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GJ.kmol™* GJ.kmol™* gr.mol™
0.2855 0.2418 2.01588 0 H, Hydrogen
0.0000 0.0000 4.003 0 He Helium
0.0000 0.0000 18.01528 0 H,O Water
0.2829 0.2829 28.0104 1 Co Carbon Monoxide
0.0000 0.0000 28.0134 0 N> Nitrogen
0.0000 0.0000 31.9988 0 0, Oxygen
0.5920 0.5180 34.07588 0 H,S Hydrogen Sulfide
0.0000 0.0000 39.948 0 Ar Argon
0.0000 0.0000 44.0098 1 CO, Carbon Dioxide
0.8900 0.8027 16.04276 1 CH, Methane
1.560 1.4288 30.06964 2 C,He Ethane
2.2224 2.0433 44.09652 3 CsHg Propane
2.8713 2.6484 58.1234 4 CsHyo Iso-Butane
2.8771 2.6576 58.1234 4 CsHyo n-Butane
3.5065 3.2650 72.15028 5 CsHy, Iso-Pentane
3.5088 3.2693 72.15028 5 CsHyp, n-Pentane
41143 3.8872 86.17716 6 CsHis n-Hexane
4.8589 45019 100.20404 7 C;Hys n-Heptane
5.5180 5.1162 114.23092 8 CgHys n-Octane
6.1782 5.7318 128.2578 9 CoHyo n-Nonane
6.8373 6.3464 142.28468 10 CioH2 n-Decane
3.5207 3.2508 72.15028 5 CsHyp, Neopentane
4.1921 3.8796 86.17716 6 CsH1a 2-Methylpentane
4.1947 3.8822 86.17716 6 CeHus 3-Methylpentane
41253 3.8698 86.17716 6 CeHus 2,2-Dimethylbutane
4.1900 3.8775 86.17716 6 CeHus 2,3-Dimethylbutane
1.9596 1.9596 42.08064 3 C3Hs Cyclopropane
2.7470 2.5694 56.10752 4 C4Hg Cyclobutane
3.3235 3.1000 70.1344 5 CsHyg Cyclopentane
3.9575 3.6894 84.16128 6 CeH1o Cyclohexane
1.3029 1.2569 26.03788 2 C,H, Ethyne (acetylene)
1.4126 1.3232 28.05376 2 C,H, Ethene (ethylene)
2.0599 1.9261 42.08064 3 CsHe Propene (propylene)
3.3041 3.1695 78.11364 6 CsHe Benzene
2.8728 2.6530 58.1234 4 CsHqo Butanes, avg
3.5011 3.2670 72.15028 5 CsHy» Pentanes, avg
41143 3.8790 86.17716 6 CsHis Hexanes, avg
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Enox (ty"—f) = 3099 + 12.67 = 3111.67
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Eco (7) = 795.1 + 10.66 = 805.76
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Epy (7) = 63.97 + 0.96 = 64.93

Evoc (t;—:) =20.3 + 0.69 = 20.99
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X 0.3 % (1-098) X 5 x 86400 x 107 x 15
=501.3

3x 106

64
-6
86400 X 40 X 107° x 0.98 x 237 X 86400

x 1073 x 15 = 4.76

1.5 x 106

44
[t _ . -3
86400 x0.2%x (1-0.98) x 237 X 86400 x 10

x10=111.4

CsHg

1.5 % 106

64
-6 o
86400 X 15x107° x 0.98 x 537 X 86400

x 1073 x 10 = 0.60
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3 X 10°x 15 x 0.0539 x 133.4 X 107% = 323.6

3 X 10% x 15 x 0.0588 x 29.26 X 107¢ = 77.4

3 X 10°%x 15 % 0.0539 x 2.2 X 107% =5.3

Ya=1(xx X LHV})

237 =0.5x%x0.8027 +---.

= 0.0539
Zi=1(ac X HHV)

237 = 0.0588

1.5 X 10° x 10 X 0.0487 x 133.4 X 107¢ = 107.8

1.5 X 10% x 10 X 0.0532 x 29.26 X 107¢ = 25.8

1.5 X 10° x 10 x 0.0487 x 2.2 X 1076 = 1.8
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Ya—1(xx X LHV})

237 =0.6 X0.8027 +---.

= 0.0487
Zi=1(ac X HHV)

237 = 0.0532
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AQQRGJ:?:EVOC(;)=200*0-00025*1*8-76=0-44
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= ;Z X = 5(87.7 + 88.089 + 98.648 + 84.157 + 88.02) = 89.303
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s = — (% — %)
k=1

1
o ((87.7 —89.303)2 + (88.089 — 89.303)2 + (98.648 — 89.303) _ ¢
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= + NG +6.

Cesdy [89.303 — 6.742;89.303 + 6.742] &30 43 CHy Jgo doys liabsl o5k ol by .F o8




VAF 1 AW aomio

S blous alS”

9n 0t VT (a3 Lol anlow

()
st
A

SR 1.')&«&/':1

U(rel)cps =

¥ JLeo Fwly axlol

22,5 Joo p IS5 4 lg oo (o Salad pae Jlade und 510 0 pE

sXt

Vn

x

X 100% =
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U(abs) g,

U(rel)z, %

sXt

T

S

xk%

Olas

6.7%

7.5%

6.742312

5.423118

89.3028

Methane

4.0%

91.2%

3.988969

3.208492

4.3734

Ethane

1.7%

102.5%

1.663679

1.338165

1.6226

Propane

0.2%

69.6%

0.190957

0.153594

0.2742

Iso-Butane

0.3%

81.3%

0.321411

0.258524

0.3954

n-butane

0.1%

60.8%

0.067202

0.054054

0.1106

Iso-Pentane

0.0%

55.0%

0.043109

0.034674

0.0784

n-Pentane

0.1%

79.0%

0.081537

0.065584

0.1032

Hexane

3.2%

94.4%

3.231957

2.599595

3.423

Nitrogen

0.3%

158.6%

0.314724

0.253146

0.1984

Dioxide Carbon

AL Sl Gl el sae Jlafe (g )0 39290 DLS 51 SO e Coabad pae il b

950 CreeS 13 g0 4 g (F) b (FA) alal, o (¥) b (FF) alas, 51 oolicial b i gus

X, X LHV,, X U(rel) g, o
U(abs) = jZ(xk k23 - (re )x"A’)Z = 0.0036
_ Yk=1(Xx X LHV)
23.7
U(abs) 0.103
LHV —

LHV

= 0.035

U(rel) =
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X X LHV x U(rel)z,q, , LUV U(rel)mole
23.7 « %

0.716843 0.052214156 0.80271 7.5% 6.7% 89.3028 | Methane

%, X LHV},

U(abS)mme% fk% UL“S)"

0.062488 0.057907621 1.42883 91.2% 4.0% 4.3734 | Ethane

0.033155 0.02059949 2.0433 102.5% 1.7% 1.6226 | Propane

0.007262 0.000455921 2.6484 69.6% 0.2% 0.2742

0.010508 0.001300633 2.6576 81.3% 0.3% 0.3954

0.003611 8.58202E-05 3.265 60.8% 0.1% 0.1106 P
entane

n_
Pentane

0.004012 0.000179076 3.8872 79.0% 0.1% 0.1032 | Hexane

0.002563 3.54075E-05 3.2693 55.0% 0.0% 0.0784

0 0 0 94.4% 3.2% 3.423 | Nitrogen

0 0 0 158.6% 0.3% 0.1984 | Carbon
Dioxide

)2

Yk=1(Fi X LHV}) X X LHV, X U(rel) g9
23.7 Z 23.7

0.035484 0. 364387

U(rel) = y/20% + 1.25% + 10.27% = 20.04
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= 26.03




S lmlous amlsS” St
VAF 1 VA asmis _ iz
? s ot VT el Lisl anlow ‘
) " ;/_;A:’,‘;{u;/h.r‘ﬂm

..:.= M
s i 3 5 0 GBS gu P ki Jgo




VAF I VAY amis

S bwloe aonlS”

9n 0t VT (gl Lol anlow

Q)
OS2t
A

;/_;M‘;{u;/‘mﬂm

-N) Jooz jo Lol g oo & Slasio lesb.o QLS ywd §0 S g duo ) oS A Jige 0

2,5 oolazwl ()
[YF] el cnio 39 (b pan glacS g (£ 58 o wlasiio Jgo (V-A) Jou
Joo S Jowd o Aol Seex | Gl ol | Gl o)l
CO2 & & g R A LHV i HHV st S g £ 95

mol CO,/mol fuel Kg/m? gr/mol GJ/IsSm® GJ/IsSm®
14.6 847.3 200 36.7 38.7 (Gas oil) 55 o
7.2 742.4 103 33.1 34.9 (Gasoline .5
27.1 993.0 387 39.6 41.7 (Fuel 0il) 0,55 s
14.4 873.5 207 36.6 38.5 (Crude 0il) s> s
121 818.4 170 35.7 37.6 (Kerosene) o i i
3.4 495.0 44 26.49 27.88421 (LPG)
8.9 774.5 125 33.1 34.8 (Naphtha) L
1.2 0.6728 19 0.0342 0.038 (Natural Gas) b ;5




()

S lmles 4l S

VAF 1 VAV aomis iz

Fon o VT (cla 5 Lasil anlow
e EB= s .'/.Jfﬁé{l:.'/‘kf‘ﬁ/bl

»Lgeb.o

[V] http://www.epa.gov/ttn/chief/ap42/ch01/index.html

[¥] EPA AP-42, Compilation of Air Pollutant Emission Factors, (1995), Section: c01s04:

External Combustion Sources, Natural Gas Combustion.

[v] EPA AP-42, Compilation of Air Pollutant Emission Factors, (1995), Section: c03s01:

Stationary Internal Combustion Sources, Stationary Gas Turbines.
[f] EPA AP-42, Compilation of Air Pollutant Emission Factors, (2018), Section: dc13s05:

Miscellaneous Sources, Industrial Flares.
NIOC-HSE-EN-GU- :S jas oS .(\YAA) e o &5 15 doa slo oais¥T jLacsl 051 slosal, [0]
043-00

[#] U.S. EPA Protocol for Equipment Leak Emission Estimates, (1995), Emission Standards

Division, Office of Air and Radiation, Office of Air Quality Planning and Standards,
Research Triangle Park, North Carolina 27711, EPA-453/R-95-017.

[v] EPA, Emissions Estimation Protocol for Petroleum Refineries (2015). Version 3.
[A] Canadian Fuels Association Codes of Practice — Refineries and Terminals (2017).

Revision 16.

[a]- EPA AP-42, Compilation of Air Pollutant Emission Factors, (1995), Section: c07s01:
Liquid Storage Tanks, Organic Liquid Storage Tanks.

OYAF) jpiole condgyn colaidl oy dilhie slon slo ooVl JuS § il [)-]

[V1] Holoboff, J. and Khoshkbarchi, M., 2009. Prediction of BTEX emissions and water
content in TEG dehydration units. In GPA Convention. GPA.

['¥] Reuter, C.O., Reif, D.L., and Myers, D.B.. Glycol Dehydrator BTEX and VOC Emission
Testing Results at Two Units in Texas and Louisiana. EPA Project Summary, May 1995.

[\v]- EPA AP-42, Compilation of Air Pollutant Emission Factors, (2015), Section: c05s01:

Petroleum Industry, Petroleum Refining.
https://www3.epa.gov/ttn/chief/ap42/ch05/final/c05s01 2015.pdf



http://www.epa.gov/ttn/chief/ap42/ch01/index.html
https://www3.epa.gov/ttn/chief/ap42/ch05/final/c05s01_2015.pdf

()

S lmlous amlsS” S

VAF 1 \AF aomis iz

Fon o VT (cla 5 Lasil anlow
e EB= s .'/.Jfﬁé{l:.'/‘kf‘ﬂ/bl

[yf] EPA AP-42, Compilation of Air Pollutant Emission Factors, (1991), Section: c06s06.1:
Organic chemical process industry, Introduction to plastics, Polyvinyl Chloride.

[yo] EPA AP-42, Compilation of Air Pollutant Emission Factors, (1991), Section: c06s06.4:
Organic chemical process industry, Introduction to plastics, Polypropylene.

[y#] EPA AP-42, Compilation of Air Pollutant Emission Factors, (1991), Section: c06s06.3:
Organic chemical process industry, Introduction to plastics, Polystyrene.

[yv] EPA AP-42, Compilation of Air Pollutant Emission Factors, (1993), Section: c08s01:
Inorganic chemical industry, Synthetic Ammonia.

[\A] EPA AP-42, Compilation of Air Pollutant Emission Factors, (1998), Section: c08s08:
Inorganic chemical industry, Nitric Acid.

[ya] EPA AP-42, Compilation of Air Pollutant Emission Factors, (1995), Section: c04s03:
Evaporation Loss Sources, Waste Water Collection, Treatment and Storage.

[v.-] VOC Emissions From Petroleum Refinery Wastewater Systems - Background
Information for Proposed Standards”,EPA-450/3-85-001a, February 1985.

[v1]- EPA AP-42, Compilation of Air Pollutant Emission Factors, (2008), Section: c05s02:

Petroleum industry, Transportation and marketing of petroleum liquids.

[v¥] Kuenen, J., Dore, Ch., Pulles, T. EMEP/EEA Air Pollutant Emission Inventory
Guidebook 2019: Chapter 5, Uncertainty. (2019), Luxembourg: EEA-European Environment
Agency.

[vv] EPA AP-42, Compilation of Air Pollutant Emission Factors, (2010), Section: c01s03:
External Combustion Sources, Fuel Oil Combustion.

[vf] American Petroleum Institute, 2009, Compendium of Greenhouse Gas Emissions
Methodologies for the Oil and Natural Gas Industry.

[vo] IPIECA, Addressing uncertainty in oil and natural gas industry greenhouse gas
inventories

[v#] GHG Protocol guidance on uncertainty assessment in GHG inventories and calculating

statistical parameter uncertainty




