Raport Badawczy
RB/10/2014

Research Report

Proposals of effective ways for
uncertainty reduction in the Polish
greenhouse gas inventory system

R. Bun, O. Danylo, P. Topylko, N.
Charkovska, M. Halushchak,
O. Striamets, Z. Nahorski, J. Horabik,
J. Jarnicka

Instytut Badan Systemowych
Polska Akademia Nauk

Systems Research Institute
Polish Academy of Sciences



POLSKA AKADEMIA NAUK

Instytut Badan Systemowych
ul. Newelska 6

01-447 Warszawa

tel.:  (+48) (22) 3810100

fax:  (+48) (22) 3810105

Kierownik Zaktadu zgltaszajacy prace:
Prof. dr hab. inz. Zbigniew Nahorski

Warszawa 2014



D1.4

Version 1
Date 30.10.2012
Author LPNU, SRI
Dissemination level PP
Document reference D 1.4

GESAPU

Geoinformation technologies, spatio-temporal
approaches, and full carbon account for improving
accuracy of GHG inventories

Deliverable 1.4. Proposals of effective ways for uncertainty
reduction in the Polish greenhouse gas inventory system

Rostyslav Bun, Olha Danylo (Editors),
Petro Topylko, Nadiia Charkovska, Mariia Halushchak, Oleksandr Striamets
Lviv Polytechnic National University, Ukraine;

Zbigniew Nahorski, Joanna Horabik, Jolanta Jarnicka,
Systems Research Institute, Polish Academy of Sciences, Poland

Delivery Date: M44

Project Duration 24 June 2010 — 23 June 2014 (48 Months)
Coordinator Systems Research Institute of the Polish Academy of Sciences (SRI)
Work package leader Lviv Polytechnic National University, Ukraine

Systems Research Institute of the Polish Academy of Sciences (SRI)

File: GeSAPU_D1_4 Page 1



GESAPU Deliverable 1.4. Proposals of effective ways for uncertainty reduction in the Polish greent gasi y system

Disclaimer
The information in this dc is subject to ct without notice. Company or product names
mentioned in this dc may be trad ks or registered trad ks of their respective compani
All rights reserved

The document is proprietary of the GESAPU consortium members. No copying or distributing, in any form
or by any means, is allowed without the prior written agreement of the owner of the property rights. This document

reflects only the authors’ view.
This project is supported by funding by the European Commission: FP7-PEOPLE-2009-IRSES, Project

n° 24764S.

File: GeSAPU_D1_4 Page 2



GESAPU Deliverable 1.4. Proposals of effective ways for uncertainty reduction in the Polish greenhouse gas inventory system

5. Main components of uncertainty reduction on the basis of spatial inventory and

modeling of greenhouse gas emissions in Poland: households

The greenhouse gas emission coefficients from burning fossil fuels depend on the fuel type
and its chemical characteristics (e.g. the fuel carbon content) that, may vary by region. The burning
technology in the residential sector (households) does not differ much in different settlements,
therefore, there is no spatial effect in the emission factors. During the combustion process not all the
fuel carbon oxidize-less than 1% of the carbon escapes oxidation. The default emission factors
recommended by IPCC are derived on the assumption of full oxidation and may be used only if
representative country-specific factors are not available.

In Poland the national CO; emission factors are available only for coal combustion. Since the
chemical composition of the same type of fuel for different countries does not differ significantly,
for other fuel types we used the emission factors recommended by international experts (the [IPCC
Guidelines). In general, the uncertainty of CO, emission factor from fuel combustion is small when
comparing with other greenhouse gases, because the emission of this gas is mainly dependent on the
carbon content of the fuel (which is quite easy to identify). The uncertainty of CO, emission factor
is symmetric (the normal distribution is assumed).

Emission factors for CH4 and N,O strongly depend on the burning technology. Therefore, the
uncertainty for these gases is high. But as the technology does not vary in the residential sector by
regions, the default or country-specific values (if available) may be used.

The uncertainty analysis was conducted using the Monte Carlo method for processes of
burmning coal, natural gas, and liquid gas on regional level in Poland for carbon oxide, methane, and
nitrous oxide (Table 5.1 — Table 5.12). The uncertainties of CO,, CHy4, and N,O from burning coal,
natural gas, and liquid gas are presented in Figures 5.1 — 5.3, and the total uncertainty in Poland is
presented in Figure 5.4 and in Table 5.13. In these tables and figures the term ‘Statistical values’
means the emission, calculated taking into account the uncertainty (with the use of the Monte-Carlo
method).
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GESAPU Deliverable 1.4. Proposals of effective ways for uncertainty reduction in the Polish greenhouse gas inventory system

Table 5.1. Uncertainty of CO, emissions from burning coal in the

residential sector in Poland.
ol CO; emissions (Mg)
Voivodeship [tt(:lnt;u;::;;gs Statistical . Sp atia! Uncertainty
. values inventories

Dolnoslaskie 775 2090890,17 1847326,3 -20,80% | 21,99%
Kujawsko-pomorskie 576 1554027,84 1373951,2 -20,63% | 21,60%
Lubelskie 649 1750970,29 1549779,9 -20,67% | 21,72%
Lubuskie 188 507213,64 449138,8 -20,68% | 21,97%
Lodzkie 838 2260864,92 1999468,5 -20,56% | 22,09%
Matopolskie 895 241466495 2138076,1 -20,88% | 22,07%
Mazowieckie 1306 3523518,73 3118072,9 -20,62% | 22,07%
Opolskie 295 795913,27 705097,4 -2042% | 22,18%
Podkarpackie 561 1513548,19 1338938,3 -20,90% | 21,71%
Podlaskie 248 669091,33 591758,1 -20,69% | 22,05%
Pomorskie 393 1060282,96 938691,5 -20,70% | 21,88%
Slaskie 1448 3906619,32 3455212,2 -20,50% | 22,14%
Swigtokrzyskie 366 987453,06 873954,8 -20,67% | 21,94%
Warmirsko-Mazurskie 266 717661,84 634652,9 -20,80% | 22,02%
Wielkopolskie 848 2287876,98 2025151 -20,59% | 22,44%
Zachodniopomorskie 248 669086,86 591942,6 -20,74% | 21,98%

9900 26709684,35 | 23627668,3 | -20,66% | 22,06%
Poland total
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Table 5.2. Uncertainty of CH4 emissions from burning coal in the residential sector in

Poland.
~ Coal, CH, emissions (Mg)
Voivodeship E;)l::;:l;::)l;gs Statistical . Spa tia! Uncertainty
values inventories
Dolnoslaskie 775 6701,57 5930,182 -40,10% 54,77%
Kujawsko-pomorskie 576 4980,86 4403,818 -39,91% 54,75%
Lubelskie 649 5612,08 4967,301 -39,90% 55,61%
Lubuskie 188 1625,68 1440,393 -39,90% 54,81%
Lodzkie 838 7246,36 6393,702 -39,80% 54,75%
Matopolskie 895 7739,31 6828,545 -39,89% 54,69%
Mazowieckie 1306 11293,33 9976,374 -39,83% 55,18%
Opolskie 295 2551 2265,012 -40,37% 56,11%
Podkarpackie 561 4851,12 4302,827 -40,10% 55,85%
Podlaskie 248 2144,52 1896,26 -40,34% 55,00%
Pomorskie 393 3398,34 3001,554 -40,09% 55,09%
$laskie 1448 12521,22 11100,39 -39,56% 54,95%
Swictokrzyskie 366 3164,91 2800,11 -39,83% 55,81%
Warminsko-Mazurskie 266 2300,2 2039,379 -39,84% 54,10%
Wielkopolskie 848 7332,94 6476,776 -39,93% 56,36%
Zachodniopomorskie 248 214451 1897,233 -40,21% 55,11%
9900 83057 75899,194 -39,97% | 55,40%
Poland total
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GESAPU Deliverable 1.4. Proposals of effective ways for uncertainty reduction in the Polish greenhouse gas inventory system

Table 5.3. Uncertainty of N,O emissions from burning coal in the residential sector in

Poland.
Coal, N,O emissions (Mg)
Voivodeship [thousands | Statistical Spatial Uncertainty
ton], 2010 values | inventories
Dolnoslaskie 775 33,5079 29,65781 ~47,00% 68,99%
Kl Sk~ 576 24,9043 22,00008 4658% | 69.21%
pomorskie
Lubelskie 649 28,0604 24.88752 -46,98% 70,88%
Lubuskic 188 8,12842 7,205483 -47,09% 69,59%
Lodzkie 838 36,2318 32,11669 -46,79% 70,28%
Matopolskie 895 38,6966 34,1933 -46,46% 69,93%
Mazowieckie 1306 56,4666 50,00859 -46,34% 70,06%
Opolskie 295 12,755 11,28102 -46,64% 70,00%
Podkarpackie 561 24,2556 21,45449 -46,82% 69,53%
Podlaskie 248 10,7226 9,490687 -47,22% 68,12%
Pomorskie 393 16,9917 15,03658 -47,30% 70,04%
Slqskie 1448 62,6061 55,46137 -47,00% 69,63%
Swif;tokrzyskie 366 15,8246 13,99896 -46,78% 69,06%
Warminsko-
. 266 11,501 10,1905 -46,53% 71,12%
Mazurskie
Wielkopolskie 848 36,6647 32,51695 -46,84% 69,31%
Zachodniopomorskie 248 10,7225 9,454746 -46,71% 68,39%
9900 428,04 378,7147 -47,12% 69,54%
Poland total
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Table 5.4. Uncertainty of greenhouse gas emissions from burning coal in the residential

sector in Poland.
GHG emissions in CO;-eq
Voivodeshi Coal e U i
T [thousa;lds Statistical Spatial Recriwinty
ton] values inventories
Dolno$laskie 775 224201 2007,01 | -20,79% | 21,81%
Kujawsko-
pomorskie 576 1 666,35 1493,72 | -20,83% | 22,29%
Lubelskie 649 1877,52 1684,03 | -20,58% | 21,43%
Lubuskie 188 543,87 48737 | -20,71% | 21,86%
Lodzkie 838 242427 217349 | -20,95% | 21,94%
Matopolskie 895 2 589,19 2307,66 | -20,28% | 22,32%
Mazowieckie 1306 3778,18 338248 | -20,33% | 22,17%
Opolskie 295 853,44 761,35 | -20,81% | 22,19%
Podkarpackie 561 1622,94 1453,47 | -19,98% | 22,04%
Podlaskie 248 717,45 640,88 | -20,96% | 22,25%
Pomorskie 393 1136,92 1017,64 | -20,69% | 22,42%
Slaskie 1448 4 188,97 3753,50 | -21,25% | 22,53%
Swietokrzyskie 366 1 058,82 947,37 | -20,62% | 21,45%
Warminsko-
Mazurskie 266 769,53 687,29 | -20,37% | 22,89%
Wielkopolskie 848 2453,23 2193,10 | -21,27% | 22,69%
Zachodniopomorskie 248 717,45 642,78 | -21,26% | 22,24%
Poland total 9900 28 640,14 25590,61 | -21,25% | 21,99%
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GESAPU Deliverable 1.4. Proposals of effective ways for uncertainty reduction in the Polish greenhouse gas inventory system

Table 5.5. Uncertainty of CO, emissions from burning natural gas in the residential sector in

Poland.
Natural gas €O, emissions (Mg)
Voivodeship (T3}, 2010 Statistical . Spatm.l Uncertainty
values inventories -
Dolnoslaskie 12498 697 641,51 | 69782950 | -7,16% | 7,10%
pK;‘[{:’:Vr:l‘:l‘; 5033 28094236 | 28085730 | -7.07% | 7,19%
Lubelskie 5905 329617,90 | 32961900 | -7,07% | 7.05%
Lubuskie 3875 216302,56 | 216363,70 | -7,19% | 7.12%
Lodzkie 5628 31415543 | 31408850 | -7,14% | 7,13%
Matopolskie 15536 867220,16 | 86725930 | -720% | 7,12%
Mazowieckie 29645 1654785,65 | 1655094,10 | -7,06% | 7,16%
Opolskie 2576 143792,19 | 14381830 | -7,14% | 7.29%
Podkarpackie 9234 515442,55 | 51550020 | -7,06% | 697%
Podlaskie 1665 92 940,32 9294950 | -7,18% | 7.23%
Pomorskie 8244 460179,57 | 46031730 | -7,15% | 7,13%
$laskie 17518 97785539 | 97784470 | -7,14% | 7,05%
Swietokrzyskie 3012 168130,76 | 16811030 | -7,09% | 7,17%
L‘Za‘m‘“lff 3408 190234,59 | 190157,50 | -698% | 7,10%
Wielkopolskie 15324 85538726 | 854877,70 | -695% | 7,13%
Zachodniopomorskie 9326 52057553 | 520543,00 | -7,05% | 7,18%
Poland total 148427 8285203,73 | 8285247,40 | -7,00% | 7,05%
Page 37
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GESAPU Deliverable 1.4. Proposals of effective ways for uncertainty reduction in the Polish greenh gas i y system

Table 5.6. Uncertainty of CH, emissions from burning natural gas in the residential sector in
Poland.

N't::a‘ CH,4 emissions (Mg)
Voivodeship - R A Uncertainty
[T3],2010 Statistical Spatial
: values inventories

Dolnoslaskie 12498 62,49 62,57 -36,71% 49,43%
Kujawsko- 2 o o

pomorskie 5033 5,17 25,21 -36,92% 49,27%
Lubelskie 5905 29,53 29,47 -36,47% 48,53%
Lubuskie 3875 19,38 19,39 -36,81% 49,12%
Lodzkie 5628 28,14 28,13 -36,91% 49,16%
Matopolskie 15536 77,68 77,65 -36,83% 49,55%
Mazowieckie 29645 148,23 148,04 -36,35% 48,97%
Opolskie 2576 12,88 12,87 -36,54% 49,06%
Podkarpackie 9234 46,17 46,16 -36,66% 50,22%
Podlaskie 1665 8,33 8,33 -36,49% 48,38%
Pomorskie 8244 41,22 41,31 -36,32% 49,06%
Slaskie 17518 87,59 87,57 -36,96% 48,70%
gwietokrzyskie 3012 15,06 15,06 -36,94% 48,89%
Warminsko- N o

M Kic 3408 17,04 17,05 -36,42% 48,76%
Wielkopolskie 15324 76,62 76,65 -36,63% 47,94%
Zachodniopomorskie 9326 46,63 46,63 -37,08% 49,49%
Poland total 148427 742,14 741,69 -36,88% 50,32%
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GESAPU Deliverable 1.4. Proposals of effective ways for uncertainty reduction in the Polish greenhouse gas inventory system

Table 5.7. Uncertainty of N,O emissions from burning natural gas in the residential sector in

Poland.
Natural gas Nz0 emissions.(Mg)
Voivodeship T3], 2010 Statistical |  Spatial Uncertainty
values | inventories
Dolnoslaskie 12498 12,50 12,50 -44,36% 63,64%
g’f::::;‘; 5033 5,03 5,05 -44,06% 63,86%
Lubelskie 5905 591 591 -44,39% 63,37%
Lubuskie 3875 3,88 3,89 -4434% 65,61%
Lédzkie 5628 5,63 5,64 -44,64% 65,04%
Matopolskie 15536 15,54 15,53 -44,69% 63,92%
Mazowieckie 29645 29,65 29,67 -44.42% 64,04%
Opolskie 2576 2,58 2,58 -43,71% 64,53%
Podkarpackie 9234 923 9.25 -44,.99% 65,02%
Podlaskie 1665 1,67 1,66 -44.26% 64,25%
Pomorskie 8244 824 8,22 -44,02% 63,40%
$laskie 17518 17,52 17,53 -44.31% 65,02%
Swietokrzyskie 3012 3,01 3,02 -4438% 64,61%
l‘idva‘m“]‘fl'f 3408 341 3,40 -43,67% 64,70%
Wielkopolskie 15324 15,32 15,32 -44,75% 64,75%
Zachodniopomorskie 9326 933 931 -44,19% 63,60%
Poland total 148427 148,43 148,72 -44,61% 63,50%
Page 39
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GESAPU Deliverable 1.4. Proposals of effective ways for uncertainty reduction in the Polish greenhouse gas inventory system

Table 5.8. Uncertainty of greenhouse gas emissions from burning natural gas in the

residential sector in Poland.

Natural gas GHG emuss(l((;m)s in COz-eq
Yoivodeship . Statisti & Spati Uncertainty
[TJ], 2010 tatistical patial
! values inventories

Dolno$laskie 12498 699,34 703,15 -7,38% 7,18%
Kujawsko-

pomorskie 5033 281,63 282,98 -6,87% 6,71%
Lubelskie 5905 330,42 332,16 -7,11% 7,36%
Lubuskie 3875 216,83 217,91 -7,36% 7,15%
Lodzkie 5628 314,92 316,47 -7,18% 7,16%
Malopolskie 15536 869,33 873,78 -6,99% 7,14%
Mazowieckie 29645 1658,82 1 666,00 -6,94% 6,89%
Opolskie 2576 144,14 144,91 -6,87% 7,06%
Podkarpackie 9234 516,70 519,30 -7,23% 7,26%
Podlaskie 1665 93,17 93,68 -6,92% 7.21%
Pomorskie 8244 461,30 463,70 -7,07% 7,14%
Slaskie 17518 980,24 984,85 -7,21% 7,13%
Swietokrzyskie 3012 168,54 169,53 -6,74% 7,26%
Warminsko-

Mazurskie 3408 190,70 191,56 -6,89% 7,25%
Wielkopolskie 15324 857,47 862,19 -7,07% 6,87%
Zachodniopomorskie 9326 521,84 524,27 -7,06% 7,30%
Poland total 148427 8305,39 8 345,40 -6,93% | 7,07%
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GESAPU Deliverable 1.4. Proposals of effective ways for uncertainty reduction in the Polish greenhouse gas inventory system

Table 5.9. Uncertainty of CO, emissions from burning liquid gas in the residential sector in Poland.

File: GeSAPU_D1_4

Lg:d CO; emissions (Mg) .
T On ey [thousands Statistical Spatial tu ty
ton], 2010 values inventories
Dolnoslaskie 26 76 804,21 76 783,12 -17.91% 18,92%
Kujawsko- 26 76 805,52 76 830,79 -17,84% 18,64%
pomorskie
Lubelskie 32 9452921 94 476,93 -17,77% 18,55%
Lubuskie 11 3249435 32 497,50 -17,82% 18,94%
Lodzkie 2 124 068,36 124 050,41 -17,61% 18,49%
Matopolskie 25 73 850,97 73 816,87 -17,76% 18,62%
Mazowieckie 59 174 288,01 174 42324 -17,80% 18,63%
Opolskie 14 41357,33 41 346,46 -17,72% 18,91%
Podkarpackie 9 26 586,31 26 598,69 -17,82% 18,53%
Podlaskie 24 70 896,59 70911,22 -18,02% 18,55%
Pomorskie 25 73 850,44 73 831,72 -17,84% 18,58%
Slaskie 46 135 885,08 135 905,92 -17,65% 18,82%
Swigtokrzyskie 20 59 080,86 59 139,65 -17,93% 18,50%
I‘\’Ava’mm];';* 24 70 897,60 70 945,12 -17,79% 18,55%
Wielkopolskie 41 121 116,53 121 156,01 -18,02% 18,77%
Zachodniopomorskie 16 47264,08 47216,43 -17,88% 18,47%
Poland total 440 129977545 | 129989763 | -17,66% 18,79%
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Table 5.10. Uncertainty of CH4 emissions from burning liquid gas in the residential sector in

Poland.
M_gas CHy emissions (Mg)
Voivodeship [thousands | Statistical Spatial Uncertainty
ton], 2010 values inventories

Dolnoglaskie 26 1,62 1,62 -38,84% 53,12%
Kujawsko- 26 1,62 1,63 -39,26% 54,30%
pomorskie

Lubelskie 32 2,00 2,00 -39,00% 53,63%
Lubuskie 11 0,69 0,69 -39,26% 52,74%
Lédzkie 2 2,62 2,63 -38,95% 5321%
Matopolskie 25 1,56 1,56 -38,88% 53,63%
Mazowieckie 59 3,68 3,68 -38,52% 52,49%
Opolskie 14 0,87 0,87 -38,83% 53,18%
Podkarpackie 9 0,56 0,56 -39,28% 53,23%
Podlaskie 24 1,50 1,50 -39,57% 53,22%
Pomorskie 25 1,56 1,56 -38,86% 52,10%
Slaskie 46 2,87 2,88 -39,80% 54,19%
Swietokrzyskie 20 1,25 1,25 -38,92% 53,44%
&’m“"l;'f' 2 1,50 1,50 3888% | 5348%
Wielkopolskie 41 2,56 2,57 -39,28% 53,08%
Zachodniopomorskie 16 1,00 1,00 -39,23% 53,22%
Poland total 440 27,47 27,52 -39,18% 53,07%
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Table 5.11. Uncertainty of N,O emissions from burning liquid gas in the residential sector in

Poland.
Liquid gas NzO emissions (Mg)
Voivodeshi Uncertain
e [thousands | Statistical Spatial ¥
ton}, 2010 values inventories

Dolnoslaskie 26 8,12 8,13 -46,43% 70,32%
g;ﬂ;:::;‘; 26 8,12 8,11 -45,82% 67,23%
Lubelskie 32 9,99 10,01 -46,02% 68,70%
Lubuskie 11 3,43 3,43 -45,98% 65,94%
Lodzkie 42 13,11 13,14 -46,27% 67,72%
Matopolskie 25 7,81 7,77 -45,99% 68,47%
Mazowieckie 59 18,42 18,39 -46,11% 67,79%

0ISK1€ 5 5 y (] (]
Opolski 14 437 438 -45,70% 68,20%
Podkarpackie 9 2,81 2,82 -46,10% 67,82%
Podlaskie 24 7,49 7,50 -46,11% 67,58%
Pomorskie 25 7,80 7,77 -46,17% 66,85%
Slqskie 46 14,36 14,39 -46,24% 68,46%
Swietolcrzyskie 20 6,24 6,25 -46,27% 68,29%
L"Z“‘m"’s}. ';°' 2 7,49 7,50 46,56% 68,20%
Wielkopolskie 41 12,80 12,79 -45,80% 67,16%
Zachodniopomorskie 16 5,00 5,00 -46,57% 67,56%
Poland total 440 137,37 137,97 -45,87% 67,54%
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Table 5.12. Uncertainty of greenhouse gas emissions from burning liquid gas in the

residential sector in Poland.
Liguid gas, GHG emlsz:glgl)s in COz-eq
Voivodeship [thot:::inds Statistical Spatial Uncertainty
values inventories
Dolnoslaskie 26 76,97 79,34 -17,99% | 18,75%
Kujawsko-
pomorskie 26 76,97 79,34 -18,36% | 18,85%
Lubelskie 32 94,74 97,58 -17,92% | 18,60%
Lubuskie 11 32,57 33,54 -17,59% | 18,17%
Lodzkie 42 124,34 127,82 -17,48% | 18,35%
Matopolskie 25 74,01 76,16 -18,08% | 18,48%
Mazowieckie 59 174,67 180,05 -17,88% | 18,82%
Opolskie 14 41,45 42,63 -17,80% | 18,39%
Podkarpackie 9 26,64 27,44 -17,78% | 18,43%
Podlaskie 24 71,05 73,27 -17,81% | 18,71%
Pomorskie 25 74,01 76,37 -18,17% | 18,73%
Slqskie 46 136,18 140,19 -17,67% | 18,84%
Swietokrzyskie 20 59,21 61,02 -17,95% | 19,08%
Warminsko-
Mazurskie 24 71,05 73,14 -17,67% | 18,47%
Wielkopolskie 41 121,38 124,87 -17,86% | 19,06%
Zachodniopomorskie 16 47,37 48,83 -17,57% | 18,64%
Poland total 440 1.302,61 1341,14 | -17,65% | 18,84%
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Figure 5.1. Uncertainty of CO, emissions from burning coal, natural Figure 5.2. Uncertainty of CH4 emissions from burning coal, natural gas,
gas, and liquid gas in Poland (2010, Gg * 10%) and liquid gas in Poland (2010, Gg * 10°)
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Table 5.13. Uncertainty of greenhouse gas emissions from burning coal, natural gas, and liquid gas
in Poland (2010).

Uncertainty
GHGs
Co, CH,4 N,O Total
GHG emissions (Gg) 33219,05 76,45 0,664 3532822
. 14.79%.. | -39.77%.. | -32.16%.. | -15.11%..
Uncertainty +15.98% +53.83% +43.22% +16.39%
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