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PCBS: Emissions to Air, 2011

2011-2001 «aial) £ 5 qan S g d) )3 g ABUal) cdoUnd (o Cplanald (8 cilingiall dpaS 11 g2

2011 celsedl ) clinidl :PCBS

Table 1: Emissions Quantity in Palestine From Energy, Agriculture and Waste Sectors by the Emitted Type, 2001-2011

Quantity of emitted(ton/year) A/ olally Gayiall dag
Year NPT PR ) My‘ui‘uhiﬂ‘ 05208 2T O sl 2S] Oes l) 20T sl O8N sl G )
Ll e 5 iall
SO, NMVOC CO NO, N,O CH, CO,
2001 3,437 36,269 193,486 27,533 696 10,494 1,644,188 2001
2002 4,696 44,481 275,204 33,392 791 13,193 2,321,167 2002
2003 2,367 48,540 182,012 30,998 806 15,100 2,944,313 2003
2004 4,859 37,761 287,104 30,629 783 15,175 2,981,107 2004
2005 3,278 35,867 213,567 26,881 814 15,115 2,991,694 2005
2006 3,533 37,187 213,513 29,800 760 13,944 2,463,168 2006
2007 1,722 37,019 137,805 26,815 706 13,584 2,401,835 2007
2008 3,903 36,200 242,765 29,229 689 13,198 2,260,916 2008
2009 1,966 38,171 152,276 28,223 682 13,120 2,643,222 2009
2010 1,515 44,123 158,158 31,412 711 13,983 3,271,227 2010
2011 4,480 46,552 283,190 40,112 783 14,852 3,100,538 2011
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Table 2: Emissions Quantity in Palestine From Energy Sector by the Emitted Type, 2001-2011

2011 celsedl ) clinidl :PCBS

Quantity of emitted(ton/year) L/ Ghally Canial) d3as
Veur RSy R OSSR [P ERCRE oA S| oAl o B S S sl i
Liliaall ye 5 il
SO, NMVOC CcO NO, N,O CH,4 CO,
2001 3,437 36,269 193,486 27,533 50 922 1,288,649 2001
2002 4,696 44,481 275,204 33,392 76 2,434 1,920,378 2002
2003 2,367 48,540 182,012 30,998 99 3,602 2,531,954 2003
2004 4,859 37,761 287,104 30,629 101 3,797 2,580,489 2004
2005 3,278 35,867 213,567 26,881 102 3,722 2,583,004 2005
2006 3,533 37,187 213,513 29,800 82 2,363 2,062,743 2006
2007 1,722 37,019 137,805 26,815 85 2,497 2,030,610 2007
2008 3,903 36,200 242,765 29,229 85 2,419 1,903,205 2008
2009 1,966 38,171 152,276 28,223 94 2,543 2,296,345 2009
2010 1,515 44,123 158,158 31,412 131 3,472 2,929,650 2010
2011 4,480 46,552 283,190 40,112 116 3,305 2,711,960 2011
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Table 3: Emissions Quantity in Palestine From Agriculture Sector by the Emitted

Type, 2001-2011

2011 «elsed) N il :PCBS s

Quantity of emitted ( ton/year) A/ olally Camyiall dag
Year O sl s G il 0528 s 15 Adud)
N,O CH, CO,
2001 570 6,252 308,099 2001
2002 637 7,359 352,039 2002
2003 627 7,998 362,259 2003
2004 599 7,778 349,118 2004
2005 627 7,683 355,660 2005
2006 590 7,761 345,825 2006
2007 531 7,157 315,005 2007
2008 511 6,739 299,891 2008
2009 492 6,417 287,397 2009
2010 482 6,231 280,387 2010
2011 567 7,137 325,568 2011

2011-2001 ¢Caviall £ 65 cua L pUL (o Cuhadd & Clingial) dpaS 14 Jo>
Table 4: Emissions Quantity in Palestine from Waste Sector by the Emitted Type, 2001-2011

Quantity of emitted (ton/year) L/ Ghally Cargial) dgas
Year SRR RS Gl OS2l G Ly
N20 CH, Co,
2001 76 3,320 47,440 2001
2002 78 3,400 48,750 2002
2003 80 3,500 50,100 2003
2004 83 3,600 51,500 2004
2005 85 3,710 53,030 2005
2006 88 3,820 54,600 2006
2007 90 3,930 56,220 2007
2008 93 4,040 57,820 2008
2009 96 4,160 59,480 2009
2010 98 4,280 61,190 2010
2011 100 4,410 63,010 2011
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£55 G (98N s G e e g AlSall Glally cliliil) g de) 31 g ABUall cileUad (e (bl 8 clingial) ApaS 15 J 9>
2011-2001 «Capial)

Table 5: Emissions Quantity in Palestine From Energy, Agriculture and Waste Sectors in ton
CO2 equivalent by the Emitted Type, 2001-2011

Quantity of emitted in ton CO2 equivallent/year L/CO2 (Asal) glally Gaial) dpas
28T J ol A R RIS
Year T Rt el ST e e
Total NMVOQ (3.4 CcO (1 9tC0O2 [ N,O (:.310 tCO2 [CH, (21 tCO2 Co,
tCO2 equivellent) equivellent) equivellent) equivellent)
2001 2,572,676 123,315 367,623 217,174 220,376 1,644,188 2001
2002 3,518,198 151,234 522,888 245,862 277,047 2,321,167 2002
2003 4,023,064 165,037 345,823 249,782 318,109 2,944,313 2003
2004 4,215,545 128,389 545,498 241,891 318,660 2,981,107 2004
2005 4,090,603 121,947 405,778 253,772 317,412 2,991,694 2005
2006 3,524,276 126,437 405,674 236,186 292,811 2,463,168 2006
2007 3,293,742 125,863 261,830 218,949 285,265 2,401,835 2007
2008 3,334,922 123,079 461,254 212,523 277,150 2,260,916 2008
2009 3,550,531 129,781 289,324 212,702 275,502 2,643,222 2009
2010 4,236,633 150,018 300,501 221,249 293,638 3,271,227 2010
2011 4,351,336 158,276 538,062 242,551 311,909 3,100,538 2011

2011-2001 «Caiall £ 58 quan 5,80 paaS) (A SIS (g (ALl Chally AU £ U (ha (aboalh b clinial) 43S 16 J g
Table 6: Emissions Quantity in Palestine From Energy Sector in ton CO2 equivalent by the
Emitted Type, 2001-2011

Quantity of emitted in ton CO2 equivallent/year 48u/CO2 (ASall Gally Earyial) dgas
L . sl Jsf daaS RIS L P I .
goaa) | Bl SN | il | ol gl | SRR |G e
Year Oa Bllaall 2 RS e B e oo g | S on s 5300 EA]
o5 Sl sl 6 ol B S5Sl auu o
T BEBN PP SR T
Total NMVOC (3.4 CO (1.9tCO2 | N,O (310tCO2 |CH, (21tCO2 co,
tCO2 equivellent) equivellent) equivellent) equivellent)
2001 1,814,518 123,315 367,623 15,565 19,366 1,288,649 2001
2002 2,669,170 151,234 522,888 23,557 51,113 1,920,378 2002
2003 3,149,146 165,037 345,823 30,690 75,642 2,531,954 2003
2004 3,365,408 128,389 545,498 31,301 79,731 2,580,489 2004
2005 3,220,443 121,947 405,778 31,558 78,156 2,583,004 2005
2006 2,669,906 126,437 405,674 25,436 49,616 2,062,743 2006
2007 2,497,081 125,863 261,830 26,331 52,447 2,030,610 2007
2008 2,564,581 123,079 461,254 26,242 50,801 1,903,205 2008
2009 2,797,897 129,781 289,324 29,053 53,394 2,296,345 2009
2010 3,493,788 150,018 300,501 40,715 72,904 2,929,650 2010
2011 3,513,580 158,276 538,062 35,867 69,415 2,711,960 2011
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Table 7: Emissions Quantity in Palestine From Agriculture Sector in ton CO2 Equivalent by
the Emitted Type, 2001-2011

4/ CO2 (AlSal lally Esnial) pas
| Emissions Quantity in ton CO2 Equivalent
Vear gsaasd T B e il eS| ) on i Bl | sl ] 5 o
e G0 LASA BB G sl | Sl e S i,
Ol sl Ozl 2
Total Emissions (CO2eq) from | Emissions (CO2eq) CO,
N20 ( ton) from CH4 ( ton)
2001 616,198 176,809 131,290 308,099 2001
2002 704,078 197,505 154,534 352,039 2002
2003 724,518 194,292 167,967 362,259 2003
2004 698,237 185,790 163,329 349,118 2004
2005 711,320 194,314 161,346 355,660 2005
2006 691,650 182,850 162,975 345,825 2006
2007 630,011 164,718 150,288 315,005 2007
2008 599,781 158,381 141,509 299,891 2008
2009 574,794 152,649 134,748 287,397 2009
2010 560,775 149,534 130,854 280,387 2010
2011 651,136 175,684 149,884 325,568 2011

2011-2001 «aial) £ g a5 80 Bl G 8 (¢ ARl hally cilgliil) pUsd (e alanadd (B cligiall 43a8 8 g2
Table 8: Emissions Quantity in Palestine From Waste Sector in ton CO2 equivalent by the
Emitted Type, 2001-2011

4/CO2 (Alsall phally Gl dsag
Emissions Quantity in ton CO2 Equivalent\Year
v gsasd 2l 6 (e limgiall A3aS Ol (e liasialll 40 RESSEWSRETEWS o~
ear e o Sl Gl sl | A5 Sl e S R LA
Ol 2l BEB RN
N,O (310 tCO2 CH,4 (21 tCO2 CO,
Total . .
equivellent) equivellent)
2001 141,960 24,800 69,720 47,440 2001
2002 144,950 24,800 71,400 48,750 2002
2003 148,400 24,800 73,500 50,100 2003
2004 151,900 24,800 75,600 51,500 2004
2005 158,840 27,900 77,910 53,030 2005
2006 162,720 27,900 80,220 54,600 2006
2007 166,650 27,900 82,530 56,220 2007
2008 170,560 27,900 84,840 57,820 2008
2009 177,840 31,000 87,360 59,480 2009
2010 182,070 31,000 89,880 61,190 2010
2011 186,620 31,000 92,610 63,010 2011
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Table 9: Selected indicators for Emissions in Palestine, 2001- 2011

2011 celsedl ) clinidl :PCBS

o ) I L [ Sl e A i) £ saxall (a cilinial) 4348 £ gara (a cilinial) 4348 £ gara (a cilinial) 4348 £ gara

Elinaiall (Bwyajd (k) b g S O A lally L | e AlSall hally Ao 3l plad | ALKl olally A8l jabaa

(Lsies Ol Crge Sl auaS) (G| Gh) GaapSl) sl AU SE | Ggasd) ) (AU S (e

(bsim (s 0B)
Year sl
GDP per Per Capita CO2 Total Total Emissions Total Emissions Total Emissions
emissions in US$ emissions Quantity from Quantity from Quantity from Energy
per ton (Ton/capitalyear) WasteSector in Agriculture Sector in | Sector in equivalent
equivalent (Ton equivalent (Ton (Ton CO2/year)
CO2/year) CO2/year)

2001 1,481.3 0.82 2,572,676 141,960 616,198 1,814,518 2001
2002 938.4 1.09 3,518,198 144,950 704,078 2,669,170 2002
2003 1,336.9 1.21 4,022,064 148,400 724,518 3,149,146 2003
2004 995.9 1.24 4,215,545 151,900 698,237 3,365,408 2004
2005 1,114.6 117 4,090,603 158,840 711,320 3,220,443 2005
2006 1,226.4 0.98 3,524,276 162,720 691,650 2,669,906 2006
2007 1,382.7 0.89 3,293,742 166,650 630,011 2,497,081 2007
2008 1,462.8 0.87 3,334,922 170,560 599,781 2,564,581 2008
2009 1,475.6 0.90 3,550,531 177,840 574,794 2,797,897 2009
2010 1,351.2 1.05 4,236,633 182,070 560,775 3,493,788 2010
2011 1,475.7 1.04 4,351,336 186,620 651,136 3,513,580 2011
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Table 10: Emissions Factors by Fuel Type in the Energy Sector

2011 celsedl ) clinidl :PCBS

S02 &layll Jalza MNVOC &lasi) Jalaa CO cilayil Jalza NOX clasi) Jalaa N20 el Jalaa CH4 &layil Jalaa CO2 &layll Jalza
a8 b /SO2 ok 2885 ob /MNVOC ok 2689 0k /CO b 2885 ob / Nox ok 3589 b /N20 ok 2885 ob / CH4 ok 38y ok /CO2 sk
Fuel Type S02 Emission MNVOC Emission CO Emission NOx Emission N20 Emission CH4 Emission CO2 Emission sl g
Factor Factor Factor Factor Factor Factor Factor

t SO2/ton fuel t MNVOC/ton fuel t CO/ton fuel t NOx/ton fuel t N20O/ton fuel t CH4/ton fuel t CO,/ton fuel
Gasolin 0.001011 0.541051 0.951555 0.002344 0.000026 0.000132 3.047000 (il ol g )
Kerosene 0.000000 0.000000 0.000000 0.000000 0.000026 0.000130 3.107000 s Sl
Diesel 0.003987 0.000000 0.008075 0.000000 0.000026 0.000128 3.149000 Jonll
LPG 0.000000 0.170813 0.189807 0.009566 0.000182 0.000041 2.874205 Juadl 284l Hle
Wood and Cool 4.816000 5.600000 224.000000 11.200000 0.000116 0.000867 3.235680 aadll g calial)
Olive cake 0.000000 0.010050 0.083750 0.000000 0.000067 0.005025 1.675000 Caall
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Table 11: Emissions Factors by Animal Type in the Agriculture Sector

Slaadl 31y dlaai¥) Jalra ssrall padill Elauy Jalas Apdla Gl y IS Can g i) SIAY (o sieal) Janal)
Ay Apdila Gl /(e piS Ay Apdila Gl yf (isa pas Loy Apdila Gl o/ O g S p3S
Species/Livestock category Emission factor for Manure Emission factor for Enteric Annual N excretion per head of Lol g g
Management Fermentation species/livestock category

(kg CH4 head™ yr™) (kg CH4 head™ yr™) (kg N animal™ year-1)
Dairy Cows 2.00 40.00 70.26 N
Other Cattle 1.00 31.00 49.88 Al e
Sheep 0.15 5.00 11.96 ol
Goats 0.17 5.00 15.00 el
Camels 1.92 46.00 36.43 Jleall
Horses 1.64 18.00 39.96 daall
Mules and Asses 0.90 10.00 21.83 meall g Jad)
Poultry 0.02 0.00 0.00 gl
Other 0.02 0.00 0.00 Al
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Introduction

Green House Gas Emission inventories are an important part of environmental statistics. An
emission inventory gives an overview of emissions of various pollutants per source and/or
sector. An emission inventory may cover a certain area or the whole country.

GHG emissions to air in Palestine have local, regional and global consequences. Global
emission problems include emissions of greenhouse gases CO,, N,O (nitrous oxide) and CHy,4
(methane). Regional emissions include acid rain (SO,, NH3 and NOy) and NMVOC, which
creates ozone after reaction with NOy. Acid rain and ozone cause losses in agricultural
production, damage to materials and health problems. Also, emissions of particulate matter
and lead are a leading cause of local health problems.

The main objective of this report is to provide estimations and calculations of emissions to air
in Palestine. The report will clarify the methodology of calculating emissions for the
following pollutants: SO,, NOy, CO;, CH4, N2O, NMVOC (non-methane volatile organic
compounds). The methodology depends on the source of pollution and is classified into:

Emissions from energy

Emissions from industrial processes and product use (IPPU)
Emissions from agriculture, forestry, and other land use (AFOLU)
Emissions from waste

This report is divided into three chapters: the first chapter defines the main findings of the
report. The second chapter explains the methodology of data collection and tabulation, in
addition to details regarding data quality and estimates of data sources. The third chapter
contains the concepts and definitions used in this report.

June, 2013 Ola Awad
President of PCBS
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Chapter One

Main Findings

This chapter presents the main findings of emission calculations in Palestine for the years
2001-2011.

1.1 Amounts of Carbon Dioxide CO,

The amounts of carbon dioxide emitted from the energy, agriculture and solid waste sectors
during 2011 were estimated at around 3.1 million tons, distributed as 2.7 million tons from the
energy sector, 326 thousand tons from agriculture and the remaining 63 thousand tons from
the solid waste sector (open burning of solid waste). During 2001, the amount of carbon
dioxide emitted from the energy, agriculture and solid waste sectors was estimated at around
1.6 million tons.

Amounts of Carbon Dioxide Emitted in Palestine From Energy, Agriculture and Waste
Sectors, 2001-2011

5_
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1.2 Amounts of Methane CH,4

The amounts of methane emitted from the energy, agriculture and solid waste sectors during
2011 were estimated at around 14,852 tons, distributed as 3,305 tons from the energy sector,
7,137 tons from agriculture and the remaining 4,410 tons from the solid waste sector (open
burning of solid waste). During 2001, the amount of methane emitted from the energy,
agriculture and solid waste sectors was estimated at around 10,494 tons.

[13]
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Amounts of Methane Emitted in Palestine From Energy, Agriculture and Waste
Sectors, 2001-2011
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1.3 Amounts of Nitrous Dioxide N,O

The amounts of nitrous dioxide emitted from the energy, agriculture and solid waste sectors
during 2011 was estimated at around 783 tons, distributed as 116 tons emitted from the
energy sector, 567 tons from agriculture and the remaining 100 tons from the solid waste
sector (open burning of solid waste). During 2001, the amount of nitrous dioxide emitted
from the energy, agriculture and solid waste sectors was estimated at around 696 tons.

Amounts of Nitrous Dioxide Emitted in Palestine From Energy, Agriculture and Waste
Sectors, 2001-2011

Tonlyear

650 - 682

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Year

1.4 Amounts of Nitrogen Oxides NOx
The amounts of nitrogen oxides emitted from the energy sector during 2011 were estimated at
around 40,112 tons compared to 27,533 tons during 2001.

[14]
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Amounts of Nitrogen Oxides Emitted in Palestine from Energy Sector, 2001-2011
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1.5 Amounts of Carbon Monoxide CO
The amounts of carbon monoxide emitted from the energy sector during 2011 were estimated
at around 283,190 tons compared to 193,486 tons during 2001.

Amounts of Carbon Monoxide Emitted in Palestine from Energy Sector, 2001-2011
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Year

1.6 Amounts of Non Methane Volatile Organic Compounds NMVOC
The amounts of non-methane volatile organic compounds emitted from the energy, sector
during 2011 were estimated at around 46,552 tons compared to 36,269 tons during 2001.

[15]
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Amounts of Non Methane Volatile Organic Compounds Emitted in Palestine from
Energy Sector, 2001-2011
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1.7 Role of Emissions in Global Warming

Global warming is the gradual increase in temperature of the lower layers of the atmosphere
surrounding the Earth as a result of increased emissions of greenhouse gases; each greenhouse
gas has active radiative or heat-trapping properties. Greenhouse gases are indexed according
to their global warming potential (GWP). GWP is the ability of a greenhouse gas to trap heat
in the atmosphere relative to an equal amount of carbon dioxide. Carbon dioxide assumes the
value of one (1). Carbon dioxide, although the most prevalent, is the least powerful
greenhouse gas.

The emission contribution to global warming in Palestine is calculated by dividing the carbon
dioxide equivalent quantity of the gas emitted by the total quantity of emissions and
multiplied by 100%.

Global Warming Potential of Gases Compared to CO,

Gas GWP Comparing to CO»
Carbon Dioxide (coy) 1.0
Methane (CH.) 21.0
Nitrous Dioxide (N.0) 310.0
Carbon Monoxide (co) 1.9
Non Methane Volatile Organic Compounds 3.4
(NMVOC)

It is worth to mention that the emission contribution in causing Global Warming in Palestine
is calculated by division of the CO2 equivalent quantity of the emittant by the total quantity of
emission multiplied by 100%.

[16]
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Emissions contribution in Global Warming in Palestine, 2011
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1.8 Per Capita Carbon Dioxide Emissions

Total per capita carbon dioxide emissions for 2011 in Palestine were about 1.04 tons / capita
per year, distributed in different proportions by sector. In 2001 the per capita carbon dioxide
emissions were 0.82 tons / capita per year.

Per Capita Carbon Dioxide Emissions (tons/capita/year) in Palestine, 2001-2011
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These data were compared with those published on the website of the statistical commission
of the Islamic countries and other emissions’ websites and the results are presented in a
figure.

1.9 GDP per emissions

Number of the studies confirm the existence of a relationship between economy and
emissions, the summary of these studies showed that; the higher value of the GDP per
emissions the higher economy of the countries with low emissions, such as in Switzerland the
value of this indicator is 9,293, Norway (8,381) and Sweden (7,740). The lowest value of this
indicator showed that countries economy is weak with high level of emissions such as
Uzbekistan (147), Mongolia (334) and Ukraine (338).

In Palestine, the final findings of the National Accounts for 2011 showed that the Gross

Domestic Product at constant prices was 6,421.4 USD million. The total quantity of
emissions measured in tons of CO2 equivalent in Palestine was 4.351 million ton.

[17]
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According to these data, the GDP per emissions in USD per ton was calculated and totaled
1,476 USD / ton.

GDP per emissions in USD per ton in Palestine, 2001-2011
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Comparing these data to that published on the website of the International Energy Agency, the
results were as follows:

GDP per emissions in USD per ton for selected countries, 2009

Country GDP per emissions in USD per ton
Jordan 716
Lebanon 1,464
Egypt 644
Israel 2,044

[18]



PCBS: Emissions to Air, 2011

Chapter Two

Methodology and Data Quality

This chapter presents the scientific methodology and quality procedures used in the estimates
of emissions to air from their various sources, including the data quality and procedures of
data quality.

The estimates of emissions to air, 2001-2011 is based on the 2006 IPCC Guidelines for
National Greenhouse Gas Inventories (2006 Guidelines). These guidelines were produced at
the invitation of the United Nations Framework Convention on Climate Change (UNFCCC)
to update the Revised 1996 Guidelines and associated good practice guidance, which provide
internationally agreed methodologies intended for use by countries to estimate greenhouse gas
inventories to report to the UNFCCC.2006.

GHG emissions are reported both in absolute units of carbon dioxide, methane and nitrogen
oxide emissions, as well as in units of CO2-equivalent by applying 100-year GWPs of 1 for CO2, 21
for CH4, and 310 for nitrogen oxide.

2.1 Emissions from Energy Sector

Energy systems for most economies are largely driven by the combustion of fossil fuels.
During combustion, the carbon and hydrogen of the fossil fuels are converted mainly into
carbon dioxide (CO,) and water (H»O), releasing the chemical energy as heat. This heat is
generally either used directly or used to produce mechanical energy, often to generate
electricity or for transportation.

The energy sector is usually the most important in greenhouse gas emission inventories and
typically contributes over 90% of CO, emissions and 75% of total greenhouse gas emissions
in developed countries. CO, typically accounts for 95% of energy sector emissions, with
methane and nitrous oxide responsible for the balance. Stationary combustion is usually
responsible for about 70% of the greenhouse gas emissions from the energy sector. About half
of these emissions are associated with combustion in energy industries, mainly power plants
and refineries. Mobile combustion (road and other traffic) is responsible for about one quarter
of the emissions in the energy sector.

Tiers of emission estimates from the energy sector:
There are three tiers presented in the 2006 IPCC Guidelines for estimating emissions from the
energy sector:

TIER 1

The Tier 1 method is fuel-based, since emissions from all sources of combustion can be
estimated on the basis of the quantities of fuel combusted (usually from national energy
statistics) and average emission factors. Tier 1 emission factors are available for all relevant
direct greenhouse gases.

The quality of these emission factors differs between gases. For CO,, emission factors depend
mainly on the carbon content of the fuel. Combustion conditions (combustion efficiency,
carbon retained in slag and ashes, etc.) are relatively unimportant. Therefore, CO, emissions
can be estimated fairly accurately based on the total amount of fuel combusted and the
average carbon content of the fuel. However, emission factors for methane and nitrous oxide

[19]
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depend on the combustion technology and operating conditions and vary significantly, both
between individual combustion installations and over time.

TIER 2

In the Tier 2 method for energy, emissions from combustion are estimated from similar fuel
statistics, as used in the Tier 1 method, but country-specific emission factors are used in place
of the Tier 1 defaults. Since available country-specific emission factors might differ for
different fuels, combustion technologies or even individual plants, activity data may be
further disaggregated to properly reflect such disaggregated sources. If these country-specific
emission factors are indeed derived from detailed data on carbon contents in different batches
of fuels used, or from more detailed information on the combustion technologies applied in
the country, the uncertainties of the estimate should decrease and trends over time can be
better estimated.

TIER 3

In the Tier 3 method for energy, either detailed emission models or measurements and data at
individual plant level are used where appropriate. Properly applied, these models and
measurements should provide better estimates primarily for non-CO, greenhouse gases,
though at the cost of more detailed information and effort.

Emissions sources from the energy sector

Energy industries ‘ Electricity generation
Manufacturing industries and construction
Fugl_c_ombustlon Transport Road transportation
activities
Energy e
Sector Other sectors Commercial/institutional
Residential
Agriculture/forestry/fishing/fish
farms

Fugitive emissions from fuel

Carbon dioxide transport and storage

Methodology of emissions estimates from the Palestinian energy sector:

The Tier 1 method —which is used in the estimation of energy emissions - is fuel-based, since
emissions from all sources of combustion can be estimated on the basis of the quantities of
fuel combusted (usually from national energy statistics) and average emission factors. Tier 1
emission factors are available for all relevant direct greenhouse gases.

Data on fuels are obtained from the Palestinian Energy Balance, which is prepared annually
by the Palestinian Central Bureau of Statistics.

2.2 Emissions from Industrial Processes and Product Use (IPPU)

Greenhouse gas emissions are produced from a wide variety of industrial activities. The main
emission sources are releases from industrial processes that chemically or physically
transform materials. (For example, the blast furnace in the iron and steel industry, ammonia
and other chemical products manufactured from fossil fuels used as chemical feedstock and
the cement industry are notable examples of industrial processes that release a significant
amount of CO;) During these processes, many different greenhouse gases, including carbon
dioxide (CO;), methane (CHj), nitrous oxide (N,O), hydrofluorocarbons (HFCs) and
perfluorocarbons (PFCs) may be produced.

[20]
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In addition, greenhouse gases are often used in products such as refrigerators, foams or
aerosol cans. For example, HFCs are used as alternatives to ozone depleting substances
(ODS) in various types of product applications. Similarly, sulphur hexafluoride (SFg) and
N,O are used in a number of products used in industry (e.g., SFs used in electrical equipment,
N,O used as a propellant in aerosol products, primarily in the food industry), or by end-
consumers (e.g., SFg used in running-shoes, N,O used during anesthesia). A feature of these
product uses is that, in almost all cases, significant time can elapse between the manufacture
of the product and the release of the greenhouse gas. The delay can vary from a few weeks
(e.g., for aerosol cans) to several decades, as in the case of rigid foam. In some applications
(e.g., refrigeration), a fraction of the greenhouse gases used in the products can be recovered
at the end of product’s life and either recycled or destroyed.

By browsing the emissions sources from the Industrial Processes and Product Use (IPPU) and
referring to the activity data available in Palestine, it is clear that there are difficulties in the
estimation of these emissions because there are no physical units available which are required
for the estimates.

2.3 Emissions from Agriculture, Forestry and Other Land Use (AFOLU)

Land use and management influence a variety of ecosystem processes that affect greenhouse
gas fluxes, such as photosynthesis, respiration, decomposition, nitrification/denitrification,
enteric fermentation, and combustion. These processes involve transformations of carbon and
nitrogen that are driven by biological (activity of microorganisms, plants, and animals) and
physical processes (combustion, leaching, and run-off).

Greenhouse Gases in AFOLU:

The key greenhouse gases of concern are CO,, N,O and CHjs. CO, fluxes between the
atmosphere and ecosystems are primarily controlled by uptake through plant photosynthesis
and releases via respiration, decomposition and combustion of organic matter. N,O is
primarily emitted from ecosystems as a by-product of nitrification and denitrification, while
CH, is emitted through methanogenesis under anaerobic conditions in soils and manure
storage, through enteric fermentation, and during incomplete combustion while burning
organic matter. Other gases of interest (from combustion and from soils) are NOx, NHs,
NMVOC and CO, because they are precursors for the formation of greenhouse gases in the
atmosphere. The formation of greenhouse gases from precursor gases is considered an indirect
emission. Indirect emissions are also associated with leaching or runoff of nitrogen
compounds, particularly NO3; - losses from soils, some of which can subsequently be

converted to N,O through denitrification.

Sources of Emissions in AFOLU:
Guidance and methods for estimating greenhouse gas emissions and removals for the AFOLU
sector now include:
e CO, emissions and removals resulting from C stock changes in biomass, dead organic
matter and mineral soils, for all managed lands;
CO; and non-CO, emissions from fire on all managed land;
N.O emissions from all managed soils;
CO, emissions associated with liming and urea application to managed soils;
CH, emissions from rice cultivation;
CO; and N,O emissions from cultivated organic soils;
CO; and N0 emissions from managed wetlands;
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e CH, emission from livestock (enteric fermentation);
e CHj and N,O emissions from manure management systems; and
e C stock change associated with harvested wood products.

Framework of TIER structure for AFOLU methods:

Tier 1 methods are designed to be the simplest to use, for which equations and default
parameter values (e.g., emission and stock change factors) are provided in this volume.
Country-specific activity data are needed, but for Tier 1 there are often globally available
sources of activity data estimates (e.g., deforestation rates, agricultural production statistics,
global land cover maps, fertilizer use, livestock population data, etc.), although these data are

usually spatially coarse.

Tier 2 may use the same methodological approach as Tier 1, but applies emission and stock
change factors based on country-specific or region-specific data for the most important land
use or livestock categories. Country-defined emission factors are more appropriate for
climatic regions, land-use systems and livestock categories in that country. Higher temporal
and spatial resolution and more disaggregated activity data are typically used in Tier 2 to
correspond with country-defined coefficients for specific regions and specialized land use or

livestock categories.

In Palestine, since there are no country emission factors, the emissions from AFOLU were
estimated using the IPCC Tier 1. Data of livestock in AFOLU are available and therefore
emissions from enteric fermentation and manure management were estimated. Data from
land have many gaps and deficiencies, plus are not applicable to the Palestinian situation, so
for these reasons, emissions from land were not estimated.

For the purposes of preparing this report, data were obtained from the Food and Agriculture
Organization database (FAOSTAT) for the years 2001 — 2010, from these data, 2011 data
were estimated.

2.4 Emissions from Waste Sector

The starting point for the estimation of greenhouse gas emissions from solid waste disposal,
biological treatment, incineration and open burning of solid waste is the compilation of
activity data on waste generation, composition and management.

Solid waste generation rates and composition vary from country to country depending on the
economic situation, industrial structure, waste management regulations and lifestyle. The
availability and quality of data on solid waste generation, as well as subsequent treatment,
also vary significantly from country to country. Statistics on waste generation and treatment
have been improved substantially in many countries during the last decade, but at present only
a small number of countries have comprehensive waste data covering all waste types and
treatment techniques.

Solid waste is generated from households, offices, shops, markets, restaurants, public
institutions, industrial installations, water works and sewage facilities, construction and
demolition sites, and agricultural activities. Solid waste management practices include
collection, recycling, solid waste disposal on land, biological and other treatments, as well as
incineration and open burning of waste.
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Sources of solid waste:

1. Municipal solid waste (MSW)

2. Industrial waste

3. Other waste, including clinical waste and hazardous waste.

Waste composition:

Waste composition is one of the main factors influencing emissions from solid waste
treatment, since different types of waste contain variable amounts of degradable organic
carbon (DOC) and fossil carbon. Waste compositions, as well as the classifications used to
collect data on waste composition in MSW, vary widely in different regions and countries.

Emissions from solid waste disposal sites (SWDS):

The treatment and disposal of municipal, industrial and other solid waste produces significant
amounts of methane (CH,). In addition to CHy, solid waste disposal sites (SWDS) also
produce biogenic carbon dioxide (CO;) and non-methane volatile organic compounds
(NMVQOCs), as well as smaller amounts of nitrous oxide (N,O), nitrogen oxides (NOx) and
carbon monoxide (CO). CH,4 produced at SWDS contributes approximately 3- 4% to annual
global anthropogenic greenhouse gas emissions (IPCC, 2001).

Methodology of emission estimates from solid waste disposal (SWDS):

The IPCC methodology for estimating CH,4 emissions from SWDS is based on the First Order
Decay (FOD) method. This method assumes that the degradable organic component
(degradable organic carbon, DOC) in waste decays slowly throughout a few decades, during
which CH4 and CO, are formed. If conditions are constant, the rate of CH4 production
depends solely on the amount of carbon remaining in the waste. As a result, emissions of CH,4
from waste deposited in a disposal site are highest in the first few years after deposition, then
gradually decline as the degradable carbon in the waste is consumed by the bacteria
responsible for the decay. The transformation of degradable material in SWDS to CH,4 and
CO; is by a chain of reactions and parallel reactions.

In Palestine, since there are no country emission factors, the emissions were estimated using
the IPCC FOD method with default parameters and good quality country-specific activity data
(Tier 2).

2.5 Accuracy

The estimation of emissions to air is based on the following factors:
1. The activity data (statistical data used in the emissions calculations)
2. The emission factors
3. The equations and modules used.

The emissions factors are proposed by the IPCC for all sectors and for countries which do not
have specific emission factors to enable these countries to estimate their emissions. These
factors were tested for their quality and suitability to countries prior to proposal and use.

The quality and suitability of modules and equations were tested and reviewed before use.

The activity data (the statistical data used for estimation) match the quality of their sources.
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The activity data of the energy sector were obtained from the Palestinian Energy Balance
prepared annually by PCBS. Data of the Palestinian Energy Balance are considered to be of
high quality.

Agricultural sector data were taken from the FAO statistical database (FAOSTAT) which is
considered of high quality.

Waste activity data were taken from censuses and surveys whose quality had been verified.

2.6 Comparability

Since there are no previous estimates of emissions to air with the same methodology, it is not
possible to make time comparability for these data. Geographical comparability was made
with neighboring countries from the database of the European Commission Joint Research
Center.

2.7 Data Quality Assurance Procedures
Quality procedures were undertaken during the emissions to air estimation:
e Checking the activity data used in the emissions estimates and referring to their
sources to ensure quality and verifying the technical notes regarding these data.
e Checking the proposed emission factors and taking into account the issues of
uncertainty in the selection of factors.

2.8 Technical Notes
The following are important technical notes on the data mentioned in the report:
e Emissions from the Industrial Processes and Product Use (IPPU) are not estimated due
to lack of required data.
e The international comparisons table is taken from different databases of agencies
related to emissions and climate change.
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Chapter Three

Concepts and Definitions

Solid Waste Burning:
Outdoor burning of wastes such as lumber, used textiles, and others.

Agriculture Waste:

Waste produced as a result of various agricultural operations. It includes manure and other
waste from farms, poultry houses and slaughterhouses; harvest waste; fertilizer run-off from
fields; pesticides that enter into water, air or soil; and salt and silt drained from fields.

Household Waste:

Waste material usually generated in the residential environment. Waste with similar
characteristics may be generated in other economic activities and can thus be treated and
disposed together with household waste.

Nitrogen Oxides (NOXx):

A group of highly reactive gases that contain nitrogen and oxygen in varying amounts. Many
of the nitrogen oxides are colorless and odorless. The common pollutant nitrogen dioxide
(NO2) can often be seen combined with particles in the air as a reddish-brown layer over
many urban areas. Nitrogen oxides are formed when the oxygen and nitrogen in the air react
with each other during combustion. The formation of nitrogen oxides is favored by high
temperatures and excess oxygen (more than is needed to burn the fuel). The primary sources
of nitrogen oxides are motor vehicles, electric utilities, and other industrial, commercial, and
residential sources that burn fuels.

Nitrous oxide (N,O):

A powerful greenhouse gas emitted through soil cultivation practices, especially the use of
commercial  and organic fertilizers, fossil-fuel combustion, nitric acid production, and
biomass burning. One of the six greenhouse gases to be curbed under the Kyoto Protocol.

Emission:

Discharge of pollutants into the atmosphere from stationary sources such as smoke stacks,
other vents surface areas of commercial or industrial facilities, and mobile sources, for
example, motor vehicles, locomotives and aircraft.

Carbon dioxide (CO,):

A naturally occurring gas, and also a by-product of burning fossil fuels and biomass, as well
as land-use changes and other industrial processes. It is the principal anthropogenic
greenhouse gas that affects the Earth’s radiative balance. It is the reference gas against which
other greenhouse gases are measured and therefore has a Global Warming Potential of 1.

Equivalent CO, (carbon dioxide):
The concentration of carbon dioxide that would cause the same amount of radiative forcing as
a given mixture of carbon dioxide and other greenhouse gases.

Greenhouse gas:
Greenhouse gases are those gaseous constituents of the atmosphere, both natural and
anthropogenic, that absorb and emit radiation at specific wavelengths within the spectrum of

[25]



PCBS: Emissions to Air, 2011

infrared radiation emitted by the Earth’s surface, the atmosphere, and clouds. This property
causes the greenhouse effect. Water vapor (H20), carbon dioxide (CO2), nitrous oxide
(N20), methane (CH4), and ozone (O3) are the primary greenhouse gases in the Earth’s
atmosphere. Moreover there are a number of entirely human- made greenhouse gases in the
atmosphere, such as the halocarbons and other chlorine- and bromine- containing substances,
dealt with under the Montreal Protocol. Besides CO2, N20, and CH4, the Kyoto Protocol
deals with the greenhouse gases sulfur hexafluoride (SF6), hydro fluorocarbons (HFCs), and
per fluorocarbons (PFCs).

Methane (CHy):

A hydrocarbon that is a greenhouse gas produced through anaerobic (without oxygen)
decomposition of waste in landfills, animal digestion, decomposition of animal wastes,
production and distribution of natural gas and oil, coal production, and incomplete fossil-fuel
combustion. Methane is one of the six greenhouse gases to be mitigated under the Kyoto
Protocol.

Ozone (Ogy):

Pungent, colorless, toxic gas that contain three atoms of oxygen is each molecule. It
occurred naturally at a concentration of about 0.01 parts per million (p.p.m) of air. Levels of
0.1 p.p.m. are considered to be toxic.

Carbon Monoxide (CO):

Colourless, odourless and poisonous gas produced by incomplete fossil fuel combustion.
Carbon monoxide combines with the hemoglobin of human beings, reducing its oxygen
carrying capacity, with effects harmful to human beings.

Sulphur Dioxide (SO,):
Heavy, pungent, colorless gas formed primarily by the combustion of fossil fuels. It is
harmful to human beings and vegetation, and contributes to the acidity in precipitation.

Suspended Particular Matter (SPM):
Finely divided solids or liquids that may be dispersed through the air from combustion
processes, industrial activities or natural sources.

Particulate:
Fine liquid or solid particles, such as dust, smoke, mist, fumes, or smog, found in air or
emissions.

Organic compounds:

Compounds containing carbon (including carbonates, bicarbonates, carbon dioxide and
carbon monoxide) that form the basis of living mattes. In domestic sewage, organics one
mainly metabolic wastes of faeces or urine plus grease, detergents and so forth.

Volatile organic compounds (VOCs):

Organic compounds that evaporate readily and contribute to air pollution mainly through the
production of photochemical oxidants.
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Air Pollution Sources:

Activities that result in air pollution including agricultural activities, combustion processes,
dust producing processes, manufacturing activities, nuclear energy-related activities, spray-
painting, printing, dry-cleaning and so on.

Air Quality Standards:
Levels of air pollutants prescribed by regulations that may not be exceeded during a specified
time in a defined area.

Emission standard:
Maximum amount of polluting discharge legally allowed from a single source, mobile or
stationary.

Air Pollutants:

Substances in air that could, at high enough concentrations, harm human beings, animals,
vegetation or material. Air pollutants may thus of being airborne. They may consist of solid
particles, liquid droplets or gases, or combinations of these forms.

Hydrocarbons:

Compounds of hydrogen and carbon in various combinations that are present in petroleum
products and natural gas. Some hydrocarbons are major air pollutants, some may be
carcinogenic and others contribute to photochemical smog.

Charcoal:
Solid residue consisting mainly of carbon obtained by the destructive distillation of wood in
the absence of air.

Fossil fuel:
Cool, oil and natural gas. They are derived from the remains of ancient plant and animal life.

Municipal Solid Waste (MSW):

Municipal waste is generally defined as waste collected by municipalities or other local
authorities. However, this definition varies by country. Typically, MSW includes: household
waste¢ garden (yard) and park waste; and commercial/institutional waste.

Hazardous waste:

Waste oil, waste solvents, ash, cinder and other wastes with hazardous nature, such as
flammability, explosiveness, causticity, and toxicity, are included in hazardous waste.
Hazardous wastes are generally collected, treated and disposed separately from non-
hazardous MSW and industrial waste streams. Some hazardous wastes are incinerated and
can contribute to the fossil CO, emissions from incineration.
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