e Reporting, documentation and archiving procedures.

For more detailed information see Annex 5.

1.3. Inventory preparation and data collection, processing and storage

The GHG emission estimates are based on methodologies elaborated by the Intergovernmental Panel
on Climate Change (IPCC) and recommended by the UNFCCC, while emissions of indirect gases
according to methodology elaborated by UNECE/EMEP. Wherever necessary and possible, domestic
methodologies and emission factors have been developed to reflect country specific conditions. The
most important features of the inventory preparation and archiving can be briefly summarized in the
following way:
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e activity data are mostly taken from official public statistics (GUS, EUROSTAT) or, when
required data are not directly available, (commissioned) research reports or expert estimates
are used instead,

e emission factors for the main emission categories are mostly taken from reports on domestic
research; IPCC default data are used in cases where the emission factors are highly uncertain
(e.g. CH4 and N,0 emission from stationary combustion), or when particular source category
contribution to national total is insignificant,

e All activity data, emission factors and resulting emission data are stored at database in the
KOBIZE, which is constantly updated and extended to meet the ever changing requirements
for emission reporting, with respect to UNFCCC and LTRAP as well as their protocols.

It should be mentioned here that Poland has made every effort to fill CRF reporting tables according
to “UNFCCC reporting guidelines on annual inventories for Parties included in Annex | to the
Convention”, however late delivery of the mandatory software for reporting (CRF Reporter) and
encountered problems with functionality, may result in fact that some inventory data is missing or
settled in incorrect cells. To make inconveniences of above situation minimized most important
issues identified in CRF tables are presented below:

- Table 3s1 — redundant and misplaced information about N,O emission from 3.B is displayed
in 3.A (dairy cattle, goats and horses)

- Table 10s2 —table contains information about CO, emission, but in rows 67-70 are filled with
information on all GHG recalculated to CO, equivalent. Empty cells with total emission
including indirect CO, emission.

- Table NIR-2 — sum for “Total area at the end of the current inventory year” and “Total area at
the end of the previous inventory year” is calculated incorrectly.

- Notation key explanations (NE, IE) and documentation boxes are not transferred to CRF
tables or reported in wrong localization.

Submission 2015 of Poland was prepared with CRF Reporter v5.10.1, that was assessed as functional
enough to fulfil UNFCCC Convention reporting requirements. Regard reporting under Kyoto Protocol
of the Convention — in common decision of EU Members, number of problems identified in the CRF
Reporter, does not allow to create KP tables and proceed with reporting process.

1.4. Brief general description of methodologies and data sources used

The GHG emissions and removals inventory presented in this report follow the recommended by
decision 24/CP.19 the 2006 IPCC Guidelines for national inventories [IPCC 2006]. According to these
guidelines country specific methods have been used where appropriate giving more accurate
emission data especially in case of key categories. For categories where emissions do not occur or are
not estimated the abbreviations NO and NE were used in tables. More detail description of
methodologies used in Polish GHG inventory is given in sections 3-7.

The non-CO, GHG emissions from fuel combustion (1.A. category) were estimated based on fuel
consumption estimates and respective emission factors. Data on fuel consumption for stationary
sources with disaggregation into fuel type and source category come from fuel balances elaborated
by Central Statistical Office and reported to Eurostat.

One of the steps of emission inventorying from the 1.A. Energy category is preparation of energy
budgets for main fuels (energy carriers). These budgets are prepared based on the national energy
balances published by Central Statistical Office and Agency of Energy Market. The tables of the
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national energy balance include detailed information on the ins and outs of all the energy carriers
used in Poland, as well as information on their conversions to other energy carriers and on their
direct consumption. The data for international bunker are also assessed.

The example of evaluation of hard coal consumption is given in table 1.1. The examples of the fuel
budgets for: lignite, natural gas, coke-oven gas and blast furnace gas are presented in Annex 4.

The data on quantity of coal combusted in whole country in a given year (tab. 1.1) is used for
calculation of the average net calorific value of this fuel. This calculated net calorific value provides
then the basis for the estimation of country specific CO, emission factor based on empirical formula
that apply the relationship between net calorific value and elemental carbon content in fuel (see
chapter 3.1.1). This factor can be used for estimation of the potential CO, emission from coal
combustion. The amount of fuel combusted in given year, calculated in fuel budget, can be compared
with total consumption of this fuel in all sectors. It is one of the ways of verifying of sectoral
approach.

Basic information on activity data regarding IPCC categories comes from Eurostat databases and
Central Statistical Office. The activity data that are not available in the GUS has been worked out in
frames of experts studies commissioned specifically for the GHG emission inventory purposes.

Table 1.1. Hard coal consumption in 2013

Hard coal - Eurostat
National fuel balance
kt TJ

In 87 532 2 105 316
From national sources 77 017 1842979
1) Indigenous production 76 466 1830379
2) Transformation output or return 551 12 600
3) Stock decrease 0 0
Import 10 515 262 337
Out 87 532 2 105 316
National consumption 77 583 1842170
1) Transformation input 58 568 1365 099
a) input for secondary fuel production 12 548 371333
b) fuel combustion 46 020 993 766
2) Direct consumption 19 015 477 071
Non-energy use 157 3669
Combusted directly 18 858 473 402
Combusted in Poland 64 878 1467 168
Stock increase -2097 -51491
Export 10 846 295 990
Losses and statistical differences 1200 18 647
Net calorificvalue MJ/kg 22.61

Eurostat database containing domestic data transferred by GUS is the main source of activities for
Energy sector (Annex 4). The data on fuel consumption in Road Transportation subcategory was also
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taken from Eurostat database and next disaggregated on individual vehicle types based on
methodology developed in the Motor Transport Institute.

1.5. Brief description of key categories

The source/sink categories in all sectors are identified to be key categories on the basis of their
contribution to the total level and/or trend uncertainty established in accordance with 2006 IPCC GLs
following Approach 1. In 2013, 25 sources were identified as Poland’s key categories excluding
LULUCF and 29 including LULUCF while in 1988 respectively: 22 and 25. For about 71% of GHG
emissions in 2013 is responsible combustion of fuels, both in stationary and mobile sources. Those
categories are of significant influence on a country’s total GHG emissions in terms of both: level and
trend of emissions. In table 1.2 the general information on identified key categories in the national
inventory for 2013 are presented. The complete tables with level and trend assessments are given in
Annex 1.

Table 1.2. Key category analysis results in 2013 (without LULUCF)

IPCC Category Identification criteria
Code IPCC Source Categories Classification Greenhouse Gas | (Level, Trend, Qualitative) |Comments
1{1.A1 Energy Industries Solid Fuels co2 L T
2|1.A3.b Road Transportation Fossil Fuels co2 L T
3|1.A4 Other Sectors Solid Fuels co2 L T
411.A2 Manufacturing Industries and Construction Solid Fuels co2 L T
5|1.B.1 Solid Fuels Operation CH4 L T
6[(1.A4 Other Sectors Gaseous Fuels Cco2 L T
7(3.A Enteric Fermentation Farming CH4 L T
813.D Agricultural Soils Direct N20 Emissions From Managed Soils N20 L T
9|2.F.1 Refrigeration and Air conditioning no classification Aggregate F-gases L T
10[1.A4 Other Sectors Liquid Fuels c02 L T
11|5.A Solid Waste Disposal Waste CH4 L T
12|1.A2 Manufacturing Industries and Construction Gaseous Fuels Cco2 L T
13|2.A1 Cement Production no classification Cco2 L T
14|1.A1 Energy Industries Gaseous Fuels co2 L T
15]2.B.1 Ammonia Production no classification co2 L
16|1.A1 Energy Industries Liquid Fuels co2 L T
17|1.A2 Manufacturing Industries and Construction Liquid Fuels co2 L
18(3.D Agricultural Soils Farming N20 L
19|1.A4 Other Sectors Solid Fuels CH4 L
20|1.A2 Manufacturing Industries and Construction Other Fossil Fuels co2 L
21|3.B Manure Management Farming CH4 L
22]1.B.1 Solid Fuels Operation co2 L
23|2.D Non-energy Products from Fuels and Solvent Use |no classification c02 L
24|1.A2.a Iron and Steel Production no classification co2 L T
25|2.A4 Other Process Uses of Carbonates no classification co2 L T
26(2.B.2 Nitric Acid Production no classification N20 T
27[1.B.2 Other emissions from energy production Operation c02 T
28|1.A3.c Railways Fossil Fuels co2 T
2913.G6 Liming Farming C0o2 T
30[1.A4 Other Sectors Biomass CH4 T
31|5.D Wastewater Treatment and Discharge Wastewater CH4 T
32|1.B.2.c Venting and Flaring Operation CH4 T
33]2.B.1 Ammonia Production no classification C02 T

1.6. General uncertainty evaluation, including data on the overall uncertainty for the
inventory totals

Uncertainty evaluation made for 2013 is based on calculations and national expert’s judgments/
estimations as well as opinions expressed by international experts during the review lead by UNFCCC
Secretariat in the years 2007-2012. Calculations include simplified method for sector 4 and for
fluorinated industrial gases.

The estimate of emission uncertainty for the year 2013 was made using Tier 1 approach. The
uncertainty ranges varied significantly among various source categories and are presented within
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sectoral chapters 3-7. More details, including sectoral information on uncertainty ranges, are given in
Annex 6.

1.7. General assessment of the completeness
The Polish GHG emission inventory includes calculation of emissions from all relevant sources

recommended by the mandatory guidelines. Only CO, from Coal Mining and Handling (1.B.1.a) is not
considered due to the lack of data at this level of aggregation.
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2. TRENDS IN GREENHOUSE GAS EMISSIONS

2.1. Description and interpretation of emission trends for aggregated greenhouse gas
emissions

For carbon dioxide, net emission is calculated by subtracting from the total CO, emission — the
emissions and removals from category 4. Land Use, Land Use Change and Forestry (LULUCF).
According to the IPCC methodology, CO, emissions are given with and without contributions from
category 4. Also following IPCC, emission of CO, from biomass, is not included in the national total.

For non-CO, gases, the inventory results can also be presented (table 2.1) in units of CO, equivalents
by applying values of the so called Global Warming Potentials - GWP. GWP for methane is 21, and for
nitrous oxide 310. Carbon dioxide is the main GHG in Poland with the 81.8% (excluding category 4)
share in 2013, while the methane contributes with 10.7% (excluding category 4) to the national total.
Nitrous oxide contribution is 5.1% (excluding category 4) and all industrial GHG together contribute
100.0%. Percentage share of GHG in national total emissions in 2013 is presented at figure 2.1.

Table 2.1. Greenhouse gas emissions in 2013 in CO,; eq.

2013
Pollutant Emissionin CO, eq. Share [%]
[kt]
CO, (with LULUCF) 285272.89 79.84
CO, (without LULUCF) 322900.21 81.77
CH, (with LULUCF) 42134.12 11.79
CH,4 (without LULUCF) 42097.14 10.66
N,O (with LULUCF) 20236.95 5.66
N,O (without LULUCF) 20233.61 5.12
HFCs 9606.78 2.43
PFCs 14.64 0.00
Mix HFCi PFC NA NA
SFe 39.15 0.01
NF, NA,NO NA,NO
TOTAL net emission (with LULUCF) 357304.53 100.00
TOTAL without LULUCF 394 891.52 100.00
HFC
2.4%
PFC
0.004%
SFs
0.010%

Figure 2.1. Percentage share of greenhouse gases in national total emission in 2013 (excluding
category 4)
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Emissions of main GHGs in 2013, disaggregated into main source sub-sectors, are given in table 2.2.
Respective values for the fluorinated industrial gases are presented in table 2.3. Discussion of these

results is given in the following sections.

Table 2.2. Emissions of CO,, CHsand N,O in 2013 [kt]

D. Wastewater Treatment and Discharge

[kt] co, CH, N,O
TOTAL without LULUCF 322900.21 1683.89 67.90
TOTAL with LULUCF 285272.89 1685.36 67.91
1. Energy 302125.95 755.01 8.29
A. Fuel Combustion 298 208.54 158.80 8.29
1. Energy Industries 169172.05 4.49 2.70
2. Manufacturing Industries and Construction 29820.43 4.09 0.57
3. Transport 43 351.76 4.12 1.80
4. Other Sectors 55864.29 146.09 3.22
5. Other IE, NO IE, NO IE, NO
B. Fugitive Emissions from Fuels 3917.41 596.21 0.002
1. Solid Fuels 1899.61 497.95 NA
2. 0Oil and Natural Gas 2017.80 98.26 0.00
2. Industrial Processes and Product Use 19337.72 2.55 4.12
A. Mineral Products 9255.14 NA NA
B. Chemical Industry 5517.45 1.99 3.72
C. Metal Production 2434.45 0.55 NA
D. Other Production 2130.68 NE NE
G. Other NO NO 0.4
3. Agriculture 883.46 54351 52.45
A. Enteric Fermentation NE 468.50 NE
B. Manure Management NE 74.04 6.69
D. Agricultural Soils NE NA 45.72
F. Field Burning of Agricultural Residues NE 0.97 0.04
G. Liming 438.83 NA NA
H. Urea application 444.63 NA NA
4.Land Use, Land-Use Change and Forestry -37 627.32 1.48 0.01
A Forest Land -41421.75 1.39 0.0098
B. Cropland -435.68 IE, NO 0.0000
C.Grassland -348.42 0.09 0.00141
D. Wetlands 4316.31 0.00 0.0000
E. Settlements 262.23 NA, NO NA, NO
F. Other Land NA, NO NA, NO NA, NO
5. Waste 553.08 382.82 3.04
A. Solid Waste Disposal NO,NA 341.89 NO,NA
B. Biological Treatment of Solid Waste NO,NA 5.49 0.41
C.Incineration and Open Burning of Waste 553.08 0.00 0.15
NO,NA 35.44 2.48
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Table 2.3. Emissions of industrial gases: HFCs, PFCs and SFg in 2013 [kt eq. CO,]

2013 HFCs PFCs SFg Totalineq. CO,

Total Industrial gases [kt eq. CO,] 9606.78 14.64 0.00 9660.57
C. Metal Production NE NO 0.00 4.15
4. Magnesium production NE NO 0.00 4.15

F. Consumption of Halocarbons and SFg 9606.78 14.64 0.00 9621.41
1. Refrigeration and Air Conditioning Equipment 9278.77 NO NO 9278.77

2. Foam Blowing 141.24 NO NO 141.24

3. Fire Extinguishers 61.41 14.64 NA 76.04

4. Aerosols 124.95 NA NA 124.95

G. Other product manufacture and use NO NO 0.00 35.01
1. Electrical equipment NO NO 0.00 35.01

As a supplement to the tables 2.2 and 2.3, table 2.4 includes percentage contributions of main source
sectors to the national totals in 2013 for CO,, CH, and N,O.

Trend of aggregated greenhouse gases emissions follows the trend of emissions CO, alone which is
the primary greenhouse gas emitted in Poland. The GHGs trend for period between 1988 and 1990
indicate dramatic decrease triggered by significant economic changes, especially in heavy industry,
related to political transformation from centralized to market economy. This drop in emissions
continued up to 1993 and then emissions started to rise with peak in 1996 as a result of development
in heavy industry and other sectors and dynamic economic growth. The succeeding years
characterize slow decline in emissions up to 2002, when still energy efficiency policies and measures
were implemented, and then slight increase up to 2007 caused by animated economic development.
Since 2008 stabilisation in emissions has been noted with distinct decrease in 2009 related to world
economic slow-down (figure 2.2 and tables 2.5 and 2.6). Since 2010 GHG emissions in Poland
gradually decreases.

Since 2005 Poland takes part in the European Union’s Emission Trading System, being one of the
flexible mechanism supporting measures for limiting the greenhouse gas emissions. The share of
emissions related to installations covered by EU ETS in the national emissions in 2005-2013
amounted about 50% on average (from 49% in 2009-2010 up to 52% in 2013). One should notice
that since 2013 the scope of the EU ETS has expanded with new industries (like production of
selected chemicals) and greenhouse gases (nitrous oxide) (Fig. S.2).
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Table 2.4. Percentage shares of individual source sectors in 2013 emissions

Percentage share of emissions of source sectors in

Share [%]

D. Wastewater Treatment and Discharge

current year without LULUCF co, CH, N,O
TOTAL 100.00 100.00 100.00
1. Energy 93.57 44.84 12.21
A. Fuel Combustion 92.35 9.43 12.20
1. Energy Industries 52.39 0.27 3.97
2. Manufacturing Industries and Construction 9.24 0.24 0.84
3. Transport 13.43 0.24 2.65
4. Other Sectors 17.30 8.68 4.74
5. Other IE, NO IE, NO IE, NO
B. Fugitive Emissions from Fuels 1.21 35.41 0.00
1. Solid Fuels 0.59 29.57 NA
2.0il and Natural Gas 0.62 5.84 0.00
2.Industrial Processes and Product Use 5.99 0.15 6.07
A. Mineral Products 2.87 NA NA
B. Chemical Industry 1.71 0.12 5.49
C. Metal Production 0.75 0.03 NA
D. Other Production 0.66 NE NE
G. Other NO NO 0.59
3. Agriculture 0.27 32.28 77.24
A. Enteric Fermentation NE 27.82 NE
B. Manure Management NE 4.40 9.85
D. Agricultural Soils NE NA 67.34
F. Field Burning of Agricultural Residues NE 0.06 0.06
G. Liming 0.14 NA NA
H. Urea application 0.14 NA NA
4.Land Use, Land-Use Change and Forestry - - -
A. Forest Land - - -
B. Cropland - - -
C. Grassland - - -
D. Wetlands - - -
E. Settlements - - -
F. Other Land - - -
5. Waste 0.17 22.73 4.48
A. Solid Waste Disposal NO,NA 20.30 NO,NA
B. Biological Treatment of Solid Waste NO,NA 0.33 0.61
C. Incineration and Open Burning of Waste 0.17 0.00 0.22
NO,NA 2.10 3.65
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Table 2.5. National emissions of greenhouse gases for 1988—2013 according to gases [kt CO, eq.]

GHG 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
CO; (with LULUCF) 460 160.19 | 434 672.34 1352 503.13 [ 356 469.99 1370 450.85 | 362 837.21 | 358 040.22 [ 348 448.09 | 344 253.18 | 335 298.88 | 300 260.35 | 283 720.28 | 288 498.87
€O, (without LULUCF) [ 474 657.36 | 454 416.20 [ 379 464.82 | 376 496.13 [ 366 413.10 | 366 726.68 [ 362 432.48 | 363 900.96 [ 377 676.61 | 368 543.24 [ 339 469.55 | 329 870.26 [ 319 482.57
CHg (with LULUCF) 7729420 | 74995.11 | 67479.63 | 6447058 | 61084.54 | 60020.43 | 59392.81 | 58448.56 | 5783731 | 5701235 | 53166.14 | 51770.51 | 49204.39
CHg (without LULUCF) 77 250.07 | 74951.07 | 67435.57 | 6442559 | 61040.03 | 59978.22 | 59351.88 | 58402.66 | 5780092 | 56974.41 | 53131.81 | 51733.41 | 49171.84
N, (with LULUCF) 281852.52 | 30192.03 | 27759.56 | 22441.99 | 20960.10 | 21904.61 | 21764.52 | 22747556 | 2291447 | 22809.33 | 2255455 | 21843.19 | 22214.48
N,O (without LULUCF) 28841.35 | 30180.86 | 26866.85 | 22435.84 | 20909.08 | 21892.86 | 21752.25 | 22738.14 | 2289795 | 22800.06 | 22548.47 | 2183239 | 22 205.75
HFCs NANO NANO NANO NANO NANO NANO NANO 97.34 22841 373.93 462.23 673.38 1739.19
PFCs 147.26 147.51 141.87 14131 134.63 144.86 152.78 171.97 161.07 173.36 174.86 168.71 176.68
Unspecified mix of HFCs NA NA NA NA NA NA NA NA NA NA NA NA NA
SFe NANO NANO NANO NANO NANO NANO 13.27 29.12 23.80 2291 23.94 23.50 23.07
NF3 NANO NANO NANO NANO NANO NANO NANO NANO NANO NANO NANO NANO NANO
TOTAL (with LULUCF) | 566 454.17 | 540 006.98 | 447 884.19 | 443 523.87 | 452 630.12 [ 444 907.11 | 439 363.60 | 429 942.65 [ 425 418.24 | 415 690.76 | 376 642.06 | 358 199.57 | 361 856.67
TOTAL (without LULUCF) | 580 896.03 | 559 695.64 | 473 909.11 | 463 498.88 | 448 496.84 | 448 742.62 | 443 702.65 | 445 340.19 | 458 788.75 | 448 887.92 | 415 810.85 | 404 301.66 | 392 799.10
Table 2.5. (cont.) National emissions of greenhouse gases for 1988—2013 according to gases [kt CO, eq.]
GHG 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
CO, (with LULUCF) 292 787.16 | 275 634.32 |1 286 793.86 | 279 317.04 | 279 010.67 | 276 744.28 | 305 305.23 | 298 537.94 | 286 803.12 | 308 474.02 | 298 872.40 | 292 423.36 | 285 272.89
CO; (without LULUCF) 315509.06 | 307 790.64 | 320 487.58 | 324 514.92 | 323 586.36 | 337 065.77 | 336 707.74 | 329 704.52 | 316 191.13 | 336 695.02 | 333 947.03 | 326 969.55 | 322 900.21
CHg4 (with LULUCF) 49916.25 | 4789798 | 47855.66 | 47120.62 | 4701534 | 46956.37 | 4555541 | 4458531 | 43047.11 | 43546.82 | 42304.59 | 42758.38 | 42134.12
CH4 (without LULUCF) 49883.67 | 47863.26 | 47818.75 | 47086.36 | 46981.85 | 46917.29 | 45525.71 | 44550.67 | 43017.27 | 43515.17 | 4227351 | 42726.61 | 42097.14
N,O (with LULUCF) 2237257 | 21263.48 | 2150097 | 22002.96 | 22356.38 | 22696.43 | 23521.32 | 23974.79 | 19832.83 19546.80 | 19887.18 19835.40 | 20236.95
N,O (without LULUCF) 22367.29 | 21256.07 | 2147745 | 21996.94 | 22168.36 | 22687.42 | 23487.23 | 22950.33 | 19826.93 1954295 19882.64 | 19826.27 | 2023361
HFCs 232303 | 313701 | 405979 | 433511 | 531772 | 607469 | 699320 | 741519 | 836672 | 830403 | 899269 | 923201 | 960678
PFCs 197.34 207.33 201.08 205.07 187.41 193.58 184.63 163.12 17.97 17.07 16.22 15.41 14.64
Unspecified mix of HFCs NA NA NA NA NA NA NA NA NA NA NA NA NA
SFe 22.86 23.29 20.72 22.36 26.80 33.20 31.16 32.87 37.60 35.37 39.02 40.13 39.15
NF3 NA,NO NANO NA,NO NANO NA,NO NANO NANO NANO NA,NO NA,NO NANO NANO NA,NO
TOTAL (with LULUCF) 367 619.22 | 348 163.41 | 360 432.08 | 353 003.16 | 353 914.31 | 352 698.54 | 381 590.96 | 374 709.21 | 358 105.34 | 379924.10 | 370 112.09 | 364 306.67 | 357 304.53
TOTAL (without LULUCF) | 390 303.26 | 380 277.60 | 394 065.37 | 398 160.76 | 398 268.49 | 412 971.94 | 412 929.67 | 404 816.70 | 387 457.61 | 408 109.60 | 405 151.11 | 398 811.96 | 394 891.52
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Table 2.6. National emissions of greenhouse gases for 1988—2013 according to IPCC categories [kt CO, eq.]

IPCC sector 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

1. Energy 483 466.81 | 461231.72 | 386 536.68 | 386344.92 | 376 329.65 | 378 288.32| 371703.39 | 37244551 | 387 356.19| 376 404.40 | 344976.27 | 336 225.23 | 322702.24

2. Industrial Processes 34248.55 | 33067.80 | 25372.91 | 22064.63 | 21087.87 | 2121239 | 2347135 | 25019.47 | 24135.04 | 24939.16 | 2325648 | 22116.60 | 25788.57

3. Agriculture 48 438.01 | 50711.41 | 47608.57 | 40917.81 | 37093.27 | 35483.29 | 3515091 | 34720.57 | 34339.01 | 34671.46 | 34681.52 | 3314430 | 31347.23

4. Land-Use, Land-Use

-14441.86 | -19688.65 | -26 024.92 | -19975.01 | 4133.29 -3835.52 | -4339.05 | -15397.54 | -33370.52 | -33197.16 | -39 168.79 | -46 102.09 | -30942.43
Change and Forestry

5. Waste 1474265 | 1468471 | 14390.95 | 1417152 | 13986.04 | 13758.62 | 13376.99 | 1315463 | 1295851 | 12872.90 | 12896.58 | 12815.52 | 12961.06

6. Other NO NO NO NO NO NO NO NO NO NO NO NO NO

TOTAL (with LULUCF) 566 454.17 | 540 006.98 | 447 884.19 | 443 523.87 | 452 630.12 | 444 907.11 | 439 363.60 | 429 942.65 | 425 418.24 | 415 690.76 | 376 642.06 | 358 199.57 | 361 856.67

TOTAL (without LULUCF) | 580 896.03 | 559 695.64 | 473 909.11 | 463 498.88 | 448 496.84 | 448 742.62 | 443 702.65 | 445 340.19 | 458 788.75 | 448 887.92 | 415 810.85 | 404 301.66 | 392 799.10

Table 2.6. (cont.) National emissions of greenhouse gases for 1988—2013 according to IPCC categories [kt CO, eq.]

IPCC sector 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

1. Energy 32262491314 258.63 | 325444.38| 328 765.16 | 328 523.40 | 339722.69 | 336303.38329833.73|318421.23 | 338562.43 | 332755.32|327734.72|323470.71

2. Industrial Processes 2416598 | 23139.90 | 26418.37 | 27798.64 | 2794750 | 30591.97 | 33529.53 | 32314.72 | 26972.63 | 28038.05 | 30966.26 | 30000.45 | 30290.96

3. Agriculture 30865.16 | 30267.98 | 29698.28 | 29617.04 | 29860.99 | 30912.87 | 31353.43 | 31184.76 | 30470.72 | 29962.73 | 30305.15 | 30086.67 | 30100.41

4. Land-Use, Land-Use

-22684.05 | -32114.20 | -33633.29 | -45157.60 | -44 354.18 | -60 273.40 | -31338.71 | -30107.49 | -29352.27 | -28 185.50 | -35039.02 | -34 505.29 | -37 586.99
Change and Forestry

5. Waste 1264721 | 1261110 | 12504.34 | 11979.92 | 11936.60 | 1174442 | 1174333 | 11483.49 | 11593.03 | 11546.40 | 1112439 | 10990.11 | 11029.45

6. Other NO NO NO NO NO NO NO NO NO NO NO NO NO

TOTAL (with LULUCF) 367 619.22 | 348 163.41 | 360 432.08 | 353 003.16 | 353 914.31 | 352 698.54 | 381 590.96 | 374 709.21 | 358 105.34 | 379 924.10 | 370 112.09 | 364 306.67 | 357 304.53

TOTAL (without LULUCF) | 390 303.26 | 380 277.60 | 394 065.37 | 398 160.76 | 398 268.49 | 412 971.94 | 412 929.67 | 404 816.70 | 387 457.61 | 408 109.60 | 405 151.11 | 398 811.96 | 394 891.52
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Figure 2.2. Trend of aggregated GHGs emissions (excluding category 4) for 1988—-2013

2.2. Description and interpretation of emission trends by gas
Carbon dioxide (COZ)

In 2013, the CO, emissions (without LULUCF) were estimated as 322.90 million tonnes, while when
sector 4. LULUCF is included the figure reaches 285.27 million tonnes (table 2.1). CO, share in total
GHG emissions in 2013 amounted to 81.8%. The main CO, emission source is Fuel Combustion (1.A)
subcategory. This sector contributed to the total CO, emission (without LULUCF) by 92.4% in 2013
(fig. 2.3). The shares of the main subcategories in 1.A were as follows: Energy industries - 52.4%,
Manufacture Industries and Construction — 9.2%, Transport — 13.4% and Other Sectors — 17.3%.
Sector 2. Industrial Processes contributed to the total CO, emission by 6.0% in 2013. Mineral Products
(especially Cement Production) is the main emission source in this sector. The CO, emission/removal
in LULUCF sector in 2013, was calculated to be approximately 37.6 million tonnes. It means that app.
11.7% of the total CO, emissions are offset by CO, uptake by forests.

3. Agriculture
0.00%

5. Waste
0.17%

1.A.1. Energy Industries
52.54%

2. Industrial Processes a& 1.A.2. Manufacturing
Product Use : Industries and Construction
6.01% / 9.26%

1.A.3. Transport

. o 13.46%
1.B. Fugitive Emissions from

Fuels
1.22%

1.A.4. Other Sectors
17.35%

Figure 2.3. Carbon dioxide emission (excluding category 4) in 2013 by sector
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Methane (CH,)

The CH,4 emission (excluding category 4) amounted to 1 683.89 kt in 2013 i.e. 42.10 million tonnes of
CO, equivalents (table 2.1). CH4 share in total GHG emissions in 2013 amounted to 10.7%. Three of
main CH, emission sources include the following categories: Fugitive Emissions from Fuels,
Agriculture and Waste. They contributed to 35.4%, 32.3% and 22.7% of the national methane
emission in 2013, respectively (fig. 2.4). The emission from the first mentioned sector was covered by
emission from Underground Mines (app. 29.6% of total CH, emission) and Oil and Natural Gas system
(about 5.8% of total emission). The emission from Enteric Fermentation dominated in Agriculture and
amounted to app. 27.8% of total methane emission in 2013. Disposal sites contributed to 20.3% of
the methane emission.22.7

5. Waste
22.7%
1.A. Fuel Combustion
9.4%

4. Land-Use Change and

\

Forestry By
0.1%
1.B. Fugitive Emission
from Fuels
35.4%
3. Agriculture
32.2%

\_2. Industrial Processes and
Product Use
0.2%

Figure 2.4. Methane emission (excluding category 4) in 2013 by sector

Nitrous oxide (N,0)

The nitrous oxide emissions (excluding category 4) in 2013 were 67.90 kt i.e. 20.23 million tonnes of
CO, equivalents (table 2.2). N,O share in total GHG emissions in 2013 amounted to 5.1%. The main
N,O emission sources and its shares in total N,O emission in 2013 are: Agricultural Soils — 67.3%,
Manure Management —9.9%, Chemical Industry —6.1% and Fuel Combustion —12.2% (fig. 2.5).

2. Industrial Processes and
Product Use
6.07%

3.B. Manure Management
9.85%

1. Energy

12.21% 3.D. Agricultural Soils

67.34%

5. Waste

4.48% 3.F. Field Buming of

Agricultural Residues
0.06%

Figure 2.5. Nitrous oxide emission (excluding category 4) in 2013 by sector
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Industrial gases

The total emission of industrial gases (HFCs, PFCs SFs and NF;) in 2013 was 9 660.57 kt CO,
equivalent what accounts for 2.4% of total GHG emissions share in 2013. This significant growth in
HFCs emission is mainly due to the increase in emission from refrigeration and air conditioning
equipment. Shares of HFCs, PFCs and SF¢ in total 2013 GHG emissions was respectively as follows:
2.43%, 0.004% and 0.010%. NF; emissions did not occur.

The total emissions in 2013 according to groups of industrial gases are as follows: HFCs —9.61 million

tonnes of CO, equivalents, PFCs — 0.01 million tonnes of CO, equivalents and SFs — 0.04 million
tonnes of CO, equivalents.

Comparison of GHG emissions to the base year

Percentage share of individual GHGs to national total in the base year (1988/1995) is presented at
figure 2.6. Compared to the base year, the percentage share of CO, (excluding category 4) in 2013
increased from 81.7% to 81.8%.

HFC
0.00%

A PFC

0.03%

SFe
0.00%

Figure 2.6. Percentage share of national greenhouse gas emissions in base year excluding emission
from category 4

Table 2.7. Greenhouse gas emissions in 2013 with respect to base year

Pollutant Emission in CO, eq. [kt] 2013/base year
Base year 2013 [%]
CO, (with LULUCF) 460 160.19 285272.89 61.99
CO, (without LULUCF) 474 657.36 322900.21 68.03
CH, (with LULUCF) 77 294.20 42134.12 54.51
CH, (without LULUCF) 77 250.07 42097.14 54.49
N,O (with LULUCF) 28 852.52 20236.95 70.14
N,O (without LULUCF) 28 841.35 20233.61 70.15
HFCs 97.34 9606.78 9868.94
PFCs 171.97 14.64 8.51
Unspecified mix of HFCs and PFCs NA NA NA
SFg 29.12 39.15 134.45
NF; NA NA,NO NA
TOTAL net emission (with LULUCF) 566 478.88 357 304.53 63.07
TOTAL without LULUCF 580920.74 394891.52 67.98

Comparison of GHG emissions in 2013 and the base year is given in table 2.8 and indicates significant
drop in all gases, except HFCs and SF¢, especially in methane emissions where decrease number
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amounted to 45% in 1988-2013. This was mainly caused by serious drop in coal mining as well as
significant drop in livestock population.

Carbon dioxide
CO, emission (excluding category 4) had decreased by app. 32.0% from the base year (1988) to 2013.
The following changes took place in the structure of fuel use:

— share of solid fuels decreased from 80.1% in the base year to 56.7% in 2013,

— share of liquid fuels increased from 11.7% in the base year to 21.6% in 2013,

- share of gaseous fuels increased from 6.2% in the base year to 12.5% in 2013.

Methane

CH,4 emission (excluding category 4) had decreased by app. 45.5% from the base year (1988) to 2013.
The reasons for that are as follow:

— the decrease in emission from Enteric Fermentation by 46.6%,
- the decrease in Fugitive Emission by 55.3%,
- the decrease in emission from Waste by 29.3%.

Nitrous oxide

The nitrous oxide emissions (excluding category 4) in 2013 were app. 29.8% lower than the
respective figure for the base year (1988). The share in Manure Management decreased from 11.5%
in the base year 1988 to 10.2% in 2013, in Agricultural Soils increased from 63.3% in the base year
1988 to 70.0% in 2013 and in Chemical Industry decreased from 17.3% in the base year 1988 to 5.7%
in 2013.

Industrial gases: HFCs, PFCs, NF; and SFg

HFCs emissions in 2013 were 98.7 times higher than in base year (1995). This significant growth in
HFCs emission is mainly due to the increase in emission from refrigeration and air conditioning
equipment. PFCs emissions in 2013 were 91.5% lower than in base year (1995). The PFCs emission
changes between 2013 and the preceding years depend on the aluminium production levels (main
PFC source) and the use of C4Fy in fire extinguishers.

SFs emissions in 2013 were about 29.1% higher than in base year (1995). Leakage from electrical
equipment during its use and production is the main SFs emission. Large percentage increase of
industrial gases emissions, compared to the base year (1995), does not influence significantly the
national total GHG emission trend, because all the fluorinated industrial gases together contributed
merely app. 2.4% to the national total in 2013. NF; emissions did not occur.

2.3. Description and interpretation of emission trends by category

Table 2.8 includes emissions of greenhouse gases from all categories for the base year and for year
2013 according to main categories. In 2013 total GHG emissions accounted for 394.89 million tons
CO, eq. excluding sector 4. LULUCF. Comparing to the fixed base year emissions in 2013 decreased by
32.0%.
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Table 2.8. GHG emissions according to main sectors in base year and 2013

Total [kt eq. CO,] (2013-base)/base
Base year 2013 [%]

TOTAL with LULUCF 566478.88 357304.53 -36.9
TOTAL without LULUCF 580920.74 394 891.52 -32.0
1. Energy 483 466.81 323470.71 33.1
2. Industrial Processes and Product Use 34273.26 30290.96 -11.6
3. Agriculture 48 438.01 30100.41 -37.9
4. Land-Use, Land-Use Change and Forestry -14441.86 -37586.99 160.3
5. Waste 14742.65 11029.45 -25.2

2.3.1. Energy

The emission of GHGs from Energy sector in 2013 was 323.5 million tons of CO, equivalent. CO,
emission share exceeded 93.4% of the total GHG emissions within 1. Energy category (table 2.9). The
most emission intensive category was 1.A.1. Fuel combustion activities related mostly to heavy

industry sector, highly energy consuming.

Table 2.9. GHG emissions from sub-sectors in category 1. Energy in 2013

GHG % share . o
o . % share in total GHG emission from a
L i emission in the total K
GHG emission categories . givensubsector
emission
[kt CO, eq.]

from Energy Co, CH, N,O
1. TOTAL ENERGY 323470.71 100.0 93.4 5.8 0.8
A. Fuel Combustion 304 647.50 94.2 92.2 1.2 0.8
1. Energy Industries 170 088.03 52.6 52.3 0.0 0.2
2. ManufacturingIndustries and Construction 30093.08 9.3 9.2 0.0 0.1
3. Transport 43990.35 13.6 13.4 0.0 0.2
4. Other Sectors 60476.04 18.7 17.3 1.1 0.3
5. Other 0.00 0.0 0.0 0.0 0.0
B. Fugitive Emissions from Fuels 18823.21 5.8 1.2 4.6 0.0
1. Solid Fuels 14348.47 4.4 0.6 3.8 0.0
2. Oil and Natural Gas and other emissions from energy production 4474.74 1.4 0.6 0.8 0.0

2.3.2. Industrial Processes and Product Use

Table 2.10 shows detailed information on emissions of CO,, CH, N,O as well as HFCs, PFCs, SFg in 2.
Industrial Processes and Product Use sector in 2013. CO, is dominating among GHGs - it's
contribution exceeds 63.8%. The main GHG emission sources in this category were: production

processes of cement, nitric acid and ammonia.

Table 2.10. The emissions of CO,, CH, and N,O from Industrial Processes and Product Use in 2013

GHG % share
emission in the total % share in total GHG emission from a given subsector
GHG emission categories emission
[kt CO, eq.] HFC, PFC
from sector 2. Cco, CH, N,O
and SFg
2. TOTAL INDUSTRIAL PROCESSES AND PRODUCT USE 30290.96 100.0 63.8 0.2 4.1 31.9
A. Mineral Products 9255.14 30.6 30.6 0.0 0.0 0.0
B. Chemical Industry 6677.09 22.0 18.2 0.2 3.7 0.0
C. Metal Production 2452.43 8.1 8.0 0.0 0.0 0.0
D. Non-energy products from fuels and solvent use 2130.68 7.0 7.0 0.0 0.0 0.0
F. Product uses as substitutes for ODS 9621.41 31.8 0.0 0.0 0.0 31.8
G. Other product manufacture and use 154.21 0.5 0.0 0.0 0.4 0.1
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2.3.3. Agriculture

The main sources of GHG in category 3. Agriculture were: 3.D. Agricultural Soils, 3.A. Enteric
Fermentation and 3.B. Manure Management (table 2.11). N,O emission share was the largest in total
GHG emission from 3. Agriculture in 2013 and came from both — direct (mineral and organic
fertilization) and indirect (volatilization, leaching and runoff from applied synthetic fertilizer and

animal manure) N,O emissions from soils.

Table 2.11. GHG emissions from Agriculture in 2013

GHG % share % share in total GHG
emission in the total emission from a given
GHG emission categories L
emission subsector
[kt CO, eq.] .

from Agriculture CH, N,O
3. TOTAL AGRICULTURE 30100.41 100.0 45.1 51.9
A. Enteric Fermentation 11712.49 38.9 38.9 0.0
B. Manure Management 3844.55 12.8 6.1 6.6
D. Agricultural Soils 13624.47 45.3 0.0 45.3
F. Field Burning of Agricultural Residues 35.44 0.1 0.1 0.0
G. Liming 438.83 1.5 0.0 0.0
H. Urea application 444.63 1.5 0.0 0.0

2.3.4. Waste

As it can be seen in table 2.12, the emission of CH, dominated in this sector in 2013 (almost 86.8%).
The main part of GHG emissions came from 6.A. Solid waste disposal.

Table 2.12. GHG emissions from Waste in 2013

H 0
G_ G . % share % share in total GHG emission from a
L . emission in the total .
GHG emission categories L given subsector
emission
[kt CO, eq.]

from Waste co, CH, N,O

5. TOTAL WASTE 11029.45 100 5.0 86.8 8.2
A. Solid Waste Disposal 8547.27 77.5 0.0 77.5 0.0
B. Biological Treatment of Solid Waste 260.01 2.4 0.0 1.2 1.1
C. Incineration and Open Burning of Waste 597.57 5.4 5.0 0.0 0.4
D. Wastewater Treatment and Discharge 1624.60 14.7 0.0 8.0 6.7
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2.4. Emission trends for SO, and indirect greenhouse gases

Emissions of all GHG precursors have significantly diminished since 1990. In case of SO, emissions,
which amounted to 846.8 kt in 2013, the decrease was noted by about 70% between 1990 and 2013
what was caused by the decline of the heavy industry in the late 1980s and early 1990s. In late 1990s
the emissions declined because of the diminished share of coal and lignite among fuels used for
power and heat generation. Wider application of flue gases desulphurisation installations had the
essential impact for ongoing SO, emissions decrease.
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Figure 2.7. Emissions of CO in 1995-2013

Emissions of NOy in 2013 amounted 798.2 kt and significantly decreased between 1990 and 2013.
Similar to sulphur dioxide, most of the reductions were triggered by the decline of the heavy industry
in the late 1980s and early 1990s as well as the lower share of hard coal and lignite in fuel used in
1990s. Increasing emissions from road transport cause comparatively lower (36%) total emission
reductions than in case of SO, (ca. 70%).

Figure 2.8. Emissions of SO, in 1995-2013
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Figure 2.9. Emissions of NO, in 1995-2013

CO emissions in 2013 amounted to 2876.4 kt and dropped by more than 60% between 1990 - 2013
triggered by the decrease of fuel used in non-industrial combustion sector (services households and
agricultural combustion sources), also road transport. Emissions of NMVOC were about 635.8 kt in
2013 and dropped by approximately 24% between 1990 and 2013 due to decreases in: road
transport (ca 48%), non-industrial combustion and industrial combustion.
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Figure 2.10. Emissions of NMVOC in 1995-2013
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3. ENERGY (CRF SECTOR 1)

3.1. Overview of sector

Following categories from sector 1 have been identified as key sources (excluding LULUCF):

Level Trend

IPCC Category Code IPCC Source Categories Greenhouse Gas | Assessment | Assessment
1A.1 Energy Industries Cco, 42.80%

1.A.2 Manufacturing Industries and Construction Cco, 7.60%

1.A2.a Iron and Steel Production CO, 0.50%

1.A3.b Road Transportation CO, 10.60%

1.A4 Other Sectors Cco, 14.70%

1.B.1 Solid Fuels CH, 3.20%

1.B.1 Solid Fuels Cco, 0.50%

1.B.2 Other emissions from energy production CO, +
1.B.2.c Venting and Flaring CH, +

Share of these categories in total Poland's GHG emissions is ca. 79.90%

Figure 3.3.1 shows emission trend in Energy sector while figure 3.1.2 shows emission trend according
to subcategories 1.A. Fuel combustion and 1.B. Fugitive emission. Emission from subcategory 1.A.
Fuel combustion is the largest contributor to emissions from sector 1. Energy —in 2013 over 94%.
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Figure 3.1.1. GHG emission trend in period 1988 — 2013 in sector Energy
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Figure 3.1.2. GHG emission trend in period 1988 - 2013 in subsectors 1.A and 1.B
3.1.1 Fuel combustion (CRF sector 1.A)

Combustion as a source of GHG emission occurs in the following category groups:
1.A.1. Energy industries

1.A.2. Manufacturing industries and construction
1.A.3. Transport
1.A.4. Other sectors:

a. Commercial/Institutional

b. Residential

c. Agriculture/Forestry/Fishing

Share of that sector in total GHG emission in 2013 is over 77%. Subsector 1.A.1. Energy Industries is
by far the largest contributor to emissions from fuel combustion (see figure 3.1.3).
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Figure 3.1.3. GHG emissions from fuel combustion in 1988-2013 according to subcategories

Emissions in 1.A.1 Energy Industries category are estimated for each detailed sub-categories as
follows:
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a) 1.A.1.a Public Electricity and Heat Production
— public thermal power plants
— autoproducing thermal power plants (CHP)
— heat plants
b) 1.A.1.b Petroleum Refining
c) 1.A.1.c Manufacture of Solid Fuels and Other Energy Industries
- manufacture of solid fuels (coke-oven plants, gas-works plants, mines, patent
fuel/briquetting plants)
- oil and gas extraction
- other energy industries (own use in Electricity, CHP and heat plants)

Emissions in 1.A.2 Manufacturing Industries and Construction category are estimated for each fuel in
detailed sub-categories as follows:

a) Iron and Steel - 1.A.2.a
b) Non-Ferrous Metals - 1.A.2.b
c) Chemicals - 1.A.2.c
d) Pulp, Paper and Print - 1.A.2.d
e) Food Processing, Beverages and Tobacco - 1.A.2.e
f) Non-metallic minerals - 1.A.2.f
g) Other - 1.A.2.g:
- Manufacturing of machinery
— Manufacturing of transport equipment
—  Mining (excluding fuels) and quarrying
- Wood and wood products
- Construction
— Textile and leather
- Off-road vehicles and other machinery
— Other - other industry branches not included elsewhere

Estimation of emissions in 1.A.3 Transport are carried out for each fuel in sub-categories listed
below:

a) Civil Aviation (1.A.3.a)

b) Road Transportation (1.A.3.b)
) Railways (1.A.3.c)

d) Navigation (1.A.3.d)

e) Other Transportation (1.A.3.e)

Emissions in 1.A.4 Other Sectors are estimated for each fuel in detailed sub-categories given below:

a) Commercial/Institutional (1.A.4.a)

b) Residential (1.A.4.b)

c) Agriculture/Forestry/Fishing (1.A.4.c)
— agriculture — stationary sources,
— agriculture — mobile sources: off-road vehicles and other machinery
- fishing.

The amount of CO, emissions from fuel combustion in stationary sources were estimated on the level
determined as IPCC Tier 2 or Tier 1 depending on EF type (country specific or default). In this case
the calculation was based on the following equation:
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E=3 (EFab * Aab)
where: E - emission
EF - emission factor
A - fuel consumption
a - fuel type, b - sector

The amount of combusted fuel was accepted according to data included in the energy balance
submitted by GUS to Eurostat [EUROSTAT].

List of combusted fuels for which GHG emissions were estimated based upon selected or calculated
emission factors is as follows:

- liquid fuels: fuel oil, diesel oil, liquid petroleum gas (LPG), crude oil, motor gasoline, jet
kerosene, refinery gas, feedstocks, other petroleum products and petroleum coke

— gaseous fuels: natural gas

— solid fuels: hard coal, lignite, coke, hard coal briquettes, lignite briquettes, coke oven gas,
blast furnace gas, gas works gas,

— other fuels: industrial wastes, municipal waste (non-biogenic fraction)

- biomass: fuel wood and wood waste, biogas, municipal waste — biogenic fraction.

The emission factors for CO, emission estimation for fuel combustion in stationary sources are the
following:

e country specific emission factors for hard coal and lignite;

the EFs are based on empirical functions, that link the amount of carbon in fuel with the
corresponding net calorific value, the empirical functions are the following:
— for hard coal:

Che = 10(2.4898*NCV + 3.3132)/NCV

where:
Ci. - emission factor/carbon content for hard coal [kg C/GJ],

NCV - net calorific value of hard coal [MJ/kg] in the given sub-category calculated
based upon hard coal combusted expressed in both physical and energy units,

- for lignite:

Cpc = 10(1.9272*NCV + 9.3856)/NCV
where:
Cy. - emission factor for lignite [kg C/GJ],

NCV - net calorific value of lignite [MJ/kg] in the given sub-category calculated based

upon lignite combusted expressed in both physical and energy units

o default emission factors [IPCC 2006] for all other fuels i.e.: natural gas, coke, hard coal
briquettes, lignite briquettes, coke oven gas, blast furnace gas, fuel oil, diesel oil, LPG, crude
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oil, motor gasoline, jet kerosene, refinery gas, feedstocks, other petroleum products,
petroleum coke, biomass (fuel wood and wood waste, biogas), waste (industrial and
municipal waste) and gas works gas.

For coal and lignite, where the CS EFs were used, the oxidation factor was assumed as 0.980. In other
cases oxidation factor assumed to be 1, because it is included in default emission factor value in
accordance with 2006 IPCC GLs.

Emissions of CH, and N,0 from fuel combustion in stationary sources are based on fuel quantities
submitted by GUS to Eurostat (Eurostat database) and the corresponding emission factors [IPCC

2006].

Trend of fuel use and methodology over the years 1988-2013

Estimation of CO, emission from fuel combustion in stationary sources for the years 1988-2012 is
based on methodology corresponding to methodology applied for 2013 (that methodology is
presented above). For the years: 1990-2012 fuel consumptions from the Eurostat database were
applied. The Eurostat database does not cover fuel use data for Poland for the years before 1990.
Therefore, fuel use data for the period: 1988-1989 were taken from IEA database [IEA]. Amounts of
particular fuel consumptions in individual subsectors: 1.A.1, 1.A.2 and 1.A.4 were presented in the
tables 1-13 (Annex 2). CO, emission factors from fuel combustion in stationary sources for hard coal
and lignite are the country specific EFs. These EFs for the entire time series are based on the same
empirical functions described above.

The values of CO, EFs changed over the years following the changes of the respective net calorific
values for hard coal and lignite (Annex 2 -table 14-26). GHG emission factors for other fuels are the
IPCC default EFs [IPCC 2006]. Values of applied emission factors were tabulated in annex 2 (emission
factors of CO,, CH, and N,O for particular fuel are presented in tables 27-29 of this annex).

The time series of fuel use and GHG emissions for the main subsectors of 1.A Fuel combustion are
presented below (in the following chapters). Detailed data on particular fuel consumption in the
main subcategories of 1.A IPCC category for entire period 1988-2013 and GHG EFs for individual fuels
are presented in Annex 2.

3.1.2. Fugitive emissions (CRF sector 1.B)

The GHG emission sources in fugitive emissions sector cover: fugitive emission from solid fuels (CO,
and CH,) and fugitive emission from oil and gas (CO,, CH, and N,0).

Total emission of GHGs as carbon dioxide equivalent in 1.B. subcategory amounted to 18 823 kt in
2013 and decreased since 1988 by 49%. Table 3.1. shows emissions from 1.B.1 and 1.B.2
subcategories in period 1988-2013.
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Figure 3.1. GHG emissions from 1.B.1 and 1.B.2 subcategories in 1988-2013.
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3.2. Fuel combustion (CRF 1.A)
3.2.1. Comparison of the sectoral approach with the reference approach

The Reference Approach is a top-down approach, using a country’s energy supply data to calculate
the emissions of CO, from combustion of mainly fossil fuels. Comparability between the sectoral and
reference approaches continues to allow a country to produce a second independent estimate of CO,
emissions from fuel combustion. It allow to compare the results of these two independent estimates
and indicate possible problems with the activity data, net calorific values, carbon content, carbon
stored calculation, etc.

The Reference Approach is designed to calculate the emissions of CO, from fuel combustion, starting
from high level energy supply data. The Reference Approach does not distinguish between different
source categories within the energy sector and only estimates total CO, emissions from Source
category 1.A. Fuel Combustion. The IPCC Reference Approach is based on determining carbon dioxide
emissions from domestic consumption of fuels (e.g. hard coal and lignite, crude oil, natural gas).
Apparent consumption of fuels is calculated as:

Apparent Consumption = Production +Imports — Exports — International Bunkers
— Stock Change

Data about production, imports, exports, international bunkers and stock change are based on
Eurostat database.

CO, emissions were estimated based on adjusted fuel consumption data and default oxidation and
emission factors. For hard coal and lignite national emission factors were assumed, for fuels in
transport average emission factors were used from subcategories of 1A, and for other fuels default
emission factors were applied. Total apparent consumption was corrected by subtracting the amount
of carbon which does not lead to fuel combustion emission (carbon which is emitted in another
sector of the inventory or is stored in a product manufactured from the fuel). The main sources of
such carbon are those used as non-energy products and feedstocks. As the use of energy products
for non energy purposes can lead to emissions Poland has calculated these emission and report them
under category 2D3 Other.

The Reference Approach and the Sectoral Approach often have different results which may be
caused by:
- statistical differences - is the difference between energy available for final consumption

covering the energy placed at the disposal of final users and final energy consumption
covering energy supplied to the final consumer's door for all energy uses (see figure 3.2.1);

- distribution loses - losses due to transport or distribution of natural gas;

- differences in NCVs used in reference and sectoral approaches, especially for hard and brown
coal, where NCV affects emission factors;

- part of emission from solid fuel use was included in sector Industrial processes (2.C.1:
production of sinter, pig iron and steel).

Correlation between difference in solid fuel apparent consumption in reference and sectoral
approach and statistical differences for hard coal (which is predominant fuel among solid fuels) is
shown on figure below.
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Figure 3.2.1. Correlation between statistical differences and differences between RA and SA for solid
fuels [TJ] in period 1988 - 2013

Calculating CO, emissions with the two approaches can lead to different results. In 2013 the
difference between reference and sectoral approaches in CO, emissions is equal 1.06%. Comparison
of both methods is given in table 3.2.1.

Table 3.2.1. Differences between CO, emissions in sectoral and reference approach

Year Reference approach [kt] Sectoral approach [kt] Difference [%]
2013 301 373 298 209 1.06
2012 296 640 302 605 -1.97
2011 312 587 308 986 1.17
2010 312213 314 551 -0.74
2009 293 786 295 315 -0.52
2008 306 936 304 859 0.68
2007 307 160 310363 -1.03
2006 312 370 312 098 0.09
2005 301727 300 807 0.31
2004 299 966 301 253 -0.43
2003 302 272 297777 1.51
2002 293 440 287 375 2.11
2001 296 438 294 185 0.77
2000 294 203 295183 -0.33
1999 313374 307 947 1.76
1998 321271 317 203 1.28
1997 349 797 343 515 1.83
1996 355 250 354 577 0.19
1995 341557 339907 0.49
1994 332454 340 362 -2.32
1993 355318 345 789 2.76
1992 357091 344 731 3.59
1991 367 331 353411 3.94
1990 370796 352127 5.30
1989 438 404 419 877 441
1988 470930 439 046 7.26
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3.2.2. International bunker fuels

1990-2013 fuel use data for fuels classified to the international marine bunker were taken from the
Eurostat database. For the years 1988-1989, the respective data were taken from the database of the
International Energy Agency (IEA).

For the estimation of GHG emissions from bunker fuels, the same IPCC default emission factors were
assumed as those used for maritime navigation: for CO, and diesel oil 74.10 kg/GJ, for fuel oil 77.60
kg/GJ. The emission factors for CH, and N,O for the two fuels are: 0.007 kg/GJ and 0.002 kg/GJ,
respectively. The fuel use data and the corresponding emission estimates of CO,, CH, and N,O for
international marine bunker for the 1988-2013 period are presented in table 3.6.1.

For the years 1990-2013 data related to aviation gasoline and jet kerosene are those of the Eurostat
database, while for the base year and 1989 - those of the IEA database. As there was no split on
international and domestic jet kerosene use in those statistics, the amounts of domestic fuels use in
years 2005 — 2013 were calculated based on Eurocontrol data on fuel share of jet kerosene used for
international aviation in Poland. Due to the lack of Eurocontrol data for the years before 2005, the
share for years 1988-2004 was assumed as a 5-years average from Eurocontrol data for years 2005-
2009.

For the estimation of GHG emissions from aviation bunker fuels, the same IPCC default emission
factors for jet fuel were assumed as those used for emission estimation for domestic aviation: for
CO, - 3150 g/kg, for CH, - 0.0005 kg/GJ and for N,O - 0.1 g/kg.

The fuel use data and the corresponding emission estimates of CO,, CH,; and N,O for international
aviation bunker for the 1988-2013 period are presented in table 3.2.2.
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Table 3.2.2. Fuel consumption and CO,, CH, and N,O emissions in international aviation and navigation bunker in 1988-2013

AVIATION BUNKER

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
Fuel consumption — jet fuel [kt] 327.47 450.40 201.74 208.31 226.14 225.20 228.01 245.84 289.00 258.98 263.67 235.52 250.53
Fuel consumption - jet fuel [PJ] 14.08 19.37 8.67 8.96 9.72 9.68 9.80 10.57 12.43 11.14 11.34 10.13 10.77
Calorific value [MJ/kg] 44,58 44,58 43.00 43.00 43.00 43.00 43.00 43.00 43.00 43.00 43.00 43.00 43.00
CO, potential emission factor [g/kg] 3150 3150 3150 3150 3150 3150 3150 3150 3150 3150 3150 3150 3150
CO, potential emission factor [kg/GJ] 70.64 70.64 73.26 73.26 73.26 73.26 73.26 73.26 73.26 73.26 73.26 73.26 73.26
CO, potential emission factor [kt] 1032 1419 635 656 712 709 718 774 910 816 831 742 789
CH, emission factor [kg/GlJ] 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005
CH, emission [kt] 0.007 0.010 0.004 0.004 0.005 0.005 0.005 0.005 0.006 0.006 0.006 0.005 0.005
N,O emission factor [g/kg] 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
N,O emission factor [kg/GJ] 0.0022 0.0022 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023
N,O emission [kt] 0.033 0.045 0.020 0.021 0.023 0.023 0.023 0.025 0.029 0.026 0.026 0.024 0.025
NAVIGATION BUNKER
1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

Fuel consumption - diesel oil [PJ] 14.23 11.16 6.01 2.70 3.18 2.45 1.29 1.20 1.76 2.53 2.87 4.42 1.89
Fuel consumption - diesel oil [PJ] 9.00 9.37 10.48 3.76 6.76 3.16 4.24 4.60 5.08 6.28 8.08 10.80 9.92
CO, potential emission - ON [kt] 1054 827 445 200 235 181 95 89 130 188 213 327 140
CO, potential emission - OP [kt] 698 727 813 292 525 245 329 357 394 487 627 838 770
Total CO, potential emission [kt] 1753 1554 1258 492 760 426 424 446 525 675 840 1166 910
CH, emission - ON [kt] 0.100 0.078 0.042 0.019 0.022 0.017 0.009 0.008 0.012 0.018 0.020 0.031 0.013
CH, emission - OP [kt] 0.063 0.066 0.073 0.026 0.047 0.022 0.030 0.032 0.036 0.044 0.057 0.076 0.069
Total CH, potential emission [kt] 0.163 0.144 0.115 0.045 0.070 0.039 0.039 0.041 0.048 0.062 0.077 0.107 0.083
N,O emission - ON [kt] 0.028 0.022 0.012 0.005 0.006 0.005 0.003 0.002 0.004 0.005 0.006 0.009 0.004
N,O emission - OP [kt] 0.018 0.019 0.021 0.008 0.014 0.006 0.008 0.009 0.010 0.013 0.016 0.022 0.020
Total N,O potential emission [kt] 0.046 0.041 0.033 0.013 0.020 0.011 0.011 0.012 0.014 0.018 0.022 0.030 0.024
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Table 3.2.2. (cont.) Fuel consumption and CO,, CH, and N,O emissions in international aviation and navigation bunker in 1988-2013

AVIATION BUNKER
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Fuel consumption — jet fuel [kt] 246.78 242.09 261.79 257.10 288.35 387.70 405.75 491.26 443.88 465.13 452.90 486.75 480.71
Fuel consumption - jet fuel [PJ] 10.61 10.41 11.26 11.06 12.40 16.67 17.45 21.12 19.09 20.00 19.47 20.93 20.67
Calorific value [MJ/kg] 43.00 43.00 43.00 43.00 43.00 43.00 43.00 43.00 43.00 43.00 43.00 43.00 43.00
CO, potential emission factor [g/kg] 3150 3150 3150 3150 3150 3150 3150 3150 3150 3150 3150 3150 3150
CO, potential emission factor [kg/GJ] 73.26 73.26 73.26 73.26 73.26 73.26 73.26 73.26 73.26 73.26 73.26 73.26 73.26
CO, potential emission factor [kt] 777 763 825 810 908 1221 1278 1547 1398 1465 1427 1533 1514
CH, emission factor [kg/GlJ] 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 1.0005 2.0005
CH, emission [kt] 0.005 0.005 0.006 0.006 0.006 0.008 0.009 0.011 0.010 0.010 0.010 0.010 0.010
N,O emission factor [g/kg] 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
N,O emission factor [kg/GJ] 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023
N,O emission [kt] 0.025 0.024 0.026 0.026 0.029 0.039 0.041 0.049 0.044 0.047 0.045 0.049 0.048
NAVIGATION BUNKER
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Fuel consumption - diesel oil [PJ] 0.94 1.85 1.97 1.67 4.98 3.73 2.15 2.10 2.77 2.34 2.90 2.86 3.29
Fuel consumption - diesel oil [PJ] 9.80 9.32 9.80 8.80 8.48 8.56 8.16 9.32 7.60 6.68 4.24 3.20 2.60
CO, potential emission - ON [kt] 70 137 146 124 369 277 159 156 205 173 215 212 244
CO, potential emission - OP [kt] 760 723 760 683 658 664 633 723 590 518 329 248 202
Total CO, potential emission [kt] 830 860 907 807 1027 941 792 879 795 692 544 460 446
CH, emission - ON [kt] 0.007 0.013 0.014 0.012 0.035 0.026 0.015 0.015 0.019 0.016 0.020 0.020 0.023
CH, emission - OP [kt] 0.069 0.065 0.069 0.062 0.059 0.060 0.057 0.065 0.053 0.047 0.030 0.022 0.018
Total CH, potential emission [kt] 0.075 0.078 0.082 0.073 0.094 0.086 0.072 0.080 0.073 0.063 0.050 0.042 0.041
N,O emission - ON [kt] 0.002 0.004 0.004 0.003 0.010 0.007 0.004 0.004 0.006 0.005 0.006 0.006 0.007
N,O emission - OP [kt] 0.020 0.019 0.020 0.018 0.017 0.017 0.016 0.019 0.015 0.013 0.008 0.006 0.005
Total N,O potential emission [kt] 0.021 0.022 0.024 0.021 0.027 0.025 0.021 0.023 0.021 0.018 0.014 0.012 0.012
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3.2.3. Feedstocks and non-energy use of fuels

As the use of energy products for non-energy purposes can lead to emissions, Poland has calculated
such emissions and report them under category 2D Non-energy products from fuels and solvent use.
For more description see chapter 4.5

3.2.4. CO, capture from flue gases and subsequent CO, storage

Not applicable in Poland.

3.2.5. Country-specific issues

Information on country specific fuel structure, important for national emission level and CO,

emission factors for coal (main fuel in Polish economy), is presented in chapters 3.1.1., 3.2.6-3.2.9
and in annex 2.
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3.2.6. Energy Industries (CRF sector 1.A.1.)

3.2.6.1. Source category description

Emissions in 1.A.1 Energy Industries category are estimated for each detailed sub-categories as
follows:

a) 1.A.1.a Public Electricity and Heat Production
— public thermal power plants
— autoproducing thermal power plants (CHP)
— heat plants

b) 1.A.1.b Petroleum Refining

¢) 1.A.1.c Manufacture of Solid Fuels and Other Energy Industries
- manufacture of solid fuels (coke-oven plants, gas-works plants, mines, patent
fuel/briquetting plants)
- oiland gas extraction
- other energy industries (own use in Electricity, CHP and heat plants)

Subsector 1.A.1.a Public Electricity and Heat Production is by far the largest contributor to emissions
from this category (see figure 3.2.6.1) — about 95% in 2013.
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Figure 3.2.6.1. GHG emissions from Energy Industries in years 1988-2013 according to subcategories

3.2.6.2. Methodological issues

Methodology of emission estimation in 1.A.1 subcategory corresponds with methodology described
for fuel combustion in stationary sources. Detailed information on fuel consumption and applied
emission factors for subcategories mentioned below are presented in Annex 2.
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3.2.6.2.1. Public electricity and heat production (CRF sector 1.A.1.3)

Table 3.2.6.1 presents the structure and amounts of fuel used in the sub-category 1.A.1.a Public
Electricity and Heat Production for the years 1988-2013.

Table 3.2.6.1. Fuel consumption for the years 1988-2013 in 1.A.1.a subcategory [PJ]

1988 1989 1990 1991 1992 1993 1994 1995
Liquid Fuels 75.134 72.672 66.951 62.623 57.602 56.351 57.225 26.233
Gaseous Fuels 21.274 21.900 21.641 16.329 9.561 3.107 4.094 4.738
Solid Fuels 2374.674 2346.290 2197.782 2169.776 2086.989 1942.858 1890.625 | 1760.175
Biomass 3.741 3.873 5.265 8.914 7.354 6.658 6.876 3.878
Other Fuels 16.699 15.129 14.585 14.387 17.289 13.783 14.057 1.447
TOTAL 2491.522 2459.864 2306.224 2272.029 2178.795 2022.757 1972.877 | 1796.471
1996 1997 1998 1999 2000 2001 2002 2003
Liquid Fuels 28.878 29.000 19.329 18.538 15.837 16.923 15.701 14.154
Gaseous Fuels 7.156 7.949 10.768 16.210 21.627 28.242 38.700 45.496
Solid Fuels 1824.672 1776.913 1715.015 1671.753 1648.958 1665.608 1611.570 | 1690.270
Other Fuels 3.393 3.267 0.550 0.575 0.883 1.031 1.520 0.372
Biomass 2.793 3.381 3.877 3.747 3.904 5.449 5.424 6.642
TOTAL 1866.892 1820.510 1749.539 1710.823 1691.209 1717.253 1672.915| 1756.934
2004 2005 2006 2007 2008 2009 2010 2011
Liquid Fuels 11.585 9.281 9.119 8.010 8.215 7.661 8.326 8.070
Gaseous Fuels 53.667 57.039 52.808 49.653 51.052 51.828 52.230 58.031
Solid Fuels 1664.247 | 1663.495| 1717.390| 1676.924| 1614.359| 1554.386| 1608.667 | 1604.967
Other Fuels 0.407 0.483 0.427 0.386 0.584 0.645 0.793 0.861
Biomass 10.198 19.320 23.201 27.739 41.289 58.206 69.772 81.917
TOTAL 1740.104 1749.618 1802.945 1762.712 1715.499 1672.726 1739.788 | 1753.846
2012 2013
Liquid Fuels 7.174 6.469
Gaseous Fuels 61.963 53.395
Solid Fuels 1550.077 1568.382
Other Fuels 0.791 0.718
Biomass 109.804 92.581
TOTAL 1729.809 1721.545

The data in table 3.2.6.1 shows that the use of solid fuels is dominant in 1.A.1.a — mainly hard coal
and lignite. In 2013, the use of hard coal was app. 994 PJ i.e. about 58% of the entire energy of all
fuels used in that sub-sector. Lignite made app. 31% of the energy, accordingly. Despite the
significant share of solid fuels (app. 91%) in the total energy related fuel use in 1.A.1.3, a slow
decreasing trend can be noticed since the late 1990s (from app. 98% in 1998 till 91% in 2013). At the
same time in last decade increased the share of gas as well as the share of biomass. Detailed data
concerning individual fuel consumptions in 1.A.1.a subcategory for the entire period 1988-2013 was
presented in Annex 2 (tab. 1).

Figure 3.2.6.2 shows CO, emission changes over the period 1988-2013. A significant emission
decrease took place over the years 1988-1995 followed by a period of emission stabilization.
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Figure 3.2.6.2. CO, emission for 1.A.1.a category in 1988-2013

Figure 3.2.6.3 shows emission trends for CH, and N,O between the base year and 2013. Similarly to
CO, a significant emission decrease for these gases happened in the period 1988-1995. Since 2002 is
noticeable increase of CH, emission connected with a growth of biomass consumption. That emission

increase is the result of relatively high value of CH, EF for solid biomass.
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Figure 3.2.6.3. CH, and N,O emissions for 1.A.1.a category in 1988-2013
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3.2.6.2.2. Petroleum Refining (CRF sector 1.A.1.b)

Table 3.2.6.2 shows fuel consumption data in sub-category 1.A.1.b Petroleum Refining for the years
1988-2013. Detailed data on fuel consumptions in 1.A.1.b subcategory for the entire period 1988-
2013 was presented in Annex 2 (table 2).

Table 3.2.6.2. Fuel consumption in 1988-2013 in 1.A.1.b subcategory [PJ]

1988 1989 1990 1991 1992 1993 1994 1995
Liquid Fuels 23.660 23.106 18.957 18.226 24.274 22.142 22.490 44.600
Gaseous Fuels 2.395 2.396 1.671 1.539 1.508 1.608 1.591 1.562
Solid Fuels 0.142 0.140 0.046 0.118 0.069 0.245 0.068 1.302
Other Fuels 7.724 7.487 5.222 0.272 0.682 0.002 0.259 1.919
Biomass 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
TOTAL 33.921 33.129 25.896 20.155 26.533 23.997 24.408 49.383
1996 1997 1998 1999 2000 2001 2002 2003
Liquid Fuels 50.172 43.737 47.441 43.546 47.002 53.150 53.552 54.178
Gaseous Fuels 1.749 2.529 8.244 10.832 12.110 11.354 10.124 12.770
Solid Fuels 1.451 1.349 0.710 0.637 0.277 0.140 0.023 0.000
Other Fuels 0.350 0.163 0.000 0.310 0.219 0.095 0.253 0.176
Biomass 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
TOTAL 53.722 47.778 56.395 55.325 59.608 64.739 63.952 67.124
2004 2005 2006 2007 2008 2009 2010 2011
Liquid Fuels 55.859 53.915 55.858 61.194 62.085 60.695 70.009 61.677
Gaseous Fuels 15.454 14.482 14.900 20.816 18.816 17.381 19.232 27.399
Solid Fuels 0.000 0.000 0.000 0.000 0.000 0.023 0.023 0.141
Other Fuels 0.221 0.285 0.224 0.000 0.000 0.000 0.000 0.000
Biomass 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
TOTAL 71.534 68.682 70.982 82.010 80.901 78.099 89.264 89.217
2012 2013
Liquid Fuels 61.108 44.315
Gaseous Fuels 30.638 34.779
Solid Fuels 0.113 0.176
Other Fuels 0.000 0.000
Biomass 0.000 0.000
TOTAL 91.859 79.270

Figure 3.2.6.4 shows CO, emission changes in 1988-2013 in sub-category 1.A.1.b.

CO2 emission [thousand kt]
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Figure 3.2.6.4. CO, emission for 1.A.1.b category in 1988-2013
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Figure 3.2.6.5 shows the corresponding CH, and N,O emission in that source sub-category between
the base year and 2013.
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Figure 3.2.6.5. CH, and N,O emissions for 1.A.1.b category in 1988-2013

3.2.6.2.3. Manufacture of Solid Fuels and Other Energy Industries (CRF sector 1.A.1.c)

Table 3.2.6.3 shows the fuel use data in the sub-category 1.A.1.c over the period: 1988-2013.
Particular fuel consumptions in 1.A.1.c subcategory for the entire period 1988-2013 were tabulated
in Annex 2 (table 3).

Table 3.2.6.3. Fuel consumption in 1988-2013 in 1.A.1.c subcategory [PJ]

1988 1989 1990 1991 1992 1993 1994 1995
Liquid Fuels 2.550 2.180 2.067 2.367 2.536 5.004 4.201 4.250
Gaseous Fuels 13.736 15.364 12.371 12.432 14.665 12.354 17.401 14.850
Solid Fuels 70.465 66.330 58.694 49.265 47.123 61.209 102.119 98.936
Other Fuels 0.046 0.001 0.000 0.000 0.000 0.311 0.235 0.184
Biomass 0.018 0.001 0.006 0.000 0.004 0.008 0.011 0.004
TOTAL 86.815 83.875 73.138 64.064 64.328 78.886 123.967 118.224
1996 1997 1998 1999 2000 2001 2002 2003
Liquid Fuels 3.716 3.164 2.965 2.216 2.208 1.712 1.730 1.652
Gaseous Fuels 23.269 21.155 17.779 19.458 19.491 12.986 12.515 9.741
Solid Fuels 97.647 95.586 89.237 76.215 68.737 66.257 49.936 56.476
Other Fuels 0.158 0.138 0.000 0.000 0.014 0.008 0.005 0.013
Biomass 0.014 0.031 0.026 0.027 0.037 0.052 0.047 0.026
TOTAL 124.804 120.074 110.007 97.916 90.487 81.015 64.233 67.908
2004 2005 2006 2007 2008 2009 2010 2011
Liquid Fuels 1.441 1.690 1.413 1.490 1.445 1.631 1.755 2.179
Gaseous Fuels 11.190 10.106 10.363 9.680 9.239 8.858 10.321 9.804
Solid Fuels 50.943 45.375 46.205 58.783 54.457 36.427 42.000 47.538
Other Fuels 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.010
Biomass 0.020 0.014 0.026 0.085 0.037 0.137 0.349 0.162
TOTAL 63.594 57.185 58.007 70.038 65.178 47.053 54.425 59.693
2012 2013
Liquid Fuels 1.574 1.891
Gaseous Fuels 11.205 12.013
Solid Fuels 41.981 42.667
Other Fuels 0.001 0.002
Biomass 0.160 0.122
TOTAL 54.921 56.695
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The emission trends of CO,, CH, and N,O in the 1988-2013 period are shown in figures 3.2.6.6 and

3.2.6.7.
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Figure 3.2.6.6. CO, emission for 1.A.1.c category in 1988-2013
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Figure 3.2.6.7. CH, and N,0 emissions for 1.A.1.c category in 1988-2013
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3.2.6.3. Uncertainties and time-series consistency

Uncertainty analysis for the revised year 2013 for IPCC sector 1.Energy was estimated with use of
approach 1 described in 2006 IPCC Guidelines for National Greenhouse Gas Inventories. Simplified
approach was based on the assumptions that every value is independent and probability distribution
is symmetric. Results of the sectoral uncertainty analysis are given below. More details on
uncertainty assessment of whole inventory are given in annex 8.

Recalculation of data for years 1988-2012 ensured consistency for whole time-series.

CO; Emission CH, Emission N,O Emission
2013 €O, CH, N20 uncertainty uncertainty uncertainty
[kt] [kt] [kt]
[%] [%] [%]
1. Energy 302,125.95 755.01 8.29 1.9% 29.1% 12.6%
A. Fuel Combustion 298,208.54 158.80 8.29 1.9% 11.4% 12.6%
1. Energy Industries 169,172.05 4.49 2.70 2.7% 16.1% 30.5%
2. Manufacturing Industries
and Construction 29,820.43 4.09 0.57 2.4% 11.2% 23.4%
3. Transport 43,351.76 4.12 1.80 5.7% 10.2% 20.0%
4. Other Sectors 55,864.29 146.09 3.22 4.3% 12.4% 16.0%
5. Other
B. Fugitive Emissions from
Fuels 3,917.41 596.21 0.00 8.5% 36.7% 71.8%
1. Solid Fuels 1,899.61 497.95 15.0% 43.9%
2. Oil and Natural Gas 2,017.80 98.26 0.00 8.7% 16.0% 71.8%

3.2.6.4. Source-specific QA/QC and verification

Activity data used in the GHG inventory concerning energy sector come from Eurostat Database
which is fed by the Central Statistical Office (GUS). GUS is responsible for QA/QC of collected and
published data. Activity data applied in GHG inventory are regularly checked and updated if
necessary according to adjustments made in Eurostat Database.

One of the elements of quality control of activity data correction is fuel balances prepared for the
purpose of national GHG inventories (see Annex 4). For the main fuels (i.e. coal, lignite) calorific
values are analysed for avoiding significant errors. Close cooperation is developed between inventory
experts and institutions responsible for energy data. Any doubtful fuel consumption values are
systematically verified - it is often required to obtain additional confirmation of data by
installations/entities submitting the energy questionnaire. In case of any doubts energy data are also
validated based on Central Statistical Office’s Energy Statistics published annually.

Natural verification of data in an energy sector is comparison of sectoral and reference approaches
within the GHG inventory.

Calculations in energy sector were examined with focus on formulas, units and trends consistency.
Generally QC procedures follow QA/QC plan presented in Annex 7.
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3.2.6.5. Source-specific recalculations

- fuel consumptions for the years 1990-2012 were updated according to current Eurostat database,

- default CO, emission factors from 1996 IPCC GLs were replaced with EFs recommended in 2006

GLs

- emission was estimated in more detailed split of sub-categories than previously (in accordance
with 2006 GLs)

Table.3.2.6.4. Changes of GHG emission values in 1.A.1 subcategory as a result of recalculations

Changes | 1988 1989 1990 1991 1992 1993 1994 1995
CcO2
kt 551.22 483.03 408.05 181.40 162.18 110.08 131.66 -26.48
% 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.0
CH4
kt 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
N20
kt 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Changes 1996 1997 1998 1999 2000 2001 2002 2003
CO2
kt -45.04 -70.63 -429.53 -306.95 -291.95 -296.95 -363.24 -317.06
% 0.0 0.0 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2
CH4
kt 0.000 0.000 -0.112 -0.077 -0.069 -0.068 -0.090 -0.075
% 0.0 0.0 -4.9 -3.5 -3.2 -3.0 -4.1 -3.3
N20
kt 0.000 0.000 -0.015 -0.010 -0.009 -0.009 -0.012 -0.010
% 0.0 0.0 -0.6 -04 -04 -04 -0.5 -04
Changes 2004 2005 2006 2007 2008 2009 2010 2011
CO2
kt -408.10 -537.28 -509.38 -575.90 -0.57 46.08 -7.83 -161.98
% -0.2 -0.3 -0.3 -0.3 0.0 0.0 0.0 -0.1
CH4
kt -0.105 -0.137 -0.139 -0.129 -0.020 -0.014 -0.017 -0.038
% -4.4 -5.2 -5.0 -4.4 -0.6 -0.4 -0.4 -0.9
N20
kt -0.014 -0.018 -0.019 -0.017 -0.003 -0.002 -0.002 -0.008
% -0.5 -0.7 -0.7 -0.7 -0.1 -0.1 -0.1 -0.3
Changes 2012
co2
kt -408.10
% 0.0
CH4
kt -0.024
% -0.5
N20
kt -0.004
% -0.2

3.2.6.6. Source-specific planned improvements

- analysis of the possibility of country specific EF elaboration for the gaseous fuels in Polish fuel

structure

55




POLAND’S NATIONAL INVENTORY REPORT 2015

3.2.7. Manufacturing Industries and Construction (CRF sector 1.A.2)

3.2.7.1. Source category description

Emissions in 1.A.2 Manufacturing Industries and Construction category are estimated for each fuel in

detailed sub-categories as follows:

a) Iron and Steel - 1.A.2.a
b) Non-Ferrous Metals - 1.A.2.b
c) Chemicals - 1.A.2.c
d) Pulp, Paper and Print - 1.A.2.d
e) Food Processing, Beverages and Tobacco - 1.A.2.e
f) Non-metallic minerals - 1.A.2.f
g) Other - 1.A.2.g:
- Manufacturing of machinery

- Manufacturing of transport equipment
- Mining (excluding fuels) and quarrying
- Wood and wood products

- Construction

- Textile and leather

- Off-road vehicles and other machinery

Other - other industry branches not included elsewhere

Subsector 1.A.2.f Non-metallic minerals, 1.A.2.c Chemicals and 1.A.2.a Iron and Steel are the largest
contributors to emissions from this category (see figure 3.2.7.1) — respectively 24.3%, 23.9% and

19.4% in 2013.
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Figure 3.2.7.1. Emissions from Manufacturing Industries and Construction category in years 1988-

2013 according to subcategories
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3.2.7.2. Methodological issues

Methodology of emission estimation in 1.A.2 subcategory corresponds with methodology described
for fuel combustion in stationary sources. Detailed information on fuel consumption and applied
emission factors for subcategories listed below are presented in Annex 2.

3.2.7.2.1. Iron and Steel (CRF sector 1.A.2.a)

Table 3.3.7.1 shows the fuel use data in the sub-category 1.A.2.a Iron and Steel for the period: 1988-
2013. As you can see in the table solid fuels is the dominant fuel type in that sub-category. Detailed
data on fuel consumptions in 1.A.2.a subcategory for the entire period 1988-2013 was presented in
Annex 2 (table 4).

Table 3.3.7.1. Fuel consumption in 1988-2013 in 1.A.2.a subcategory [PJ]

1988 1989 1990 1991 1992 1993 1994 1995
Liquid Fuels 18.248 15.528 11.172 7.929 5.452 4.623 3.518 2.812
Gaseous Fuels 73.507 63.332 52.851 33.974 26.568 25.562 25.487 24.239
Solid Fuels 95.323 82.955 76.433 75.020 78.771 85.990 95.465 117.273
Other Fuels 3.158 3.344 4.079 6.756 6.497 4.272 3.757 2.941
Biomass 0.000 0.000 0.000 0.000 0.000 0.016 0.014 0.005
TOTAL 190.236 165.159 144.535 123.679 117.288 120.463 128.241 147.270
1996 1997 1998 1999 2000 2001 2002 2003
Liquid Fuels 1.861 5.324 1.900 2.189 1.739 0.996 0.359 0.313
Gaseous Fuels 25.898 28.278 23.993 21.440 22.024 18.328 15.463 14.827
Solid Fuels 112.053 112.843 99.056 81.401 93.750 80.328 73.817 78.273
Other Fuels 0.498 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Biomass 0.006 0.004 0.006 0.004 0.003 0.006 0.003 0.004
TOTAL 140.316 146.449 124.955 105.034 117.516 99.658 89.642 93.417
2004 2005 2006 2007 2008 2009 2010 2011
Liquid Fuels 0.267 0.086 0.129 0.086 0.132 0.132 0.132 0.132
Gaseous Fuels 19.969 20.460 21.008 22.724 20.401 16.597 16.922 17.209
Solid Fuels 84.874 60.078 57.003 61.573 40.309 25.077 30.107 33.944
Other Fuels 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Biomass 0.004 0.002 0.001 0.001 0.001 0.001 0.000 0.000
TOTAL 105.114 80.626 78.141 84.384 60.843 41.807 47.161 51.285
2012 2013
Liquid Fuels 0.135 0.089
Gaseous Fuels 16.905 16.242
Solid Fuels 37.578 36.116
Other Fuels 0.000 0.000
Biomass 0.000 0.001
TOTAL 54.618 52.448

Blast furnaces transformation efficiency in Eurostat energy balance is very high and it is the reason,
that there is too little amount of coke use in ,, Transformation input in Blast Furnaces” compared with
real technological demand. Because of that, some part of coke, classified in Final energy consumption
— Iron and Steel in Eurostat database (1.A.2.a IPCC subcategory) was reallocated into blast furnace
input and use in C mass balance prepared in 2 IPCC sector for pig iron production.
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Amounts of coke [PJ] moved from 1.A2.a to 2.C.1 subcategory for individual years were as follow:

1988 12.050 1997 62.244 2006 36.611
1989 14.549 1998 45.989 2007 45.225
1990 95.533 1999 37.609 2008 36.044
1991 64.926 2000 51.008 2009 19.582
1992 61.701 2001 42.717 2010 21.640
1993 57.678 2002 36.571 2011 23.479
1994 66.679 2003 40.206 2012 23.177
1995 68.741 2004 43.660 2013 25.064
1996 58.875 2005 28.440

CO, emission from reallocated coke was included in emission from 2.C.1 subcategory. Emissions of
CH,4 and N,0 were included in 1.A.2.a category.

Figure 3.3.7.2 shows CO, emissions in the 1988-2013 period. Emissions of CH,; and N,0 in the same
time period are shown in figure 3.3.7.3. Emission trends for all three gases follow closely the trends

in fuel use.
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Figure 3.3.7.2. CO, emission for 1.A.2.a category in 1988-2013
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Figure 3.3.7.3. CH, and N,0 emissions for 1.A.2.a category in 1988-2013

3.2.7.2.2. Non-Ferrous Metals (CRF sector 1.A.2.b)

The data on fuel type use in the sub-category 1.A.2.b Non-Ferrous Metals over the 1988-2013 period
are presented in table 3.3.7.2. More detailed data concerning fuel consumptions was tabulated in
Annex 2 (table 5).

Table 3.3.7.2. Fuel consumption in 1988-2013 in 1.A.2.b subcategory [PJ]

1988 1989 1990 1991 1992 1993 1994 1995
Liquid Fuels 0.683 0.803 0.803 0.843 0.929 0.846 0.929 0.892
Gaseous Fuels 5.638 5.470 4.599 4.633 1.213 1.745 5.321 5.447
Solid Fuels 12.001 10.832 6.908 5.965 3.316 4752 8.183 10.499
Other Fuels 0.870 0.719 0.439 0.483 0.514 0.729 0.823 2.150
Biomass 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.000
TOTAL 19.191 17.823 12.749 11.924 5.972 8.073 15.257 18.988
1996 1997 1998 1999 2000 2001 2002 2003
Liquid Fuels 0.940 0.854 0.777 0.732 0.863 0.784 0.618 0.495
Gaseous Fuels 5.108 5.424 5.638 5.660 5.814 5.700 5.589 5.868
Solid Fuels 10.897 10.491 11.879 11.115 11.446 12.497 11.455 10.582
Other Fuels 2.411 2.361 0.000 0.000 0.000 0.000 0.000 0.000
Biomass 0.149 0.042 0.026 0.010 0.011 0.005 0.001 0.000
TOTAL 19.505 19.172 18.320 17.517 18.134 18.986 17.663 16.945
2004 2005 2006 2007 2008 2009 2010 2011
Liquid Fuels 0.658 0.618 0.618 0.378 0.378 0.379 0.382 0.339
Gaseous Fuels 6.405 6.468 6.884 6.743 6.542 5.852 6.048 6.670
Solid Fuels 8.848 6.841 7.070 7.993 7.892 7.389 7.036 7.470
Other Fuels 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Biomass 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
TOTAL 15.911 13.927 14.572 15.114 14.812 13.620 13.466 14.479
2012 2013
Liquid Fuels 0.293 0.293
Gaseous Fuels 6.890 6.703
Solid Fuels 7.469 7.488
Other Fuels 0.000 0.000
Biomass 0.000 0.000
TOTAL 14.652 14.484
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Emissions of the main greenhouse gases in 1.A.2.b between the base year and 2013 are shown in
figures 3.3.7.4 and 3.3.7.5.
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Figure 3.3.7.4. CO, emission for 1.A.2.b category in 1988-2013
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Figure 3.3.7.5. CH, and N,O emissions for 1.A.2.b category in 1988-2013

3.2.7.2.3. Chemicals (CRF sector 1.A.2.c)

Detailed data on fuel consumptions in 1.A.2.c subcategory for the entire period 1988-2013 was
presented in Annex 2 (table 6).

The data on fuel type use in the sub-category 1.A.2.c Chemicals over the 1988-2013 period are
presented in table 3.3.7.3.
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Table 3.3.7.3. Fuel consumption in 1988-2013 in 1.A.2.c subcategory [PJ]

1988 1989 1990 1991 1992 1993 1994 1995
Liquid Fuels 14.825 13.968 4.103 6.203 8.977 7.710 4.527 10.688
Gaseous Fuels 6.409 6.244 5.289 4.340 4.432 10.075 4.507 6.356
Solid Fuels 12.407 14.986 10.896 9.351 7.008 16.738 10.312 74.948
Other Fuels 12.255 14.915 16.712 18.586 17.039 18.003 22.591 21.546
Biomass 0.345 0.390 0.118 0.039 0.010 0.003 0.035 0.007
TOTAL 46.241 50.503 37.118 38.519 37.466 52.529 41.972 113.545
1996 1997 1998 1999 2000 2001 2002 2003
Liquid Fuels 19.576 22.964 40.929 39.132 38.344 33.144 32.907 33.483
Gaseous Fuels 6.191 11.024 9.408 9.041 9.464 8.481 7.199 6.457
Solid Fuels 75.455 65.909 57.138 52.421 51.772 50.353 47.485 30.174
Other Fuels 17.374 14.356 0.672 0.582 0.607 0.618 0.567 0.875
Biomass 0.000 0.000 0.001 0.000 0.000 0.000 0.001 0.153
TOTAL 118.596 114.253 108.148 101.176 100.187 92.596 88.159 71.142
2004 2005 2006 2007 2008 2009 2010 2011
Liquid Fuels 33.648 26.001 29.370 29.805 23.485 26.781 22.154 20.430
Gaseous Fuels 7.498 8.104 9.053 8.771 8.037 9.762 12.043 13.887
Solid Fuels 31.215 32.175 31.194 31.381 47.901 45.428 51.159 49.660
Other Fuels 1.122 0.628 0.721 0.761 0.518 0.621 0.777 0.732
Biomass 0.102 0.165 0.000 0.121 0.000 0.058 0.058 0.053
TOTAL 73.585 67.073 70.338 70.839 79.941 82.650 86.191 84.762
2012 2013
Liquid Fuels 17.491 22.566
Gaseous Fuels 13.568 14.696
Solid Fuels 50.527 50.495
Other Fuels 0.581 1.092
Biomass 0.131 0.050
TOTAL 82.298 88.899

Figure 3.3.7.6 shows CO, emissions in the sub-category 1.A.2.c in the 1988-2013 period. Emissions
of CH, and N,0O, in turn, are shown in figure 3.3.7.7.
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Figure 3.3.7.6.

CO, emission for 1.A.2.c category in 1988-2013
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Figure 3.3.7.7. CH, and N,0 emissions for 1.A.2.c category in 1988-2013

3.2.7.2.4. Pulp, Paper and Print (CRF sector 1.A.2.d)

The data on fuel type use in the sub-category 1.A.2.d Pulp, Paper and Print over the 1988-2013
period are presented in table 3.3.7.4. Characteristic for that sub-sector is relatively large share of
biomass in the total fuel use. Detailed data on fuel consumptions in 1.A.2.d subcategory was
presented in Annex 2 (table 7).

Table 3.3.7.4. Fuel consumption in 1988-2013 in 1.A.2.d subcategory [PJ]

1988 1989 1990 1991 1992 1993 1994 1995
Liquid Fuels 1.371 1.291 1.369 1.332 1.409 1.649 1.532 2.535
Gaseous Fuels 0.103 0.162 0.101 0.061 0.026 0.061 0.250 0.232
Solid Fuels 1.976 2.192 1.810 2.043 1.639 4.841 4.123 22.605
Other Fuels 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Biomass 0.352 0.205 0.001 0.000 0.000 1.585 1.610 15.437
TOTAL 3.803 3.850 3.281 3.436 3.074 8.136 7.515 40.809
1996 1997 1998 1999 2000 2001 2002 2003
Liquid Fuels 1.687 2.119 2.619 2.227 2.099 2.044 2.035 2.208
Gaseous Fuels 0.455 1.096 0.563 1.007 1.210 1.445 1.461 2.094
Solid Fuels 22.494 24,121 19.022 17.528 15.724 15.592 14.345 14.107
Other Fuels 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Biomass 16.243 16.472 16.476 15.545 15.938 15.138 16.622 17.950
TOTAL 40.879 43.808 38.680 36.307 34.971 34.219 34.463 36.359
2004 2005 2006 2007 2008 2009 2010 2011
Liquid Fuels 2.244 2.029 2.118 2.333 1.986 1.995 1.992 1.988
Gaseous Fuels 2.657 2.288 2.976 4.087 4.822 4.834 5.030 4.587
Solid Fuels 13.825 13.458 11.620 9.480 7.878 8.515 9.978 11.096
Other Fuels 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Biomass 18.957 18.611 19.379 18.644 19.729 19.189 19.166 19.475
TOTAL 37.683 36.386 36.093 34.544 34.415 34.533 36.166 37.146
2012 2013
Liquid Fuels 1.785 1.872
Gaseous Fuels 5.535 6.271
Solid Fuels 10.643 11.460
Other Fuels 0.000 0.037
Biomass 20.441 27.243
TOTAL 38.404 46.883
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Figures 3.3.7.8 and 3.3.7.9 show emissions of CO,, CH; and N,O, respectively in the sub-category

1.A.2.d in the period: 1988-2013.
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Figure 3.3.7.8. CO, emission for 1.A.2.d category in 1988-2013
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Figure 3.3.7.9. CH, and N,O emissions for 1.A.2.d category in 1988-2013
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3.2.7.2.5. Food Processing, Beverages and Tobacco (CRF sector 1.A.2.e)

The data on fuel type use in the sub-category 1.A.2.e Food Processing, Beverages and Tobacco over
the 1988-2012 period are presented in table 3.3.7.5. Detailed data on fuel consumption was
tabulated in Annex 2 (table 8).

Table 3.3.7.5. Fuel consumption in 1988-2013 in 1.A.2.e subcategory [PJ]

1988 1989 1990 1991 1992 1993 1994 1995
Liquid Fuels 4.413 3.484 3.065 2.646 2.402 4.707 5.219 7.339
Gaseous Fuels 1.965 1.910 1.970 1.984 2.339 3.171 7.180 3.839
Solid Fuels 29.280 35.542 35.468 39.034 35.517 59.569 56.912 75.938
Other Fuels 0.003 0.002 0.000 0.000 0.031 0.003 0.003 0.000
Biomass 0.114 0.105 0.091 0.094 0.072 0.151 0.056 0.082
TOTAL 35.775 41.043 40.594 43.758 40.361 67.601 69.370 87.198
1996 1997 1998 1999 2000 2001 2002 2003
Liquid Fuels 8.612 7.900 9.907 10.250 10.681 10.889 11.340 11.374
Gaseous Fuels 15.051 12.927 10.694 9.255 10.494 11.363 12.490 15.075
Solid Fuels 92.385 81.307 67.056 48.274 45.232 41.557 43,534 40.545
Other Fuels 0.000 0.000 0.000 0.000 0.001 0.014 0.000 0.000
Biomass 0.094 0.075 0.104 0.089 0.112 0.104 0.097 0.386
TOTAL 116.142 102.209 87.761 67.868 66.520 63.927 67.461 67.380
2004 2005 2006 2007 2008 2009 2010 2011
Liquid Fuels 11.022 10.036 8.665 7.801 7.561 5.612 5.014 4.524
Gaseous Fuels 16.164 17.456 18.623 20.614 20.725 20.950 21.610 22.128
Solid Fuels 37.450 36.955 31.793 32.077 27.434 26.470 26.534 26.156
Other Fuels 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Biomass 0.447 0.282 0.311 0.248 0.459 0.301 0.542 0.679
TOTAL 65.083 64.729 59.392 60.740 56.179 53.333 53.700 53.487
2012 2013
Liquid Fuels 4.994 3.900
Gaseous Fuels 23.704 24.475
Solid Fuels 26.486 25.094
Other Fuels 0.000 0.000
Biomass 0.635 0.866
TOTAL 55.819 54.335

Figures 3.3.7.10 and 3.3.7.11 show emissions of CO,, CH, and N,O, respectively in the sub-category
1.A.2.e in the period: 1988-2013.
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Figure 3.3.7.10. CO, emission for 1.A.2.e category in 1988-2013
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Figure 3.3.7.11. CH, and N,0 emissions for 1.A.2.e category in 1988-2013

3.2.7.2.6. Non-metallic minerals (CRF sector 1.A.2.f)

The data on fuel type use in the sub-category 1.A.2.f Non-metallic minerals in the 1988-2013 period
are presented in table 3.3.7.6. Detailed data concerning total fuel consumption in 1.A.2.f subcategory
was tabulated in Annex 2 (table 9).

Table 3.3.7.6. Fuel consumption in 1988-2013 in 1.A.2.f subcategory [PJ]

1988 1989 1990 1991 1992 1993 1994 1995
Liquid Fuels 7.321 7.828 5.104 3.615 4.332 4,732 5.356 7.548
Gaseous Fuels 28.729 28.108 24.574 22.704 22.246 21.986 21.506 25.518
Solid Fuels 128.357 123.387 92.221 89.061 84.226 91.535 98.135 92.655
Other Fuels 0.382 0.446 0.068 0.023 0.267 0.250 0.145 0.197
Biomass 1.778 1.924 1.155 0.455 0.042 0.033 0.004 0.010
TOTAL 166.566 161.692 123.122 115.858 111.113 118.536 125.146 125.928
1996 1997 1998 1999 2000 2001 2002 2003
Liquid Fuels 5.608 8.535 10.126 8.358 6.016 7.029 8.355 12.590
Gaseous Fuels 26.650 25.655 27.097 23.917 27.976 31.858 33.233 35.584
Solid Fuels 99.819 91.341 78.249 69.195 60.767 46.906 39.208 35.992
Other Fuels 0.144 0.047 0.207 0.529 0.472 0.524 0.508 1.474
Biomass 0.010 0.005 0.006 0.002 0.006 0.275 0.292 0.102
TOTAL 132.231 125.583 115.685 102.001 95.237 86.592 81.596 85.742
2004 2005 2006 2007 2008 2009 2010 2011
Liquid Fuels 12.156 14.214 8.720 5.855 6.108 7.209 6.038 4.410
Gaseous Fuels 38.233 38.963 41.283 42.473 39.708 41.422 42.894 44.492
Solid Fuels 38.551 35.210 36.102 50.026 41.303 29.982 32.422 39.231
Other Fuels 1.831 3.418 6.663 7.737 7.778 12.134 14.981 16.746
Biomass 0.261 0.110 0.139 0.117 0.224 0.314 0.422 1.686
TOTAL 91.032 91.915 92.907 106.208 95.121 91.061 96.757 106.565
2012 2013
Liquid Fuels 3.556 3.274
Gaseous Fuels 42.349 40.911
Solid Fuels 31.510 27.253
Other Fuels 16.083 16.515
Biomass 1.767 1.889
TOTAL 95.265 89.842
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Figures 3.3.7.12 and 3.3.7.13 show emissions of CO, CH, and N,O, respectively in the sub-category
1.A.2.fin the period: 1988-2013.
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Figure 3.3.7.12. CO, emission from 1.A.2.f category in 1988-2013
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Figure 3.3.7.13. CH,; and N,O emissions from 1.A.2.f category in 1988-2013

3.2.7.2.7. Other (1.A.2.g)

The GHG emission was estimated for sub-categories as follows:
- Manufacturing of machinery
- Manufacturing of transport equipment
- Mining (excluding fuels) and quarrying
-  Wood and wood products
- Construction
- Textile and leather
- Off-road vehicles and other machinery
— Other - other industry branches not included elsewhere
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The data on fuel type use in stationary sources in the category 1.A.2.g Other over the 1988-2013
period are presented in table 3.3.7.7. Detailed data concerning total fuel consumption in 1.A.2.g
subcategory was tabulated in Annex 2 (table 10).

Table 3.3.7.7. Fuel consumption in 1988-2013 in stationary sources of 1.A.2.g subcategory [PJ]

1988 1989 1990 1991 1992 1993 1994 1995
Liquid Fuels 19.848 18.040 13.846 12.029 10.684 12.077 11.560 14.398
Gaseous Fuels 24.039 22.347 15.645 11.755 13.811 17.922 17.336 15.176
Solid Fuels 82.038 72.062 54.022 48.748 41.858 92.328 80.329 87.356
Other Fuels 0.082 0.058 0.022 0.012 0.134 0.298 1.593 2.294
Biomass 8.335 7.545 5.826 5.518 5.035 4.995 3.410 4.970
TOTAL 134.342 120.051 89.361 78.062 71.522 127.620 114.228 124.194
1996 1997 1998 1999 2000 2001 2002 2003
Liquid Fuels 22.621 21.909 18.803 16.603 16.480 14.357 13.982 14.478
Gaseous Fuels 14.210 16.060 17.640 16.354 18.545 18.319 19.273 21.156
Solid Fuels 111.430 92.492 67.610 53.094 43.187 34.504 28.893 26.985
Other Fuels 2.675 1.133 2.080 1.482 2.075 1.802 2.078 2.503
Biomass 6.520 8.195 8.233 8.604 10.105 10.716 12.300 11.897
TOTAL 157.456 139.789 114.366 96.137 90.392 79.698 76.526 77.019
2004 2005 2006 2007 2008 2009 2010 2011
Liquid Fuels 14.166 15.025 15.380 12.883 11.811 11.545 11.694 11.647
Gaseous Fuels 22.595 23.325 23.290 23.543 26.267 22.863 24.984 23.876
Solid Fuels 23.495 20.805 18.958 17.446 14.889 11.734 11.918 10.953
Other Fuels 1.661 1.700 3.789 0.938 1.154 1.392 0.069 0.052
Biomass 12.184 11.918 11.030 12.919 13.777 13.753 17.460 20.051
TOTAL 74.101 72.773 72.447 67.729 67.898 61.287 66.125 66.579
2012 2013
Liquid Fuels 9.210 8.445
Gaseous Fuels 23.019 26.036
Solid Fuels 8.173 7.973
Other Fuels 0.069 0.098
Biomass 20.854 24.842
TOTAL 61.325 67.394

Figures 3.3.7.14 and 3.3.7.15 show emissions of CO, CH, and N,O, respectively in the 1.A.2.g
category in the period: 1988-2013.
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Figure 3.3.7.14. CO, emission from 1.A.2.g category in 1988-2013
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Figure 3.3.7.15. CH, and N,O emissions from 1.A.2.g category in 1988-2013

3.2.7.3. Uncertainties and time-series consistency

See chapter 3.2.6.3.

3.2.7.4. Source-specific QA/QC and verification
See chapter 3.2.6.4.

3.2.7.5. Source-specific recalculations
— fuel consumptions for the years 1990-2012 were updated according to current Eurostat database;
- default CO, emission factors from 1996 IPCC GLs were replaced with EFs recommended in 2006

GlLs;
- emission was estimated in more detailed split of sub-categories than previously (in accordance

with 2006 GLs);

Table. 3.2.7.8. Changes in GHG emissions in 1.A.2 subsector as a result of recalculations

Changes | 1988 | 1989 | 1990 [ 1991 | 1992 | 1993 | 1994 1995
co2

kt 904.55 850.34 779.57 604.20 53454 | 53587 | 64875 | 745.88

% 1.7 17 1.8 15 15 1.1 13 1.2
CH4

kt -0.562 -0.510 -0.420 -0.318 0283 | -0323] -0327] -0.326

% -12.2 -11.4 -9.2 -7.5 7.1 -6.4 -6.3 -4.7
N20

kt 0.000 0.000 0.000 0.000 0.000 0.000 0000 [ -0.001

% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -0.1

Changes 1996 1997 1998 1999 2000 2001 2002 2003
co2

kt 673.13 63436 | 101528 | -1142.60 | -1123.24 | -1333.08 | -1341.80 | -1284.22

% 1.0 1.0 1.9 2.4 2.4 3.1 3.4 3.3
CH4

kt -0.376 -0.405 -0.768 -0.733 -0.789 | -0.827 | -0.834 | -0.851

% -5.1 -5.9 -13.1 -14.3 -15.2 -17.3 -18.0 -18.8
N20

kt 0.000 -0.001 -0.053 -0.052 -0.055 | -0.060 | -0.062 | -0.061

% 0.0 -0.1 -6.6 -7.5 -7.9 -9.5 -10.1 -10.2
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Changes 2004 2005 2006 2007 2008 2009 2010 2011
CO2

kt -1031.44 -826.38 -956.43 -702.07 -632.54 -973.59 -837.51 -419.02

% -2.6 -2.3 -2.7 -1.9 -1.9 -3.3 -2.7 -1.3
CH4

kt -0.859 -0.785 -0.839 -0.839 -0.720 -0.738 -0.750 -0.686

% -18.6 -18.8 -19.4 -18.8 -17.1 -18.6 -17.6 -15.2
N20

kt -0.055 -0.043 -0.047 -0.044 -0.028 -0.033 -0.031 -0.020

% 9.2 -8.1 -8.6 -7.8 -5.4 -6.7 -5.9 -3.6

Changes 2012

Co2
kt -588.45
% -1.9
CH4
kt -0.717
% -16.0
N20
kt -0.025
% -4.5

3.2.7.6. Source-specific planned improvements

— analysis of the possibility of country specific EF elaboration for the gaseous fuels in Polish fuel
structure
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3.2.8. Transport (CRF sector 1.A.3)

3.2.8.1. Source category description

Estimation of emissions in 1.A.3 Transport are carried out for each fuel in sub-categories listed
below:

a) Civil Aviation (1.A.3.a)

b) Road Transportation (1.A.3.b)

¢) Railways (1.A.3.c)

d) Navigation (1.A.3.d)

e) Other Transportation (1.A.3.e)

Share of that sector in total GHG emission in 2013 is about 11.1%. Road transport is by far the largest
contributor to transport emissions (see figure 3.2.8.1) - in year 2013 about 97%.
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Figure 3.2.8.1. Emissions from transport in years 1988-2013

3.2.8.2. Methodological issues

The methodology used for estimation of GHG emissions in the national inventory for mobile sources
for the entire time series 1988-2013 is factor based — data on fuel used are multiplied by the
corresponding emission factors. Domestic emission factors for mobile sources include: CO, emission
factors for road transport which are taken from annual reports of Motor Transport Institute and CO,
emission factors for hard coal combustion in railway transport (concerns the period till 1998) — here
the EF is calculated based upon an empirical function described above for stationary sources (chapter
3.1.1).

Origin of CO, emission factors in Road transportation

CO, emission factors for road transport have been elaborated by the Motor Transport Institute based
on research, analysis and literature. The values of EFs may differ from year to year compared to
values in table 3.2.8.1 which is caused by different issues explained below.

ITS published CO, EFs in g/kg units which must be converted into kg/GJ to be used in inventory
calculation. To conversion NCVs are used, which may differ from year to year and that is why CO, EFs
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are not constant for period 1988-2011. Since 1996 NCV comes from “Energy Statistic” published by
Central Statistical Office (GUS) these are standard calorific values and are mostly constant (it
fluctuate only £0,01MJ/kg and from 2004 all NCV are constant). Before 1996 Poland use real calorific
value based on statistical data of fuel consumption given in TJ and kt units.

Moreover, CO, EFs depend on carbon content in fuel. There is visible change between years 1995
and 1996 for CO, EF for gasoline. The change in IEF for gasoline in 1996 was caused by introducing
the new EFs based on the newer country study applying, among others, analysis of gasoline content.
EFs used before 1996 were based on study completed in early 1990-ties. The EFs were derived based
on C content in different fuel types as well as on the data containing information on vehicle park and
mobility. The specific car models were analyzed for elaboration of EFs.

To estimate amount of carbon in motor gasoline it was assumed by ITS that hydrogen carbon ratio is
equal 1.85 [Directive 93/116]. It was taken into account that gasoline, except hydrocarbons, include:
- ethyl fluid,
- sulphur (average content in 1992 was about 0.06%),
- additives,
- oxygen (due to the addition of oxygenates).

Content of substances other than carbon and hydrogen was assumed as about 0.7% of mass. Due to
this carbon content was about 88.0% of mass (99.3/13.85x12).

In 1993 and 1994 gasoline content significantly changed, e.g. the amount of oxygenates was higher.
In some gasoline types oxygen content was almost 3% of mass. In this case new analyses were made.
In one of Warsaw petrol stations there were taken 2 samples of each type of gasoline: E94, E98,
E94EA (leaded petrol with ethyl alcohol) , B95 and B98. For each samples content of carbon and
hydrogen was measured. Analyses were made in Institute of Organic Chemistry — Polish Academy of
Sciences. Results of carbon content are presented below (average value from 2 samples):

E94 —86.8%

E98 — 86.4%

E94EA — 85.2%

B95 —85.9%

B98 — 85.3%

Weighted average carbon content in motor gasoline in 1994 is then equal 86.45%. Total error of
estimation of above analysis is assumed as 0.6%, therefore the value of carbon content which was
assumed in previous estimation (equal 86.0%) is in the limit of error. For that reason for all
calculation the amount of 86.0% was taken.

In case of diesel oil it was assumed that hydrogen carbon ratio is equal 1.86. Taken into account that
diesel oil, except hydrogen and carbon, contain also sulphur, additives, oxygen and water, it was
assumed that carbon content is similar to gasoline — 86.0%.

The LPG content is constantly changing, that is why literature value was taken at 81.4%.

IEF contain information on different EFs derived for various engine types, including two-stroke ones.
In 1990-ties large change in vehicles number and structure was observed. The share of two-stroke
engines extremely dropped in 1990-ties.

The other issue is that characteristics of gasoline used in Poland changed over time. The regular
petrol (leaded) was used in 1980-ties and early 1990-ties like: regular petrol 86, 94, 98. Presently only
lead-free petrol 95 and 98 is sold/used. For instance consumption of regular petrol 86 drop from
526.8 kt in 1991 to 88.1 kt in 1994 and was withdrawn from production in 1994 following decreasing
demand.
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Origin of other emission factors

All other emission factors for mobile sources were taken from IPCC guidelines and have constant
values over the entire time series 1988-2013. The values of the EFs in 2012 are those in table 3.2.8.1.
Exception is N,O emission factor from gasoline for passenger cars with catalyst, which is based on
COPERT IV (following recommendation made by ERT).

Table 3.2.8.1. Emission factors [kg/GJ] for transport types (means) in 2013

Type of transport Category code EF CO, EF CH, EF N,O
1.A.3.a.ii International Aviation - bunker PL 73.26 0.0005 0.0023
1.A.3.a.ii Civil Aviation. Domestic PL 73.26 0.0005 0.0023

BL 72.10 0.0600 0.0009

1.A.3.b.i Passenger Cars without catalysts a.BS 70.04 0.03 0.002
o.LG 62.48 0.02 0.0002

o.ON 72.43 0.002 0.004

B.BS 70.04 0.02 0.001

1.A.3.b.i Passenger Cars with catalysts v.BS 69.60 0.007 0.003
y.LG 62.48 0.02 0.0002

y.ON 72.43 0.002 0.004

1.A.3.b.ii Light Duty Vehicles < 3.5 t without catalysts a.BS 70.04 0.02 0.001
o.LG 62.48 0.03 0.0002

o.ON 72.43 0.001 0.004

1.A.3.b.ii Light Duty Vehicles < 3.5 t with catalysts v.BS 69.60 0.02 0.001
y.LG 62.48 0.01 0.0002

y.ON 72.43 0.001 0.004

1.A.3.b.iii Heavy Duty Vehicles > 3.5 t. without catalysts a.ON 72.43 0.006 0.003
1.A.3.b.iii Heavy Duty Vehicles > 3.5 t. with catalysts y.ON 72.43 0.006 0.003
1.A.3.b.iii Buses o.ON 72.43 0.0039 0.0013
y.ON 72.43 0.0039 0.0013

1.A.3.b.iv Motorcycles BS 70.04 0.1 0.001
1.A.3.b.iv Mopeds BS 70.04 0.1 0.001
1.A.3.b.vi Tractors ON 72.43 0.004 0.0039
1.A.3.b - different types of vehicles biodiesel 70.80 0.003 0.0006
1.A.3.b - different types of vehicles bioethanol 70.80 0.003 0.0006
1.A.3.c. Railways ON 75.00 0.005 0.0006
1.A.3.d.ii Domestic Navigation - inland ON 73.00 0.004 0.030
1.A.3.d.ii Domestic Navigation - marine ON 74.10 0.007 0.002
oP 77.60 0.007 0.002

1.A.3.d.i Domestic Navigation - bunker ON 74.10 0.007 0.002
OoP 77.60 0.007 0.002

1.A.4.c.iii Fishery ON 74.10 0.007 0.002
opP 77.60 0.007 0.002

1.A.4.c.ii Agriculture - Off-Road Vehicles ON 73.00 0.004 0.0039
1.A.4.c.ii Agriculture - Machines ON 73.00 0.004 0.030
1.A.2.f.ii Off-Road Vehicles in Industry, Other ON 73.00 0.004 0.030
1.A.3.e.ii Other Off-Road Transport BS 71.00 0.120 0.002
LG 63.10 0.062 0.0002

ON 73.00 0.004 0.0300

Abbreviation explanations to table:

catalyst - catalytic converter; BS - motor gasoline; ON - diesel oil; LG — liquid gas; OP - fuel oil; PL - jet fuel; BL - aviation

gasoline; o — 4-stroke, old generation; B - 2-stroke, old generation; y — new generation (Euro).

For the source category 1.A.3 and for other mobile sources the following data sources were used to

estimate the fuel use:

e Eurostat database — use of fuels (according to Energy Market Agency fuel used is equal to fuel
sold) in the following sub-categories: 1.A.3.a — Civil Aviation, 1.A.3.b. -Road Transportation,
1.A.3.c — Railways, in part of the sub-category 1.A.3.d — Navigation — i.e. inland water navigation,
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in part of the sub-category 1.A.4.c — vehicles and machinery in agriculture, use of fuels included
in the international maritime bunker,

e report of the Motor Transport Institute [ITS 2014],

e GUS G-03 reports — selected aggregated data from the energy balance statistics [GUS 2014e] —
used for estimation of fuel use for part of the sub-category 1.A.3.d — Navigation - for maritime
shipping,

e Statistical Yearbook [GUS 2014] — data on fishing used for fuel use estimation in the sub-category
1.A.4.c. iii — Fishing,

e report [ITS 2001] — data used for fuel use estimation in the sub-category 1.A.4.c. iii — Fishing.

3.2.8.2.1. Civil Domestic Aviation (CRF sector 1.A.3.3)

This category include emissions from passenger and freight traffic that departs and arrives in the
same country (commercial, private, agriculture, etc.). Exclude use of fuel at airports for ground
transport, fuel for stationary combustion at airports.

For the years 1990-2013 data related to aviation gasoline and jet kerosene are those of the Eurostat
database, while for the base year and 1989 - those of the IEA database. As there was no split on
international and domestic jet kerosene use in those statistics, the amounts of domestic fuels use in
years 2005 — 2013 were calculated based on Eurocontrol data on fuel share of jet kerosene used for
domestic aviation in Poland. Due to the lack of Eurocontrol data for the years before 2005, the share
for years 1988-2004 was assumed as a 5-years average from Eurocontrol data for years 2005-2009.

Emissions from aviation come from the combustion of jet fuel and aviation gasoline. Data on fuel use
in domestic aviation are shown in table 3.2.8.2 and figure 3.2.8.2. Figures 3.2.8.3 and 3.2.8.4 show
emissions of CO,, CH, and N,O, respectively in the sub-category 1.A.3.a in the period 1988-2013.

Table 3.2.8.2. Fuel consumption and GHG emission in years 1988 - 2013

1988 1989 1990 1991 1992 1993 1994 1995 1996
Aviation gasoline | TJ 879.98 836.02 352.00 220.00 88.00 176.00 440.00 308.00 176.00
Jet fuel T) 925.58 1273.01 570.20 588.77 639.16 636.50 644.46 694.85 816.85
CO2 emission kt 131.25 153.53 67.15 58.99 53.17 59.32 78.93 73.11 72.53
CH4 emission kt 0.053 0.051 0.021 0.013 0.006 0.011 0.027 0.019 0.011
N20 emission kt 0.003 0.004 0.002 0.002 0.002 0.002 0.002 0.002 0.002
1997 1998 1999 2000 2001 2002 2003 2004 2005
Aviation gasoline | TJ 264.00 176.00 132.00 132.00 132.00 176.00 176.00 132.00 132.00
Jet fuel T) 731.98 745.24 665.68 708.11 697.50 684.24 739.94 726.68 973.83
CO2 emission kt 72.66 67.28 58.28 61.39 60.61 62.81 66.89 62.75 80.86
CH4 emission kt 0.016 0.011 0.008 0.008 0.008 0.011 0.011 0.008 0.008
N20 emission kt 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002
2006 2007 2008 2009 2010 2011 2012 2013
Aviation gasoline | TJ 132.00 176.00 132.00 176.00 176.00 220.00 220.00 176.00
Jet fuel T) | 1173.82 1128.82 | 1192.61 | 1123.22 | 1284.33 | 1380.17 | 2160.64 | 1861.29
CO2 emission kt 95.51 95.38 96.88 94.97 106.77 116.97 174.14 149.04
CH4 emission kt 0.009 0.011 0.009 0.011 0.011 0.014 0.014 0.011
N20 emission kt 0.003 0.003 0.003 0.003 0.003 0.003 0.005 0.004
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Figure 3.2.8.2. Fuel consumption in 1.A.3.a category for 1988-2013
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Figure 3.2.8.3. CO, emission for 1.A.3.a category in 1988-2013
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Figure 3.2.8.4. CH, and N,0O emissions for 1.A.3.a category in 1988-2013
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3.2.8.2.2. Road Transportation (CRF sector 1.A.3.b)

Emission estimates from this category are based on fuel consumed by different vehicle types —
including passenger cars, light and heavy duty vehicles, buses, tractors, motorcycles and mopeds.
Data on fuel consumption for years 1990-2013 comes from Eurostat database, and for years 1988-
1989 from IEA. Consumption of each type of fuel (used in road transport) in statistics is given without
distinguishing on individual vehicle type. Therefore, for the purpose of this report fuel consumption
was disaggregated based on ITS report [ITS 2014]. Table 3.2.8.3 shows fuel consumption and GHG
emissions in 2013 by vehicle categories.

Table 3.2.8.3. Fuel consumption and GHG emissions in 2013 by vehicle categories.

. Oznaczenie llo$¢ zuzytego paliwa | Emisja CO, | Emisja CH; | Emisja N,O
Vehicle category X
paliwa [T [kt] [kt] [kt]
a.BS 7.560 529.55 0.227 0.015
1.A.3.b.i Passenger Cars without a.LPG 9.671 604.19 0.193 0.002
catalysts a.ON 4.647 336.58 0.009 0.019
B.BS 0.000 0.00 0.000 0.000
. . y.BS 133.885 9318.78 0.937 0.402
1.A3.b.i Passenger Cars with PG =2.280 3266.31 1,046 0.010
catalysts v. . . - -
v.ON 154.309 11176.27 0.309 0.617
a.BS 0.747 52.34 0.015 0.001
1.A.3.b.ii Light Duty Vehicles < 3.5 t a.LPG 1.150 71.82 0.034 0.000
without catalysts a.ON 2.748 199.04 0.003 0.011
B.BS 0.000 0.00 0.000 0.000
L _ y-BS 9.450 657.76 0.189 0.009
1.A.3.b.ii Light Duty Vehicles < 3.5 t
. v.LPG 10.177 635.85 0.102 0.002
with catalysts
v.ON 83.089 6017.99 0.083 0.332
. a.BS 0.000 0.00 0.000 0.000
1.A.3.b.iii Heavy Duty Vehicles > 3.5 t.
. a.ON 23.469 1699.82 0.141 0.070
without catalysts
B.ON 0.000 0.00 0.000 0.000
1.A.3.b.iii Heavy Duty Vehicles > 3.5 t. y.ON
with catalysts 65.596 4751.00 0.394 0.197
a.ON . . . .
1.A.3.b.iii Buses 4,171 302.12 0.016 0.005
vy.ON 19.921 1442.86 0.078 0.026
1.A.3.b.iv Motorcycles BS 1.099 76.97 0.110 0.001
1.A.3.b.iv Mopeds BS 0.483 33.87 0.048 0.000
1.A.3.b.vi Tractors ON 11.484 831.79 0.046 0.045

catalyst - catalytic converter; BS - motor gasoline; ON - diesel oil; LG — liquid gas; a — 4-stroke, old generation; B - 2-stroke,
old generation; y — new generation (Euro).

The amount of vehicles according to categories in 2013 [GUS T 2014] is given in table below.

Table 3.2.8.4. Amount of vehicles according to categories in 2013

Category Amount [thous. pcs.]
Passenger cars 19 389
Trucks 2962
Buses 103
Motorcycles 1153
Mopeds 1163
Tractors 1632

Consumption of main fuels in road transport (gasoline. diesel oil and LPG) and GHG emissions in
1988-2013 period is shown in table 3.2.8.5.
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Table 3.2.8.5. Fuel consumption and GHG emission in years 1988 - 2013

1988 1989 1990 1991 1992 1993 1994 1995 1996
Motor gasoline | PJ 130.33 | 144.36 | 136.14 | 158.81 | 168.42 | 172.06 | 190.42 | 193.03 | 201.78
Diesel oil PJ 155.40 | 161.03 | 117.85 | 116.77 | 118.15 | 107.85 | 101.42 | 104.89 | 136.47
LPG PJ 0 0 0 0 0 1.10 3.27 8.10 11.64
Biodiesel PJ 0 0 0 0 0 0 0 0 0
Bioethanol PJ 0 0 0 0 0 0 0 0 0
CO2 emission kt 20771 | 22179 | 18429 | 19961 | 20776 | 20356 | 21354 | 22108 | 24683
CH4 emission kt 4.580 5.014 4.549 5.198 5.433 5.550 6.109 6.049 6.177
N20 emission kt 0.713 0.755 0.603 0.637 0.662 0.646 0.676 0.712 0.855
1997 1998 1999 2000 2001 2002 2003 2004 2005
Motor gasoline | PJ 217.90 | 222.17 | 247.13 | 222.70 | 206.59 | 189.16 | 180.68 | 183.42 | 177.04
Diesel oil PJ 139.25 | 155.34 | 162.08 | 134.79 | 140.58 | 134.84 | 164.18 | 200.99 | 229.82
LPG PJ 15.46 16.10 21.48 19.55 26.96 38.13 49.22 61.69 71.25
Biodiesel PJ 0 0 0 0 0 0 0 0 0.65
Bioethanol PJ 0 0 0 0 0 0 1.18 0.56 1.42
CO2 emission kt 26234 | 27717 | 30341 | 26519 | 26270 | 25343 | 27567 | 31200 | 33433
CH4 emission kt 6.130 5.655 6.032 4.566 4,383 4.269 4.385 4.779 4.610
N20 emission kt 0.922 1.014 1.108 0.967 0.948 0.894 0.975 1.111 1.206
2006 2007 2008 2009 2010 2011 2012 2013
Motor gasoline | PJ 181.62 | 181.35 | 179.20 | 179.78 | 177.66 | 168.03 | 160.83 | 153.23
Diesel oil PJ 268.77 | 323.21 | 352.55 | 365.97 | 402.82 | 421.92 | 401.95 | 369.44
LPG PJ 78.20 80.50 79.07 76.04 76.36 73.97 73.88 73.28
Biodiesel PJ 1.46 1.02 12.88 19.57 29.22 31.60 28.01 25.26
Bioethanol PJ 2.30 3.00 5.31 8.15 7.90 7.48 6.44 6.03
CO2 emission kt 37008 | 41073 | 42957 | 43780 | 46322 | 46883 | 44928 | 42005
CH4 emission kt 4.956 5.036 5.043 5.007 5.093 4.813 4.457 4.073
N20 emission kt 1.351 1.548 1.666 1.744 1.881 1.954 1.893 1.784

The decrease in fuel consumption (especially petrol and LPG) for road transport in recent years may
be due to the economic downturn, rising of fuel prices and rationalization of transportation by
transport companies. There is a growing trend of consumption of biofuels in road transport — share
in 2013 was about 5%. Amounts of biofuels used in years 2005 - 2013 are given in table 3.1.8.3. As
the consumption of biofuels in 1.A.3.b is not significant compared to consumption of other fuels, it is

not shown in the above figure.
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Figure 3.2.8.5. Fuel consumption in 1.A.3.b category for 1988-2013
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Figure 3.2.8.6 shows CO, emissions in sub-category 1.A.3.b in period 1988-2013. Emissions of CH,

and N,O in the same sub-category are shown in figure 3.2.8.7.
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Figure 3.2.8.6. CO, emission for 1.A.3.b category in 1988-2013
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Figure 3.2.8.7. CH, and N,O emissions for 1.A.3.b category in 1988-2013
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3.2.8.2.3. Railways (CRF sectorl.A.3.c)

Category include emissions from railway transport for both freight and passenger traffic routes.
Railway locomotives used in Poland are diesel and electric. Up to year 1998 coal was used in steam
locomotives. Electric locomotives are powered by electricity generated at stationary power plants as
well as other sources. The corresponding emissions are covered under the Stationary Combustion
sector. The amounts of fuels used in railway transport in the 1988-2013 period are shown table
3.2.8.6 and in figure 3.2.8.8.

Table 3.2.8.6. Fuel consumption and GHG emission in years 1988 - 2013

1988 1989 1990 1991 1992 1993 1994 1995 1996
Hard coal TJ 10972 5785 3169 1686 350 293 156 132 192
Diesel oil TJ 23 600 9585 | 17761 | 13556 | 10596 | 10425 | 11798 | 11497 | 9652
CO2 emission kt 2829 1277 1638 1179 828 810 900 875 742
CH4 emission kt 0.228 0.106 0.120 0.085 | 0.056 | 0.055 | 0.061 | 0.059 | 0.050
N20 emission kt 0.030 0.014 0.015 0.010 | 0.007 | 0.007 | 0.007 | 0.007 | 0.006
1997 1998 1999 2000 2001 2002 2003 2004 2005
Hard coal T) 181 138 0 0 0 0 0 0 0
Diesel oil TJ 8 666 8151 7722 7078 | 6907 | 6564 | 6907 | 6907 | 6778
CO2 emission kt 667 625 579 531 518 492 518 518 508
CH4 emission kt 0.045 0.042 0.039 0.035 | 0.035| 0.033 | 0.035| 0.035 | 0.034
N20 emission kt 0.005 0.005 0.005 0.004 0.004 0.004 0.004 0.004 0.004
2006 2007 2008 2009 2010 2011 2012 2013
Hard coal TJ 0 0 0 0 0 0 0 0
Diesel oil TJ 6220 6135 5362 5196 | 4806 | 4980 | 4633 | 4287
CO2 emission kt 467 460 402 390 360 374 347 322
CH4 emission kt 0.031 0.031 0.027 0.026 0.024 0.025 0.023 0.021
N20 emission kt 0.004 0.004 0.003 0.003 0.003 0.003 0.003 0.003
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Figure 3.2.8.8. Fuel consumption in 1.A.3.c category for 1988-2013

Figures 3.2.8.9 and 3.2.8.10 show emissions of CO,, CH, and N,O, respectively in the
1.A.3.c for the entire time series beginning in the base year.

sub-category
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Figure 3.2.8.9. CO, emission for 1.A.3.c category in 1988-2013

B CH4 emission W N20 emission

§0.24

go.zo-

‘@

.§0.16-

Q

0.12 -

o O

o~

Z 0.08 -

T

c

& 0.04 -

3 LLLLLLLL
00 OO O 1 N N < 1D ONO OO A N N < 1N ONOOOOO A N M
0O 0 OO OO OO OO OO OO OO OO OO O) O O O O O O 0O 0O 0O d d d d
a0 OO OO OO OO OOy OO OO OO OO O OoOOoOOo oo o
Y e H H H H H H H Hd AN AN AN AN AN AN AN N AN NN AN N

Figure 3.2.8.10. CH, and N,O emissions for 1.A.3.c category in 1988-2013

3.2.8.2.4. Domestic Navigation (CRF sector 1.A.3.d)

Category relates to inland and marine domestic navigation and include emissions from fuels used by
vessels of all flags that depart and arrive in the same country. Exclude fishing, which should be

reported under 1 A 4 ciiii.

The structure of fuels used in Navigation has been recalculated based on G-03 questionnaires and
statistical data on levels of international vs. domestic shipping activity (table 3.2.8.7). The amounts of
fuels (diesel and fuel oil) used in both inland water and maritime navigation in the 1988-2013 period

are shown in table 3.2.8.8 and figure 3.2.8.11.
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Table3.2.8.7. Cargo traffic at Polish seaports.

Cargo traffic Unit 1990 1991 1992 1993 1994 1995 1996 1997
International kt 45901 40671 43 558 49 814 51148 48 179 47 925 50630
Domestic kt 1138 1009 744 711 1327 1142 1068 355
Share of domestic % 2.4 2.4 1.7 1.4 2.5 2.3 2.2 0.7
1998 1999 2000 2001 2002 2003 2004 2005
International kt 50564 | 49227 47334| 47220| 48404| 151020 56011| 58489
Domestic kt 432 453 537 534 562 866 907 990
Share of domestic % 0.8 0.9 1.1 1.1 1.1 1.7 1.6 1.7
2006 2007 2008 2009 2010 2011 2012 2013
International kt 59 137 51604 47 806 44 250 58 613 56 609 57728 62 898
Domestic kt 1182 830 1027 829 893 1129 1098 1206
Share of domestic % 2.0 1.6 2.1 1.8 1.5 2.0 1.9 1.9
Table 3.2.8.8. Fuel consumption and GHG emission in years 1988 — 2013.
1988 1989 1990 1991 1992 1993 1994 1995 1996
Diesel oil-inland navigation | TJ 968.83 681.61 858.00 686.00 815.00 686.00 300.00 | 686.00 | 686.00
Diesel oil - maritime TJ 239.59 236.54 232.96 183.59 119.30 82.08 97.98 93.40 72.68
Fuel oil - maritime TJ 894.34 878.75 900.55 825.50 546.35 340.58 425.53 | 428.31 | 399.10
CO2 emission kt 157.88 135.48 149.78 127.74 110.73 82.59 62.18 90.24 86.43
CH4 emission kt 0.012 0.011 0.011 0.010 0.008 0.006 0.005 0.006 0.006
N20 emission kt 0.031 0.023 0.028 0.023 0.026 0.021 0.010 0.022 0.022
1997 1998 1999 2000 2001 2002 2003 2004 2005
Diesel oil-inland navigation | TJ 644.00 386.00 300.00 257.00 257.00 214.00 300.00 | 257.00 | 214.00
Diesel oil - maritime T) 27.93 27.25 25.20 24.52 19.76 19.60 31.67 22.84 30.42
Fuel oil - maritime T) 127.94 156.91 142.74 138.76 133.80 133.37 182.04 85.41 60.55
CO2 emission kt 59.01 42.37 34.84 31.35 30.61 27.42 38.37 27.08 22.57
CH4 emission kt 0.004 0.003 0.002 0.002 0.002 0.002 0.003 0.002 0.001
N20 emission kt 0.020 0.012 0.009 0.008 0.008 0.007 0.009 0.008 0.007
2006 2007 2008 2009 2010 2011 2012 2013
Diesel oil-inland navigation | TJ 257.00 214.00 214.00 130.00 0.00 130.00 130.00 | 130.00
Diesel oil - maritime TJ 31.48 24.15 26.70 16.49 9.22 10.46 10.14 13.39
Fuel oil - maritime TJ 80.26 65.28 63.97 38.21 12.78 14.79 11.06 23.32
CO2 emission kt 27.32 22.48 22.56 13.68 1.68 11.41 11.10 12.29
CH4 emission kt 0.002 0.001 0.001 0.001 0.000 0.001 0.001 0.001
N20 emission kt 0.008 0.007 0.007 0.004 0.000 0.004 0.004 0.004
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Figure 3.2.8.11. Fuel consumption in 1.A.3.d category for 1988-2013
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Figures 3.2.8.12 and 3.2.8.13 show emissions of CO,, CH, and N,O, respectively in the sub-category
1.A.3.d for the entire time series 1988-2013.
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Figure 3.2.8.12. CO, emission for 1.A.3.d category in 1988-2013
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Figure 3.2.8.13. CH, and N,O emissions for 1.A.3.d category in 1988-2013

3.2.8.2.5. Other transportation (CRF sector 1.A.3.e)

Pipeline transport contains combustion related emissions from the operation of pump stations and
maintenance of pipelines. From year 2000, when gas pipeline Jamal was completed, the amount of
this fuel increased sharply from 21 TJ in 1999 to 2498 TJ in 2000.

The amounts of fuels consumption in the sub-category 1.A.3.e.i. Pipelines transport in the 1988-2013
period are shown in table 3.2.8.9. Natural gas consumption is shown on figure 3.2.8.14.
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Table 3.2.8.9. Fuel consumption and GHG emission in years 1988 - 2013

1988 1989 1990 1991 1992 1993 1994 1995 1996
Gasoline T) 0 0 0 0 0 0 0 0 0
Diesel oil T) 0 0 0 0 0 0 0 0 0
Natural gas T) 0 0 0 0 0 0 1 7 24
CO2 emission kt 0 0 0 0 0 0 0.06 0.39 1.34
CH4 emission kt 0 0 0 0 0 0 | 0.000001 | 0.000007 | 0.000024
N20 emission | kt 0 0 0 0 0 0 | 0.000000 | 0.000001 | 0.000002
1997 1998 1999 2000 2001 2002 2003 2004 2005
Gasoline T) 0 0 0 0 45 45 45 45 45
Diesel oil T) 0 43 43 0 43 43 43
Natural gas T) 26 23 21 2 498 3262 3502 5257 7 381 9 866
CO2 emission kt 1.45 1.28 1.17 142.59 188.32 198.57 299.68 418.24 556.96
CH4 emission kt 0.000026 | 0.000023 | 0.000021 | 0.002627 | 0.003526 | 0.003637 | 0.005521 | 0.007645 | 0.010130
N20 emission | kt 0.000003 | 0.000002 | 0.000002 | 0.000276 | 0.000379 | 0.000377 | 0.000579 | 0.000791 | 0.001039
2006 2007 2008 2009 2010 2011 2012 2013
Gasoline T) 0 45 0 45 0 0 0 0
Diesel oil T) 43 43 43 43 43 43 43 43
Natural gas T) 12 912 11 828 13 442 11084 9269 9299 10 806 15 422
CO2 emission kt 723.89 666.47 742.79 619.04 513.43 522.22 606.34 864.00
CH4 emission kt 0.013041 | 0.012092 | 0.013571 | 0.011348 | 0.009398 | 0.009428 | 0.010935 | 0.015551
N20 emission | kt 0.001317 | 0.001236 | 0.001370 | 0.001161 | 0.000953 | 0.000956 | 0.001106 | 0.001568
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Figure 3.2.8.14. Natural gas consumption in Pipelines transport category

=

or 1988- 2013

Figures 3.2.8.15 and 3.2.8.16 show respectively emissions of CO,, CH, and N,0, in the sub-category
1.A.3.e from Pipelines for the entire time series 1988-2013.
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Figure 3.2.8.15. CO, emission from Pipelines category in 1988-2013
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Figure 3.2.8.16. CH, and N,O emissions from Pipelines category in 1988-2013

3.2.8.2.6. Other mobile sources outside of the source category 1.A.3

Other mobile sources included in the national inventory in sub-categories other than 1.A.3 include:

¢ machinery and off-road transport in agriculture (sub-category 1.A.4.c.ii) — classified in
source category 1.A.4
o fishery (sub-category 1.A.4.c.iii) - classified in source category 1.A.4

The amounts of fuels used in the above listed sub-categories in the 1988-2013 period are presented
in table 3.2.8.10 and figure 3.2.8.17. The amounts of corresponding emissions of CO,, CH, and N,0
are shown in tables 3.2.8.11-3.2.8.12 and figures 3.2.8.18 and 3.2.8.19.
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Table 3.2.8.10. Fuel consumption in 1988-2013 in mobile sources in subcategories other than 1.A.3

1988 1989 1990 1991 1992 1993 1994 1995 1996

ON-1.A4.c.ii PJ 49.42 47.82 50.54 48.70 57.22 72.17 78.16 82.29 91.78
ON-1.A.4.c.iii PJ 4.55 4.15 3.43 3.30 3.44 2.82 3.22 3.16 2.60
OP-1.A4.c.iii PJ 7.54 6.87 5.67 5.46 5.69 4.67 5.33 5.24 4.24

1997 1998 1999 2000 2001 2002 2003 2004 2005
ON-1.A.4.c.ii PJ 106.78 97.15 99.50 | 110.24 | 102.76 | 102.45 | 103.66 | 105.59 | 108.01
ON-1.A.4.c.iii PJ 2.70 1.95 1.96 1.73 1.83 1.79 1.44 1.62 1.38
OP-1.A4.c.iii PJ 4.41 3.18 3.19 2.83 2.98 2.93 2.36 2.65 2.25

2006 2007 2008 2009 2010 2011 2012 2013
ON-1.A.4.c.ii PJ 80.21 73.73 73.78 71.68 71.89 72.49 73.03 71.39
ON-1.A.4.c.iii PJ 1.30 1.35 1.30 1.93 1.59 1.64 1.66 1.78
OP-1.A4.c.iii PJ 2.13 2.20 2.11 3.14 2.60 2.67 2.71 291

Table 3.2.8.11. GHG emission in 1988-2013 in subcategory 1.A.4.c.ii.

1.A4.c.ii 1988 1989 1990 1991 1992 1993 1994 1995 1996
CO2 emission | kt 3662 3544 3745 3609 4240 5348 5792 6 098 6 801
CH4 emission | kt 0.205 0.198 0.210 0.202 0.237 0.300 0.324 0.342 0.381
N20 emission | kt 1.413 1.368 1.446 1.393 1.637 2.064 2.235 2.354 2.625
1.A4.c.ii 1997 1998 1999 2000 2001 2002 2003 2004 2005
CO2 emission | kt 7912 7199 7373 8168 7615 7592 7681 7 824 8 004
CH4 emission | kt 0.443 0.403 0.413 0.457 0.426 0.425 0.430 0.438 0.448
N20 emission | kt 3.054 2.778 2.846 3.153 2.939 2.930 2.965 3.020 3.089
1.A4.c.ii 2006 2007 2008 2009 2010 2011 2012 2013
CO2 emission | kt 5943 5463 5467 5312 5327 5372 5412 5290
CH4 emission | kt 0.333 0.306 0.306 0.297 0.298 0.301 0.303 0.296
N20 emission | kt 2.294 2.109 2.110 2.050 2.056 2.073 2.089 2.042

Table 3.2.8.12. GHG emission in 1988-2013 in subcategory 1.A.4.c.iii.

1.A.4.c.iii 1988 1989 1990 1991 1992 1993 1994 1995 1996
CO2 emission | kt 921 839 693 667 695 570 651 640 521
CH4 emission | kt 0.085 0.077 0.064 0.061 0.064 0.052 0.060 0.059 0.048
N20 emission | kt 0.024 0.022 0.018 0.018 0.018 0.015 0.017 0.017 0.014
1.A4.c.iii 1997 1998 1999 2000 2001 2002 2003 2004 2005
CO2 emission | kt 542 391 392 347 366 359 289 325 277
CH4 emission | kt 0.050 0.036 0.036 0.032 0.034 0.033 0.027 0.030 0.025
N20 emission | kt 0.014 0.010 0.010 0.009 0.010 0.009 0.008 0.009 0.007
1.A.4.c.iii 2006 2007 2008 2009 2010 2011 2012 2013
CO2 emission | kt 261 270 260 386 319 328 332 357
CH4 emission | kt 0.024 0.025 0.024 0.035 0.029 0.030 0.031 0.033
N20 emission | kt 0.007 0.007 0.007 0.010 0.008 0.009 0.009 0.009
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Figure 3.2.8.17. Fuel consumption in 1988-2013 in mobile sources in subcategories other than 1.A.3
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Figure 3.2.8.18. GHG emission in 1988

1.00
- 0.90

=}
~Noe
=}

L

CO2 [thous. kt]
o o o o

n S @

o o o o

- 0.20

- 0.10
- 0.00

0.10
0.08 -

T
<
=

0.02

T
©
Q

o o
[»i] OzgN pue yHD

0.00 -

€10¢

c10te

T10C

010¢

600¢

800¢

£00¢

900¢

S00T

00¢

€00¢

00t

T00C

000¢

6661

8661

L66T

9661

S661

661

€661

661

T661

0661

6861

8861

CO2 emission

[ N20 emission

N CH4 emission

Figure 3.2.8.19. GHG emission in 1988-2013 in subcategory 1.A.4.c.iii.
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3.2.8.3. Uncertainties and time-series consistency

See chapter 3.2.6.3

3.2.8.4. Source-specific QA/QC and verification

See chapter 3.2.6.4

3.2.8.5. Source-specific recalculations

— fuel consumption in 1988 and 1989 were updated based on IEA database and in period 1990-
2011 on actual Eurostat (table 3.2.8.3);
- in sector 1.A.3.a Domestic aviation, domestic vs. international split of jet fuel was based on

Eurocontrol data(table 3.2.8.14-16);

Table 3.2.8.13. Changes in CO2 emission resulting from recalculations.

Difference | 1988 1989 1990 1991 1992 1993 1994 1995 1996

kt 12.84 17.66 7.91 8.17 8.86 8.83 8.94 9.64 11.33

% 0.05 0.07 0.04 0.04 0.04 0.04 0.04 0.04 0.04
Difference | 1997 1998 1999 2000 2001 2002 2003 2004 2005

kt 10.15 10.34 9.23 9.82 6.54 6.35 7.19 6.94 19.22

% 0.04 0.04 0.03 0.04 0.02 0.02 0.03 0.02 0.06
Difference | 2006 2007 2008 2009 2010 2011 2012

kt 20.63 11.52 5.62 281.54 316.44 362.95 -80.72

% 0.05 0.03 0.01 0.63 0.67 0.76 -0.17

Table 3.2.8.14. Changes in CO, emission in subsector 1.A.3.a. Domestic aviation resulting from
recalculations.

Difference | 1988 1989 1990 1991 1992 1993 1994 1995 1996
kt 12.84 17.66 7.91 8.17 8.86 8.83 8.94 9.64 11.33
% 10.84 12.99 13.35 16.07 20.01 17.48 12.77 15.18 18.51
Difference | 1997 1998 1999 2000 2001 2002 2003 2004 2005
kt 10.15 10.34 9.23 9.82 9.67 9.49 10.26 10.08 22.36
% 16.24 18.15 18.82 19.04 18.99 17.80 18.12 19.13 38.22
Difference | 2006 2007 2008 2009 2010 2011 2012
kt 20.63 14.65 5.62 8.26 16.12 24.72 117.33
% 27.55 18.15 6.16 9.52 17.78 26.79 206.52

Table 3.2.8.15. Changes in CH,; emission in subsector 1.A.3.a. Domestic aviation resulting from
recalculations.

Difference | 1988 1989 1990 1991 1992 1993 1994 1995 1996
kt 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 | 0.0001
% 0.16 0.24 0.25 0.41 1.09 0.56 0.23 0.35 0.71
Difference | 1997 1998 1999 2000 2001 2002 2003 2004 2005
kt 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 | 0.0002
% 0.43 0.65 0.77 0.82 0.80 0.60 0.64 0.84 1.85
Difference | 2006 2007 2008 2009 2010 2011 2012
kt 0.0001 0.0001 0.0000 0.0001 0.0001 0.0002 0.0008
% 1.68 0.91 0.45 0.51 0.99 1.23 5.94
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Table 3.2.8.16. Changes in N,O emission in subsector 1.A.3.a. Domestic aviation resulting from
recalculations.

Difference | 1988 1989 1990 1991 1992 1993 1994 1995 1996
kt 0.0004 0.0006 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 | 0.0004
% 16.06 17.78 18.04 19.82 21.91 20.63 17.61 19.27 21.18
Difference | 1997 1998 1999 2000 2001 2002 2003 2004 2005
kt 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 | 0.0007
% 19.92 20.99 21.33 21.45 21.42 20.80 20.97 21.49 42.40
Difference | 2006 2007 2008 2009 2010 2011 2012
kt 0.0007 0.0005 0.0002 0.0003 0.0005 0.0008 0.0037
% 29.85 20.06 6.58 10.45 19.44 29.92 248.65

3.2.8.6. Source-specific planned improvements

- developing a methodology to split domestic and international aviation bunker fuels and

estimating emissions from aviation;

- improving the methodology of estimating emissions from road transport.
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3.2.9. Other sectors (CRF sector 1.A.4)

3.2.9.1. Source category description

Emissions in 1.A.4 Other Sectors are estimated for each fuel in detailed sub-categories given below:

a) Commercial/Institutional (1.A.4.a)

b) Residential (1.A.4.b)

c) Agriculture/Forestry/Fishing (1.A.4.c)
— agriculture — stationary sources,
— agriculture — mobile sources: off-road vehicles and other machinery,
- fishing.

Subsector 1.A.4.b Residential is by far the largest contributor to emissions from this category (see
figure 3.2.9.1) — about 67 % in 2013.
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Figure 3.2.9.1. GHG emissions from
subcategories

4. Other sectors in years 1988-2013 according to

3.2.9.2. Methodological issues

Methodology of emission estimation in 1.A.4 subcategory corresponds with methodology described
for fuel combustion in stationary sources. Detailed information on fuel consumption and applied
emission factors for subsectors included in 1.A.4 subcategory are presented in Annex 2.
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3.2.9.2.1. Other Sectors — Commercial/Institutional (1.A.4.a)

The data on fuel type use in the sub-category 1.A.4.a Other Sectors — Commercial/Institutional over
the 1988-2013 period are presented in table 3.5.9.1. Detailed data concerning fuel consumption in
1.A.4.a subcategory was tabulated in Annex 2 (table 11).

Table 3.5.9.1. Fuel consumption in 1988-2013 in 1.A.4.a subcategory [PJ]

1988 1989 1990 1991 1992 1993 1994 1995
Liquid Fuels 0.000 0.000 0.000 0.000 0.000 0.000 1.334 0.782
Gaseous Fuels 13.079 12.601 13.787 10.977 11.190 11.548 9.573 13.260
Solid Fuels 297.025 244.614 91.215 92.072 95.735 86.052 64.046 62.499
Other Fuels 2.135 0.144 0.504 0.081 0.011 0.352 0.089 0.000
Biomass 0.084 0.123 4.880 3.132 0.206 12.374 11.968 11.983
TOTAL 312.322 257.481 110.386 106.262 107.142 110.326 87.010 88.524
1996 1997 1998 1999 2000 2001 2002 2003
Liquid Fuels 1.769 6.118 7.784 10.346 16.522 21.281 22.808 24.014
Gaseous Fuels 18.771 24.256 32.769 37.696 38.567 49.971 61.001 67.057
Solid Fuels 52.142 48.086 29.849 27.864 22.004 17.283 29.822 29.723
Other Fuels 0.124 0.000 0.003 0.004 0.024 0.091 0.101 0.071
Biomass 10.625 9.627 9.085 9.216 9.211 6.596 6.440 6.466
TOTAL 83.431 88.087 79.490 85.126 86.328 95.222 120.172 127.331
2004 2005 2006 2007 2008 2009 2010 2011
Liquid Fuels 21.300 17.813 28.496 27.788 27.328 25.682 30.953 28.986
Gaseous Fuels 69.570 68.410 63.517 65.488 71.250 75.746 83.433 78.278
Solid Fuels 28.433 28.087 32.202 27.900 30.862 33.550 40.119 33.638
Other Fuels 0.002 0.022 0.000 0.000 0.037 0.123 0.024 0.046
Biomass 6.599 6.544 5.113 5.802 5.896 7.946 8.923 9.781
TOTAL 125.904 120.876 129.328 126.978 135.373 143.047 163.452 150.729
2012 2013
Liquid Fuels 22.450 18.007
Gaseous Fuels 80.888 76.501
Solid Fuels 34.142 31.724
Other Fuels 0.037 0.421
Biomass 9.113 9.560
TOTAL 146.630 136.213

Figures 3.5.9.2 and 3.5.9.3 show emissions of CO, CH, and N,O, respectively in the sub-category
1.A.4.ain the period 1988-2013.
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Figure 3.5.9.2. CO, emission for 1.A.4.a category in 1988-2013
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Figure 3.5.9.3. CH, and N,0 emissions for 1.A.4.a category in 1988-2013

3.2.9.2.2. Residential (CRF sector 1.A.4.b)

The data on fuel type use in stationary sources in the sub-category 1.A.4.b Residential over the 1988-
2013 period are presented in table 3.5.2. Detailed information on fuel consumption for 1.A.4.b
subcategory are presented in Annex 2 (table 12).

Table 3.5.2. Fuel consumption in 1988-2013 in 1.A.4.b subcategory [PJ]
1988 1989 1990 1991 1992 1993 1994 1995
Liquid Fuels 6.762 7.452 1.702 1.012 1.840 6.072 8.970 12.834
Gaseous Fuels 102.581 107.619 122.204 133.674 141.212 141.590 151.671 159.559
Solid Fuels 617.874 546.675 307.564 385.686 390.347 413.265 346.089 339.463
Other Fuels 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Biomass 33.615 32.351 34.335 27.721 33.969 106.000 104.715 105.000
TOTAL 760.831 694.097 465.805 548.093 567.368 666.927 611.445 616.856
1996 1997 1998 1999 2000 2001 2002 2003
Liquid Fuels 18.245 24.835 26.980 29.101 37.400 42.150 44.342 48.252
Gaseous Fuels 143.057 150.022 138.268 135.995 127.611 133.737 127.093 127.629
Solid Fuels 358.593 307.562 235.470 243.304 179.024 198.224 219.937 217.497
Other Fuels 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Biomass 101.000 100.000 100.700 95.000 95.000 104.500 104.500 103.075
TOTAL 620.895 582.419 501.418 503.400 439.035 478.611 495.872 496.453
2004 2005 2006 2007 2008 2009 2010 2011
Liquid Fuels 45.370 42.305 42.305 39.364 35.963 33.264 29.386 27.763
Gaseous Fuels 126.376 135.111 138.686 132.622 131.450 134.857 148.427 135.471
Solid Fuels 228.811 255.087 290.173 260.866 279.849 288.024 352.789 285.169
Other Fuels 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Biomass 103.360 100.700 104.500 102.000 102.500 102.500 112.746 115.000
TOTAL 503.917 533.203 575.664 534.852 549.762 558.645 643.348 563.403
2012 2013
Liquid Fuels 26.767 25.084
Gaseous Fuels 141.397 143.187
Solid Fuels 301.038 289.812
Other Fuels 0.000 0.000
Biomass 116.850 116.850
TOTAL 586.052 574.933
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Figure 3.5.9.4 show emissions of CO,in 1.A.4.b in the 1988-2013 period while CH, and N,0O, emissions

in the same sub-category are shown in figure 3.5.9.5.
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Figure 3.5.9.4. CO, emission for 1.A.4.b category in 1988-2013

=== CH4 emission === N20 emission

[1] uoissiwa OzZN
Q@ w Qo un
o~ — - o

o

Q
o

/

o o o o
o [Tp] o mn
(a\] — i

[¥1] vorssiwa vHD

o

€T0¢

+ ¢T0¢
+ T10¢
-+ 0T0¢C
-+ 600¢
+ 800¢
+ £00¢
-+ 900¢
+ 500¢
-+ ¥00¢
+ €00¢
+ ¢00¢
+ T00¢
-+ 000¢
+ 6661
+ 8661
+ L66T
+ 9661
+ 9661
+ V66T
+ €661
+ 661
+ T66T
+ 0661
+ 6861

8861

Figure 3.5.9.5. CH, and N,O emissions for 1.A.4.b category in 1988-2013
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3.2.9.2.3. Agriculture/Forestry/Fishing — stationary sources (CRF sector 1.A.4.c)

The data on fuel type use in stationary sources in the sub-category 1.A.4.c Agriculture/Forestry/
Fishing over the 1988-2013 period are presented in table 3.5.9.3. Detailed data concerning total fuel
consumption in 1.A.4.c subcategory (including fuel consumption related to off-road vehicles and
other machinery in agriculture and fuel use in fishing) was tabulated in Annex 2 (table 13).

Table 3.5.9.3. Fuel consumption in stationary sources in 1.A.4.c subcategory for years 1988-2013 [PJ]

1988 1989 1990 1991 1992 1993 1994 1995
Liquid Fuels 2.720 2.600 3.560 2.720 1.440 14.074 18.302 10.532
Gaseous Fuels 0.507 0.445 0.448 0.275 0.055 0.132 0.212 0.243
Solid Fuels 42.691 42.026 39.465 59.710 64.662 63.946 66.261 64.299
Other Fuels 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Biomass 0.039 0.113 0.039 0.278 0.583 20.057 18.367 18.500
TOTAL 45,956 45.185 43,512 62.983 66.740 98.209 103.142 93.574
1996 1997 1998 1999 2000 2001 2002 2003
Liquid Fuels 6.272 9.152 8.182 8.437 8.832 8.483 6.909 9.374
Gaseous Fuels 0.428 0.571 0.868 0.476 0.536 0.777 0.914 1.197
Solid Fuels 68.014 58.905 53.170 55.389 37.590 41.916 35.065 34.071
Other Fuels 0.000 0.000 0.000 0.006 0.012 0.011 0.000 0.000
Biomass 17.567 17.000 17.100 17.106 17.113 19.053 19.010 19.017
TOTAL 92.281 85.628 79.320 81.414 64.083 70.240 61.898 63.659
2004 2005 2006 2007 2008 2009 2010 2011
Liquid Fuels 9.404 10.689 4.334 3.724 3.930 3.495 3.265 3.671
Gaseous Fuels 1.182 1.084 1.492 1.840 1.900 1.577 1.486 1.531
Solid Fuels 35.838 39.001 46.028 40.728 45.335 44.947 53.241 43.882
Other Fuels 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Biomass 19.878 19.038 19.977 19.060 19.024 19.030 21.088 24.154
TOTAL 66.302 69.812 71.831 65.352 70.189 69.049 79.080 73.238
2012 2013
Liquid Fuels 3.705 2.905
Gaseous Fuels 1.796 1.501
Solid Fuels 45.552 44.603
Other Fuels 0.000 0.000
Biomass 21.200 21.223
TOTAL 72.253 70.232

Figures 3.5.9.6 and 3.5.9.7 show emissions of CO, and CH, and N,O, respectively in the sub-category
1.A.4.cin the period: 1988-2013.
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Figure 3.5.9.6. CO, emission for stationary sources in 1.A.4.c category in 1988-2013
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Figure 3.5.9.7. CH, and N,0 emissions for stationary sources in 1.A.4.c category in 1988-2013

The mobile sources classified in the sub-category 1.A.4.c (i.e. off-road vehicles and other machinery
in agriculture and fishing) are described in chapter 3.2.8.2.6.
3.2.9.3. Uncertainties and time-series consistency

See chapter 3.2.6.3

3.2.9.4. Source-specific QA/QC and verification
See chapter 3.2.6.4

3.2.9.5. Source-specific recalculations

— activity data on fuel consumption for years 1990-2012 were updated according to current

Eurostat database.
- default CO, emission factors from 1996 IPCC GLs were replaced with EFs recommended in 2006

Gls;
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Table. 3.2.9.4. Changes in GHG emissions in 1.A.4 subsector as a result of recalculations

Changes | 1988 | 1989 | 1990 | 1991 | 1992 | 1993 | 1994 1995
co2

kt 284.29 196.14 111.54 94.03 13807 | 189.38 | 20876 | 18458

% 03 0.2 0.2 0.1 0.2 03 03 03
CH4

kt 0.007 0.007 0.008 0.007 0.009 0.011 0.012 0.008

% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
N20

kt 1.092 1.056 1.116 1.076 1.264 1.594 1.727 1.818

% 57.2 62.2 97.1 85.5 93.5 84.0 95.8 100.2

Changes 1996 1997 1998 1999 2000 2001 2002 2003
o2

kt 183.40 138.20 78.96 96.61 113.78 | 190.93 | 3823.11 | 4277.84

% 03 0.2 0.2 0.2 03 0.4 8.1 9.0
CH4

kt 0.008 -0.002 -0.006 -0.004 -0.001 0009 | 11430 12841

% 0.0 0.0 0.0 0.0 0.0 0.0 10.8 124
N20

kt 2.027 2358 2.145 2.197 2.434 2.270 2320 2354

% 108.6 126.3 129.3 131.8 151.1 139.2 143.8 146.8

Changes 2004 2005 2006 2007 2008 2009 2010 2011
o2

kt 4386.12 4602.41 4715.87 4052.26 4123.74 | 4597.54 | 5649.36 | 4494.34

% 9.1 9.1 8.9 8.3 8.0 8.8 9.5 8.7
CH4

kt 13.195 13.937 14.401 12.302 12565 | 13.863 | 17.268 | 13.525

% 12.3 12.2 11.3 104 10.0 109 116 10.3
N20

kt 2.398 2.456 1.844 1.690 1.693 1.657 1.679 1.673

% 146.6 146.6 117.0 114.7 112.1 109.7 100.6 105.7

Changes 2012

o2
kt 4893.61
% 9.2
CH4
kt 14.549
% 10.8
N20
kt 1.682
% 104.8

3.2.9.6. Source-specific planned improvements

— analysis of the possibility of country specific EF elaboration for the gaseous fuels in Polish fuel

structure.
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3.3. Fugitive emissions (CRF sector 1.B)
3.3.1. Fugitive emission from solid fuels (CRF sector 1.B.1)

3.3.1.1. Source category description

Fugitive emission from solid fuels involves emission from coal mining and handling (CH,) and
emission from coke oven gas subsystem (CO, and CH,).

The biggest share of emission in 1.B category comes from coal mining and handling. The hard coal
and lignite extraction are presented at the graph bellow (Figure 3.3.1). The main reason for the
decreasing coal extraction since late 1980s was the declining demand for coal and lignite in economy.
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Figure 3.3.1. Hard coal and lignite extraction in 1988-2013.

3.3.1.2. Methodological issues

3.3.1.2.1 Fugitive emissions from fuels — coal mining (CRF sector 1.B.1.a.)

Coal Mining and Handling — underground mines (1.B.1.a.i.)

Coal production in 2013 was to 68 399 kt and compared to the previous year, was lower by 2 940 kt
[Polish Geological Institute (P1G) 2014].

Tier 1 method has been used for calculation of fugitive emissions from coal mining and post-mining
[IPCC 2006, page 4.11-4.12]

Fugitive emission of CH,; from coal mining and post-mining was estimated based on the activity data
concerning hard coal extraction amount from the study published by Polish Geological Institute [PIG.
2013] and emission factors presented in table 3.3.1. have been taken from IPCC 2006.
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Table 3.3.1. CH, Emission factor for calculation mining and post-mining emission from coal mines

CH, emission factor
Mining 6.80 [m3CH4/t; IPCC 1996, table I-54 str.1.105]
Post -Mining 2.50 [m3CH4/t; IPCC 2006, page 4.12]

Tier 1 method was used used for calculation of fugitive emissions from abandoned underground
mines, [IPCC 2006, page 4.21 equation 4.1.9.] Fugitive emission of CH,; from coal mining and post-
mining was estimated based on number of abandoned underground mines from the data provided
by State Mining Authority [SMA- 2014] and emission factors from IPCC 2006 — table 4.1.5, 4.1.6, and
4.1.7.

Table 3.3.2 shows data on hard coal extraction, total methane emissions from coal mines and
emission from abandoned underground mines, in 1988-2013 .

Table 3.3.2. Hard coal extraction, total methane emissions from coal mines and abandoned
underground mines, in 1988-2013 .

Emission from abandoned
Year Hard coal extraction [kt] CH, Emissions [kt] underground mines [kt CH,]
1988 191 624 1194.01 10.46
1989 175947 1096.33 10.46
1990 151321 942.88 10.46
1991 143 131 891.85 8.94
1992 132 730 827.04 12.26
1993 131 400 818.75 7.18
1994 134078 835.44 6.62
1995 135523 844.44 6.17
1996 136 272 849.11 5.80
1997 132576 826.08 5.48
1998 113 859 709.46 5.21
1999 109 986 685.32 4.98
2000 102 081 636.07 4.78
2001 102 477 638.53 49.95
2002 96 160 599.17 20.88
2003 97 274 606.11 15.35
2004 95 623 595.83 12.66
2005 93 006 579.52 11.02
2006 89 342 556.69 9.87
2007 82779 515.80 9.01
2008 77 989 485.95 8.35
2009 70 500 439.29 7.80
2010 69 186 431.12 7.36
2011 67 637 421.45 6.98
2012 71339 444,51 6.65
2013 68 399 426.19 6.36
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Coal Mining and Handling — surface mines (1.B.1.a.ii.)

Tier 1 method was used for calculation of fugitive emissions from coal mining and post-mining [IPCC
2006, page 4.18-4.19]

Fugitive emission of CH, from coal mining and post-mining was estimated based on the activity data
concerning lignite extraction amount from the study published by Polish Geological Institute [PIG.
2014] and emission factors from IPCC 2006. (table 3.3.3.).

Table 3.3.3 CH, Emission factor for calculation mining and post-mining emission from surface coal

mining.

CH, emission factor

Mining 1.20 [m3CH4/t; IPCC 2006, table I-54 str.4.18]
Post -Mining 0.1 [m3CH4/t; IPCC 2006, page 4.19]

The conversion factor applied for recalculation of emitted methane volume to mass of CH, is 0.67
kg/m?>.

In table 3.3.3 are shown data on lignite extraction and total related methane emissions in 1988-2013.

Table 3.3.3. Lignite extraction and total methane emissions from lignite mines in 1988-2013.

Year Lignite extraction [kt] CH, Emissions [kt]
1988 73 970 000 64.43
1989 72 000 000 62.71
1990 67 680 000 58.95
1991 68 720 000 59.86
1992 66 900 000 58.27
1993 68 200 000 59.40
1994 66 780 000 58.17
1995 63 550 000 55.35
1996 63 850 000 55.61
1997 63 200 000 55.05
1998 62 880 000 54.77
1999 60 860 000 53.01
2000 59 490 000 51.82
2001 59 550 000 51.87
2002 58 240 000 50.73
2003 60 920 000 53.06
2004 61 190 000 53.30
2005 61 610 000 53.66
2006 60 850 000 53.00
2007 57 700 000 50.26
2008 59 500 000 51.82
2009 57 060 000 49.70
2010 56 520 000 49.23
2011 62 890 000 54.78
2012 64 297 000 56.00
2013 66 139 000 57.61
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3.3.1.2.2. Fugitive emission from solid fuel transformation (1.B.1.b.)

Processing emission of CO, from coking plants in the period 1990-2013 was estimated based on
carbon budgets in the coking plants (tab. 3.3.4). Data concerning input and output are based on
[Eurostat] and [GUS 1991a-2013a]. Coke productions for 1990-2013 were applied according to data
in Eurostat [Eurostat].

The Eurostat database does not cover energy balances for Poland for the years before 1990 so data
on input and output in coking plants (i.e. coke output) applied for C balance in coke production
process for the period: 1988-1989 were taken from |IEA database [IEA].

The amounts of carbon in the input and output components used in C balances for entire period
were calculated based on IPCC factors [IPCC 1997. IPCC 2006].

Fuels given as the input in C balance for coke production process (tab. 3.3.5) did not include the fuels
for energy purpose of the process. Emission from coke production given in 1.A.1.c subcategory was
related to the fuel consumption for energy purpose of the coke plants. so double counting should not
be the case in GHG inventory.

CO, emission from coke production in Polish GHG inventory is split between two sub-categories and
is reported under following sub-sectors:

- 1.A.l.c — includes the emission estimated based on fuel use. given in Eurostat database as
Consumption of the energy branch — Coke-oven and gas-works plants (it means based on fuel
consummated for own energy purpose)

- 2.C.1 — includes the emission calculated based on C balance (i.e. carbon emission = carbon
content in transformation output — carbon content in transformation input)

CH, emission in the period 1990-2013 was estimated based on coke production volume from
[Eurostat] while for 1988 and 1989 from [IEA]. For the entire period emission factor equal 0.5 kg
CH,/Mg coke produced [IPCC 1997; Workbook table 2-9] was applied.
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Table 3.3.5. Carbon balance for coke production in years 1988-2013.

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
INPUT [TJ]
Coking coal 656592 637742 535538 448105 437665 405168 436596 451761 403902 423800 377787 338208 366814
High Methane Natural Gas 0 1239 0 0 0 0 0 0 0 0 0 0 0
Coke 969 542 1767 1568 2394 2337 1824 1682 2109 1482 2024
Blast furnace gas 0 152 0 0 0 0 0 0 0 0 0 0 0
Tar 0 0 0 0 0 0 0 0 0 0 0 0 0
Industrial waste 7 0 0
NCV [MJ/kg]
Coking coal 29.41 29.41 29.41 29.41 29.41 29.41 28.49 29.36 29.36 29.45 29.54 29.48 29.62
INPUT — Material-specific carbon content [kg C/GJ]
Coking coal 26.02 26.02 26.02 26.02 26.02 26.02 26.06 26.03 26.03 26.02 26.02 26.02 26.02
High Methane Natural Gas 15.3 15.3 15.3 15.3 15.3 15.3 15.3 15.3 15.3 15.3 15.3 15.3 15.3
Coke 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5
Blast furnace gas 66.0 66.0 66.0 66.0 66.0 66.0 66.0 66.0 66.0 66.0 66.0 66.0 66.0
Tar 22.0 22.0 22.0 22.0 22.0 22.0 22.0 22.0 22.0 22.0 22.0 22.0 22.0
Industrial waste 39.0 39.0 39.0 39.0 39.0 39.0 39.0 39.0 39.0 39.0 39.0 39.0 39.0
INPUT - Carbon contents in charge components [kt]
Coking coal 17087.6 16597.0 13937.2 11661.8 11390.1 10544.3 11378.1 11757.8 10512.1 11028.5 9829.9 8800.9 9543.2
High Methane Natural Gas 0.0 19.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Coke 0.0 0.0 28.6 16.0 52.1 46.3 70.6 68.9 53.8 49.6 62.2 43.7 59.7
Blast furnace gas 0.0 10.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Tar 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Industrial waste 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Carbon contents in charge — SUM [kt] 17087.8 16626.0 13965.7 11677.7 11442.2 10590.6 11448.7 11826.7 10565.9 11078.2 9892.1 8844.6 9602.9
OUTPUT [TJ]
Coke 471501.8 | 455831.8 | 385206.0 | 323646.0 | 315381.0 | 292838.0 | 326468.0 | 329973.0 | 294662.0 | 300248.0 | 277761.0 | 238488.0 | 255702.0
Coke-Oven Gas 118914.6 | 117040.4 96832.0 84743.0 82307.0 75753.0 84002.0 84767.0 76036.0 79286.0 73457.0 62989.0 68849.0
Tar 27580.0 27429.3 22885.3 20268.2 20648.1 19071.4 21146.6 21265.0 19831.9 19600.4 17949.6 16264.8 17003.0
Benzol 7701.5 7230.9 6166.9 5150.7 5646.2 5159.1 6010.6 6056.5 5446.7 5428.6 4856.9 4524.7 2498.5
OUTPUT — Material-specific carbon content [kg C/GJ]
Coke 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5
Coke-Oven Gas 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0
Tar 22 22 22 22 22 22 22 22 22 22 22 22 22
Benzol 23 23 23 23 23 23 23 23 23 23 23 23 23
OUTPUT - Carbon content in products [kt]
Coke 13909.3 13447.0 11363.6 9547.6 9303.7 8638.7 9630.8 9734.2 8692.5 8857.3 8193.9 7035.4 7543.2
Coke-Oven Gas 1545.9 1521.5 1258.8 1101.7 1070.0 984.8 1092.0 1102.0 988.5 1030.7 954.9 818.9 895.0
Tar 606.8 603.4 503.5 445.9 454.3 419.6 465.2 467.8 436.3 431.2 394.9 357.8 374.1
Benzol 177.1 166.3 141.8 118.5 129.9 118.7 138.2 139.3 125.3 124.9 111.7 104.1 57.5
Carbon content in products — SUM [kt] 16239.1 15738.3 13267.7 11213.6 10957.9 10161.7 11326.3 11443.3 10242.6 10444.1 9655.5 8316.1 8869.8
C process emission[kt] 848.8 887.7 698.0 464.2 484.3 428.8 122.4 383.4 323.3 634.1 236.6 528.4 733.2
CO, process emission[kt] 3112.1 3254.8 2559.5 1701.9 1775.9 1572.4 448.8 1405.9 1185.5 2324.9 867.5 1937.6 2688.3
Coke output [kt] 17007 16499 13516 11356 11066 10275 11455 11578 10339 10535 9746 8368 8972
EF [kg CO,/Mg of coke] 183 197 189 150 160 153 39 121 115 221 89 232 300
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Table 3.3.5. (cont.) Carbon balance for coke production in years 1988-2013.

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
INPUT [TJ]
Coking coal 362343 | 353752 | 410854 | 405806 | 335694 | 383094 | 405666 | 392453 | 277057 | 383177 | 364348 | 350150| 371333
High Methane Natural Gas 0 0 0 0 0 0 0 0 0 0 0 0 0
Coke 1055 1710 1568 1710 2138 2366 2651 3050 1938 3021 2 964 2 366 1710
Blast furnace gas 0 0 0 0 0 0 0 0 0 0 0 0 0
Tar 0 0 0 0 0 0 0 0 0 0 0 0 0
Industrial waste 3.5 0 0 0
NCV [MJ/kg]
Coking coal 29.53 29.53 29.56 29.55 29.51 29.59 29.50 29.57 29.56 29.49 29.52 29.60 29.59
INPUT — Material-specific carbon content [kg C/GJ]
Coking coal 26.02 26.02 26.02 26.02 26.02 26.02 26.02 26.02 26.02 26.02 26.0 26.0 26.0
High Methane Natural Gas 15.3 15.3 15.3 15.3 15.3 15.3 15.3 15.3 15.3 15.3 15.3 15.3 15.3
Coke 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5
Blast furnace gas 66.0 66.0 66.0 66.0 66.0 66.0 66.0 66.0 66.0 66.0 66.0 66.0 66.0
Tar 22.0 22.0 22.0 22.0 22.0 22.0 22.0 22.0 22.0 22.0 22.0 22.0 22.0
Industrial waste 39.0 39.0 39.0 39.0 39.0 39.0 39.0 39.0 39.0 39.0 39.0 39.0 39.0
INPUT - Carbon contents in charge components [kt]
Coking coal 9428.2 9204.6 | 10689.9 | 10558.7 8735.0 9967.2 | 10555.8| 10211.0 7208.7 9970.8 9480.5 9110.0 9661.2
High Methane Natural Gas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Coke 31.1 50.4 46.3 50.4 63.1 69.8 78.2 90.0 57.2 89.1 87.4 69.8 50.4
Blast furnace gas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Tar 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Industrial waste 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0
Carbon contents in charge — SUM [kt] 9459.3 9255.1 | 10736.2| 10609.1 8798.1| 10037.0| 10634.0| 10301.0 7265.9 | 10060.1 9567.9 9179.8 9711.6
OUTPUT [TJ]
Coke 254961.0 | 248606.0 | 288192.0 | 287765.0 | 239514.0 | 273971.0 | 289788.0 | 287138.0 | 202094.0 | 280554.0 | 267244.0 | 253450.0 | 266760.0
Coke-Oven Gas 69008.0 | 65570.0 | 75091.0| 72947.0| 61947.0| 71712.0| 76950.0 | 73935.0| 53376.0| 73008.0| 69440.0 | 65321.0| 68844.0
Tar 17232.6 | 16462.6| 18188.1| 17417.0| 14590.0| 16211.0| 17342.0| 15721.0| 11838.0| 16475.0| 15268.0| 14175.0| 14854.0
Benzol 4788.6 4474.8 5253.3 5358.3 4403.2 3803.7 5315.6 4711.9 3373.4 4892.6 4518.8 4125.1 4465.4
OUTPUT - Material-specific carbon content [kg C/GJ]
Coke 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5
Coke-Oven Gas 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0
Tar 22 22 22 22 22 22 22 22 22 22 22 22 22
Benzol 23 23 23 23 23 23 23 23 23 23 23 23 23
OUTPUT - Carbon content in products [kt]
Coke 7521.3 7333.9 8501.7 8489.1 7065.7 8082.1 8548.7 8470.6 5961.8 8276.3 7883.7 7476.8 7869.4
Coke-Oven Gas 897.1 852.4 976.2 948.3 805.3 932.3 1000.4 961.2 693.9 949.1 902.7 849.2 895.0
Tar 379.1 362.2 400.1 383.2 321.0 356.6 3815 345.9 260.4 362.5 335.9 311.9 326.8
Benzol 110.1 102.9 120.8 123.2 101.3 87.5 122.3 108.4 77.6 112.5 103.9 94.9 102.7
Carbon content in products — SUM [kt] 8907.7 8651.4 9998.8 9943.8 8293.2 9458.5| 10052.9 9886.0 6993.7 9700.4 9226.2 8732.7 9193.9
C process emission[kt] 551.6 603.7 737.4 665.3 504.9 578.4 581.2 415.0 272.2 359.7 341.6 447.1 517.8
CO, process emission[kt] 2022.6 2213.4 2703.8 2439.6 1851.2 2120.9 2130.9 1521.8 998.1 1318.7 1252.7 1639.3 1898.4
Coke output [kt] 8946 8723 10112 10097 8404 9613 10168 | 10075.0 7091 9844 9845 9 846 9 847
EF [kg CO,/Mg of coke] 226 254 267 242 220 221 210 151 141 134 127 166 193

100




POLAND’S NATIONAL INVENTORY REPORT 2015

3.3.1.2.3. Fugitive emissions from fuels — coke oven gas (CRF sector 1.B.1.c)

Tier 1 method has been used for calculation of fugitive emissions from coke oven gas system [IPCC
2006] while emission factors presented in table 3.3.5. have been taken from domestic case study
[Steczko 1994]. Activity data for 1990-2013 come from [EUROSTAT]. For years: 1988-1989 the activity
data come from [IEA] database.

Table 3.3.6. Emission factors for CO, and CH, from coke oven gas system.

ﬁ(i; PJ]system emission factor co, CH,

gas processing 0.000194 0.000546
gas transmission 0.020629 0.057977
gas distribution 0.038056 0.106954

For coke-oven gas subsystem there is no possibility to add activity data in PJ in the CRF Reporter
database, but only in kt. This conversion into kt was done only for CRF Reporter purposes (emission is
estimated on the PJ activity data basis) the mentioned change has no impact on emissions.

3.3.1.3. Uncertainties and time-series consistency

See chapter 3.2.6.3

3.3.1.4. Source-specific QA/QC and verification

QA/QC and verification are integral parts of the inventory and has been elaborated in line with the
IPCC Good Practice Guidance and Uncertainty Management in National Greenhouse Gas Inventories
and 2006 IPCC Guidelines for National Greenhouse Gas Inventories(2006).

Activity data used in the GHG inventory concerning sector 1.B.1 come from Eurostat database which
is fed by the Central Statistical Office (GUS) and from Polish Geological Institute - National Research
Institute (PIG-PIB). GUS and PIG-PIB are responsible for QA/QC of collected and published data.
Activity data applied in GHG inventory are regularly checked and updated if necessary according to
adjustments made in Eurostat database.

Generally QC procedures follow QA/QC plan presented in Annex 7.

3.3.1.5. Source-specific recalculations

Recalculations for the years 1988-2012 was made. Recent recalculations constituting the result of
implementation of 2006 IPCC guidelines. Emission changes for subcategory 1.B.2 are presented in
table below. Emission changes for subcategory 1.B.1 are presented in table below.
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Tabele 3.3.7. Emission changes for subcategory 1.B.1. Fugitive emissions from fuels.

Difference 1988 1989 1990 1991 1992 1993
Kt eq CO, -15 353 -14018 -12 261 -11 703 -11000 | -10695
% 77 74 77 82 82 81
1994 1995 1996 1997 1998 1999
Kt eq CO, -10272 -10 117 9994 9301 -7 896 -6 949
% 80 71 71 60 64 51
2000 2001 2002 2003 2004 2005
Kt eq CO, -6384 -7 898 -6 920 -6 884 -6 733 -6 553
% 46 62 56 53 54 57
2006 2007 2008 2009 2010 2011
Kt eq CO, -6318 -5878 -5 643 -5 165 -5 082 -4 887
% 55 54 58 61 59 57
2012
Kt eq CO, -5092
% 54

3.3.1.6. Source-specific planned improvements

Analysis for possibility of updating the emission factors for the systems of coke-oven gas.

3.3.2. Fugitive emissions from oil and natural gas (CRF sector 1.B.2)

3.3.2.1. Source category description

Fugitive emission from oil and natural gas include fugitive emissions from extraction, transport and
refining of oil, from production, processing, transmission, distribution and underground storage of
gas as well as from venting and flaring of gas and oil.

3.3.2.2. Methodological issues

3.3.2.2.1 Fugitive emissions from fuels — oil (CRF sector 1.B.2.a)

Tier 1 method has been used for calculation of fugitive emissions from oil system [IPCC 2006].
Activity data come from [EUROSTAT]. For years: 1988-1989 the activity data come from [IEA]
database. Activity data for 1990-2013 come from Eurostat (table 3.3.8)
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Table 3.3.8. Activity data for emission from oil system.

Year Production [kJ] Production [kt] Import [kt] Transport [kt] Input to oil refineries [PJ]
1988 6.58 155.51 14 681.42 14 836.92 618.67
1989 6.48 153.19 14 422.39 14 575.59 628.44
1990 6.59 160.00 13 126.00 13 286.00 528.78
1991 6.45 158.00 11 454.00 11612.00 478.33
1992 7.98 200.00 13 052.00 13 252.00 524.72
1993 9.49 235.00 13 674.00 13 909.00 539.96
1994 10.97 284.00 12 721.00 13 005.00 519.25
1995 11.28 292.00 12 957.00 13 249.00 519.06
1996 12.70 317.00 14 026.00 14 343.00 584.98
1997 11.92 289.00 14 713.00 15 002.00 613.70
1998 14.88 360.00 15 367.00 15 727.00 662.31
1999 18.03 434.00 16 022.00 16 456.00 694.72
2000 26.55 653.00 18 002.00 18 655.00 742.97
2001 31.64 767.00 17 558.00 18 325.00 740.95
2002 29.72 728.00 17 942.00 18 670.00 726.13
2003 32.59 765.00 17 448.00 18 213.00 743.69
2004 37.33 886.00 17 316.00 18 202.00 763.30
2005 35.17 848.00 17 912.00 18 760.00 753.40
2006 32.85 796.00 19 813.00 20 609.00 827.25
2007 30.29 721.00 20 885.00 21 606.00 844.88
2008 31.20 755.00 20 787.00 21542.00 859.60
2009 28.83 687.00 20 098.00 20 785.00 852.11
2010 28.54 687.00 22 688.00 23 375.00 949.08
2011 25.43 617.00 23792.00 24 409.00 989.25
2012 27.96 681.00 24 633.00 25314.00 1032.82
2013 40.06 962.00 23 347.00 24 309.00 1011.91

CO, and CH, factors used for estimation of emissions from oil production have been taken from
country study [Zebrowski 1994] while for oil transmission and refining default factors were used from
[IPCC 2006] (tab. 3.3.9).

Table 3.3.9. Emission factors for CO, and CH, from oil production and transmission.

Oil system | Emission factors | Source

CO,

production [kt/PJ] 6.3150 country specific

transmission [kt/m’] 0.00049 IPCC 2006
CH,

production [kt/PJ] 0.0618 country specific

transmission [kt/ma] 0.0054 IPCC 2006

refining [kt/PJ] 0.0007 IPCC 2006

3.3.2.2.2 Fugitive emissions from fuels — natural gas (CRF sector 1.B.2.b).

Estimation of CO, and CH, emissions from natural gas was carried out based on Tier 1 method [IPCC
2006]. Activity data for 1990-2013 come from [EUROSTAT]. For years 1988-1989 activity data come
from [IEA] database. Activity data are given in table 3.3.10.
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Table 3.3.10. Activities for natural gas system [TJ]

Year Production Total consumption
Ml Ml
1988 156.57 350.71
1989 144.98 342.97
1990 99.56 374.21
1991 111.29 348.94
1992 107.17 324.99
1993 136.95 341.39
1994 129.76 343.99
1995 132.69 376.59
1996 131.47 395.45
1997 134.15 394.29
1998 136.01 398.34
1999 129.88 387.83
2000 138.72 416.99
2001 146.20 434.45
2002 149.43 423.42
2003 151.20 471.46
2004 164.43 497.42
2005 162.63 512.23
2006 162.46 526.76
2007 163.15 523.12
2008 154.49 526.11
2009 153.98 505.03
2010 154.62 536.11
2011 161.19 537.43
2012 163.57 572.77
2013 160.07 574.67

Emission factors gas system for production, processing, transmission, underground storage and

distribution was taken from IPCC 2006. Emission factor listed in table 3.3.11.

Table 3.3.11. Emission factors for CO, and CH, from natural gas system.

Emission factors [kt/10°m’] co, CH,

Gas production 0.000082 0.0023
Gas processing 0.00032 0.00103
Gas transmission 0.00000088 0.00048
Underground gas storage 0.00000011 0.000025
Gas distribution 0.000051 0.0011

3.3.2.2.3 Fugitive emissions from fuels — Venting and Flaring (CRF sector 1.B.2.c)

Venting and Flaring in oil subsystem

CO, and CH, emission from venting and CO,, CH, and N,O emission from flaring were
oil subsystem. Emission factors for both emissions were taken default from [IPCC 2006].

CO, EF from venting:
CH,4 EF from venting:

CO, from flaring:
CH,4from flaring:
N,O from flaring:

0.000095 kt/10°m?
0.00072 kt/10°m>

0.00002500 kt/10°m?
0.04100000 kt/10°m?
0.00000064 kt/10°m?

calculated in

104




POLAND’S NATIONAL INVENTORY REPORT 2015

Extraction of oil is used as activity data and is in accordance with whole oil subsystem. Other
emissions from venting and flaring in oil subsystem are included in 1.B.2.a.

CO2 process emission from refineries and flaring was included into sub-category 1.B.2.C.2. This
emission were estimated based on the verified reports for refineries which participate in EU ETS
[KOBIZE 2013]. These values amounted to: 1701.7kt for 2013, 1671.1 kt for 2012, 1553.6 kt for 2011,
991.9 kt for 2010, 1093.0 kt for 2009, 1091.6 kt for 2008, 956.5 kt for 2007, 1143.1 kt CO2in 2006 and
1082.3 kt COzin 2005 respectively. CO2 emission from refineries reported as process emission mainly
resulted from the following processes: hydrogen production, regeneration of catalysts and after-
burning gases from asphalt production.

Flaring in natural gas subsystem

CO,, CH; and N,0 emissions from flaring in gas extraction and consumption were calculated in
natural gas subsystem. Emission factors for those emissions were taken default from [IPCC 2006].

CO, EF from flaring in gas extraction: 0.000000760 kt /10°m?
CH,4 EF from flaring in gas extraction: 0.0012 kt/10°m>
N,O EF from flaring in gas extraction: 0.000000021 kt/10°m’
CO, EFfrom flaring in gas consumption: 0.00360 kt/10°m’
CH,4 EF from flaring in gas consumption: 0.00000002 kt/10°m?
N,O EF from flaring in gas consumption: 0.00000005 kt/10°m’

Extraction and consumption of natural gas are used as activity data and are in accordance with whole
natural gas subsystem. Other emissions from venting and flaring in natural gas subsystem are
included in 1.B.2.b.

3.3.2.3. Uncertainties and time-series consistency

See chapter 3.2.6.3

3.3.2.4. Source-specific QA/QC and verification

See chapter 3.3.1.4.

3.3.2.5. Source-specific recalculations

Recalculations for the years 1988-2012 was made. Recent recalculations constituting the result of
implementation of 2006 IPCC guidelines. Emission changes for subcategory 1.B.2 are presented in
table below.
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Tabele 3.3.12. Emission changes for subcategory 1.B.2. Fugitive emissions from oil and natural gas.

3.3.2.6. Source-specific planned improvements

Any improvements are planned at the moment

Difference 1988 1989 1990 1991 1992 1993
Kt eq CO, 2190 2 160 2077 1905 1700 1727
% -64 -65 -66 -64 -61 -58
1994 1995 1996 1997 1998 1999
Kt eq CO, 1682 1881 1977 1995 1937 1773
% -56 -58 -58 -59 -56 -52
2000 2001 2002 2003 2004 2005
Kt eq CO, 1696 1666 1630 1881 1891 2033
% -46 -43 -43 -45 -42 -36
2006 2007 2008 2009 2010 2011
Kt eq CO, 2185 2253 2244 2191 2365 2 465
% -38 -41 -39 -40 -42 -40
2012
Kt eq CO, 2583
% -39
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4. INDUSTRIAL PROCESSES AND PRODUCT USE (CRF SECTOR 2)

4.1. Source category description

Following categories from sector 2 have been identified as key sources (excluding LULUCF):

Level Trend

IPCC Category Code IPCC Source Categories Greenhouse Gas Assessment | Assessment
2.A1 Cement Production Cco, 1.50%

2.A4 Other Process Uses of Carbonates Cco, 0.50%

2.B.1 Ammonia Production CO, 1.10%

2.B.1 Ammonia Production Cco, +
2.B.2 Nitric Acid Production N,O +

2.D Non-energy Products from Fuels and Solvent Use Cco, 0.50%

2.F.1 Refrigeration and Air conditioning Aggregate F-gases 2.30%

Share of these categories in total Poland's GHG emissions is ca. 5.90%

Figure bellow shows GHG emission trend in Industrial processes sector.
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Figure 4.1.1. Emission tren

o

in Industrial processes sector in period 1988 — 2013

Figure 4.1.2 shows GHG emissions according to subcategories of sector 2:
2.A. Mineral Products

2.B. Chemical Industry
2.C. Metal Production

2.D. Non-energy products from fuels and solvent use

2.E. Electronics industry

2.F. Product uses as substitutes for ODS

2.G. Other product manufacture and use

2.H. Other.
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For estimation of the 2013 emission in sector 2. Industrial Processes and product use some data from
EU ETS installation reports was applied in the following subcategories:

—  2.A. Mineral Products: 2.A.1. Clinker Production, 2.A.4.a. Other process uses of carbonates -
ceramics
—  2.C. Metal Production: processes included into Iron and Steel Production (2.C.1) such as: sinter

production, pig iron production, steel production in basic oxygen process, steel production in
electric arc furnace process.

Emissions in individual subcategories in period 1988 — 2013 are shown in figure 4.1.2
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Figure 4.1.2. GHG emissions from Industrial processes in 1988-2013 according to subcategories
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4.2. Mineral Products (CRF sector 2.A)
4.2.1. Source category description
Estimation of emissions in 2.A. Mineral products is carried out in sub-categories listed below:

a) Cement Production (2.A.1)
b) Lime Production (2.A.2)
¢) Glass production (2.A.3)
d) Other process uses of carbonates (2.A.4)
e Ceramics
e Other uses of soda ash
e  Non-metallurgical magnesium production
e Other

Subsector 2.A.1. Cement Production is by far the largest contributor to emissions from this category
(see figure 4.2.1) — over 63% in 2013.

12000

11000

10000
9000

8000
7000 W 2A4

6000 N 2A3
5000
4000
3000
2000

1000

W 2A2
m2A1

Emission [kt CO2 eq.]

1988
1989
1990
1991
1992
1993
1994
1995

o N~ 0
a O O
— -

1999
2000

<
o
o
(o]

2001
2002
2003
2005
2006
2007
2008
2009
2010
2011
2012
2013

Figure 4.2.1. Emissions from Mineral Products sector in years 1988-2013 according to subcategories.

4.2.2. Methodological issues

4.2.2.1. Cement Production (CRF sector 2.A.1)

CO, emission from clinker production is the sum of the process emissions given in the verified reports
for 2013 for installation of clinker production, which participate in the EU ETS [KOBIZE 2014]. This
emission was estimated as 5874.2 kt CO,. Data on clinker production was taken from [GUS 2014b].

The clinker production in period 1988-2013 is shown on figure 4.2.2. Data on clinker production for
the entire inventoried period was taken from [GUS 1989b-2014b].
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Figure 4.2.2. Clinker production in 1988-2013

CO, emission from clinker production was taken from the verified reports for the years: 2005-2013
for installations which participate in EU ETS. For other years emissions were estimated based on
clinker production and emission factors. Emission factors which were used to estimate CO, process
emissions from subcategory 2.A.1 are given bellow:

— for years: 1988-2000 — emission factor equal 529 kg CO,/t of clinker — average from country
specific factors for years: 2001-2004 (2001 — 531 kg CO,/t, 2002 — 530 kg CO,/t, 2003 — 528
kg CO,/t, 2004 — 527 kg CO,/t)

— foryears: 2001-2004 - country specific factors (given above) from [IMMB 2006].

CO, emissions from clinker production in period 1988-2013 are shown in figure 4.2.3.

CO2 emission [thousand kt]
O B N W b U1 OO N

Figure 4.2.3. CO, process emission for clinker production in 1988-2013
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4.2.2.2. Lime Production (CRF sector 2.A.2)

Emission of CO, from lime production was calculated based on lime production data from Central
Statistical Office. Since 2000 activity data divided into quicklime, hydrated lime and hydraulic lime
has been applied and emission has been estimated for each type of lime separately using default
emission factors for high calcium lime and hydraulic lime from IPCC 2006 GLs (tab. 2.4. p. 2.22). For
hydrated lime appropriate correction was considered. Due to the lack of the disaggregated lime
production data for the years before 2000, the IEFs (average emission factor from the years 2000-
2013) and total lime production was used for CO, emission estimation.

Dolomite lime production is given separately in the Polish statistical yearbook, as calcined and
sintered dolomite. Emission from production of this type of lime was estimated based on dolomite
consumption in production process according to the study [Galos 2013]. Emission from dolomite lime
production was added to the emission from production of other lime types.

The figure 4.2.4 presents data concerning lime production (including dolomite lime) for the entire
period. CO, emissions in period 1988-2013 are shown in the figure 4.2.5.
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Figure 4.2.4. Lime (including dolomite lime) production in 1988-2013
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Figure 4.2.5. CO, process emission for lime production in 1988-2013
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4.2.2.3. Glass production (CRF sector 2.A.3)

Emission of CO, from lime production was calculated based on glass production data from Central
Statistical Office. Default CO, emission factor amounted to 0.1 tonnes CO,/tonne glass was applied
for emission estimation in entire period, according to IPCC 2006 GLs — equation 2.13 p. 2.29 and
assumption on default cullet ratio of 50% (recommendation from p.2.30, IPCC 2006 GLs).

Glass production and CO, emission values from that process in period 1988-2013 are shown in the
figures 4.2.6 and 4.2.7 respectively.
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Figure 4.2.7. CO, process emission for glass production in 1988-2013
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4.2.2.4. Other processes uses of carbonates (CRF sector 2.A.4)

This category includes CO, emission from sources as follows:
a) ceramics

b) other uses of soda ash

¢) non-metallurgical magnesium production
d) other

2.A.4.a. Ceramics

Estimation of CO, emission from ceramics was based on ceramics production data from Central
Statistical Office (Fig. 4.2.8). CO, emission factors for the years 2005-2013 was grounded on the
verified reports for ceramic installation covered by EU ETS [KOBIZE 2014].

EFs values, expressed in kg CO,/t of ceramics, were following:
2005 2006 2007 2008 2009 2010 2011 2012 2013
56.69 48.20 54.30 53.88 48.52 51.44 48.77 49.41 49.86

For the years before 2005 average value of EFs from 2005-2013, amounted to 51.23 kg CO,/t of
ceramics, was applied.
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Figure 4.2.8. Ceramic production in 1988-2013
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Figure 4.2.9. CO, process emission from ceramics in 1988-2013

2.A.4.b. Other uses of soda ash

CO, emission from soda ash use was estimated based on annually consumption of soda ash, which
was published in GUS yearbook: Materials Management in 2013 [GUS 2014f]. Additionally to
assumed that half of soda ash use was consumed in glass and ceramics production and that amount
was subtracted from AD because it was included in 2.A.3 and 2.A.4.a subcategories respectively.

EF amounting to 415 kg CO,/t of soda ash used was taken for inventory calculation for the entire
period.

CO, emission for the years 1992-2013 was estimated based on data concerning soda ash
consumption taken from Materials Management [GUS 1994f-2014f]. For years before 1992, due to
lack of the published statistical data, the assumption was made, that total soda ash consumption
amounts to 50% of soda ash production. That assumption was based on the analysis, which
considered production [GUS 1998e-2000e] and use of soda ash in the period 1992-1999.

CO, emission values from soda ash use in 2.A.4.b subcategories, for entire period 1988-2013, were
presented in the figure 4.2.10.
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Figure 4.2.10. CO, emission values from soda ash use in 2.A.4.b subcategory in the years 1988-2013
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2.A.4.c. Non-metallurgical magnesium production

Magnesium has not been produced in Poland [PIG-PIB 2014].
2.A.4.d. Other

CO, emission from limestone use as a sorbent in lime wet flue-gas desulfurization, FGD in FBB (fluid
bad boiler) and other method of flue gas desulfurization was considered under this subcategory.
Estimation of emission was based on study [Galos 2013]. The results were presented in figure 4.2.11.
Details concerning calculations of CO, emission for 2.A.4.d category were provided in the Annex 3.1.
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Figure 4.2.11. CO, emission from carbonate use in 2.A.4.d subcategory for 1988-2013

4.2.3. Uncertainties and time-series consistency

Uncertainty analysis for the revised year 2013 for IPCC sector 2.Industrial processes was estimated
with use of approach 1 described in 2006 IPCC Guidelines for National Greenhouse Gas Inventories.
Simplified approach was based on the assumptions that every value is independent and probability
distribution is symmetric. Results of the sectoral uncertainty analysis are given below. More details
on uncertainty assessment of whole inventory are given in annex 8.

Recalculation of data for years 1988-2012 ensured consistency for whole time-series.

CO, Emission CH,4 Emission N.O Emission
2013 ﬁg? ﬁg? “ﬁ? uncertainty uncertainty uncertainty
[%] [%] [%]

2. Industrial processes and

product use 19,337.72 2.55 4.12 5.3% 29.2% 44.7%
A. Mineral Products 9,255.14 10.3%
B. Chemical Industry 5,517.45 1.99 3.72 4.4% 37.0% 49.4%
C. Metal Production 2,434.45 0.55 0.00 4.9% 18.1% 0.0%
D. Non-energy Products from

Fuels and Solvent Use 2,130.68 12.2%
G. Other 0.40 40.3%

115




POLAND’S NATIONAL INVENTORY REPORT 2015

4.2.4. Source-specific QA/QC and verification

Activity data used in the GHG inventory concerning industry sector come from yearbooks published
by the Central Statistical Office (GUS). GUS is responsible for QA/QC of collected and published data.
Data on selected production is compared to data collected from installations/entities covered by the
EUETS. Depending on type of emission factor and Tier method applied in the GHG inventory, EF is
compared with plant specific emission factor or the default one, respectively.

Data relating to EUETS installations are verified by independent reviewers and by verification unit
established in the National Centre for Emissions Management (KOBIZE). Additionally data on
industrial production is compared with public statistics in case where entire sector is covered by
EUETS.

Calculations in industry sector were examined with focus on formulas, units and trends consistency.
Generally QC procedures follow QA/QC plan presented in Annex 7.

4.2.5. Source-specific recalculations

- estimation of CO, emission in accordance with emission source categories included in IPCC 2006
Gls;

- complementation of emission for some categories, where was lack of data for years before 2005
(glass and ceramic production);

- change of methodology from T1 to T2 for lime production by consideration of type of line
produced in Poland.

Table. 4.2.2. Changes of GHG emission values in 2.A. subcategory as a result of recalculations

Change 1988 1989 1990 1991 1992 | 1993 | 1994 | 1995
o2

kt -287.4 -299.2 -295.2 -234.0 2148 | -2345| 2189 | -2316

% 2.4 25 32 2.8 25 2.8 22 23

Change 1996 1997 1998 1999 2000 2001 2002 2003
o2

kt 215.8 -231.9 -228.8 -220.5 2921 | 2079 | -2062| -195.1

% 23 23 2.4 23 3.0 25 26 2.4

Change 2004 2005 2006 2007 2008 2009 2010 2011
o2

kt -190.0 -444.3 -443.6 -353.0 4047 |  -2966 | -291.9| -270.2

% 2.2 -5.1 -4.5 -3.2 -3.8 -3.2 -2.9 2.3

Change 2012

o2
kt -203.1
% -2.0

4.2.6. Source-specific planned improvements

No improvements are planned at the moment.
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4.3. Chemical Industry (CRF sector 2.B)
4.3.1. Source category description
Estimation of emissions in 2.B. Chemical Industry are carried out in sub-categories listed below:

a) Ammonia production (2.B.1)

b) Nitric acid production (2.B.2)

c) Adipic acid production (2.B.3)

d) Caprolactam, glyoxal and glyoxylic acid production (2.B.4)
e) Carbide production (2.B.5)

f) Titanium dioxide production (2.B.6)

g) Soda ash production (2.B.7)

h) Petrochemical and carbon black production (2.B.8)

Subsectors 2.B.1. Ammonia production is the largest contributors to emissions from this category
(see figure 4.3.1) — almost 66% in 2013. Adipic acid was produced up to 1994.
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Figure 4.3.1. Emissions from Chemical Industry category in years 1988-2013 according to
subcategories

4.3.2. Methodological issues

4.3.2.1. Ammonia production (CRF sector 2.B.1)

CO, emissions for ammonia production are estimated based on the data on natural gas use in this
process (natural gas consumption for the years 1988-2013 was presented in Annex 3.2). The amount
of natural gas consumption expressed in volume units was taken from [GUS 2014e]. To estimate
carbon content in natural gas, the country specific emission factor 0.544 kg C/m* was used. Applied
factor was elaborated base on the data from verified EU ETS reports concerning ammonia production
installations [KOBIZE 2014]. Accounting above-mentioned information, the CO, process emission
from ammonia production was calculated using the following formula:
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Eco2 = Z natural gas * 0.544*44/12
where:
Eco, — CO, process emission from ammonia production [t]
Z natural gas - Natural gas use [thousands m’]

This method was used for all years: 1988-2013. In years 1989-1990, also coke-oven gas was used for
ammonia production and this fact was reflected in the inventory calculations (Annex 3.2). The coke-
oven gas consumption was taken in energy units — also based on G-03 reports — and the carbon
content factor is taken from IPCC [IPCC 2006].

CO, process emissions in the period: 1988-2013 are shown in figure 4.3.2 while the ammonia
production values [GUS 1989e-2014e] are presented in figure 4.3.3.
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Figure 4.3.2. CO, process emission for ammonia production in 1988-2013
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Figure 4.3.3. Production of ammonia in 1988-2013
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4.3.2.2. Nitric acid production (CRF sector 2.B.2)

Estimation of N,O emission from nitric acid production for 2013 was based on annual HNO;
production data from [GUS 2014b]. The applied country specific emission factor for 2013: 1.30 kg/t
nitric acid was estimated based on the reports from all producers of HNO; [KOBIiZE 2014]. The N,O
emission factors for years 2005-2012 were calculated also based on mentioned reports provided by
installations of nitric acid production.

The values of N,O EFs applied for the years 2005-2013, expressed in kg CO,/t HNO3, were as follows:

2005 2006 2007 2008 2009 2010 2011 2012 2013
6.36 6.37 6.43 5.40 1.31 1.35 1.23 1.13 1.30

Emission factors mentioned above were estimated as weighted average of plant specific emission
factors obtained from all nitric acid producers (from 5 installations located in 4 enterprises).

Decrease of the N,O EF value from nitric acid production in 2008 and its significant drop in 2009 -
2011 are the result of the implementation of the JI projects. N,O catalytic decompose inside the
oxidation ammonia reactor is the abatement technology applied in these installations.

Individual data obtained from nitric acid producers is confidential, so was not published in the NIR (it
could be available for ERT review purpose only).

For the period 1988-2004, N,O EF amounted to 6.47 kg/t nitric acid was applied. This country specific
emission factor was taken from [Koztowski 2001].

Activity data (i.e. HNO; production) for estimation of nitrous oxide emissions in 2.B.2 subcategory
were taken from [GUS 1989b-2014b] for the entire period 1988-2013. The amount of production and
N,O emissions from nitric acid production are shown in figures 4.3.4 and 4.3.5, respectively.
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Figure 4.3.4. Production of nitric acid in 1988-2013
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Figure 4.3.5. N,O process emission for nitric acid production in 1988-2013

4.3.2.3. Adipic acid production (CRF sector 2.B.3)
Production of adipic acid was continued up to 1994. Activity data concerning adipic acid production
was taken from the only adipic production plant.

CO2 emission factor for this category, which is equal 300 kg CO2/ t, was taken from table 3.4, p. 3.30,
2006 IPCC GLs [IPCC 2006].

4.3.2.4. Caprolactam, glyoxal and glyoxylic acid production (CRF sector 2.B.4)

Caprolactam Production

Data on annual caprolactam production for inventory calculation purpose was taken from [GUS
2014b]. Applied country specific emission factor of N,O, which value is 4.74 kg N,O/t caprolactam
produced, was assessed based on the Polish study [Koztowski 2001].

For the entire time series the same activity data source — GUS publications [GUS 1989b-2014b] and
the same emission factor were applied.

Glyoxal and glyoxylic acid production

Glyoxal and glyoxylic acid have not been produced in Poland.

4.3.2.5. Carbide production (CRF sector 2.B.5)

CO, emission from calcium carbide category was estimated for years 1988-2007 based on annual
production amounts taken from [GUS 1989b-2008b]. Starting from 2008 carbide is no longer
produced in Poland.

EF equal 2190 kg CO2/t of carbide (i.e.: 1090 kg CO,/t carbide from production + 1100 kg CO,/t
carbide from use) was applied for CO, emission estimation in entire period 1988-2007. The factors
given above were taken from tab. 3.8, 2006 IPCC GLs [IPCC 2006].

Silicon carbide has not been produced in Poland.
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4.3.2.6. Titanium dioxide production (CRF sector 2.B.6)

Titanium dioxide is produced in Poland in sulphate route process, so it was assumed, that the GHG
emission is insignificant from TiO, production (in accordance with 2006 IPCC GLs (Chapter 3.7, p.
3.47)

4.3.2.7. Soda ash production (CRF sector 2.B.7)

In Poland, soda ash is produced in the Solvay process. Emission of CO, from this process was
assumed as 0 as coke consumption in soda ash production process is included in fuel use in Final
Energy Consumption - Chemical and Petrochemical category in Polish energy balance and CO,
emission is accounted in 1.A.2.c IPCC sector.

4.3.2.8. Petrochemical and carbon black production (CRF sector 2.B.8)

a. Methanol production

Process emissions of CO, and CH, from methanol production for the entire period 1988-2013 were
estimated based on data on annual production from [GUS 1989b-2014b]. CO, EF equal 670 kg CO,/t
from tab. 3.12 of 2006 IPCC GLs [IPCC 2006] was applied. CH, emission values were calculated based
on CH, EF equal 2.3 kg CH,/t [IPCC 2006].

b. Ethylene production

CO, and CH, process emissions related to ethylene production were estimated for the entire period
1988-2013 based on the data on annual production amounts taken from [GUS 1989b-2014b]. CO, EF
equal 1903 kg CO,/t was applied. It is value of CO, EF (for default feedstock) given in tab. 3.14 of
2006 IPCC GLs adjusted by recommended regional factor (110% in case of Eastern Europe; tab. 3.15)
[IPCC 2006]. CH, emission values were calculated based on CH,4 EF equal 3.0 kg CH,4/t according to the
table 3.16 [IPCC 2006].

c. Ethylene dichloride and vinyl chloride monomer production

CO, and CH,; emission in this IPCC category was estimated based on vinyl chloride monomer
production. Activity data for the years 2002-2013 was taken from Central Statistical Office. Data for
the years 1988-2001 come directly from VCM producer. CO, EF amounted to 294.3 kg CO2/t VCM
produced, recommended for balanced process (default process) in the table 3.17 of 2006 IPCC GLs
[IPCC 2006], was applied for emission estimation in entire period. CH, emission was calculated using
EF=0.0226 kg/t VCM produced (tab. 3.19, 2006 IPCC GLs).

d. Ethylene oxide production

Ethylene oxide production amounts from Central Statistical Office were used for estimation of CO,
and CH, emissions. Default EFs for both CO, and CH, were applied in order to calculation of
emissions. Utilized EF values were as follow: CO, EF = 863 kg CO,/tonne ethylene oxide (tab. 3.20,
2006 GLs), CH4 EF = 1.79 kg CH,/tonne ethylene oxide (tab. 3.21, 2006 GLs).

e. Acrylonitrile production
According to data from Central Statistical Office production of acrylonitrile in Poland was in the

years: 1988-1990 and 1996-2003. Emission of CO, and CH, from this production was estimated
according to 2006 IPCC GLs. CO, EF = 1000 kg CO,/tonne acrylonitrile produced (tab. 3.22, 2006 GLs)
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and CH, EF = 0.18 kg CH./tonne acrylonitrile produced (p. 3.79, 2006 GLs) were applied for GHG
inventory purpose.

f. Carbon black production

CO, and CH, emissions from production of carbon black was estimated based on annual carbon black
production taken from [GUS 1989b-2000b] and [GUS 2001e-2014e] respectively. CO, EF equal to
2620 kg CO,/tonne carbon black produced (tab. 3.23, 2006 GLs) and CH, EF = 0.06 kg CH,/tonne
carbon black produced (tab. 3.24, 2006 GLs) were used.

g. Other

- Styrene Production

Data on styrene production applied for emission estimation was obtained from [GUS 1996e-2014e]
for the years 1995-2013 and directly from the only styrene producer for previous years (1988-1994).

Methane emissions values for the entire period 1988-2013 were estimated by applying the same
emission factor of 4 kg CH,/t styrene produced [IPCC 1997].

4.3.3. Uncertainties and time-series consistency
See chapter 4.2.3
4.3.4. Source-specific QA/QC and verification

See chapter 4.2.4

4.3.5. Source-specific recalculations

- estimation of CO, emission in accordance with emission source categories included in IPCC 2006
GLs (new emission sources, new EFs);

- change in emission calculation from ammonia production (applied CS data on C content in natural
gas consumed in NH3 production process)

Table. 4.3.1. Changes of GHG emission values in 2.B. subcategory as a result of recalculations

Change 1988 1989 | 1990 | 1991 | 1992 | 1993 | 1994 | 1995
co2

kt 1064.0 1058.0 905.2 782.4 7919 | 7899 | 6918 | 7898

% 202 201 26.1 23.0 25.9 255 19.1 19.1
CHa

kt 114 117 71 7.2 6.9 7.7 93 10.7

% -86.8 -87.2 815 -85.1 85.0 86.5 89.7 89.1

Change 1996 1997 1998 1999 2000 2001 2002 2003
co2

kt 872.0 914.0 907.2 792.7 9361 | 8231 | 9324 | 9457

% 21.9 22.9 25.2 25.0 24.1 223 326 228
CHa

kt -10.3 -10.6 9.6 8.3 -10.4 9.8 7.2 -10.5

% -88.1 -88.0 -86.8 -86.6 87.6 -87.9 82.2 87.8
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Change 2004 2005 2006 2007 2008 2009 ‘ 2010 2011
co2
kt 993.7 898.1 1451.3 1540.2 1348.6 1267.3 1243.2 1408.4
% 23.4 19.9 33.9 36.3 31.5 36.3 34.3 35.5
CH4
kt -11.7 -12.0 -10.5 -11.0 -11.4 9.1 9.4 -10.7
% -88.3 -89.6 -82.1 -82.2 -84.6 -81.2 -82.2 -82.8
Change 2012
co2
kt 1168.9
% 27.1
CH4
kt -11.4
% -85.9

4.3.6. Source-specific planned improvements

No improvements are planned at the moment.
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4.4. Metal Production (CRF sector 2.C)
4.4.1. Source category description
Estimation of emissions in 2.C. Metal Production are carried out in sub-categories listed below:

1. Iron and steel production (2.C.1)
a. Steel(2.C.1.a)

Pig iron (2.C.1.b)

Direct reduced iron (2.C.1.c)

Sinter (2.C.1.d)

Pellet (2.C.1.e)

. Other (2.C.1.1)

Ferroalloys production (2.C.2)

Aluminium production (2.C.3)

Magnesium production (2.C.4)

Lead production (2.C.5)

Zinc production (2.C.6)

Other (2.C.7)

o a0

Nouks~wnN

Subsector 2.C.1. Iron and Steel Production is by far the largest contributor to emissions from this
category (see figure 4.4.1) — over 76% in 2013.
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Figure 4.4.1. Emissions from Metal Production sector in years 1988-2013 according to subcategories

4.4.2. Methodological issues

4.4.2.1. Iron and steel production (CRF sector 2.C.1)
4.4.2.1.a. Steel (CRF sector 2.C.1.a)

Basic oxygen furnace steel production

Amount of CO, process emission from steel production in basic oxygen furnace was estimated based
on the carbon balance in converter process (table 4.4.1). For the years 1988-2006 the Polish Steel
Association (HIPH) study [HIPH 2007] was the main source of data for C balance purpose. The HIPH
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Table 4.4.1. Carbon balance for steel production in basic oxygen process in years 1988-2013

| 10988 | 1989 | 1990 | 1991 | 1992 1993 1994 1995 1996
CHARGE
Pig iron [t] 6437 194 6274714 6212 430 4835 755 5279 309 5205 226 5873001 6 440 439 5669 525
Scrap [t] 1895954 1841725 1840367 1468313 1595 404 1573016 1796 072 1962 554 1725579
Carbon pick-up agent [t] 0 0 0 0 0 0 0 0 0
Ferroalloys [t] 61135 58 311 57 193 45416 48 066 46 278 53217 57 027 51 883
Dolomite [t] 187 960 182 054 189 020 144 459 155741 144 853 163776 177 073 156 867
Technological indicator [t/t of steel]
Pig iron 0.867 0.870 0.862 0.841 0.845 0.845 0.835 0.838 0.839
Scrap 0.2554 0.2554 0.2554 0.2554 0.2554 0.2554 0.2554 0.2554 0.2554
Carbon pick-up agent 0 0 0 0 0 0 0 0 0
Ferroalloys 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.007 0.008
Dolomite 0.025 0.025 0.026 0.025 0.025 0.024 0.023 0.023 0.023
Material-specific carbon content
Pig iron [t C/t] 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
Scrap [t C/t] 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004
Carbon pick-up agent [t C/TJ] 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5
Ferroalloys [t C/t] 0.033 0.033 0.033 0.033 0.032 0.033 0.033 0.033 0.032
Dolomite [t C/t] 0.130 0.130 0.130 0.130 0.130 0.130 0.130 0.130 0.130
Carbon contents in charge components [t C]
Pig iron 257 488 250989 248 497 193 430 211172 208 209 234 920 257 618 226 781
Steel scrap 7584 7 367 7361 5873 6 382 6292 7184 7 850 6902
Carbon pick-up agent 0 0 0 0 0 0 0 0 0
Ferroalloys 2019 1936 1868 1481 1557 1518 1741 1862 1686
Dolomite 24 435 23 667 24 573 18 780 20 246 18 831 21291 23019 20393
Carbon contents in charge — SUM [t] 291 526 283 959 282 299 219 564 239 357 234 850 265 136 290 349 255 762
OUTPUT
Steel [t] | 7424676| 7212315] 7206995| 5750006| 6247703| 6160031| 7033534 7685488| 6757479
Material-specific carbon content
Steel [t C/t] | 0.004 | 0.004 | 0.004 | 0.004 | 0.004 | 0.004 | 0.004 | 0.004 | 0.004
Carbon content in products [t C]
Steel 29 699 28 849 28 828 23 000 24 991 24 640 28134 30742 27 030
Carbon content in products — SUM [t] 29 699 28 849 28 828 23 000 24991 24 640 28 134 30742 27 030
C emission from steel production [t] 261 827 255109 253471 196 564 214 366 210210 237 002 259 607 228 732
CO, process emission from steel production [kt] 960.033 935.401 929.394 720.734 786.009 770.769 869.006 951.893 838.684
CO, EMISSION FACTOR [kg CO,/t of steel] 129.30 129.69 128.96 125.34 125.81 125.12 123.55 123.86 124.11

125




POLAND’S NATIONAL INVENTORY REPORT 2015

Table 4.4.1. Carbon balance (cont.) for steel production in basic oxygen process in years 1988-2013

| 1997 | 1998 | 1999 | 2000 | 2001 2002 2003 2004 2005
CHARGE
Pig iron [t] 6311208 5233149 4 640 291 6491 867 5440 047 5296 410 5629 786 6304 253 4538670
Scrap [t] 1923174 1588976 1303910 1657053 1366064.9 1360557 1424125 1608 909 1147 906
Carbon pick-up agent [t] 0 0 0 0 1201 2 645 4286 1689 1205
Ferroalloys [t] 59 896 50915 45 285 57 840 50035 49 610 48 197 57 157 56 566
Dolomite [t] 188 810 157 145 141 317 174 301 156 426 161404 127 127 162 673 191374
Technological indicator [t/t of steel]
Pig iron 0.838 0.841 0.851 1.047 1.070 1.095 1.078 1.088 1.078
Scrap 0.2554 0.2554 0.2391 0.2437 0.2346 0.2346 0.2346 0.2346 0.2346
Carbon pick-up agent 0 0 0 0 0.0002 0.0005 0.0007 0.0002 0.0002
Ferroalloys 0.008 0.008 0.008 0.009 0.009 0.009 0.008 0.008 0.012
Dolomite 0.025 0.025 0.026 0.026 0.027 0.028 0.021 0.024 0.039
Material-specific carbon content
Pig iron [t C/t] 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
Scrap [t C/t] 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004
Carbon pick-up agent [t C/TJ] 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5
Ferroalloys [t C/t] 0.033 0.033 0.032 0.033 0.032 0.032 0.032 0.033 0.031
Dolomite [t C/t] 0.130 0.130 0.130 0.130 0.130 0.130 0.130 0.130 0.130
Carbon contents in charge components [t C]
Pig iron 252 448 209 326 185612 259 675 217 602 211 856 225191 252170 181 547
Steel scrap 7 693 6 356 5216 6628 5464 5442 5696 6 436 4592
Carbon pick-up agent 0 0 0 0 992 2184 3539 1395 995
Ferroalloys 1951 1659 1466 1905 1623 1598 1560 1860 1779
Dolomite 24 545 20429 18371 22 659 20335 20983 16 527 21147 24 879
Carbon contents in charge — SUM [t] 286 637 237 769 210 665 290 867 246 016 242 063 252514 283 008 213791
OUTPUT
Steel [t] | 7531274| 6222532| 5452751 6799681| 5822518 5799042 6069985 6857583| 4892671
Material-specific carbon content
Steel [t C/t] | 0.004 | 0.004 | 0.004 | 0.004 | 0.004 | 0.004 | 0.004 | 0.004 | 0.004
Carbon content in products [t C]
Steel 30125 24 890 21811 27 199 23290 23196 24 280 27 430 19571
Carbon content in products — SUM [t] 30125 24 890 21811 27 199 23 290 23196 24 280 27 430 19571
C emission from steel production [t] 256 512 212 879 188 854 263 668 222 726 218 867 228 234 255578 194 220
CO, process emission from steel production [kt] 940.545 780.557 692.464 966.782 816.662 802.513 836.857 937.119 712.141
CO, EMISSION FACTOR [kg CO,/t of steel] 124.89 125.44 126.99 142.18 140.26 138.39 137.87 136.65 145.55
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Table 4.4.1. (cont.) Carbon balance for steel production in basic oxygen process in years 1988-2013

2006 | 2007 [ 2008 | 2009 | 2010 2011 2012 2013
CHARGE
Pig iron [t] 5338401 5723961 4892172 2988 979 3599 854 3942754 3934 606 3951192
Scrap [t] 1352 895 1414926 1105439 727 586 965 296 1106 613 912 706 925 533
Carbon pick-up agent [t] 1036 753 8270 12 826 16 033 24 905 8 845 9044
Ferroalloys [t] 68 765 71480 65 149 40273 53926 59 738 53477 57 253
Dolomite [t] 35776 37 149 18 930 10786 16 375 14 220 15 560 20 627
Technological indicator [t/t of steel]
Pig iron 1.080 0.924 0.936 0.924 0.901 0.891 0.908 0.874
Scrap 0.2346 0.228 0.212 0.225 0.242 0.250 0.211 0.205
Carbon pick-up agent 0.0002 0.000 0.002 0.004 0.004 0.006 0.002 0.002
Ferroalloys 0.012 0.012 0.012 0.012 0.013 0.014 0.012 0.013
Dolomite 0.006 0.006 0.004 0.003 0.004 0.003 0.004 0.005
Material-specific carbon content
Pig iron [t C/t] 0.04 0.042 0.042 0.043 0.042 0.042 0.043 0.043
Scrap [t C/t] 0.004 0.003 0.008 0.008 0.009 0.009 0.008 0.008
Carbon pick-up agent [t C/t] 0.826 0.899 0.820 0.845 0.823 0.806 0.823 0.833
Ferroalloys [t C/t] 0.029 0.032 0.035 0.035 0.033 0.028 0.031 0.031
Dolomite [t C/t] 0.130 0.130 0.124 0.125 0.125 0.125 0.126 0.125
Carbon contents in charge components [t C]
Pig iron 213 536 239730 207 333 127 337 150438 165971 167 334 168 816
Steel scrap 5412 4297 8 457 5785 9109 9 865 7292 6999
Carbon pick-up agent 855 677 6783 10 839 13198 20075 7277 7 538
Ferroalloys 2021 2288 2249 1427 1761 1673 1681 1769
Dolomite 4649 4 829 2341 1345 2047 1780 1960 2 586
Carbon contents in charge — SUM [t] 226 474 251 821 227 163 146 733 176 553 199 365 185 544 187 708
OUTPUT
Steel [t] 5766375| 6197910 5225075| 3235666| 3994650 4423604 4333168| 4520358
Material-specific carbon content
Steel [t C/t] 0.004 | 0.003 | 0.008 | 0.008 | 0.010 | 0.009 | 0.008 0.003
Carbon content in products [t C]
Steel 23 066 18 304 41 662 25760 38441 40 780 34 990 11919
Carbon content in products — SUM [t] 23 066 18 304 41 662 25 760 38441 40 780 34 990 11919
C emission from steel production [t] 203 408 233516 185501 120974 138 111 158 585 150 554 175789
CO, process emission from steel production [kt] 745.831 856.227 680.171 443.570 506.409 581.478 552.032 644 561
CO, EMISSION FACTOR [kg CO,/t of steel] 129.34 138.15 130.17 137.09 126.77 131.45 127.40 142.59
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data was supplemented for the years 1988-2004 with the information from questionnaires collected
by the National Centre for Emissions Management (KOBiIZE) for installations covered by EU ETS and
starting from 2005 with the data from verified reports concerning CO, emission, prepared as part of
EU ETS. Based on mentioned verified reports, C balances for basic oxygen steel plants were prepared
for the years not included in the HIPH study, it means for the period 2007-2013. Steel production
amounts applied in the C balance were in accordance with data published in GUS yearbook [2005b-
2014b].

Electric furnace steel production

Process emissions of CO, from steel production in electric furnaces for particular years in the period
1988-2006 were estimated based on the data from Polish Steel Association study [HIPH 2007]. For
the last years information from verified reports, prepared as part of EU ETS, was applied for emission
calculation. Steel production amounts was taken from Central Statistical Office yearbook [GUS
2008b-2014b].

Results of CO, emission estimation, AD and emission factors applied for calculation are presented in
the table 4.4.2.

Table 4.4.2. Values of steel production in electric furnace [kt] as well as CO, emission factors [kg/t of
steel] and CO, emission [kt] connected with that process for the years 1988-2013.

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
Production 2572.4| 2264.3| 2308.6| 1950.9| 1727.3| 2044.2| 2368.1| 2581.9| 2648.4| 2906.3
CO, emission factor 34.75 36.94 36.94 36.11 33.21 37.82 36.44 33.05 33.05 33.05
CO, emission 89.38 83.63 85.27 70.45 57.36 77.32 86.29 85.34 87.54 96.07
1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
Production 3116.9| 2825.1| 3283.9| 2809.1| 2561.2| 2916.6| 3720.9| 3443.2| 4225.3| 4432.8
CO, emission factor 35.83 29.15 44.13 44.10 45.64 41.90 55.10 46.97 48.88 44.76
CO, emission 111.66 82.35| 144.91| 123.89| 116.90| 122.20| 205.00| 161.74| 206.53| 198.41
2008 2009 2010 2011 2012 2013
Production 4502.3| 3892.8| 4001.4| 4352.9| 4209.3| 3679.0
CO, emission factor 53.44 52.84 50.70 54.98 52.70 61.26
CO, emission 240.58| 205.68| 202.88| 239.30| 221.84| 225.38

Open-hearth furnace steel production

Steel production in open-hearth furnaces was continued up to 2002. CO, process emissions from this
source was estimated according to case study prepared by the Polish Steel Association (HIPH) [HIPH
2007]. CO, emission was calculated based on carbon balance developed for steel production process
in mentioned furnaces.

4.4.2.1.b. Pig iron (CRF sector 2.C.1.b)

CO, process emission from pig iron production for the years 1988-2013 was estimated based on
carbon balance in blast furnace process. Balances for individual years were founded on the statistical
data for main components of input and output. Pig iron production values for entire period were
accepted according to G-03 questioners [GUS 1989e-2014e]. Output of blast furnace gas was taken
from IEA database [IEA] for the years 1988-1989. For the period 1990-2013 this data came from
Eurostat database. In case of coke input source of data was derived respectively: for the years 1988-
1989 — data from the Energy statistic [GUS 1989a-1990a] corrected by Energy Market Agency (ARE),
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for the period 1990-2013 — IEA database [IEA]. (Data from Eurostat database was not applied to C
balance for process of pig iron production, because of blast furnaces transformation efficiency in
Eurostat energy balance is very high and it is the reason, that there is too little amount of coke use in
»Transformation input in Blast Furnaces” compared with real technological demand. This problem
was also mentioned in chapter 3.2.7.2.1. Iron and steel (1.A.2.a)). Amounts of other components
were estimated according to technological factors taken from literature [Szargut J. 1978]. These
coefficients enabled to estimate amounts i.a.: dolomite (0,0885 kg/kg pig iron), limetone (0,0974
kg/kg pig iron) and iron ore (0,188 kg roasted ore/kg pig iron 0,0716 manganese ore/kg pig iron). In
case of iron ore sinter was assumed (in accordance with data from steel plants), that total annual
sinter production is consumed in given year for pig iron production. Carbon contents in components
of charge and output were calculated base on C EFs from IPCC guidelines (BF gas, coke, pig iron,
limestone and dolomites) and country specific values for iron ore [Szargut J. 1978] and sinter (data
from plants).

Carbon balance for blast furnace process for the years 1988-2013 and estimated emissions for entire
period were presented in the table 4.4.3.
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Table 4.4.3. Carbon balance for blast furnace process in years: 1988-2013

| 1988 | 1989 | 1990 1991 1992 1993 1994 1995 1996 1997
CHARGE - amount used in process in given year
Sinter [kt] 14 107.3 12 992.5 11779.4 8612.7 8621.7 7 628.2 8787.4 8 646.6 8318.6 8980.8
Roasted ore [kt] 1929.3 1783.7 1627.5 12223 1214.9 1183.1 1331.3 1399.4 1233.6 1394.6
Dolomite [kt] 907.7 839.2 765.7 575.1 571.6 556.6 626.4 658.4 580.4 656.2
Limestone [kt] 999.6 924.1 843.2 633.3 629.4 612.9 689.7 725.0 639.1 722.5
Manganese ore [kt] 734.8 679.3 619.8 465.5 462.7 450.6 507.0 533.0 469.8 531.1
Coke [TJ] 186 338 179 462 157 399 106 999 101 994 95 370 110384 113 854 97 640 103 274
Coking coal [TJ]
CHARGE - C content
Sinter [kg/kg] 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011
Roasted ore [kg/kg] 0.0113 0.0113 0.0113 0.0113 0.0113 0.0113 0.0113 0.0113 0.0113 0.0113
Dolomite [kg/kg] 0.1300 0.1300 0.1300 0.1300 0.1300 0.1300 0.1300 0.1300 0.1300 0.1300
Limestone [kg/kg] 0.1200 0.1200 0.1200 0.1200 0.1200 0.1200 0.1200 0.1200 0.1200 0.1200
Manganese ore [kg/kg] 0.0262 0.0262 0.0262 0.0262 0.0262 0.0262 0.0262 0.0262 0.0262 0.0262
Coke [kg/GJ] 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5
Coking coal [kg/GJ]
CHARGE - total C content [kt]
Sinter 15.5 14.3 13.0 9.5 9.5 8.4 9.7 9.5 9.2 9.9
Roasted ore 21.7 20.1 18.3 13.8 13.7 13.3 15.0 15.8 13.9 15.7
Dolomite 118.0 109.1 99.5 74.8 74.3 72.4 81.4 85.6 75.5 85.3
Limestone 119.9 110.9 101.2 76.0 75.5 73.6 82.8 87.0 76.7 86.7
Manganese ore 19.2 17.8 16.2 12.2 12.1 11.8 13.3 13.9 12.3 13.9
Coke 5497.0 5294.1 4643.3 3156.5 3008.8 28134 3256.3 3358.7 2 880.4 3 046.6
Coking coal
CIN CHARGE - SUM 5791.4 5566.3 4 891.5 3342.6 3193.9 2992.8 3458.5 3570.5 3067.9 3258.0
OUTPUT IN GIVEN YEAR
Pig iron [kt] 10 262.4 9487.6 8 656.7 6 501.5 6462.0 6292.9 7 081.2 7 443.5 6 561.9 7 418.0
Blast furnace gas [TJ] 74 521 71771 62 970 42 811 40 802 38 157 44162 45 545 39 062 41 319
OUTPUT - C content
Pig iron [kg/kg] 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
Blast furnace gas [kg/GJ] 66 66 66 66 66 66 66 66 66 66
OUTPUT - total C content [kt]
Pig iron 410.5 379.5 346.3 260.1 258.5 251.7 283.2 297.7 262.5 296.7
Blast furnace gas 4918.4 4736.9 4156.0 2 825.5 2692.9 25184 2914.7 3 006.0 2578.1 2727.1
CIN OUTPUT - SUM 5328.9 5116.4 4502.3 3085.6 29514 2770.1 31979 3303.7 2 840.6 3023.8
DIFFERENCE BETWEEN C IN INPUT and C IN OUTPUT [kt] 462.5 449.9 389.2 257.0 242.5 222.7 260.5 266.8 227.3 234.3
CO, EMISSION [kt] 1696 1650 1427 942 889 817 955 978 833 859
CO, EMISSION FACTOR [kg/t] 165 174 165 145 138 130 135 131 127 116
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Table 4.4.3. (cont.) Carbon balance for blast furnace process in years: 1988-2013

| 1998 | 1999 [ 2000 2001 2002 2003 2004 2005 2006
CHARGE - amount used in process in given year
Sinter [kt] 6 882.1 6475.9 8 078.7 7 352.8 7 616.9 7732.2 8590.6 6168.4 6907.8
Roasted ore [kt] 1180.5 993.1 1223.0 1023.3 995.7 1061.4 1208.3 842.5 1042.1
Dolomite [kt] 555.4 467.2 575.4 481.4 468.5 499.4 568.5 396.4 490.3
Limestone [kt] 611.6 514.5 633.6 530.1 515.9 549.9 626.0 436.5 539.9
Manganese ore [kt] 449.6 378.2 465.8 389.7 379.2 404.2 460.2 320.9 396.9
Coke [TJ] 85714 70423 92 603 79 737 71875 77 563 84 581 58 590 72 356
Coking coal [TJ]
CHARGE - C content
Sinter [kg/kg] 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011
Roasted ore [kg/kg] 0.0113 0.0113 0.0113 0.0113 0.0113 0.0113 0.0113 0.0113 0.0113
Dolomite [kg/kg] 0.1300 0.1300 0.1300 0.1300 0.1300 0.1300 0.1300 0.1300 0.1300
Limestone [kg/kg] 0.1200 0.1200 0.1200 0.1200 0.1200 0.1200 0.1200 0.1200 0.1200
Manganese ore [kg/kg] 0.0262 0.0262 0.0262 0.0262 0.0262 0.0262 0.0262 0.0262 0.0262
Coke [kg/GJ] 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5
Coking coal [kg/GJ]
CHARGE - total C content [kt]
Sinter 7.6 7.1 8.9 8.1 8.4 8.5 9.4 6.8 7.6
Roasted ore 13.3 11.2 13.8 11.5 11.2 12.0 13.6 9.5 11.7
Dolomite 72.2 60.7 74.8 62.6 60.9 64.9 73.9 51.5 63.7
Limestone 73.4 61.7 76.0 63.6 61.9 66.0 75.1 52.4 64.8
Manganese ore 11.8 9.9 12.2 10.2 9.9 10.6 12.0 8.4 10.4
Coke 25285 2077.5 2731.8 2352.3 2120.3 2288.1 2 495.1 1728.4 21345
Coking coal
C IN CHARGE - SUM 2 706.8 2228.2 2917.5 2 508.3 2272.6 2450.1 2679.3 1857.0 2292.8
OUTPUT IN GIVEN YEAR
Pig iron [kt] 6279.4 5282.3 6 505.3 5442.8 5296.4 5645.9 6426.9 4481.2 5543.4
Blast furnace gas [TJ] 34289 28 179 37053 31904 28 752 31031 33 836 23 446 28 948
OUTPUT - C content
Pig iron [kg/kg] 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
Blast furnace gas [kg/GJ] 66 66 66 66 66 66 66 66 66
OUTPUT - total C content [kt]
Pig iron 251.2 211.3 260.2 217.7 211.9 225.8 257.1 179.2 221.7
Blast furnace gas 2263.1 1859.8 24455 2105.7 1897.6 2048.0 2233.2 1547.4 1910.6
CIN OUTPUT - SUM 2514.3 2071.1 2 705.7 2323.4 2 109.5 2273.9 2 490.3 1726.7 2132.3
DIFFERENCE BETWEEN C IN INPUT and C IN OUTPUT [kt] 192.5 157.1 211.8 184.9 163.1 176.2 189.0 130.3 160.4
CO, EMISSION [kt] 706 576 777 678 598 646 693 478 588
CO, EMISSION FACTOR [kg/t] 112 109 119 125 113 114 108 107 106

131




POLAND’S NATIONAL INVENTORY REPORT 2015

Table 4.4.3. (cont.) Carbon balance for blast furnace process in years: 1988-2013

2007 | 2008 | 2009 2010 2011 2012 2013
CHARGE - amount used in process in given year
Sinter [kt] 6 954.0 6306.4 4362.6 5837.3 6512.8 6672.5 6 854.2
Roasted ore [kt] 1091.2 927.6 560.9 683.9 747.3 741.0 754.2
Dolomite [kt] 513.4 436.4 263.9 321.8 351.6 348.6 354.9
Limestone [kt] 565.4 480.6 290.6 354.3 387.2 383.9 390.8
Manganese ore [kt] 415.6 353.3 213.6 260.5 284.6 282.2 287.3
Coke [TJ] 86 543 71351 44 020 50 809 52 396 52144 54 099
Coking coal [TJ] 948 2338 5977 4205
CHARGE - C content
Sinter [kg/kg] 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011
Roasted ore [kg/kg] 0.0113 0.0113 0.0113 0.0113 0.0113 0.0113 0.0113
Dolomite [kg/kg] 0.1300 0.1300 0.1300 0.1300 0.1300 0.1300 0.1300
Limestone [kg/kg] 0.1200 0.1200 0.1200 0.1200 0.1200 0.1200 0.1200
Manganese ore [kg/kg] 0.0262 0.0262 0.0262 0.0262 0.0262 0.0262 0.0262
Coke [kg/GJ] 29.5 29.5 29.5 29.5 29.5 29.5 29.5
Coking coal [kg/GJ] 25.8 25.8 25.8 25.8
CHARGE - total C content [kt]
Sinter 7.6 6.9 4.8 6.4 7.2 7.3 7.5
Roasted ore 12.3 10.4 6.3 7.7 8.4 8.3 8.5
Dolomite 66.7 56.7 34.3 41.8 45.7 45.3 46.1
Limestone 67.8 57.7 34.9 42.5 46.5 46.1 46.9
Manganese ore 10.9 9.2 5.6 6.8 7.4 7.4 7.5
Coke 2553.0 2104.9 1298.6 1498.9 1545.7 1538.2 1595.9
Coking coal 24.5 60.3 154.2 108.5
C IN CHARGE - SUM 2718.4 22459 1384.5 1628.6 1721.2 1 806.9 1821.0
OUTPUT IN GIVEN YEAR
Pig iron [kt] 5804.4 4933.8 2983.5 3638.0 3974.9 3941.4 4012.0
Blast furnace gas [TJ] 34 626 28 551 17 610 22022 22271 22 684 22 530
OUTPUT - C content
Pig iron [kg/kg] 0.04 0.04 0.04 0.04 0.04 0.04 0.04
Blast furnace gas [kg/GJ] 66 66 66 66 66 66 66
OUTPUT - total C content [kt]
Pig iron 232.2 197.4 119.3 145.5 159.0 157.7 160.5
Blast furnace gas 2285.3 1884.4 1162.3 14535 1469.9 1497.1 1487.0
CIN OUTPUT - SUM 2517.5 2081.7 1281.6 1599.0 1628.9 1654.8 1647.5
DIFFERENCE BETWEEN C IN INPUT and C IN OUTPUT [kt] 200.9 164.2 102.9 29.6 92.3 152.1 173.5
CO, EMISSION [kt] 737 602 377 109 339 558 636
CO, EMISSION FACTOR [kg/t] 127 122 126 30 85 141 159
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4.4.2.1.c. Direct reduced iron (CRF sector 2.C.1.c)

Direct reduced iron has not been produced in Poland (information confirmed by Polish Steel
Association (HIPH))

4.4.2.1.d Sinter (2.C.1.d)

Estimation of carbon dioxide process emissions from iron ore sinter production for 2013 was based
on the data from the EU ETS verified reports on annual emissions of CO, from iron ore sinter
installations [KOBiZE 2014]. Sinter production (not published from 2000 in statistical materials) and
data needed for estimation of country specific CO, EFs (i.a. amounts of components in input and
output of the sintering process) were accepted according to mentioned EU ETS reports as well.
Emissions for 2005-2012 were also estimated in accordance with EU ETS reports while for the years
1988-2004 according to data from questionnaires obtained by the National Centre for Emissions
Management from installations entering the EU ETS [KOBIiZE 2014]. The values of iron ore sinter
production (AD), CO, EFs and CO, emissions were presented in the table 4.4.1. AD sources were as
follows: G-03 reports for 1988-2000 [GUS 1989e-2001e], questionnaires from EU ETS installations
collected by National Centre for Emissions Management for 2001-2004 and EU ETS verified reports
for the years starting from 2005 [KOBIZE 2014].

For the entire period 1988-2013 emissions of CH, were also estimated from iron ore sinter
production. The default emission factor for CH, (0.07 kg/t), was taken from tab. 4.2., 2006 GLs [IPCC
2006].

Table 4.4.4. Iron ore sinter production [kt], CO, emission factors [kg/t of sinter] and CO, emission
values from sinter production in the years 1988-2013 [kt]

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
Production 14107.3| 12992.5| 11779.4| 8612.7| 8621.7| 7628.2| 8787.4| 8646.6| 8318.6| 8980.8
CO, emission factor 78.05 56.72 71.41 79.08 72.97 75.70 73.10 79.77 79.81 74.89
CO; emission 1101.14| 736.98| 841.16| 681.13| 629.08| 577.45| 642.35| 689.76| 663.94| 672.58
1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
Production 6882.1| 6475.9| 8078.7| 7352.8| 7616.9| 7732.2| 8590.6| 6168.4| 6907.8| 6954.0
CO, emission factor 73.55 83.21 79.00 72.36 73.92 85.08 76.79 72.59 84.59 88.28
CO, emission 506.20| 538.89| 638.21| 532.01| 563.07| 657.86| 659.70| 447.73| 584.31| 613.91
2008 2009 2010 2011 2012 2013
Production 6306.4| 4362.6| 5837.3| 6512.8| 6672.5| 6854.2
CO, emission factor 91.11 82.25 75.77 69.29 52.63 51.86
CO, emission 574.59| 358.80| 442.32| 451.29| 351.14| 355.48

4.4.2.1.e Pellet (2.C.1.e)

Direct reduced iron has not been produced in Poland.

4.4.2.2. Ferroalloys production (CRF sector 2.C.2)

Emission of CO, concerning ferroalloys production was estimated based on annual ferrosilicon
production taken from [GUS 2014b]. Applied emission factor of 4000 kg CO,/t ferrosilicon, was taken
from [IPCC 2006] — tab. 4.5 for ferrosilicon — 75% Si.

CH,4 emission was estimated based on emission factors from [IPCC 2006] — tab. 4.7 which is equal 1 kg
CH,/t ferrosilicon — 75% Si.
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In the period 1988-2012 CO, and CH, process emission from ferroalloys production was estimated
also based on annual ferrosilicon production taken from [GUS 1989b-2013b] (figure 4.4.2) and
emission factors as in 2013.

100

Production [kt]

Figure 4.4.2. Production of ferrosilicon in 1988-2013

Coal consumption in ferroalloys production is submitted in national energy statistics as non-energy
use of fuel. This means that coal consumed as reducer in mentioned process is not included in energy
consumption of coal in 1.A.2 subsector, so double counting is avoided.

4.4.2.3. Aluminium production (CRF sector 2.C.3)

CO, emission from aluminium production was estimated for years 1988-2008 based on annual
production amounts taken from [GUS 1989b-2009b]. Starting from 2009 primary aluminium is no
longer produced in Poland.

The emission factor amounting to 1.7 t CO,/t primary aluminium was applied in order to estimate
CO, emission for entire period 1988-2008. Mentioned CO, EF is given in tab. 4.10. of 2006 IPCC GLs
[IPCC 2006] as the value recommended for Soderberg process.

Emission of PFC gases from aluminium production is described in chapter 4.7.2.

4.4.2.4. Magnesium production (CRF sector 2.C.4)

Emission from use of SF¢ in magnesium foundries is described in chapter 4.7.2.

4.4.2.5. Lead production (CRF sector 2.C.5)

Process emissions of CO, from lead production for the years 1988-2013 were estimated based on
annual lead productions taken from GUS yearbooks [GUS 1989b-2014b]. The default emission factor
of 0.52 t CO,/t lead produced, taken from the table 4.21 of 2006 GLs [IPCC 2006], was applied for the
entire period.

The trend of process emissions from lead production is given in figure 4.4.3.
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Figure 4.4.3. CO, process emission for lead production in 1988-2013

4.4.2.6. Zinc production (CRF sector 2.C.6)

CO, process emission from zinc production for the years 1988-2013 was estimated based on annual
zinc production taken from GUS yearbooks [GUS 1989b-2014b]. The default emission factor
amounting to 1.72 t CO,/t zinc was used for entire reporting period. The factor comes from table
4.24 of 2006 GLs [IPCC 2006].

Process emission trend of CO, from zinc production is presented in figure 4.4.4.

350
300
g 250
=
§ 200
2
g 150
()]
o 100
8 il
o
50 II
0
0 OO I AN NN OMNDODO AN N<TWLM OMNDIOTOAANM
[co I~ <) Ie)NNe) NNe)Me) MEe) e ) Mo ) e ) M) NolNolNolNoelolNololNolNoRNo R0 B B B
[e) I e )N« ) <)) Mie) I e) B o) o) e I NoONeoNeoNeoNoNoNoNoNoNolNolNololNolNo)
™ A A A A A AN AN AN ANANANAN NN ANANANNNN

Figure 4.4.4. CO, process emission for zinc production in 1988-2013
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4.4.3. Uncertainties and time-series consistency

See chapter 4.2.3

4.4.4. Source-specific QA/QC and verification

See chapter 4.2.4

4.4.5. Source-specific recalculations

- estimation of CO, emission in accordance with emission source categories included in IPCC 2006

GLs (new emission sources, new EFs);
- replacement of the default EFs from [IPCC 2000] and [IPCC 1997] used in C balances of 2.C.1 sub-
categories with EFs from [IPCC 2006] or CS;
— AD correction for aluminium production for the years 2009-2012

Table. 4.4.7. Changes of GHG emission values in 2.C. subcategory as a result of recalculations.

Change | 1988 | 1989 | 1990 | 1991 | 1992 | 1993 | 1994 | 1995
co2

kt -56.6 -47.1 -37.0 -23.5 -22.5 -21.3 216 -22.5

% 0.7 0.7 0.6 0.5 06 -0.6 0.5 -0.5
CH4

kt 0.7 0.6 0.6 0.4 0.4 0.4 0.5 -0.5

% -41.1 -39.3 -38.9 -40.0 -39.1 -43.6 -42.5 -44.3

Change 1996 1997 1998 1999 2000 2001 2002 2003
co2

kt -21.9 -20.5 -17.0 -14.8 -18.6 -15.3 -14.7 -8.8

% 0.6 0.5 0.5 0.5 06 -0.5 0.6 -0.3
CH4

kt 0.5 0.6 0.6 0.5 06 -0.5 0.5 -0.5

% -44.9 -44.2 -49.9 -50.0 -48.7 -48.7 -45.6 -45.2

Change 2004 2005 2006 2007 2008 2009 2010 2011
co2

kt 9.8 -11.4 -16.8 -12.7 -13.2 -37.7 -36.6 -31.8

% 0.3 -0.5 0.7 -0.4 -0.5 2.2 2.1 -1.5
CH4

kt 0.6 0.6 0.7 0.7 0.8 -0.6 0.7 -0.7

% -47.7 -54.5 -58.5 57.4 -60.3 -66.6 -59.3 -57.9

Change 2012

co2
kt 224
% -1.0
CH4
kt 0.7
% -56.5

4.4.6. Source-specific planned improvements

No improvements are planned at the moment.
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4.5. Non Energy Product from Fuels and Solvent Use (CRF sector 2.D)
4.5.1. Source category description

Estimation of emissions in 2.D Non Energy Product from Fuels and Solvent Use are carried out in sub-
categories listed below:

1. Lubricant use (2.D.1)
2. Paraffin wax use (2.D.2)
3. Other (2.D.3)

Subsector 2.D.3. Other is by far the largest contributor to emissions from this category (see figure
4.4.1) — over 81% in 2013.
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Figure 4.5.1. Emissions from Non Energy Product from Fuels and Solvent Use sector in years 1988-
2013 according to subcategories

4.5.2. Methodological issues

4.5.2.1. Lubricant use (CRF sector 2.D.1)

Associated CO, emissions concerning non-energy use of lubricant were estimated according to the
method described in chapter 3.2.1.

4.5.2.2. Paraffin wax use (CRF sector 2.D.2)

Associated CO, emissions concerning non-energy use of paraffin wax were estimated according to
the method described in chapter 3.2.1.

4.5.2.3. Other (CRF sector 2.D.3)

Category contain emission from solvent use and associated CO, emissions concerning non-energy
use of fuels.
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4.5.2.3.1. Solvent use

There are no sources from sub-category Solvent Use , which are identified as key sources.

The use of solvents is one of the main sources of NMVOC emissions and is associated
with following processes:

e Paint application(SNAP 0601),

e Degreasing and dry cleaning (SNAP 0602),

e Chemical Products, Manufacture and Processing(SNAP 0603),

e Other solvents use(SNAP 0604).

The GHG emission sources in Solvent and Other Product Use sector involve:

- CO, emission from the following activities: Paint application, Degreasing and dry cleaning,
Chemical Products, Manufacture and Processing and Other solvents use (Fat edible and non-
edible oil extraction, Other non-specified),

Emission trend is consistent with the submission to:

e the European Union in the framework of reporting to the Directive 2001/81/EC of European
Parliament and the Council of 23 October 2001 on national emission ceilings for certain
pollutants

e the Convention on Long-range Transboundary Air Pollution (LRTAP).

According to the new 2006 IPCC guidelines N20 emissions from the use of N,O for anesthesia is
reported sub-category 2.G.3.

Total emission of GHG in this sector in 2013 was estimated to 651 kt CO,. This emission decreased by
26% from year 1988 to 2013 (Figure 4.5.2). This is mostly due to decrease of using solvents in paint
applications (by 33%) (Figure 4.5.3).
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Figure 4.5.2. GHG emission from Solvent and Other Product Use sector in 1988-2013.
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Figure 4.5.3. CO, emission from Solvent and Other Product Use sector in 1988-2013.

Paint application

Paint application includes the following processes:
e cars production,
e carrepair,
e use in households,
e coil coating,
e ship building,
e wood painting,
e other applications in industry,
e other non-manufacturing applications.

In the national inventory all of these processes are considered jointly with the division on the use of

paints based on organic solvents and water-based paints.

Calculations of CO, emissions within Sector 3., using the common methodology, were carried out on
the basis of results of NMVOC emissions [EMEP 2013]. CO, emission factor was determined
assuming, that carbon content in NMVOC is 85%. Then carbon content has been calculated in a
stoichiometric way to CO,. Calculations were made in accordance with the following formula:

CO, =0.85 * 44/12 * NMVOC

where:
CO, — carbon dioxide emission from particular subsectors,
NMVOC — NMVOC emission from particular subsectors.

Degreasing and dry Cleaning

Degreasing and dry cleaning include:
e degreasing metals,
e chemical cleaning,
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e production of electronic components,

e other industrial cleaning processes.

In the Polish national inventory the first two processes were considered.

It was assumed that

"degreasing metals" include also solvents used for other purposes in industrial processes, which were
not included separately in the inventory report for NMVOC (eg., electronic industry, textile, leather,

etc.).

Chemical products, manufacture and processing

The national inventory includes emissions from the following processes:

polyvinylchloride processing,
polystyrene foam processing,
rubber processing,

pharmaceutical products manufacturing,

paints manufacturing.

Other solvents use

The category "Other use of solvents" includes following processes:

e solvents in the household use (except paint)

e il extraction (production of fats and oils)

4.5.2.3.2. Other non-energy use of fuels

Associated CO, emissions concerning non-energy use of fuels were estimated according to the
method described in chapter 3.2.1. List of fuels and CO, emission is presented on figure 4.5.4
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4.5.3. Uncertainties and time-series consistency
wklei¢ od JAcka
4.5.4. Source-specific QA/QC and verification

Activity data concerning solvent use for period 1988-1994 was taken from Institute for Ecology of
Industrial Areas which performs its own QA/QC activities.

For years 1995-2013 the activity data was estimated by the National Centre for Emission Managment
(KOBIZE) based on data from Central Statistical Office and emission factors developed by the Institute
for Ecology of Industrial Areas (IETU).

Comparison of methodology applied with other countries experiences was made[Estimation of
national greenhouse gas emissions from the sector 3. Solvent and other product use. KCIE 2004]
Calculations were examined with focus on formulas, units and trends consistency. Generally QC
procedures follow QA/QC plan presented in Annex

4.5.5. Source-specific recalculations
Recalculations for the year 2011 and 2012 was made as result of the correction of activity data. In
table 4.5.1. are shown emission changes for subcategory - Chemical products, manufacture and

processing (3.C) .

Table 4.5.1. Emission changes for subcategory Chemical products, manufacture and processing.

Difference 1988 1989 1990 1991 1992 1993 1994 1995
kt CO, eq. 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
1996 1997 1998 1999 2000 2001 2002 2003
kt CO,eq 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
2004 2005 2006 2007 2008 2009 2010 2011
kt CO,eq 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.40
% 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.40
2012
kt CO2 eq 0.40
% 0.40

4.5.6. Source-specific planned improvements

Any possible improvements will be related to further

methodology.

development of NMVOCs emissions
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4.6. Electronic industry (CRF sector 2.E)

Not occurring.

4.7. Product uses as substitutes for ODS (CRF sector 2.F)
4.7.1 Source category description

Emissions of HFC, PFCs and SFg are estimated based on official activity data available at public
statistics (GUS) and data collected by surveys among importers and exporters of CFCs and F-gases. In
case of refrigeration and air-conditioning equipment containing HFCs, some information concerning
e.g. amounts of gas used, are collected by experts among main domestic producers and
importers/exporters [Makosa 2012, Poptawska-Jach 2015].

To assure transparency and completeness of the description in NIR it was decided to group
description of all f-gases emission in this chapter. Methodologies described here were divided into 3
groups referring to the substance: HFCs, PFCs and SFg.

Besides dominating category in terms of f-gases emission 2.F Product uses as substitutes for ODS —
this chapter also includes description of PFC emission from IPCC category 2.C.3 Aluminium
production described under PFC section below.

Due to application of new category classification this chapter also includes description of SFg
emissions from IPCC category 2.G.1 Electrical equipment.

Other notable changes in methodology for 2015 submission are:

- use of updated global warming potentials (GWPs) from the IPCC 4th Assessment Report
- the reporting of new greenhouse gases (GHGs) including NF; and the new species of
hydrofluorocarbons (HFCs) and perfluorocarbons (PFCs).

4.7.2 Methodological issues

NF3

Since 2015 mandatory reporting was extended to include NF3, which is used in the manufacture of
semiconductors, liquid crystal display (LCD) panels and photovoltaics. Other application of NF; are
hydrogen fluoride and deuterium fluoride lasers.

During preparation of submission 2015 Polish market was investigated to identify potential sources
of NF;. During this process no activity resulting in NF; emission was identified and all potential
sources are not occurring in Poland. This information was verified and confirmed by information
reported by producers and suppliers of f-gases in Poland. Therefore NF; emission from all potential
categories was reported as not occurring.

HFC
The national GHG inventory covers the following emission sources for HFCs:
- 2.F.1 Refrigeration and air-conditioning equipment (dominating category in terms
of emission volume),
- 2.F2 Foam blowing agents,
- 2.F3 Fire protection,
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- 2.F4
- and2.F.5

Aerosols (technical and medical),
Solvents.

2.F.1 Refrigeration and air-conditioning equipment

For transparency reasons and due to importance of the emissions from the refrigeration and air-
conditioning equipment (2.F.1) — the main assumptions for estimates were described with more
details below. Activity data and assumptions made within the sector were revised in 2015 (described
in recalculation chapter of this section). Amount of input in each equipment type was given in table
4.7.1.

Methodology used for estimates of f-gases is IPCC 2006 Guidelines, which is mandatory since
submission 2015. Applying new guidelines didn’t affect estimated emission values directly, because
this methodology was used before, however some emissions were allocated differently than in
submission 2014 to reflect new classification (electrical equipment, etc).

Table 4.7.1. Amount of input in each equipment type

F-gas input per
Equipment type piece of

equipment [kg]
Domestic refrigerators 0.285
Domestic freezers 0.285
Commercial refrigeration 3.1
Stationary air-conditioning 3.0
Passenger cars with air-conditioning 1.2
Public transport 15
Trucks 1.5
Trailers 5.5
Wagon, tank, cold rooms 5.5
Cargo railway cars 5.5
Tram cars 5.5
Equipment used for refrigeration 5.5

Estimates of the amount of each gas in selected equipment type assumption on shares of gases (or
their mixes) were applied (see table 4.7.2. and 4.7.3 below).

Table 4.7.2. Share of gases and mixes for commercial refrigerators

. . HFC-125 HFC-134a HFC-143a HFC-32
Gas or mix Percent of mix
amount amount amount amount
407c 10 4 4 2 0
410a 70 35 0 0 35
HFC-134a 20 0 20 0 0
Amount of gas applied to estimates 38 25 2 35
Table 4.7.3. Share of gases and mixes for stationary air-conditioning
. . HFC-125 HFC-134a HFC-143a HFC-32
Gas or mix Percent of mix
amount amount amount amount
404a 30 12 1 17 0
507a 40 20 0 20 0
HFC-134a 30 0 30 0 0
Amount of gas applied to estimates 35 30 35 0

The final assumptions on percent of refrigeration equipment where HFC-32, 125, 134a and 143a

were used was shown in tables 4.7.4-4.7.7

below.
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Table 4.7.4. Percent of equipment in which HFC-32 was used
Type of Percent of equipment in which HFC-32 was used
equipment | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013
Stationaryair-| | o | o | o | o | 25|30 |35 |35 |35 |35 |35|35|35|35|35| 35| 35/ 35
conditioning
Table 4.7.5. Percent of equipment in which HFC-125 was used
Type of Percent of equipment in which HFC-125 was used
equipment | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013
Commercial
air- 0 0 5 10 | 15 | 20 | 20 | 25 | 30 | 25 | 30 | 30 | 30 | 30 | 29 | 28 | 27 | 27 | 27
conditioning
stationaryair- | g | o | 5 | o | o | 25 | 30 |35 |35 |35 | 38|38 |38 |38|38|38]|38]38]| 38
conditioning
Table 4.7.6. Percent of equipment in which HFC-134a was used
Type of Percent of equipment in which HFC-134a was used
equipment 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013
Domestic | 5, | 7 | 100 | 100 | 100 | 100 | 100|100 0 | 0 | 0o | o | o | o | o | o] o | o] o
refrigerators
Domestic 50 | 70 | 100 | 200 | 100 | 100 | 1200 |100| 0 | 0 | 0o | 0o | o | o | o | o] o] 0| o0
freezers
Commercial
air- 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30
conditioning
stationaryair- | o | 55 | 55 | 55 | 25 | 25 | 25 | 25 | 25 | 25 | 25 | 25 | 25 | 25 | 25 | 25 | 25 | 25 | 25
conditioning
Passenger cars
with air- 15 20 25 30 40 50 60 60 70 70 80 80 90 90 | 100 | 100 | 100 | 100 | 100
conditioning
Public
10 10 20 25 30 30 30 30 40 40 40 50 50 50 60 60 60 60 60
transport
Trucks 0 0 15 20 25 25 25 30 30 30 0 40 40 50 50 50 50 50 50
Trailers 0 0 0 0 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25
Wagon, tank, | 5 | o | o | 25 | 25 | 25 | 25 | 25 | 25 | 25 | 25 | 25 | 25 | 25 | 25 | 25 | 25 | 25
cold rooms
Carg‘zarfs"way o | o | o] o 25|25 |25 25|25 25| 25| 25|25 25|25 | 25|25 25| 25
Tram cars 0 0 0 0 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25
Equipment
used for 0 0 0 0 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25
refrigeration
Table 4.7.7. Percent of equipment in which HFC-143a was used
Type of Percent of equipment in which HFC-143a was used
equipment | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013
Commercial
air- 0 0 7 15 20 25 25 35 35 35 40 40 40 40 39 39 38 38 38
conditioning
stationaryair- |\ g | o | g | g g lo oo |olol2]2]2|2]2]2]21]2]:2
conditioning

Table 4.7.8 shows aggregated national total HFCs emissions over 1995-2013 expressed in CO,

equivalents and HFCs emission in sub-sector: 2.F.1 Refrigeration and Air Conditioning Equipment.

Prior to 1995, HFCs were not used in Poland.
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Table 4.7.8. HFCs emissions in 2.F.1 Refrigeration and Air Conditioning Equipment and in Total

HFCs emissions in 2.F.1
Year Refrigeration and Air Total HFCs emissions
Conditioning Equipment [t CO,; eq.]
[t CO,eq.]
1995 79 826 97 344
1996 145 780 228 406
1997 248 325 373929
1998 341999 462 228
1999 552 814 673 377
2000 1628123 1739188
2001 2 149 358 2323031
2002 2938523 3137013
2003 3959183 4 059 795
2004 3933788 4335108
2005 4 606 273 5317717
2006 5136 452 6 074 688
2007 6 090 988 6993 204
2008 6724 109 7 415 192
2009 7 820372 8366 716
2010 7 999 022 8304 030
2011 8 694 074 8992 691
2012 8950127 9 234 006
2013 9278 767 9 606 779

2.F.2 Foam blowing agents

Activity data for this application was collected during the questionnaire survey of importers,
suppliers and end users of HFCs. Analysis of the Polish market allowed to identify use of HFC-134a,
HFC-227ea, HFC-365mfc, HFC-245ca and HFC-152a as foam blowing agents. Following IPCC 2006 GLs
it was assumed that HFCs applied to open cells foam are released in first year of use. Regarding
release ratio from hard foam (closed pores) applications it was assumed as follows:

1) EFfor HFC-134a: new product = 95% first year; 2.5% next years

2) EF for HFC-227ea: new product = 10% first year; 4.5% next years
3) EF for HFC-365mfc: new product = 25% first year; 1.5% next years
4) EF for HFC-245ca: new product = 25% first year; 1.5% next years
5) EF for HFC-152a: new product = 95% first year; 2.5% next years

Results of the emission estimates for foam blowing agents were presented in table 4.6.9 below.
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Table 4.7.9. HFCs emissions for categories: 2.F.2 Foam blowing agents, 2.F.3 Fire protection; 2.F.4
Aerosols and 2.F.5 Solvents [t CO2 eq.]

HFCs emissions
Year 2.F.2 F::::‘tl;lowmg 2.F.3 Fire protection 2.F.4 Aerosols 2.F.5 Solvents
[t CO, eq.] [t CO, eq.] [t CO, eq.] [t CO, eq.]
1995 NO NO 17 517.50 NO
1996 NO 42.92 82 582.50 NO
1997 NO 121.28 125 482.50 NO
1998 NO 234.04 119 994.88 NO
1999 11 440.00 1408.16 107 714.75 NO
2000 11 440.00 1580.13 98 044.38 NO
2001 11 440.00 3516.73 158 715.70 NO
2002 41.54 3007.98 195 440.96 NO
2003 1561.25 9096.71 89 954.15 NO
2004 9707.19 7 958.58 383 654.70 NO
2005 318 273.49 11 930.20 380716.05 524.04
2006 352 563.23 15114.15 569 558.68 1000.44
2007 395 357.23 21341.18 484 877.02 640.40
2008 347 946.94 25106.78 317701.31 328.00
2009 245 585.79 30 143.15 269 631.50 984.00
2010 138 902.45 40 387.49 123 484.47 2 233.68
2011 123 563.30 47 156.03 125112.44 2 785.54
2012 101 428.57 54 565.20 126 267.80 1617.86
2013 141 240.36 61 406.77 124 954.90 410.00

NO — emission not occurring

2.F.3 Fire protection
Activity data for this application was collected during the same questionnaire survey of importers,
suppliers and end users of HFCs as for categories 2.F.1 and 2.F.2. Analysis of the Polish market
allowed to identify use of HFC-227ea and HFC-236fa (since 1996). Regarding release ratio from fire
protection equipment it was assumed as follows:

1) EF for HFC-227ea: new product = 1% first year; 5% next years

2) EF for HFC-236fa: new product = 1% first year; 5% next years

Results of the emission estimates for foam blowing agents were presented in table 4.6.9 above.

2.F.4 Aerosols
As mentioned in description of categories above activity data for this application of technical and
medical aerosols was collected during the questionnaire survey of importers, suppliers and end users
of HFCs. Analysis of the Polish market allowed to identify use of HFC-134a (since 1995). Release ratio
for technical and medical aerosols was assumed as follows:
1) EF for HFC-134a: import for production of technical aerosols = 50% first year; 50% next year
2) EF for HFC-134a: import of technical aerosols = 50% first year; 50% next year
3) EF for HFC-134a: import for production of medical aerosols = 100% first year
4) EF for HFC-134a: import of medical aerosols = 100% first year
Results of the emission estimates for foam blowing agents were presented in table 4.6.9 above.

2.F.5 Solvents
As mentioned in description of categories above activity data for this application of technical and
medical aerosols was collected during the questionnaire survey of importers, suppliers and end users
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of HFCs. Analysis of the Polish market allowed to identify use of HFC-365mfc and HFC-43-10mee
(since 2005). Release ratio for solvents category was assumed as follows:
1) EF for HFC-365mfc: 50% first year; 50% next year

2) EF for HFC-43-10mee: 50% first year; 50% next year
Results of the emission estimates for foam blowing agents were presented in table 4.6.9 above.

PFC

The national GHG inventory covers the following emission sources for PFCs: fire extinguishers (C4F1)
and primary aluminium production (CF,, C,Fs).

2.C.3 Aluminium production

The dominating source of emission of PFC gases in Poland is IPCC sector 2.C.3 Aluminium production.
Activities on aluminium production were taken from [GUS 2010b]. Tier 1 method and the country
specific emission factors were used for estimation of PFC emissions:

for CF, EF = 0.373 kg/Mg aluminium produced

for C,Fg EF = 0.027 kg/Mg aluminium produced
Country specific emission factors given above are based on plant specific reporting of installations
under EU ETS.

Table 4.7.10 shows aggregated national total PFCs emissions over 1988-2013 expressed in CO,
equivalents and PFCs emission in sub-sector: 2.C.3 Aluminium Production. More details on activity in
this category was provided in chapter describing CO, emission from aluminium production.

2.F.3 Fire protection

According to historical data obtained from producers and importers/exporters first use of PFCs
(C4F40) in fire extinguishers began in 1996. Prior to 1996, the only known source of PFCs was primary
aluminium production. On basis of IPCC 2006 GL applied emission factors for C4Fyo for import and use
of equipment were 1% and 5% respectively. Formula used for estimating amount of substance in use
in current year (n+1) is presented below:

in use n+1 =in use n - emission from in use n + (import n+1 - emission from import n+1)
where: n - year

Table 4.7.10. PFCs emissions in 2.C.3 Aluminium production and 2.F.3 Fire protection compared to
national total PFCs emission

PFCs emissions in 2.C.3 PFCs emissions in 2.F.3 ..
L. . . . Total PFCs emissions
Year Aluminium Production Fire protection [t CO, eq.]
[t CO, eq.] [t CO, eq.]
1988 147 258 NO 147 258
1989 147 508 NO 147 508
1990 141 870 NO 141 870
1991 141 311 NO 141 311
1992 134 630 NO 134 630
1993 144 857 NO 144 857
1994 152 778 NO 152778
1995 171969 NO 171969
1996 160 231 843 161074

147



POLAND’S NATIONAL INVENTORY REPORT 2015

PFCs emissions in 2.C.3 PFCs emissions in 2.F.3 ..
.. . . . Total PFCs emissions
Year Aluminium Production Fire protection [t CO, eq.]
[t CO,eq.] [t CO, eq.]
1997 165 446 7915 173 361
1998 167 155 7703 174 858
1999 157 299 11414 168 713
2000 161 499 15181 176 680
2001 168 489 28 855 197 343
2002 181 449 25 881 207 330
2003 176 635 24 443 201 078
2004 181 853 23221 205 074
2005 165 347 22 060 187 407
2006 172 620 20957 193577
2007 164 721 19909 184 630
2008 144203 18914 163116
2009 NO 17 968 17 968
2010 NO 17 070 17 070
2011 NO 16 216 16 216
2012 NO 15 405 15 405
2013 NO 14 635 14 635

NO — emission not occurring

SFs

As concerns SFg the national GHG inventory covers the following emission sources: electrical
equipment and magnesium foundries.

2.C.4 Magnesium casting
Data on Mg casting were obtained from yearbooks of Modern Casting. The first use of SFg in

magnesium foundries was identified in 1994. Due to unavailability of the data on magnesium in
national statistics and other external data sources for recent years it was decided to use last verified
activity data available (2007). Emission factors referring to amount of cast per year was used for
calculation of SFg emission:

Mg casting EF = 1kg SF¢ /Mg of the amount of alloy used to produce casting

Amount of alloy used to produce casting is based on amount of magnesium production per year
taking into account yield factor 55%.

Table 4.7.11 includes the activity data used for estimation SFg emissions over the period: 1988-2013.

2.G.1 Electrical equipment

Applied emissions factors were based on methodology provided in IPCC 2006 GL. Amounts of
equipment on the market was assessed on the basis of data provided by producers and
importers/exporters.

Electrical equipment manufacturing EF = 0.06 Mg/Mg of SF used
Electrical equipment use EF = 0.05 Mg/Mg SF6 in use (1995), EF = 0.02 Mg/Mg (since 1996)
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Table 4.7.10 presented below includes the activity data used for estimation SF5 emissions over the

period: 1994-2013.

Table 4.7.11. Activity data used for estimation of SFg emissions in 2.C.4 Magnesium production and

2.G.1 Electrical equipment

Activity characteristic for the
source sector

1994

1995

1996

1997

1998

1999

2000

2001

2002

2003

2.C. Metal production

4. Magnesium production —
amount of alloy used to
produce casting [Mg]

320

400

400

345

291

236

181

127

72

46

2.G Consumption of HFC, PFC
and SFg

1. Electrical equipment —
amount of SFe in use [Mg]

11.00

14.02

17.05

20.07

23.10

26.12

28.70

32.04

33.75

1 Electrical equipment —
amount of imported SFs [Mg]

0.00

0.60

0.60

2.00

2.33

2.66

3.30

4.16

2.50

Activity characteristic for the
source sector

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2.C. Metal production

4. Magnesium production —
amount of alloy used to
produce casting [Mg]

20

30

65

100

100

100

100

100

100

100

2.G Consumption of HFC, PFC
and SFg

1. Electrical equipment —
amount of SFg in use [Mg]

36.45

40.57

46.23

48.63

51.32

55.80

57.97

61.50

64.72

64.72

1. Electrical equipment —
amount of imported SFs [Mg]

3.59

6.89

3.54

3.89

5.86

3.50

4.99

4.73

4.73

Table 4.7.12 shows aggregated national total SFg emissions over 1994-2013 in tones compared to SFg
emission in most important sub-sector: 2.G.1 Electrical Equipment. There is no data available on SFg

use prior to 1994.

Table 4.7.12. SF¢ emissions in 2.C.4 Magnesium foundries and 2.G.1 Electrical equipment compared

to national total emission

Year SFe emissior\s in2.C.4 SFg emission.s in 2.G.1 Electrical Total SFs emissions [t]
Magnesium [t] Equipment [t]

1994 0.582 NO 0.582
1995 0.727 0.550 1.277
1996 0.727 0.316 1.044
1997 0.628 0.377 1.005
1998 0.528 0.521 1.050
1999 0.429 0.602 1.031
2000 0.330 0.682 1.012
2001 0.230 0.772 1.003
2002 0.131 0.890 1.021
2003 0.084 0.825 0.909
2004 0.036 0.944 0.981
2005 0.055 1.121 1.175
2006 0.118 1.338 1.456
2007 0.182 1.185 1.367
2008 0.182 1.260 1.442
2009 0.182 1.467 1.649
2010 0.182 1.369 1.551
2011 0.182 1.530 1.711
2012 0.182 1.578 1.760
2013 0.182 1.535 1.717

NO — emission not occurring
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4.7.3. Uncertainties and time-series consistency

Simplified analysis were made for industrial gases HFC, PFC and SF6, where uncertainty assumptions
were applied directly to emission values of each pollutant. Due to lack of available information,
simplified approach has to be used and country recognizes need of additional analysis in this sector
as planned improvement for future inventories. More details on uncertainty assessment of whole
inventory are given in annex 8.

HFC PFC SFe HEC Emission | PFC Emission | SFsEmission | HFC Emission PFC Emission SFe Emission
Emission Emission Emission uncertainty uncertainty uncertainty absolute absolute absolute
[Gg of CO, [Gg of CO, eq.] [Gg of CO, 191 1] 1] uncertainty uncertainty uncertainty
eq.] eq.] [Gg of CO, eq.] [Gg of CO, eq.] [Gg of CO, eq.]
TOTAL 7,700.22] 41.81 42.06 48.3% 76.6% 90.3% 3,719.60] 41.81 37.72]
2. Industrial Processes 7,700.22 4181 42.06 48.3%) 76.6%] 90.3%] 3,719.60 41.81 37.72.
C. Metal Production 29.63 4.35 100.0%) 100.0%) 29.63
3. Aluminium Production 29.63 4.35 100.0% 100.0% 29.63] 4.35.
F. Consumption of Halocarbons and SF6 7,700.22 12.17 37.72 48.3%) 100.0%) 100.0%) 3,719.60 12.17] 37.72]
1. Refrigeration and Air Conditioning Equipment 7,437.48 50.0% 3,718.74
2. Foam Blow ing 105.33 50.0% 52.67]
3. Fire Extinguishers 44.24 12.17 50.0% 100.0% 22.12] 12.17]
4. Aerosols/ Metered Dose Inhalers 111.89 50.0% 55.94
5. Solvents 1.28 50.0% 0.64
8. Hectrical i 37.72 100.0% 37.72.

4.7.4. Source-specific QA/QC and verification

See chapter 4.2.4

4.7.5. Source-specific recalculations

According to 2006 IPCC Guidelines new GWP values from IPCC Assessment Report were introduced.
Some assumptions for estimating HFCs emission from 2.F.1.d Transport refrigeration were revised to

reflect new data obtained from the market.

Example results of the recalculations for 2012 were presented in table below:

kt of CO2 eq. HFCs PFCs SF6
Previous sub. 7700.22 41.81 42.06
Latest sub. 9234.01 15.41 40.13
Difference 1533.79 -26.40 -1.93
% 19.9% -63.1% -4.6%

4.7.6. Source-specific planned improvements

Continuing ongoing project on revision and extending dataset for f-gases. Improving description of
methodology and assumptions in NIR. Further analysis of filling amounts in equipment containing
HFCs, PFCs and SFe.

4.8. Other product manufacture and use (CRF sector 2.G)

See chapter 4.7.2.
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5. AGRICULTURE (CRF SECTOR 3)

5.1. Overview of sector

The GHG emission sources in agricultural sector involve: enteric fermentation from domestic
livestock (CH,), manure related to livestock management (CH, and N,O), agricultural soils (N,0),
liming and urea application (CO,) and agricultural residue burning (CH, and N,0). Emission categories
like: rice cultivation and prescribed burning of savannas do not occur in Poland and are therefore not
reported.

Following categories from sector 4 have been identified as key sources (excluding LULUCF):

Level Trend
IPCC Category Code | IPCC Source Categories Greenhouse Gas | Assessment | Assessment
3.A Enteric Fermentation CH, 3.00%
3.B Manure Management CH4 0.50%
3.D Agricultural Soils N,O 2.80%
3.D Agricultural Soils N,O 0.70%
3.G Liming Cco, +

Share of these categories in total Poland's GHG emissions is ca. 7.00%.

Total emissions of GHG in Agriculture sector presented as carbon dioxide equivalent amounted to
30 100 kt in 2013 and decreased since 1988 by nearly 38%. Strong decrease in emissions in Poland
occurred after 1989 when economic transformation began shifting from centrally planned economy
to the market one (Fig. 5.1). The cost-effectiveness of agricultural production deeply changed then —
up to 1989 agricultural production was generally subsidised on the state level. Since 1990 the prices
for agricultural products as well as for agricultural means of production (like mineral fertilisers or
machines) became the market ones and the subsidies were cut off. Deterioration of macroeconomic
conditions for agricultural production in early 1990-ties during the restructuring of the state
economy triggered changes in structure of agricultural farms since 1989. The big state agricultural
farms became economically ineffective in a new market conditions so they were constantly
eliminated. Also production of many small family farms became cost-ineffective so for instance the
process of leaving the animal production by small farms started. On the other hand - gradual
development of private and collective farms breeding large livestock herds begun. Still almost 70% of
Polish farms are smaller than 5 hectares.

Dramatic decrease of livestock numbers was observed after 1989 — the cattle population decreased
almost by half — from over 10 million in 1988 to less than 6 million since 2002. Since 2002, just
before accessing Poland to the European Union (in 2004), population of dairy cattle stabilized when
the limits of milk production were known in advance what stabilized the milk market. In the same
time sheep population drop by 94% (from over 4 million in 1988 up to 0.22 million in 2013).
Especially sheep breeding became unprofitable — the wool up to 1989 was highly subsidised so sheep
farming was related mostly to wool production and over 70% of sheep farms’ income was related to
wool sale. Small domestic demand for sheep meat also caused retreat from sheep breeding.

Additional reasons for decreasing the agricultural production in 1990-ties were export limitation for
Eastern markets, deterioration of relationship between prices for agricultural products and prices for
means of production as well as increased competition of imported food from Western Europe. Since
2004, when Poland joined the European Union, the key factor influencing the Polish agriculture and
rural areas is the EU Common Agricultural Policy aiming at improvement of productivity through
introducing technical progress and stabilisation of agricultural market.
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Figure 5.1. Total greenhouse gas emissions from the Polish agriculture in 1988-2013 presented in CO,

equivalent

In 2013, in relation to the previous year, gross agricultural output increased by 3.7% due to higher
livestock production (by 2.1%), as well as increase crop production (by 5%). Year 2013 was following
year in which market conditions of agricultural production have worsened, which had a negative
impact on profitability of agricultural activity. The growth rate of the average prices of goods and
services purchased for the current agricultural production and investment purposes was higher than
the growth rate of prices of agricultural products sold by individual farmers. [GUS R4 2014].

Carbon dioxide emissions in Agriculture sector in 2013 come from liming and urea application - both
close to 50% (Fig. 5.2).
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Figure 5.2. Carbon dioxide emissions from the Polish agriculture in 1988-2013 according to
subcategories
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As relates to methane emissions most of them originated from enteric fermentation (86.2%) and
about 13.6% is related to manure management in 2013. Share of field burning of agricultural residues
represent only 0.2% of emissions (Fig. 5.3).
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Figure 5.3. Methane emissions from the Polish agriculture in 1988-2013 according to subcategories

As concerns the nitrous oxide emissions, the main source of emissions in 2013 is agricultural soils
responsible for 87.2% while manure management - for 12.8%. Emissions from field burning of
agricultural residues are negligible (0.1%) (Fig. 5.4).
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Figure 5.4. Nitrous oxide emissions from the Polish agriculture in 1988-2013 according to
subcategories
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5.2. Enteric Fermentation (CRF sector 4.A)
5.2.1. Source category description

CH, emissions from animals’ enteric fermentation in 2013 amounted to 468.5 kt CH, and decreased
since 1988 by 46.7%. Majority of CH, emissions in this subcategory, more than 95%, are related to
cattle breeding. The main driver influencing CH, emissions decline from enteric fermentation is the
decrease of livestock population since 1988. The biggest change over time relates to the sheep
breeding where cut of emissions exceeds 95% in 1988-2013. At the same time CH,; emission
reduction for dairy cattle amounted for 45%.

Table 5.1. Trends in CH, emissions from enteric fermentation in 1988-2013 [kt CH,]

Year Dairy cattle N‘::r;::f: ik Sheep Goats Horses Swine Total
1988 525.2 268.7 35.0 0.9 18.9 29.4 878.1
1989 548.5 279.5 35.3 0.9 17.5 28.3 909.9
1990 532.1 249.8 33.3 0.9 16.9 29.2 862.2
1991 487.7 207.7 259 0.9 16.9 32.8 771.9
1992 447.5 192.9 15.0 0.9 16.2 33.1 705.6
1993 418.3 178.0 10.1 0.9 15.1 28.3 650.8
1994 406.6 186.3 7.0 0.9 11.2 29.2 641.2
1995 375.2 181.1 5.7 0.9 11.4 30.6 604.9
1996 365.5 178.5 4.4 0.9 10.2 26.9 586.5
1997 371.3 185.3 3.9 0.9 10.0 27.2 598.7
1998 375.9 164.2 3.6 0.9 10.1 28.8 583.4
1999 360.7 150.7 3.1 0.9 9.9 27.8 553.1
2000 329.8 143.7 2.9 0.9 9.9 25.7 512.9
2001 324.4 130.1 2.7 0.9 9.8 25.7 493.6
2002 310.4 129.6 2.8 1.0 5.9 27.9 477.6
2003 314.3 124.7 2.7 1.0 6.0 27.9 476.6
2004 304.6 123.4 2.5 0.9 5.8 25.5 462.8
2005 306.4 128.7 2.5 0.7 5.6 27.2 471.1
2006 310.5 134.9 2.4 0.7 5.5 28.3 482.4
2007 310.8 141.0 2.7 0.7 5.9 27.2 488.3
2008 312.9 142.6 2.6 0.7 5.9 23.1 487.8
2009 302.2 148.1 2.3 0.6 5.4 21.4 480.0
2010 298.6 151.3 2.1 0.5 4.8 22.3 479.6
2011 297.5 155.4 2.0 0.6 4.6 20.3 480.3
2012 298.6 160.3 2.1 0.4 4.0 17.4 482.9
2013 286.7 159.4 1.8 0.4 3.7 16.5 468.5

share [%] in
2013 61.2 34.0 0.4 0.1 0.8 3.5 100.0

change [%]

1988.2013 -45.4 -40.7 -94.9 -54.4 -80.3 -43.9 -46.6

5.2.2. Methodological issues

Activity data for 2013, similarly to those for entire period since 1988, related to livestock population
come from national statistics (Central Statistical Office) [GUS R1 2014]. Detail methodological
information related to collecting data on livestock population is given in Annex 5.

Generally population of major livestock is available on an annual basis. As relates to goats
population some lack of data is noticed for 1988-1995 and 1997, so data for 1996 was taken for the
period 1988-1995 and for 1997 the average value for 1996 and 1998 was calculated. Since 1998
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goats population is available on an annual basis. Trends of animal population (excluding cattle) in
1988-2013 is given in table 5.2.

Table 5.2. Trends of livestock population in 1988-2013

Years Livestock population [thousands]
Sheep Goats Horses Swine Poultry

1988 4377 179 1051 19 605 234 605
1989 4 409 179 973 18 835 253301
1990 4159 179 941 19 464 216 341
1991 3234 179 939 21868 209 090
1992 1870 179 900 22 086 192 880
1993 1268 179 841 18 860 188 759
1994 870 179 622 19 466 194 661
1995 713 179 636 20418 185 745
1996 552 179 569 17 964 203 873
1997 491 182 558 18 135 197 400
1998 453 186 561 19168 197 193
1999 392 181 551 18 538 197 267
2000 362 177 550 17 122 194 126
2001 343 172 546 17 105 202 519
2002 345 193 330 18 629 193 996
2003 338 192 333 18 605 143 457
2004 318 176 321 16 988 128 835
2005 316 142 312 18112 122 755
2006 301 130 307 18 881 122 068
2007 332 144 329 18129 133475
2008 324 136 325 15 425 141 615
2009 286 119 298 14 279 125 878
2010 258 108 264 14 865 140997
2011 251 112 254 13 509 139 837
2012 267 90 222 11581 127 130
2013 223 82 207 10994 127 808

Trends of cattle population presented for specific subcategories is given in Table 5.3. In 1998 Central
Statistical Office introduced methodological changes in collecting statistical data on cattle population
(apart from dairy cattle). This change triggered some inconsistency in population trend of other
cattle. So in response to recommendations of the Expert Review Team (ERT 2013) the non-dairy
cattle trend for 1988-1997 was unified based on average share in 1998-2007 of specific age groups in
relation to all non-dairy cattle population (italics).

Table 5.3. Trends of cattle population in 1988-2013 [thousands]

Non-dairy cattle

Years Dairy cattle young cattle young heifers > bulls
<1lyear cattle 1-2 2 years >2 years

years
1988 4806 2879 2025 401 211
1989 4994 2996 2107 417 219
1990 4919 2678 1883 373 196
1991 4577 2227 1567 310 163
1992 4257 2069 1456 288 151
1993 3983 1910 1344 266 140
1994 3863 2001 1407 279 146
1995 3579 1946 1368 271 142
1996 3461 1919 1349 267 140
1997 3490 1992 1401 278 146
1998 3542 1799 1235 280 99
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Non-dairy cattle

Years Dairy cattle young cattle young heifers > bulls
< 1year cattle 1-2 2 years >2 years

years
1999 3418 1647 1108 283 99
2000 3098 1572 1101 231 81
2001 3005 1472 973 210 74
2002 2873 1384 1084 142 50
2003 2897 1349 932 229 81
2004 2796 1309 916 246 86
2005 2795 1425 978 209 76
2006 2824 1428 1040 224 90
2007 2787 1473 1072 265 99
2008 2806 1502 1102 263 83
2009 2688 1472 1204 238 99
2010 2656 1457 1244 276 92
2011 2626 1481 1300 242 113
2012 2578 1469 1344 239 147
2013 2442 1409 1372 218 149

In the estimation of CH, emissions from enteric fermentation two types of approaches were applied
— in case of horses, sheep, goats and swine, the IPCC Tier 1 method was applied using default CH,
Emission Factors [IPCC 2006, table 10.10] as given below:

Animal Emission Factor
[kg CH,/head/year]
Horses 18.0
Sheep 8.0
Goats 5.0
Swine 1.5

Emissions from enteric fermentation of poultry and fur animals were not estimated as the IPCC do
not provide the guidelines.

More detailed, IPCC Tier 2 method, was applied in calculation of methane emissions from enteric
fermentation from cattle responsible for over 95% of CH,; emissions in this subsector. Here country
specific emission factors were calculated based on specific gross energy intake (GE) values estimated
for selected cattle sub-categories [IPCC 2006, equation 10.21]:

EF = (GE * Y,,/100 * 365 days/yr) / (55.65 MJ/kg CH,)
where:
EF — emission factor, kg CHs/head/yr
GE — gross energy intake, MJ/head/day
Ym — methane conversion rate which is the fraction of gross energy in feed converted to
methane, %.

Gross energy intake (GE) was calculated [IPCC 2006, equation 10.16] separately for dairy cattle and
for and non-dairy cattle disaggregated for: calves under 1 year, young cattle 1-2 years and other
mature cattle (divided for heifers and bulls over 2 years). Parameters required for estimation of GE
factor for dairy cattle like pregnancy [GUS R1 2014], milk production [GUS M 2014], percent of fat in
milk [GUS R 2014] come from national statistics. Digestible energy (DE — expressed as a percent of
gross energy) for cattle was estimated by the National Research Institute of Animal Production
[Walczak 2006, 2013] and relates to genetic as well as feeding improvements of cattle breading
throughout inventoried period. For dairy cattle DE varies from 58.6% in 1988 through 60% in 1995 up
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to 63.3% in 2013. As concerns non-dairy cattle, DE parameters are as following: young cattle up to 1
year: 71.1-71.3%, bovines between 1-2 years: 66.1-66.5%, for matured heifers — 62.4-62.7% and for
bulls constant value was taken — 59.1%. Other parameters used for calculation of GE come from IPCC
2006 GLs (C; - table 10.4, C, - table 10.5, Cyregnacy — table 10.7). Methane conversion rate (Y,,) for
cattle was adopted as 6.5% from [IPCC 2006, table 10.12].

Methane emission factor for dairy cattle, established based on the above described methodology,
vary from 109.3 CH,/animal/year in 1988 up to 117.4 kg CH,/animal/year in 2013, following GE
changes, and is higher than IPCC default one (89 kg CH,/animal/year) because of using country
specific parameters for calculations (tab. 5.3). For non—dairy cattle GE factor was calculated for every
subcategory based on country specific parameters like mean mass and daily weight gain [Walczak
2006]. Methane emission factors for entire trend for non-dairy cattle in form of weighted mean
values, mean mass and GE are presented in table 5.4. The values of EFs vary from 48.7 kg
CH,/animal/year in 1988 up to 50.6 kg CH,/animal/year in 2013. Relatively low EF (IPCC default is 58
kg CH,/animal/year) depends on high share of youngest cattle (< 1 year) within this category (53% in
1998 and 45% in 2013) (table 5.5).

Table 5.4. Average annual milk production, daily gross energy intake (GE) and CH, emissions factors
for dairy cattle in 1988-2013

. . GE EF
Average milk production . _
Years [litres/cow/yr] gross energy intake emlssmr.\ factor
[MJ/cow/day] [kg CH,/animal/year]
1988 3165 256.31 109.27
1989 3260 257.60 109.82
1990 3151 253.73 108.17
1991 3082 249.93 106.55
1992 3015 246.58 105.12
1993 3075 246.33 105.02
1994 3121 246.90 105.26
1995 3136 245.90 104.83
1996 3249 247.70 105.60
1997 3370 249.57 106.40
1998 3491 248.92 106.12
1999 3510 247.53 105.53
2000 3668 249.72 106.46
2001 3828 253.20 107.94
2002 3902 253.41 108.04
2003 3969 254.43 108.47
2004 4082 255.57 108.96
2005 4147 257.14 109.63
2006 4200 257.94 109.97
2007 4292 261.56 111.51
2008 4351 261.59 111.52
2009 4455 263.73 112.43
2010 4487 263.75 112.45
2011 4618 265.76 113.30
2012 4845 271.71 115.84
2013 4978 275.37 117.40
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Table 5.5. Trends of emission factors for cattle with detail breakdown of non-dairy cattle population
in 1988-2013 [kg CH,/head/yr]

Non-dairy Non-dairy cattle
Years cattle young

weighted young cattle heifers > bulls

mean EF <1year cattle1-2 | -, years >2 years

years

1988 48.71 32.71 68.41 49.65 76.29
1989 48.71 32.71 68.41 49.65 76.29
1990 48.69 32.70 68.38 49.61 76.24
1991 48.67 32.68 68.36 49.58 76.18
1992 48.65 32.67 68.33 49,55 76.13
1993 48.64 32.66 68.31 49.52 76.08
1994 48.61 32.65 68.28 49.48 76.03
1995 48.58 32.63 68.26 49.45 75.98
1996 48.56 32.62 68.23 49.42 75.93
1997 48.55 32.61 68.21 49.38 75.88
1998 48.10 32.60 68.19 49.35 75.83
1999 48.03 32.58 68.16 49.32 75.78
2000 48.15 32.57 68.14 49.29 75.73
2001 47.69 32.56 68.11 49.25 75.68
2002 48.73 32.55 68.09 49.22 75.63
2003 48.13 32.53 68.06 49.19 75.58
2004 48.27 32.54 67.98 48.98 75.59
2005 47.88 32.55 67.97 48.26 75.59
2006 48.51 32.55 67.97 48.95 75.59
2007 48.47 32.49 67.80 48.99 75.59
2008 48.34 32.47 67.80 48.87 75.59
2009 49.16 32.35 67.63 48.76 75.59
2010 49.31 32.27 67.46 48.76 75.40
2011 49.56 32.19 67.29 48.65 75.40
2012 50.13 32.11 67.29 48.65 75.59
2013 50.65 32.11 67.29 48.65 75.59

5.2.3. Uncertainties and time-series consistency

Uncertainty analysis for the revised year 2013 for IPCC sector 3.Agriculture was estimated with use of
approach 1 described in 2006 IPCC Guidelines for National Greenhouse Gas Inventories. Simplified
approach was based on the assumptions that every value is independent and probability distribution
is symmetric. Results of the sectoral uncertainty analysis are given below. More details on
uncertainty assessment of whole inventory are given in annex 8.
Recalculation of data for years 1988-2012 ensured consistency for whole time-series.

CO, Emission CH,4 Emission N.O Emission
2013 ([:k?]z ([:k|-t|]4 ’EIkzt(]) uncertainty uncertainty uncertainty
(%] (%] (%]

3. Agriculture 883.46 543.51 52.45 20.0% 29.1% 64.3%
A. Enteric Fermentation 468.50 32.8%
B. Manure Management 74.04 6.69 53.1% 40.0%
D. Agricultural Soils 45.72 73.5%
F. Field Burning of

Agricultural Residues 0.97 0.04 18.4% 98.7%
G. Liming 438.83 26.0%
H. Urea application 444.63 30.4%
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5.2.4. Source-specific QA/QC and verification

Activity data related to livestock population and any additional parameters like milk productivity or
cattle pregnancy come from national statistics prepared by the Central Statistical Office. Data like
livestock population, crop production, nitrogen fertilizers use and others are available in several
publications that were cross-checked. Emphasis was put on data consistency between sub-categories
and between sectors using agricultural data. Emission factors and methodology is compared with
international literature and other countries methods/EF applied. Calculations were examined with
focus on formulas, units and trends consistency. Generally QC procedures follow QA/QC plan
presented in Annex 7.

5.2.5. Source-specific recalculations
- update of methodology following IPCC 2006 GLs.

Table 5.6. Changes in CH, emissions from enteric fermentation due to recalculations made

Change 1988 1989 1990 1991 1992
kt 104,65 108,21 103,39 93,41 85,42
% 13,53 13,50 13,63 13,77 13,77
Change 1993 1994 1995 1996 1997
kt 79,43 77,99 72,65 70,49 71,46
% 13,90 13,85 13,65 13,66 13,55
Change 1998 1999 2000 2001 2002
kt 69,56 66,18 60,44 57,93 55,63
% 13,54 13,59 13,36 13,30 13,18
Change 2003 2004 2005 2006 2007
kt 55,93 54,07 54,31 55,59 56,00
% 13,29 13,23 13,03 13,02 12,95
Change 2008 2009 2010 2011 2012
kt 56,24 54,97 54,55 54,66 55,45
% 13,03 12,94 12,83 12,84 12,97

5.2.6. Source-specific planned improvements

No further improvements are planned at the moment.
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5.3. Manure Management (CRF sector 4.B)

5.3.1. Source category description

CH,; emissions related to animal manure management in 2013 amounted to 74 kt and decreased
since 1988 by about 35%. Most of CH,; emissions in 2013 come from manure generated by swine -
almost 47%. Again the biggest change over time in CH,; emissions relates to sheep breeding where
cut of emissions amounted to 95% in 1988-2013 (tab. 5.7).

Table 5.7. Trends in CH, emissions from manure management according to livestock categories
1988-2013
Year Dairy cattle Non-dairy Sheep Goats Horses Swine Poultry I-=ur Total
cattle animals
1988 35.96 11.97 0.83 0.02 1.64 57.66 5.94 042 | 114.45
1989 37.49 13.81 0.84 0.02 1.52 55.48 6.66 0.39 | 116.20
1990 35.97 10.01 0.79 0.02 1.47 57.42 5.82 0.36 | 111.87
1991 32.99 9.37 0.61 0.02 1.46 64.61 5.57 0.33 | 114.97
1992 29.92 8.66 0.36 0.02 1.40 65.36 5.25 0.30 | 111.27
1993 27.50 7.74 0.24 0.02 1.31 55.89 5.20 0.27 98.18
1994 26.75 8.02 0.17 0.02 0.97 57.78 5.54 0.24 99.49
1995 24.69 7.61 0.14 0.02 0.99 60.69 5.17 0.21 99.53
1996 23.61 7.33 0.10 0.02 0.89 53.48 5.12 0.19 90.75
1997 24.37 7.44 0.09 0.02 0.87 54.07 5.00 0.20 92.06
1998 24.10 6.74 0.09 0.02 0.88 57.24 5.19 0.21 94.46
1999 24.96 6.35 0.07 0.02 0.86 55.44 5.23 0.22 93.15
2000 23.25 6.16 0.07 0.02 0.86 51.28 5.26 0.23 87.12
2001 22.79 5.66 0.07 0.02 0.85 51.30 5.43 0.23 86.36
2002 25.90 5.67 0.07 0.03 0.51 55.96 5.20 0.24 93.58
2003 28.56 5.54 0.06 0.03 0.52 55.97 3.62 0.26 94.56
2004 29.91 5.74 0.06 0.02 0.50 50.95 3.32 0.27 90.77
2005 30.24 5.94 0.06 0.02 0.49 55.55 3.26 0.29 95.84
2006 30.31 6.26 0.06 0.02 0.48 58.48 3.33 0.30 99.23
2007 30.83 6.40 0.06 0.02 0.51 56.98 3.60 0.31 98.72
2008 31.20 6.50 0.06 0.02 0.51 48.61 3.88 0.33 91.11
2009 29.91 6.70 0.05 0.02 0.46 46.07 3.59 0.34 87.15
2010 28.60 6.94 0.05 0.01 0.41 47.62 3.84 0.36 87.83
2011 29.01 7.15 0.05 0.01 0.40 42.49 3.86 0.36 83.32
2012 29.01 7.35 0.05 0.01 0.35 36.43 3.76 0.36 77.32
2013 27.85 7.23 0.04 0.01 0.32 34.62 3.60 0.36 74.04
share [%] 37.6 9.8 0.1 0.0 0.4 46.8 4.9 05| 1000
in 2013
change
[%] 1988- 22.6 39.6 94.9 54.4 80.3 40.0 39.3 14.4 35.3
2013

in

Generally decreasing trend is observed in CH, emission from manure management of the most

livestock sub-categories except cattle. Despite decreasing cattle population, the increasing share of
liquid systems in the inventoried period caused certain rise of emissions.

N,O emissions from manure management amounted to 6.7 kt in 2013 and drop since 1988 by 38%
what is associated mostly with the diminishing area of agricultural land and related crop production
as well as decreasing livestock population. Direct emissions are responsible for about 49% and
indirect for 51% of N,0 emissions in this category (fig. 5.5).
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Fig. 5.5. Trends of direct and indirect N,O emissions from manure management in 1988-2013

5.3.2. Methodological issues

The source of activity data i.e. animal population was taken from the public statistics as described in
chapter 5.2.2 (tab. 5.2, 5.3). Additionally emissions from fur animals in this sub-category are
estimated. Data on fur animals population is available in public statistics only for selected years like:
1983 [GUS R5 1987] and 1996 [GUS R6 1996], 2002 [GUS R7 2002] and 2010 [GUS R8 2010] when
Agricultural Censuses were performed. Interpolation was used for lacking years, after 2010 data for
2010 was used. No information on deer population is available.

Country specific data on the animal waste management systems (AWMS) come from [Walczak 2006,
2009, 2011, 2012, 2013]. The fractions of manure managed in given AWMS for cattle were assessed
on an annual basis for periods 1988-2002 and 2004-2012, data for 2003 was interpolated between
2002 and 2004. The share of pastures and solid storage were assessed for the key years: 1988-1989
and for 2004-2012 and the values in-between were interpolated (tab. 5.8). As concerns swine
manure management systems the share of liquid and solid storage was estimated based on AWMS
shares and pigs population for age categories for 1988 [Walczak 2006]. Data for 2004-2012 was
taken from [Walczak 2011, 2012, 2013]. Data for years between 1988 and 2004 interpolation was
made. Data for 2012 were used for 2013.

For other animals permanent shares of AWMS for entire inventoried period were assumed based on
data assessed for 2004-2012: for sheep - 40% on pastures and 60% solid storage, for goats: 44% on
pastures and 56% on solid storage and for horses: 22% and 78% respectively. For poultry the
following AWMS shares were established: 11% on liquid systems and 89% on solid storage [Walczak
2011, 2012, 2013].

Table 5.8. Fractions of manure managed in given AWMS for cattle and swine for selected years [%]

Dairy cattle Other cattle swine
liquid solid pasture liquid solid pasture liquid solid pasture
1988 2.8 75.2 22.0 4.9 77.1 18.0 22.3 77.7 0.0
1990 2.7 76.1 21.2 3.2 79.2 17.6 22.4 77.6 0.0
1995 2.3 80.4 17.2 3.8 80.6 15.6 22.7 77.3 0.0
2000 3.7 83.1 13.2 4.0 82.4 13.6 23.0 77.0 0.0
2005 10.6 79.4 10.0 5.2 82.8 12.0 24.0 76.0 0.0
2010 10.1 79.6 10.3 5.1 82.9 12.1 25.5 74.5 0.0
2013 10.5 79.2 10.3 5.1 82.9 12.0 24.3 75.7 0.0
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In Poland prevail small farms where solid systems for animal management are commonly used.
Liquid systems are applied only at big farms, having more than 120 animals. Development of such big
milk farms in early years of 2000 influenced significant increase of CH, emissions from manure
management for dairy cattle since 2002.

5.3.2.1. Estimation of CH, emissions from manure management

The Tier 1 methodology and the default emission factors were used for estimation of CH, emissions
from manure management of horses, sheep, goats, poultry and fur animals [IPCC 2006] (tab. 5.9).
The Tier 2 methodology was used to establish domestic CH; emission factors for cattle and swine
applying equation 10.23 from [IPCC 2006]:

EF = Vs * 365 days/year * B, * 0,67kg/m3 * SMCF * MS
where:
EF — emission factor (kg CHa/animal/year),
Vs - average daily volatile excreted solids,
B, — maximum CH, production capacity for manure produced by animal
MCF — methane conversion factors for each manure management system for cool climate [IPCC
2006, tab. 10.17],
MS — fraction of livestock category manure in given AWMS (table 5.8).

For cattle volatile solids (Vs) were estimated based on equation 10.24 in IPCC 2006 GLs with the use
of specific GE and DE parameters, urinary energy expressed as fraction of GE was assumed as 0.04
(IPCC 2006) while ASH content as 0.08 (IPCC 2006). Maximum CH, producing capacity (B,) was taken
from IPCC 2006 tables 10A.4 and 10A.5. For swine the default values for Vs and B, were used (IPCC
2006). Examples of above mentioned parameters and emission factors used for calculation of CH,
emissions from manure management for livestock are shown in table 5.9.

Table 5.9. Methane-producing potential (B,), volatile solids excreted (Vs) and CH, emission factors for
manure management in 2013

EF Vs Methan:;roducing
Livestock Emissior.\ Factor Volatile Solifis Excreted potential
[kg CH,/animal/year] [kg dm/animal/day] [m* CHa/kg Vs]

Dairy cattle 11.40 5.59 0.24

Non-dairy cattle 2.30 2.09 0.17

Swine 3.15 0.50 0.45
Sheep 0.19
Goats 0.13
Horses 1.56
_______ Poultry: |
. layers(dry) |} 003
.. Broilers | 002
_________ Turkeys |\ 009
Ducks 0.02
Rabbits 0.08
Fur-bearing animals 0.68

5.3.2.2. Estimation of direct N,O emissions from manure management

Direct nitrous oxide emissions from manure management were estimated based on recommended
IPCC methodology [IPCC 2006, equation 10.25] using the same AWMS data as for CH,; emissions
(chapter 5.3.2.1):

162



POLAND’S NATIONAL INVENTORY REPORT 2015

44
N2Opmmy = D) [ (Nry * Nexcry * MS(r5)) * EFss)| 5=
N T

where:
N;0 pmm) — direct N20 emissions from manure management in the country (kg N,O/year),
N — livestock population in given category T in the country,
Nex(r — annual average N excretion per head of livestock category T in country
(kg N/animal/year),
MSrs) — fraction of total annual nitrogen excretion for each livestock category T managed in
manure management system S,
EF55) — emission factor for direct N,O emissions from manure management system S
(kg NoO-N/kg N),
S — manure management system
T - livestock category
44/28 — conversion of (N;0-N)mm) emissions to N,O(mm) €missions

Data on nitrogen excretion for livestock categories (kg N/head/year) is country specific and come
from [IUNG, Kopinski 2014]. The basis for assessment of Nitrogen excretion rates (Nex) applied in
calculations of N,O emissions constitutes the standard amounts of nitrogen in faeces and urine
determined for different groups of livestock animals grounded on standard quantity, sort and
digestibility of fodder applied. Country specific Nex values (table 5.10) are generally in line with
parameters published in [UNECE 2001] as well as with those published in [IPCC 2006, table 10.19] for
most livestock categories. The Nex parameters for dairy cattle differ in time what is related mostly to
increasing milk production. For rabbits and other fur-bearing animals the default Nex values were
used from [IPCC 2006, table 10.19].

Table 5.10. Country specific Nitrogen excretion rates (Nex) in manure by livestock categories

Livestock Nex
[kg/head/year]
Dairy cattle:
1988-1995 65.0
1996-2000 70.0
2001-2005 75.0
2006-2010 80.0
Since 2011 83.0
Non-dairy cattle:
calves up to 1 year 19.0
Young cattle 1-2 years 46.0
Heifers above 2 years 53.0
Bulls above 2 years 65.0
Swine:
piglets (< 20 kg) 2.6
piglets (20-50 kg) 9.0
fattening pigs (> 50 kg) 15.0
Sows 20.0
butcher hogs 18.0
Sheep 9.5
Goats 8.0
Horses 55.0
Poultry (weighted): 0.5

Default values of N,O emission factors for given management systems from [IPCC 2006, table 10.21]
were applied (table 5.11).
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Table 5.11. Emission factors for calculating N,O emissions from manure management [IPCC 2006]

Animal Waste Management Systems En;;(sgsﬁ?ofij;ck); (’\IIE]Fa)
Liquid / slurry with natural crust cover 0.005
Liquid / slurry without natural crust cover 0.000
Solid storage 0.005
Pit storage below animal confinements 0.002
Poultry manure with litter 0.001
Poultry manure without litter 0.001

5.3.2.3. Indirect N,0 emission from manure management

Following IPCC 2006 Guidelines the indirect N,O emissions from manure management were
estimated based on equations: 10.27 (N volatilisation) and 10.29 (N leaching) as well as nitrogen
excretion rates (Nex) and manure management systems shares (MS) described in previous
subchapters related to GHG emissions from manure management. Emission factor for calculation of
N,O emissions from atmospheric nitrogen deposition was assumed as 0.01 kg N,O—-N while emission
factor for N,O emissions from nitrogen leaching and runoff was adopted as 0.0075 kg N,O-N (default
EFs from IPCC 2006).

Nitrogen losses related to volatilisation from manure management were calculated based on
equation 10.26 [IPCC 2006] where fractions of managed manure nitrogen for given livestock category
that volatilises as NH; and NOx in given manure system (Fracgas) are taken from [IPCC 2006 table
10.22]. Nitrogen losses due to leaching from manure management were estimated based on
equation 10.28 [IPCC 2006] applying fraction of managed manure nitrogen losses for livestock
categories due to runoff and leaching during manure storage as 10% (mid value for range 1-20% in
the IPCC 2006 Guidelines).

5.3.3. Uncertainties and time-series consistency
Description of uncertainties is given in Chapter 5.2.3.

5.3.4. Source-specific QA/QC and verification

Activity data related to livestock population come from national statistics prepared by the Central
Statistical Office. Data on Animal Waste Management Systems are elaborated by the National
Research Institute of Animal Production which develops activities aiming at obtaining representative
data on the production of main livestock categories. Collection of this data is based on appointing a
suitable monitoring for various institutions like statistical office, Farmers Chambers, Centres for
Agricultural Advice and Veterinary Inspection. Partially monitoring is covered also by Institute’s
employees.

Emphasis was put on data consistency between sub-categories and between sectors using
agricultural data. Emission factors and methodology is compared with international literature and
other countries methods/EF applied. Calculations were examined with focus on formulas, units and
trends consistency. Generally QC procedures follow QA/QC plan presented in Annex 5.
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5.3.5. Source-specific recalculations

- update of methodology following IPCC 2006 GLs.

Table 5.12. Changes in CH, emissions from manure management due to recalculations

Change 1988 1989 1990 1991 1992
kt -49,16 -49,89 -45,99 -53,44 -53,30
% -30,05 -30,04 -29,13 -31,73 -32,39
Change 1993 1994 1995 1996 1997
kt -45,32 -46,72 -49,22 -44,59 -44,87
% -31,58 -31,95 -33,09 -32,95 -32,77
Change 1998 1999 2000 2001 2002
kt -46,75 -48,08 -45,61 -46,38 -54,58
% -33,11 -34,04 -34,36 -34,94 -36,84
Change 2003 2004 2005 2006 2007
kt -54,86 -53,14 -57,73 -61,49 -61,70
% -36,71 -36,93 -37,59 -38,26 -38,46
Change 2008 2009 2010 2011 2012
kt -54,06 -52,45 -51,13 -48,09 -40,10
% -37,24 -37,57 -36,80 -36,60 -34,15

Table 5.13. Changes in N,0 emissions from manure management due to recalculations

Change 1988 1989 1990 1991 1992
kt -15,22 -15,36 -14,96 -14,02 -13,32
% -58,64 -58,41 -58,50 -57,60 -57,41
Change 1993 1994 1995 1996 1997
kt 412,21 412,34 -12,16 -11,67 -11,87
% -57,59 -57,76 57,71 -57,83 -57,87
Change 1998 1999 2000 2001 2002
kt -12,35 -11,73 -10,86 -10,44 -10,89
% -58,59 -58,06 -57,81 -56,82 -57,86
Change 2003 2004 2005 2006 2007
kt -10,56 9,93 -10,12 -10,33 -10,26
% -57,64 -57,45 -57,28 -56,52 -56,34
Change 2008 2009 2010 2011 2012
kt -9,75 -9,36 9,37 9,16 -8,77
% -56,16 -56,25 -55,88 -55,62 -55,85

5.3.6. Source-specific planned improvements

Update of country specific Nitrogen excretion rates (Nex) is planned as well as collection of data on
liquid systems management with differentiation for with/without crust.
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5.4. Agricultural Soils (CRF sector 3.D)
5.4.1. Source category description

Nitrous oxide emissions from agricultural soils amounted to 45.7 kt N,O in 2013 and dramatically
decreased after 1989 by about 32% in 1992 (fig. 5.6). Since 1993 emissions stabilised with few
percent changes between years. There are a few main driving forces influencing emissions variability
during entire inventoried period: nitrogen mineral and organic fertilizers use, livestock and crops
production and cultivated histosols area.

As a result of economic transformation of the Polish economy in 1989 significant changes were
observed in relation to crop production and usage of agricultural land. For instance the decrease of
agricultural land of which share in total country area changed from 59.2% in 1989 up to 54% in 1996,
also significant increase of fallow land was noted - in 1989 the share of fallow land in agricultural land
was 1.1% while in 2002 - 13.6%. Between 1990 and 2002 the decrease of sown area by 3.5 million
hectares occurred, also the decrease of mineral fertilisers’ use drop from 164 kg per 1 ha of
agricultural land in 1989/90 to 93 kg in 2001/02. Since 1988 production of certain crops in Poland
changed noteworthy — potatoes cultivation dropped by 79% up to 2013 while maize production
increased almost 20-fold (table 5.14).

Table 5.14. Main crops production in 1988-2013 in Poland [kt]

g .
< c
° % S g §
2 3| = =z | 3

. . e E| o« o & £ 3 5 £

3 o £ o s ] 3 € 2 2 e e < <
1988 7582 3804 204 2222 5501 | 1731 | 3387 73 108 457 | 34707 1199 5179 | 2168
1989 8462 3909 244 2185 6216 | 2404 | 3466 72 120 495 | 34390 1586 5067 | 2078
1990 9026 4217 290 2119 6044 | 2721 | 3554 43 116 493 | 36313 1206 5259 | 1416
1991 9270 4257 340 1873 5900 | 2449 | 3683 39 133 547 | 29038 1043 5637 | 1873
1992 7368 2819 206 1229 3981 | 1711 | 2612 36 98 282 | 23388 758 4518 | 2385
1993 8243 3255 290 1493 4992 | 1894 | 3200 50 107 304 | 36270 594 5823 | 2705
1994 7658 2686 189 1243 5300 | 1631 | 3026 30 66 149 | 23058 756 5198 | 2109
1995 8668 3278 239 1495 6288 | 2048 | 3844 45 101 167 | 24891 1377 5746 | 2115
1996 8576 3437 350 1581 5653 | 2130 3520 51 97 180 | 27217 449 5253 | 2781
1997 8193 3866 416 1630 5299 | 1841 | 4105 49 97 163 | 20776 595 5136 | 2887
1998 9537 3612 497 1460 5663 | 2058 | 4274 58 111 178 | 25949 1099 6096 | 2517
1999 9051 3401 599 1447 5181 | 2097 | 3914 60 99 218 | 19927 1132 5457 | 2387
2000 8503 2783 923 1070 4003 | 1901 | 3084 74 93 171 | 24232 958 5721 | 2247
2001 9283 3330 1362 1305 4864 | 2698 | 4060 58 88 123 19379 1064 5428 | 3413
2002 9304 3370 1962 1486 3831 | 3048 | 3608 40 95 134 | 15524 953 4537 | 3018
2003 7858 2831 1884 1182 3172 | 2812 | 2812 44 66 172 13731 793 4870 | 3309
2004 9892 3571 2344 1430 4281 | 3723 | 4322 72 77 193 | 13999 1633 5283 | 3521
2005 8771 3582 1945 1324 3404 | 3903 | 3916 83 66 187 | 10369 1450 5220 2923
2006 7060 3161 1261 1035 2622 | 3197 | 3379 59 60 146 8982 1652 4919 | 3212
2007 8317 4008 1722 1462 3126 | 4147 | 4257 96 75 210| 11791 2130 5475 | 1694
2008 9275 3619 1844 1262 3449 | 4460 | 3673 82 56 179 10462 2106 5023 | 3843
2009 9790 3984 1706 1415 3713 | 5234 | 3884 93 60 212 9703 2497 5601 | 3749
2010 9408 3397 1994 1516 2852 | 4576| 3339 146 88 268 8188 2229 4878 | 2826
2011 9339 3326 2392 1382 2601 | 4235 | 3373 109 84 251 9362 1862 5575 | 3414
2012 8608 4180 3996 1468 2888 | 3349 | 3920 128 85 395 9041 1866 5431 | 3286
2013 9485 2934 | 4040 1190 3359 | 4273 | 3021 135 84 291 7290 2678 4986 | 4128
change
1988- 25.1 -22.911880.2 -46.4 -38.9| 1469 | -10.8| 84.4| -21.9| -36.3 -79.0 123.3 -3.7| 90.4
2013 [%]
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More than 80% of N,O emissions here are related to direct soil cultivation, while about 20% are
generated in indirect emission processes. The main sources of N,O emissions estimated relate to
direct soil cultivation covering:
e Inorganic N fertilizers use,
e Organic N fertilizers use (animal manure and sewage sludge),
Urine and dung deposited by grazing animals,
Crop residues,
Mineralisation/immobilisation associated with loss/gain of soil organic matter,
e Cultivation of organic soils (i.e. histosols).

70 —+
60 -
50 =—0—3.D. Agricultural
soils emissions
2 40 +
= =@=3.D.a. Direct
£30 + emissions
20 + .
==>é=3.D.b. Indirect
10 -m = emissions
N7
0 —_—
0 OO A1 AN M TN ONVDODO A AN MTWNHM ONODDDO A ANM
00 00O O ADDDO DD DNDDO O OO0 O0OO0O0OO0 O o d o
A OO OO OO OO OOOOOOOO0OO0O OO oo
™ e e e e AN AN AN AN AN AN AN NN

Figure 5.6. N,O emissions from agricultural soils for 1988—2013

5.4.2. Methodological issues

5.4.2.1. Direct N,O emissions from managed soils (CRF sector 3.D.a)

Direct N,O emissions from managed soils has been estimated based on equation 11.1 from the IPCC
2006:

N2Opirect-N = (Fsn + Fon + Fcr + Fsom) ® EFq + Fos @ EF, + Fprp ® EF3pgp

where:
N,Opirect-N = annual direct N,O—N emissions produced from managed soils (kg N,O—N/year)
Fsy = annual amount of synthetic fertiliser N applied to soils (kg N/year)
Fon = annual amount of animal manure, compost, sewage sludge and other organic N additions
applied to soils (kg N/year)
Fcr = annual amount of N in crop residues (above and below ground), including N-fixing crops,
and from forage/pasture renewal, returned to soils (kg N/year)
Fsom = annual amount of N in mineral soils that is mineralised, in association with loss of soil C
from soil organic matter as a result of changes of land use or management (kg N/year)
Fos = annual area of managed/drained organic soils (ha)
Fpre = annual amount of urine and dung N deposited by grazing animals on pasture, range and
paddock (kg N/year)
EF, = emission factor for N,O emissions from N inputs (kg N,O-N/kg N input)
EF, = emission factor for N,O emissions from drained/managed organic soils (kg N,O—N/ha/year)
EFsprp = emission factor for N,O emissions from urine and dung N deposited on pasture, range
and paddock by grazing animals (kg N,O—N/kg N input)
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The following default values of N,O emission factors to estimate direct emissions from managed soils
were applied [IPCC 2006, table 11.1]:

EF, = 0.01 kg N,O-N/kg N input

EF, = 8 kg N,O—N/ha/year (for temperate organic crop and grassland soils)

EF3pre = 0.02 for cattle, swine and poultry, 0.01 for sheep, goats and horses

In 2013 about half of direct N,O emissions comes from the use of synthetic nitrogen fertilizers, about
24% relates to management of organic soils, 12% - to crop residues and 11% - to animal manure
applied to soils. Only 3% of direct N,O emissions comes from urine and dung left by grazing animals
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Fig. 5.7. Direct N,O emissions from specific subcategories
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Synthetic nitrogen fertilizers (Fsy)

N,O emission from synthetic fertilizers was estimated based on the amount of nitrogen synthetic
fertilizer applied to soils published in [GUS R4 2014]. Data regarding consumption of mineral
fertilizers is elaborated on the basis of reporting from production and trade units, statistical reports
of agricultural farms: state-owned, co-operatives and companies with share of public and private
sector, expert’s estimates as well as Central Statistical Office estimates. Present level of fertilizing is
still lower than it was in 1988-1989. The drop of nitrogen fertilizers use in 1989-1992 amounted to
41% and gradually increased up to 2007 when exceeded 1 million tons (table 5.15). The
recommendations following agricultural good practice elaborated by the Ministry of Agriculture and
Rural Development contain the rules for rational use of fertilisers, free consultancy system for
farmers in this area, while the largescale farms are obliged to elaborate fertilizing plans [6RR 2013,
chapter 4.6.3].

Table 5.15. Nitrogen fertilizers use (Fsy) in 1988—2013 in Poland [kt N]

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
1335 1520 1274 735 619 683 758 836 852 890 891 862
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
861 895 862 832 895 895 996 1056 1142 1095 1028 1091
2012 2013
1095 1179
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Nitrous oxide emissions amounted in 2013 about 18.5 kt N,O. Generally trend in N,O emissions
follow nitrogen fertilizers use and range from 23.9 kt N,O in 1989 to 9.7 kt N in 1992.

Organic nitrogen fertilizers (Fon)
Organic nitrogen fertilisers cover both animal manure as well as sewage sludge applied to fields.

The amount of nitrogen in animal manure applied to soils is calculated according to the method
described in chapter 5.3.2.2. Following guidelines given in chapter 10.5.4 and using equation 10.34
(2006 IPCC), all nitrogen excreted on pasture, range and paddock as well as all nitrogen volatilised
prior to final application to managed soils is subtracted from the total excreted manure. The amount
of managed manure nitrogen that is lost in the manure management system is taken from table
10.23 (IPCC 2006) for particular livestock categories. Nitrogen from bedding material was not
accounted for under animal manure applied to soils, it is covered by the nitrogen returned to soils as
crop residues. The fractions of animal manure burned for fuel, used for feed and fuel were neglected
because these activities do not occur in Poland. The nitrogen input from manure applied to soils are
given in CRF-table 3.D under 3.D.a.2.a.

Nitrous oxide emissions from animal manure applied to soils in 2013 was about 4.1 kt N,O and
constantly decreases. This is caused by decreasing trend of livestock population, mainly cattle and
sheep after 1989 (see tables 5.2, 5.3).

Activity data on the amount of sewage sludge applied on the fields were taken from GUS [GUS
2014d] and regards both - industrial and municipal sewage sludge applied in cultivation of all crops
marketed, including crops designed to produce fodder as well as this applied in cultivation of plants
intended for compost production. As the consistent reporting of data concerning application of
sewage sludge in agriculture in the public statistics starts in 2003, the activities since 1988 were
supplemented based on annual mean changes of AD in 2003-2012 (fig. 5.8). Diminishing trend back
to 1988 corresponds to the number of people using sewage treatment plants that ranges from 11
million in 1988 through 19 million in 1998 and 27 million in 2013 where this number was more than
doubled in 1988-2013. Also the number of municipal sewage treatment plants increased from 558 in
1988 up to 1923 in 1998 and 3264 in 2013.

240 +
220 +

[ = S N}
r O ® O
o O & &
| | | |
T T T T

sewage sludge [kt DM]]
o]
o

60 T

1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013

Fig. 5.8. Amounts of sewage sludge applied in agriculture [kt DM]
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The mean content of nitrogen in sewage sludge was taken as 2.61% from publication [Siebielec,
Stuczynski 2008] where analysis of nitrogen content in domestic sewage sludge applied in agriculture
was made. The study covered a group of 60 biosolids collected in 2001-2004 from 43 municipal
sewage treatment plants. The same N content was assumed for both — municipal and industrial
sewage sludge because majority of it applied in agriculture (about 76%) come from municipal
treatment plants.

In Poland application of sewage sludge as fertilizer is relatively small, after increasing trend
2003-2009, certain stabilisation is noticed. Emissions of N,O for this subcategory amount to 0.07 kt
N,O in 2013.

Crop Residues (Fcg)

N,O emission from crop residue returned to soils was generally estimated based on modified
equation 11.6 from [Corrigenda for the 2006 IPCC GLs]:

Fer = 27 {Cropr) ® Areag) ® Fracgenew(r) ® [Rac( ® Nag(r) ® (1 = Fracsum(m — Fracgemove(n)+ Raa(r) ® Naa(n)]}

where:
Fcr = annual amount of N in crop residues (above and below ground), including N-fixing crops,
and from forage/pasture renewal, returned to soils annually, kg N / yr

Cropn) = harvested annual dry matter yield for crop T, kg d.m. / ha
Area = total annual area harvested of crop T, ha / yr
Fracgenew(n) = fraction of total area under crop T that is renewed annually.

Rag(n = ratio of above-ground residues dry matter (AGpwm(n) to harvested yield for crop T (Cropp),
kgd.m./kgd.m.,

Nas(n = N content of above-ground residues for crop T, kg N / kg d.m.,
Fracgym(r - fraction of crop residues burned as indicated in sector 3.F

Fracremove(n = fraction of above-ground residues of crop T removed annually for purposes such as
feed, bedding and construction, kg N / kg crop-N

Rese(n = ratio of below-ground residues to harvested yield for crop T, kg d.m. / kg d.m.
Ngg(n = N content of below-ground residues for crop T, kg N / kg d.m.

T = crop or forage type

Reg(n is calculated by multiplying Rgg.si0 in Table 11.2 by the ratio of total above-ground biomass to
crop yield ( = [(AGpmn ® 1000 + Cropn)) / Cropp], calculating AGpw(n from the information in Table
11.2. Values of nitrogen content in below-ground residues for specific crops Nggn were taken from
table 11.2 [IPCC 2006]. For permanent pastures and meadows, which are renewed on average every
20 years, Fracgenew = 1/20. For annual crops Fracgenew Was taken as 1.

Data on N content in the above-ground residues, ratio of above-ground residues in dry matter to
harvested vyield for crops, fraction of crops burned come from country studies [toboda 1994, IUNG
2012] where experimental and literature data as well as default emission factors were used and are
given in table 5.23. Fraction of total above-ground crop biomass that is removed from the field as a
crop product (FracR) were consulted with the Institute of Soil Science and Plant Cultivation — State
Research Institute and is presented in table 5.16.
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Table 5.16. Fraction of total above-ground crop biomass that is removed from the field as a crop
product (Fracgemove) according to crops/group of crops

crop Fracgemove crop Fracgemove

wheat 0.70 | sugar beet 0.25
rye 0.70 | rape 0.10
barley 0.70 | other oil-bearing 0.10
oats 0.70 | flux straw 0.90
triticale 0.70 | tobacco 0.65
“cereal mixed 0.70 | hop 0.01
millet & buckwheat 0.70 | hey from pastures and meadows 0.95
maize 0.10 | hey from pulses 0.95
pulses edible 0.10 | hey from legumes 0.95
pulses feed 0.10 | vegetables 0.10
potatoes 0.01

Activity data concerning crop production was taken from national statistics [GUS R3 2014] (table
5.12). The default emission factor of 0.01 kgN,0-N/kg N [IPCC 2006, table 11.1] multiplied by 44/28
was used for estimating the N,O emissions from N inputs from crop residues.

Emission from above- and belowground crop residues in 2013 was 4.2 kt N,O and is lower by about
24% than in 1988 due to significant drop in area sawn and crop production.

Mineralised N resulting from loss of soil organic C stocks in mineral soils through land-use change or
management practices (Fsow)

This category deals with direct N,O emissions from N mineralization resulting from change of land
use or management of mineral soils. Tier 3 method was not applied to the estimation in this
subcategory in Poland. Therefore, according to the 2006 IPCC Guidelines, N immobilization associated
with gain of soil carbon on mineral soils is not considered. Consequently, only N,O emissions from
mineralization associated with loss of soil organic matter (SOM) were estimated.

For amount of N mineralized in mineral soil associated with land use change, annual loss of soil
carbon in mineral soil for estimating carbon stock changes in mineral soils was used. The area of
mineral soil in land use change, which are calculated by subtracting the area of organic soil from the
total area of land converted to cropland, were considered for the estimation as the activity data.

Estimation of the N release by mineralization was made according to the following steps presented
below:

Step 1: Calculations of the average annual loss of soil C (ACwinera, Lu) for the land use change, over the
inventory period, using equation 2.25.

Step 2: Each land use change has been assessed by the single value of ACwyinera, Lu AS @ COnsequence
of this loss of soil C (Fsom), equation 11.8 was applied to estimate N potentially mineralized applying
C/N-ratio of 15 [IPCC 2006].

Cultivation of organic soils (Fps)

The area of cultivated organic soils (i.e. histosols) in Poland was estimated as a case study for the
purposes at national inventory [Oswiecimska—Piasko 2008]. Based on information collected from
Computer database on peatlands in Poland “TORF” as well as from system of Spatial Information on
Wetlands in Poland the area of histosols was assessed for mid—1970s and mid—1990s. The area from
which N,O emissions were calculated covers histosols as agricultural lands cultivated and/or
irrigated. So the area of such area was 882.6 thousand ha in mid—1970-ties and 769 thousand ha in
mid—1990-ties. The area of histosols was then interpolated for 1976-1994.
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Additionally the area of cultivated histosols was assessed for 2015 for the purpose of GHG emission
projections which amounts to 680 thousand ha [6RR 2013, chapter 5.1]. Similarly to the previous
period interpolation of histosol areas was applied between 1995 and 2015.

Nitrous oxide emissions from cultivated histosols in Poland in 2013 was about 8.7 kt N,O and is falling
since 1988 because of continuous progress of mineralization of organic matter as well as increasing
area of histosols occupied by forest and scrub communities following cultivation termination of these
areas.

Urine and dung deposited by grazing animals (Fpgp)

Emission of N,O resulting from animal urine and dung deposited on pastures is calculated based on
equation 11.5 [IPCC 2006] using animal population (tables 5.2, 5.3), total amount of nitrogen in
animal excreta (Nex) estimated based on country specific parameters presented in table 5.10 and
data on fraction of manure related to grazing animals was presented in chapter 5.3.2 and, table 5.8.

Emissions in 2013 from pasture, range and paddock manure were 1.1 kt N,O and stabilized since
2002. This value is much lower than in 1988 by about 68% what was caused by decreasing livestock
population as well as decreasing percentage of livestock grazed.

5.4.2.2. Indirect N,O emissions from managed soils (CRF sector 3.D.b)

Atmospheric deposition (CRF sector 3.D.b.1)

Indirect emissions of N,O from atmospheric deposition of N volatilised were assessed using equation
11.9 [IPCC 2006]:

N>O(atp)-N = [(Fsn * Fracgase) + ((Fon +Fpre)* Fracgasm)] * EF4

where:
N20atp)-N —annual amount of N,O-N produced from atmospheric deposition of N volatilised
from managed soils (kg N,O-N/year)
Fsy — annual amount of synthetic N fertilizer applied to soils (kg N/year)
Fon — annual amount of organic N fertilizer applied to soils (animal manure and sewage sludge
nitrogen) (kg N/year)
Fere = annual amount of urine and dung N deposited by grazing animals on pasture, range and
paddock (kg N/year)
Fracgasr - fraction of synthetic fertilizer that volatilises as NH; and NO, (kg of N applied)
Fracgasm - fraction of organic fertilizer materials that volatilises as NH; and NO, (kg of N applied)
EF,— emission factor for N,O emissions from atmospheric deposition of N on soils and water
surfaces (kg N-N,0)

Nitrogen amounts from synthetic fertilizers as well as from organic additions to soils (livestock
manure and sewage sludge) correspond to values presented in chapter 5.4.2.1. Parameters
characterising Fracgasr and Fracgasy are taken from table 11.3 [IPCC 2006] and amount respectively:
0.1 kg NH3-N+NO,-N/kg N applied and 0.2 kg NH3-N+NO,-N/kg N applied. Also the default emission
factor EF, [IPCC 2006, table 11.3] is used amounting to 0.01 kg N,O-N (kg NH3-N+NO,-N volatilised).
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Table 5.17. Volatized nitrogen from synthetic and organic fertilizers applied to soils

Year Volatized N Year Volatized N
[kt N/yr] [kt N/yr]
1988 245.59 2001 160.89
1989 266.51 2002 154.99
1990 237.14 2003 149.81
1991 177.05 2004 152.48
1992 158.23 2005 153.72
1993 155.87 2006 167.10
1994 160.87 2007 173.52
1995 165.96 2008 180.24
1996 164.27 2009 172.76
1997 168.55 2010 166.63
1998 168.66 2011 172.60
1999 162.89 2012 170.18
2000 157.57 2013 177.56

Nitrogen leaching and run-off (CRF sector 3.D.b.2)

Indirect emissions of N,O from leaching and runoff of N from soils were assessed using equation
11.10 [IPCC 2006]:

N,O()-N = (Fsn + Fon + Fprp + Feg + Fsom) * Fracieach-n) * EFs
where:

N,O)-N —annual amount of N,O-N produced from leaching and runoff of N additions to
managed soils (kg N,O-N/year)

Fsn = annual amount of synthetic fertiliser N applied to soils (kg N/year)

Fon = annual amount of animal manure, compost, sewage sludge and other organic N additions
applied to soils (kg N/year)

Fpre = annual amount of urine and dung N deposited by grazing animals on pasture, range and
paddock (kg N/year)

Fcr = annual amount of N in crop residues (above and below ground), including N-fixing crops,
and from forage/pasture renewal, returned to soils (kg N/year)

Fsom = annual amount of N in mineral soils that is mineralised, in association with loss of soil C
from soil organic matter as a result of changes of land use or management (kg N/year)

Fracieach-m) - fraction of all N added to/mineralised in managed soils (kg N / kg of N additions)
EFs — emission factor for N,O emissions from N leaching and runoff (kg N,O-N)

Nitrogen additions to soils correspond to values presented in chapter 5.4.2.1. Fracgacn-4) €quals 0.3
kg N/kg N added and is the default value taken from [IPCC 2006, table 11.3]. The default emission
factor EFs equal 0.0075 kg N,O-N/kg N leached and runoff was used for calculation of N,O-N
emissions produced from leaching and runoff of N [IPCC 2006, table 11.3].
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Table 5.18. Nitrogen losses through leaching and runoff from nitrogen added to soils

Year N losses Year N losses
[kt N/yr] [kt N/yr]
1988 673.44 2001 460.09
1989 736.51 2002 444.88
1990 662.68 2003 423.74
1991 473.64 2004 450.31
1992 408.80 2005 443.08
1993 442.75 2006 470.20
1994 436.65 2007 502.85
1995 468.49 2008 516.02
1996 475.60 2009 505.85
1997 477.45 2010 479.05
1998 486.71 2011 501.88
1999 460.24 2012 503.99
2000 454.01 2013 524.61

Total indirect emission in 2013 was about 9 kt N,O and the trend since 1992 is rather stable after
significant drop in 1989-1992 accompanying serial decrease in mineral fertilisers use and animal
population.

5.4.3. Uncertainties and time-series consistency
Description of uncertainties is given in Chapter 5.2.3.
5.4.4. Source-specific QA/QC and verification

Activity data related to mineral fertilisers use or crop production come from national statistics
prepared by the Central Statistical Office. Overall final estimation of cereals and potatoes output was
verified by means of simulative calculation of crops quantity according to the distribution of output
between: sale, sowing/planting, fodder and self consumption. Final estimation of sugar beets, rape
and turnip rape, and some species of industrial crops were verified with procurement data for these
crops. Estimation of fodder crops output in private farms, conducted by local experts of CSO, was
additionally verified by the calculation of fodder crops according to the directions of their use. Total
area of fodder crops comprises the area of meadows, pastures and field crops for fodder. This area
does not include the area of cereals, potatoes, and other agricultural crops, a part of which was
directly or indirectly used for fodder.

Emphasis was put on data consistency between sub-categories and between sectors using
agricultural data. Emission factors and methodology is compared with international literature and
other countries methods/EF applied. Calculations were examined with focus on formulas, units and
trends consistency. Generally QC procedures follow QA/QC plan presented in Annex 5.
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5.4.5. Source-specific recalculations

- update of methodology following IPCC 2006 GLs.

Table 5.19. Changes in N,0 emissions from agricultural soils resulting from recalculations.

Change 1988 1989 1990 1991 1992
kt -31.42 -33.49 -29.66 -24.02 -22.29
% -34.8 -34.6 -33.9 -35.1 -35.9
Change 1993 1994 1995 1996 1997
kt -19.94 -21.83 -21.95 -20.68 -21.85
% -32.3 -34.6 -33.6 -32.1 -33.3
Change 1998 1999 2000 2001 2002
kt -22.11 -21.75 -20.30 -20.33 -20.98
% -33.3 -33.9 -32.7 -32.6 -33.9
Change 2003 2004 2005 2006 2007
kt -20.87 -20.40 -21.19 -22.84 -22.93
% -34.7 -33.2 -34.3 -35.0 -34.0
Change 2008 2009 2010 2011 2012
kt -23.34 -22.08 -21.74 -21.81 -21.16
% -33.9 -33.1 -33.7 -33.0 -32.3

5.4.6. Source-specific planned improvements

Presently no improvements are planned.
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5.5. Field Burning of Agricultural Residues (CRF sector 3.F)
5.5.1. Source category description

Greenhouse gas emissions in 2013 from field burning of agricultural residues amounted for 0.97 kt
CH,4 and 0.04 kt N,O and were slightly higher than in 2010-2012. The share of GHG emissions from
field burning of agricultural residues in total agricultural emissions is 0.1%. The trend of GHG
emissions within this category is presented on figure 5.9 and fluctuates following the annual crop
production.
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Figure 5.9 CH, and N,0O emissions from field burning of agricultural residues presented as CO,
equivalent

5.5.2. Methodological issues

While estimating GHG emissions in this subcategory only methane and nitrous oxide are taken into
account assuming that carbon dioxide released during burning of crop residues is reabsorbed during
the next growing season.

Estimation of CH, and N,0 emissions from burning of agricultural residues in fields is based on the
IPCC methodology [IPCC 1997]. For domestic purposes 43 crops were selected for which residues can
potentially be burned [toboda at al 1994]. Within this group certain plants were excluded for which
residues can be composted or used as forage. So finally there were selected 38 crops which were
than aggregated into 32 groups containing cereals, pulses, tuber and root, oil-bearing plants,
vegetables and fruits potentially could be burned on fields.

Activity data on crop production comes from public statistics [GUS R3 2014]. Factors applied for
emissions calculation were taken from country studies [toboda 1994, IUNG 2012] where
experimental and literature data as well as default emission factors were used. These values for
selected crops are presented in the table 