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Chemical Formula IPCC Revised GWP
(IPCC AR5, 2013)
Applicable from

reporting year 20203

CO; 1
CHa 28
N2O 265
Substances controlled by the Montreal Protocol

CFC-12 CCLLF, 10,200
HCFC-22 CHCIF, 1,760
HCFC-123 CHCI,CF3 79
Hydrofluorocarbons (HFCs)

HFC-23 12,400
HFC-32 677
HFC-41 116
HFC-125 CHF,CF3 3,170
HFC-134 1,120
HFC-134a CH2FCF3 1,300
HFC-143 328
HFC-143a CH3CF3 4,800
HFC-152 16
HFC-152a 138
HFC-161 4
HFC-227ea CFsCHFCF3 3,350
HFC-236cb 1,210
HFC-236ea 1,330
HFC-236fa 8,060
HFC-245ca 716
HFC-245fa 858
HFC-43-10mee 1,650
HFC-365mfc 804
Perfluorinated compounds

PFC-14 CFs4 6,630

! Source: 100-year GWPs from IPCC Fifth Assessment Report (AR5), 2013.

NYY 1220021 070N (122102 2022 it Ay L7xawa) 2020 nawn 7nn pima IPCC ' 7y niaginn o1 2
.(09KN
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Chemical Formula IPCC Revised GWP
(IPCC AR5, 2013)
Applicable from

reporting year 2020?

PFC-116 CaFs 11,100
PFC-218 CsFs 8,900
PFC-318 CsFs 9,540
PFC-31-10 CaF10 9,200
Perfluoropentane CsF12 8,550
PFC-51-14 CoF1a 7,910
Perfluorodecalin CioF1s 7,190
Nitrogen triflouride NF; 16,100
Sulfur hexaflouride SFs 23,500
Trifluoromethyl sulphur pentafluoride SFsCF; 17,400
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ASHRAE # Blend Composition “

R-401A 53% HCFC-22, 34% HCFC-124, 13% HFC-152a 1,130
R-401B 61% HCFC-22, 28% HCFC-124, 11% HFC-152a 1,236
R-401C 33% HCFC-22, 52% HCFC-124, 15% HFC-152a 876

R-402A 38% HCFC-22, 6% HFC-125, 2% propane 2,571
R-402B 6% HCFC-22, 38% HFC-125, 2% propane 2,261
R-403B 56% HCFC-22, 39% PFC-218, 5% propane 4,457
R-404A 44% HFC-125, 4% HFC-134a, 52% HFC-143a 3,943
R-406A 55% HCFC-22, 41% HCFC-142b, 4% isobutane 1,780
R-407A 20% HFC-32, 40% HFC-125, 40% HFC-134a 1,923
R-407B 10% HFC-32, 70% HFC-125, 20% HFC-134a 2,547
R-407C 23% HFC-32, 25% HFC-125, 52% HFC-134a 1,624
R-407D 15% HFC-32, 15% HFC-125, 70% HFC-134a 1,487
R-407E 25% HFC-32, 15% HFC-125, 60% HFC-134a 1,552
R-408A 47% HCFC-22, 7% HFC-125, 46% HFC-143a 3,257
R-409A 60% HCFC-22, 25% HCFC-124, 15% HCFC-142b 1,485
R-410A 50% HFC-32, 50% HFC-125 1,924
R-410B 45% HFC-32, 55% HFC-125 2,048
R-411A 87.5% HCFC-22, 11% HFC-152a, 1.5% propylene 1,555
R-411B 94% HCFC-22, 3% HFC-152a, 3% propylene 1,659
R-413A 88% HFC-134a, 9% PFC-218, 3% isobutane 1,945
R-414A 51% HCFC-22, 28.5% HCFC-124, 16.5% HCFC-142b 1,375
R-414B 5% HCFC-22, 39% HCFC-124, 9.5% HCFC-142b 1,274

3 GWPs of blended refrigerants are based on their HFC and PFC constituents. California Air Resources Board -

High-GWP Refrigerants. https://ww2.arb.ca.gov/resources/documents/high-gwp-refrigerants
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ASHRAE # Blend Composition “

R-417A
R-422A
R-422D
R-423A
R-424A
R-426A
R-428A
R-434A
R-500
R-502
R-504
R-507
R-508A
R-508B
R513a

R1234yf

R1234ze

R1233zd

46.6% HFC-125, 5% HFC-134a, 3.4% butane

85.1% HFC-125, 11.5% HFC-134a, 3.4% isobutane
65.1% HFC-125, 31.5% HFC-134a, 3.4% isobutane
47.5% HFC-227ea, 52.5% HFC-134a

50.5% HFC-125, 47% HFC-134a, 2.5% butane/pentane
5.1% HFC-125, 93% HFC-134a, 1.9% butane/pentane
77.5% HFC-125, 2% HFC-143a, 1.9% isobutane

63.2% HFC-125, 16% HFC-134a, 18% HFC-143a, 2.8% isobutane
73.8% CFC-12, 26.2% HFC-152a, 48.8% HCFC-22
48.8% HCFC-22, 51.2% CFC-115

48.2% HFC-32,51.8% CFC-115

50% HFC-125, 50% HFC-143a

39% HFC-23, 61% PFC-116

46% HFC-23, 54% PFC-116
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NZO CH4 coz -

wv"oip/a w'oip/a w'oip/fa w"olp/Ma

776.3 0.00987 0.01095 773 2008
739.1 0.0095 0.00952 736 2009
729.0 0.00899 0.0094 726 2010
736.0 0.00925 0.01021 733 2011
786.5 0.0103 0.01329 783 2012
702.8 0.00848 0.00936 700 2013
687.8 0.0086 0.00856 685 2014
695.8 0.00863 0.00881 693 2015
602.7 0.00767 0.0152 600 2016
568.8 0.00522 0.00782 567 2017
539.5 0.006 0.0071 537.5 2018

545 0.00595 0.00703 543 2019

497 0.00414 0.00663 496 2020

470 0.00362 0.00624 469 2021

470 0.00362 0.00624 469 2022

:D"1DTYN N'72I720 NiMnNNNN 'MT7N? oXNNA yxann COse-n a1w'n ,2022 mwn 7nn
GWP(CH4) = 28, GWP(N,0) = 265

178N N'7a1720 NimnNnNnn !MTEN? DxNNA y¥ann Coze-n aw'n ,2021 naw Ty
GWP(CHa) = 25, GWP(N,0) = 298

17X N'7a1720 nimmNnnn MTPNn? DRkNN2 y¥ann COoze-n a1wn ,2013 mw Ty
GWP(CH4) = 21, GWP(N,0) = 310

790N TNX 72 7w 71X q7'n? DXNNA Y7p1wnn yXimn DTN 1'0 awinnn n0'790 0T ,2016 mwn 7nn 4
(nxxn NUA7 fmwn ofaynn 0"t 7713) NWA? Mmwnn
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2T nITne nL™O DTN DTN NDMIX N
IT NN a"p)
nT'N'? ¥nn
("M
MMBtu 86.845 (steam) V1072
MMBtu 86.845 (hot water) n'nn n'n
AN WY 10 0.871 Y20 TA2 YNNWYNA NA'S0 17N - D7 D'
AN WY IO 0.581 Y20 TA2 YNNWYNA 'Vian Njm - D" o'
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(01w D7) 0'N™M NOMY NNIZA 1IAY NVYO MTM - 5 710

NIo'ox DTN DTN Net calorific DTN 7710 210
a"p) liter n0™7®  ton nv'™O value TJ no'1o

(W77 | (tCOufliter)  (tCO»/ton)  (TJ/1000t)  (tCO/TJ)

0.960 0.003 3.186 43.000 74.100 Distillate Fuel (No.1,
No. 2, No. 4 Fuel Qil,
Home Heating Oil &

Diesel Fuel)

0.950 0.003 3.127 40.400 77.400 Heavy Fuel Oil (No. 5
and No. 6 Fuel Oil),
bunker fuel

0.820 0.003 3.149 43.800 71.900 Kerosene

0.537 2.985 47.300 63.100 LPG - Unspecified

0.820 0.003 3.093 43.750 70.700 Jet Fuel (Jet A, JP-8)

0.494 0.001 3.002 47.720 62.900 Propane (liquid)

0.570 0.002 2.858 46.400 61.600 Ethane

3.026 46.620 64.900 Isobutane
0.584 0.002 3.035 46.830 64.800 n-Butane

2.851 49.500 57.600 Refinery (Still) Gas
0.800 0.002 3.101 42.300 73.300 Crude oil

3.262 44.500 73.300 Naphtha

3.169 32.500 97.500 Petroleum Coke
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NN aL™O DTN | NL'™O DTN 7T 210
li7ANA NXINNN [NDN
(tNO/TJ) (tCH4/TJ)
0.0006 0.003 Aviation Gasoline/Jet Gasoline
0.0006 0.003 Biogasoline
0.0006 0.003 Biodiesel
0.0006 0.003 Bitumen
0.0015 0.001 Coke Oven and Lignite Coke
0.0006 0.003 Crude Oil
0.0006 0.001 Ethane
0.0001 0.001 Gas Coke
0.0006 0.003 Gas/Diesel Oil
0.0006 0.003 Jet Gasoline
0.0006 0.003 Jet Kerosene
0.0015 0.001 Lignite
0.0001 0.001 Liquefied Petroleum Gases (LPG)
0.0006 0.003 Motor Gasoline
0.0006 0.003 Naphtha
0.0001 0.001 Natural Gas
0.0006 0.003 Natural Gas Liquids
0.0001 0.001 Other Biogas
0.0006 0.003 Other Kerosene
0.0006 0.003 Other Liquid Biofuels
0.0006 0.003 Other Petroleum Products
0.004 0.030 Other Primary Biomass
0.0006 0.003 Paraffin Waxes

5 Intergovernmental Panel on Climate Change (IPCC). 2006 IPCC Guidelines for National Greenhouse Gas
Inventories, Volume 2, Chapter 1, 2006 Revised April 2007.
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NN aL™O DTN | NL'™O DTN 7710 210
[i7ANN NXINNN (1Y)} 2]
(tN,O/TJ) (tCH4/TJ)
0.0006 0.003 Petroleum Coke
0.0006 0.003 Residual Fuel Oil
0.0015 0.001 Bituminous/Sub-Bituminous Coal
0.004 0.030 Wood/Wood Waste
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(*vav 1) 0'N™ NOMY NNIPN 1IAY NS MTM - 7 N0

DTN Net calorific DTN 'YyavN TAN Al0
ton nL"O value TJ hv™O

(tCOy/ton) | (TJ/1000t) (tCO,/T))

2.693 48 56.1 (nyxmn oin n'215N) 'vav 1
2.752 50.4 54.6 nyin 1
2.752 50.4 54.6 (vxin) "nx 12

57.600 Flared Natural Gas

(on®) 0'N™ N9W NNIPN Y 0™ MTEN - 8 n7a0

DTN Net calorific DTN DNOSn 110
ton nL"O value TJ hv™O

(tCOy/ton) | (TJ/1000t) (tCO,/T))

2.441 25.800 94.600 Bituminous
2.625 26.700 98.300 Anthracite
1.816 18.900 96.100 Sub-Bituminous
1.203 11.900 101.100 Lignite

(D'amy) 0'N™ N9Y NNIEN Y N0 MTENn - 9 n7ao

DTN tCO,/ton Net calorific D'AMXN 10
nv™'7o tires value
(tCO2/TJ) (MJ/kg)
85 2567 30.2 D'yoin NI1dn any
2244 26.4 NI'NWUN "y
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®(nmara n'P'7T) 0'NM NOMY NN IAY N0 MTEN - 10 a0

nL™O DTpPN nL™O DTpPN nL™O DTN 17T 210
NXINnNN NN [1Y6))5) a1 n"To

(tN20/TJ) [7ann (tCH4/TJ) (tCO,/T))

D'xIn D77 T
0.004191 0.03193 117.90 Agricultural Byproducts
0.004191 0.03193 111.59 Peat
0.004191 0.03193 105.27 Solid Byproducts
0.003592 0.00718 93.59 Wood and Wood Residuals

o"Ta D777

0.000664 0.00337 54.84 Landfill Gas
0.000664 0.00337 54.84 Other Biomass Gases

6 Greenhouse Gas Protocol. The GHG Emissions Calculation Tool. https://ghgprotocol.org/ghg-emissions-
calculation-tool
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TA1¥UR NN (I'9X? DXNN NNIR DR - 11 n7a0

J (input) / XN [PNN [I'9X
J (output)
1.392-1.671 Natural Gas Combined Heat and Power
2.361 Natural Gas Combined Cycle Single Shaft
2.698 Natural Gas Combined Cycle Steam Turbine
with Supplemental Firing
3.759 Liquefied Propane Gas Gas Turbine
3.956 Refinery Gas
2.614 Gasoline Internal Combustion Engine
2.780 Natural Gas
3.020 No. 2 Fuel Oil
3.693 Refinery Gas
3.283 Coal (Anthracite) Steam Turbine (Boiler)
2.768 Coal (Bituminous)
3.044 Coal (Lignite)
2.883 Coal (Sub-Bituminous)
3.954 Liquefied Propane Gas
2.770 Natural Gas
2.409 No. 2 Fuel Oil
3.816 Refuse, Bagasse,
non-wood
4.378 Wood and Wood Waste

7 U.S.EPA EIIP, Guidance for Emissions Inventory Development, Volume VIII: Estimating Greenhouse Gas
Emissions, EIIP Greenhouse Gas Committee, October 1999; U.S.EPA, AP-42, Supplements A, B, and C,
Table 3.3-1, October 1996
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SnrTNIM Dnapnn N1y [PaNn NXYIMNN-NNI XN 7W N9 mTEn - 12 a0

NN NL'™9 DTN | NL'™O DTN lpnn / pn
li"INN NXIMNn INDN

tN2O/T) tCH./T)
0.00028 0.0011 Boiler/Heater — natural gas (controlled)
0.00098 0.0011 Boiler/Heater — natural gas (uncontrolled)
n.a. 0.0000078 Boilers/furnaces/heaters — Diesel
n.a. 0.000292 Refinery Heater (Low H,) < 10 giga-J/hr
0.0000389 0.000326 Refinery Heater (Low H) 10 — 100 giga-J/hr
n.a. 0.000326 Refinery Heater (Low H,) > 100 giga-J/hr
n.a. 0.000214 Refinery Heater (High H,) < 10 giga-J/hr
0.0000389 0.000239 Refinery Heater (High H) 10 — 100 giga-J/hr
n.a. 0.000239 Refinery Heater (High H,) > 100 giga-J/hr
tN,O/m3 tCHs/m3
0.000064 0.000034 Utility boilers — No. 4,5,6 oil
0.000064 0.000120 Industrial boiler — No. 5/6 oil
0.000031 0.0000062 Industrial boiler — No. 4 or distillate oil
0.000064 0.0000569 Commercial combustors — No. 5/6 oil
0.000031 0.0000259 Commercial combustors — No. 4 or distillate
0.00011 0.000024 Industrial/commercial boilers —
Butane/Propane
0.0000060 0.000213 Residential furnace — Fuel oil

8 EPA. Compilation of Air Pollutant Emission Factors, Volume I: Stationary Point and Area Sources, AP-42, Fifth
Edition, January 1995, with Supplements A, B, and C, 1996; Supplement D, 1998 — errata updated
4/28/00; Supplement E, 1999; and Supplement F, 2000; American Petroleum Institute (API)
Compendium of Greenhouse Gas Emission Estimation Methodology for the Qil and Natural Gas
Industry, August 2009
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%(n'w11 201 ™72) DT NoMW NNIENY? Nu'e TN - 13 nhao

kgCO,e/liter | kgN,O/liter kgCH4/liter kgCO,/liter tN,O/T) tCH,/T) tCO,/T)

n'yvoil nifaidn

|'ma

2.337 0.00019 0.00012 2.2779326  0.0057 0.004  69.300 17'N1 2004 Imav
2.377 0.00026 0.00082 2.2779326 0.008 0.025 69.300 2000-2003
2.336 0.00011 0.00108 2.2779326  0.0032 0.033  69.300 IN 1999 Imiv
NI DTRIN

NI7j7 NI'RYN

|'ma

2.337 0.00019 0.00012 2.2779326  0.0057 0.004  69.300 37'81 2005 Imv
2.377 0.00026 0.00082 2.2779326 0.008 0.025 69.300 2001-2004
2.336 0.00011 0.00108 2.2779326  0.0032 0.033  69.300 Ix 2000 jmiv
NI DTRIN

D'T2D 201 'D

|'ma
2.337 0.00019 0.00012 2.2779326  0.0057 0.004  69.300 17'N1 2004 Imav
2.377 0.00026 0.00082 2.2779326 0.008 0.025 69.300 IX 2003 miv
NI DTRIN

2.336 0.00011 0.00108 2.2779326  0.0032 0.033  69.300 D'VIIDIN
217

2.746 0.00014 0.00014 2.699752 0.0039 0.004 74.100 D'yvoIl NI1dN
2.746 0.00014 0.00014 2.699752 0.0039 0.004 74.100 nI7p nI'kun
2.746 0.00014 0.00014 2.699752 0.0039 0.004 74.100 D'TAD 200 '
0.26 nomni vin'v

107 19 NIPN NRNIX

no'nn (32.5%)

NNMIX

XN 7770 N9 ' i (NN NITINYN NWITY) 1I¥IN 77T 7¢ NI D700 197 nravinn no'on mTpm °
(nr7xnun NITMynN NYaIx)
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kgN.O/liter | kgCHa/liter kgCO./liter  tN,O/T) tCH4/T)  tCO,/TJ -

D'P7T I

0.00012 0.00008 2.125 0.006 0.004 69.600 E10 bio gasoline
(10% Ethanol)

0.00009 0.00009 2.677 0.004 0.004 73.600 B5 bio diesel
(5% bio-blend)

LPG
0.00001 0.0017 1.731 0.000 0.062 63.100 TV 077 200 "D
o 3.5
(oanTiwn)
0.00001 0.0017 1.731 0.000 0.062 63.100 D'T2D O YD
(po 3.5 7vn)
CNG
0.000144 0.004416 2.6928 0.003 0.092 56.100 TV) D77 200 "D
(po 3.5
0.000144 0.004416 2.6928 0.003 0.092 56.100 D'T2D O YD
(po 3.5 7vn)
0.000144 0.004416 2.6928 0.003 0.092 56.100 D'0NIVIR
LNG
0.00007 0.00064 1.3999 0.003 0.029 62.035 D'T2D 200 YD
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(w2d a7 DI'RW NNIANN '720) DT N9MIW NNIENYT NV MTm - 15 n720

kgN,O/liter | kgCHa/liter kgCO,/liter  nI9'OX Net tCO,/TJ
") calorific
(77 value
(TJ/1000t)

|'ma
0.0057 0.004 2.2779326 0.742 443 69.300 nnN'o
0.0057 0.004 2.2779326 0.742 443 69.300 D"N7pN 07D
0.0057 0.004 2.2779326 0.742 443 69.300 "2 TI'Y
NUYYnI
0.0057 0.004 2.2779326 0.742 44 .3 69.300 D'NX
217
0.0039 0.004 2.699752 0.847 43 74.100 NIMIN
0.0039 0.004 2.699752 0.847 43 74.100 nnN'o
0.0039 0.004 2.699752 0.847 43 74.100 Wopn T
0.0039 0.004 2.699752 0.847 43 74.100 "1 TIrY
NUYYnI
0.0039 0.004 2.699752 0.847 43 74.100 2777 'wan nnoyp
0.0039 0.004 2.699752 0.847 43 74.100 NN
MNNY 777

0.0006 0.003 2.970612 0.950 40.4 77.400
'?Tn) T 7717
(6 "oon
3.127 40.400 77.400 NI
A9IYN
0.0057 0.004 2.2779326 0.742 443 69.300 Wi N9IVN ")
['T1a
3.149 43.8 71.8 1Y1In N9IVN ')
n17'0 7771
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Anesthetic Compound Inhaled agent (at 2L

Name fresh gas flow)
130 Sevoflurane CsHsF;0
2,540 Desflurane HFE-236ea2
510 Isoflurane CFE-235da2
265 60% N,O alone at 2L N,O
fresh gas flow

IR AT N NIDWN 7W N'019'0 n7DN - 17 N0

Type of Equipment Typical Range in TI'¥N AlO
Charge Capacity (kg)

n7Dn 2¥ '019'0 NNV
(2"p) apa

Domestic Refrigeration 0.05-0.5 ma Ny
Stand-alone Commercial Applications 0.2-6 D''NNIXY D'NON DY
Medium and Large Commercial 50-2,000 D'7ITAI D'M12' D''INON DY
Applications

Transport Refrigeration 3-8 naNn YNy
Industrial Refrigeration (incl. food 10- 10,000 [IT TIA'Y 7710) 'MUwyn Ny
processing and cold storage) (nxopNI
Chillers 10-2,000 o7y
Residential and Commercial A/C 0.5-100 mNoNI "M IR AT
Residential and Commercial Heat 0.5-100 NIMNOoNI NI'N DIN NIARWN
Pumps

Mobile Air Conditioning 0.5-1.5 TR AIT'N

10 source: Sulbaek Andersen, M. P., Nielsen, O. J., Karpichev, B., Wallington, T. J., & Sander, S. P. (2011).
Atmospheric chemistry of isoflurane, desflurane, and sevoflurane: kinetics and mechanisms of reactions
with chlorine atoms and OH radicals and global warming potentials. The Journal of Physical Chemistry
A, 116(24), 5806-5820.

20 1o0n Tmy | nu™e MTER NIKYAL 3 PN



& NAA0N NN TIWDNn

(’E colraders 1 < INX1 71N ToIN
- : TIDINT TR 7NN

Energy & Environment b
dndl dlesd  By05400

hrr.;zllhr"inis.(ryofErw'runrmnd Frataction

"9mM T - 18 nhau

nnNnya nXTININN TN NN DAIAN ATAN

N'271IXN 1TAN

kWh X' w'oip 1019 nWn X
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kWh axIm w'oie nwnin N1an Nd NRNN

nv? v v'oip
NI Nnn p n'p mwn nd7In

220 nnn p n"p
TAN1 VOIN TAN

Complexity Weighted Barrel NIAdMY7 7771wun M vo 1 It 'ma
(Solomon Index) pij'Tn N2

Complexity Weighted TOE
plwn 277 1o 277 7'y nNan
D'NIT'? 190N Ta1 091 'NIT'}R
TOE N'YN IR 72,091 X" TAl U9 N79N
(condensate)
71YoN7 wnwnn 1an NN 7710 X7 72VMNI TaIYNN TAN Nind T T2y
ANXN nd71Inn qion?
(n"R) mMaxn IR — N2 yn? A Nd7IN
N{POI0NN TAN NIND — 1N YN*?
D'10X7
N"WYNI NOX'M TANn
TNX XN DX IY DNINA XN |10 775 — nvwyn
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