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1 HR 6, available at: http://frwebgate.access.gpo.gov/cgi-bin/getdoc.cgi?dbname=110_cong_bills&docid=f:h6enr.txt.pdf 
2 AB 32, available at: http://www.leginfo.ca.gov/pub/05-06/bill/asm/ab_0001-0050/ab_32_bill_20060927_chaptered.pdf 
3 Available at: http://www.iso.org/iso/iso_14000_essentials 

http://www.leginfo.ca.gov/pub/05-06/bill/asm/ab_0001-0050/ab_32_bill_20060927_chaptered.pdf
http://www.iso.org/iso/iso_14000_essentials
http://frwebgate.access.gpo.gov/cgi-bin/getdoc.cgi?dbname=110_cong_bills&docid=f:h6enr.txt.pdf
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4 Available at: http://www.ipcc.ch/ipccreports/ar4-syr.htm 

McCann, O&G Journal (1999), Venezuela Very Heavy Crude

McCann, O&G Journal (1999), Venezuela Heavy Crude

McCann, O&G Journal (1999), Saudia Light Crude

California LCFS (2007) !modified GREET Model

McCann, O&G Journal (1999), Canadian Light Crude

GM Study WTT (2201)

EPA, OTAQ (2006) Maximum Value

U.C. Davis, LEM (2003), Year 2015

GREET Ver. 1.8b (2008), Year 2010

EPA, OTAQ (2006) Average Value

GREET Ver. 1.8b (2008), Year 2005

NREL Biodiesel Study (1998)

EPA, OTAQ (2006) Minimum Value

Life Cycle GHG Contribution (kg CO2E/mmBtu LHV of Fuel Dispensed)

40.035.030.025.020.015.010.05.0

. . . To Fuel Dispensing
(vehicle tank).

From Extraction (oil well) . . .

http://www.ipcc.ch/ipccreports/ar4-syr.htm
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5 If one hectare of land produces roughly 300 bushels of corn and corn yields 2.5 gallons of ethanol per bushel then 
a hectare of land yields an ethanol fuel with a LHV of 50-60 MMBTU, (Shapouri, Duffield and Wang 2002); in the 
units of Figure 1, the range of values recommended by PAS 2050 for land displacement for this corn-based ethanol 
example is 20 ! 600 kg CO2/mmBTU) 
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6 Section 6.6, entitled Assessing Data Quality, provides a thorough discussion of three levels of LCA analysis, Comprehensive, 
Standard, and Screening.  These levels reflect varied levels of data quality and are meant to answer the needs of varied life-cycle 
analysis. 
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7 Data used in this study are contained within the GaBi LCA software system which limits public publication of unit process 
data.  Data can be reviewed with purchase of the software, see http://www.gabi-software.com/ 

http://www.gabi-software.com/
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"""""""""""""""""""""""""""""""""""""""""""""""""

8 In one embodiment of CBTL, the process of indirect liquefaction may be used to produce jet and diesel fuels.  Indirect 
liquefaction refers to processes in which the coal and biomass carbonaceous feedstocks are first broken down by a gasification 
"#$%&#'&(')*&+&,"-.#/$"0"&1+"2&3"-.1+"4&5'*%)0"0.1&5+)6'.&*'.'708$&39:4&+.8&/-8)'1$.&3;2) that is then converted to a liquid 
hydrocarbon stream via a Fischer-Tropsch (FT) catalytic synthesis.  This relatively-long chain paraffinic hydrocarbon is then 
selectively hydrocracked to form jet fuel and other hydrocarbon products.  (Indirect liquefaction differs from direct liquefaction 
and pyrolysis CBTL technologies in which coal and biomass feedstocks are liquefied directly through cracking of large 
molecules and H2 addition.) 
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"""""""""""""""""""""""""""""""""""""""""""""""""

9 The correct use of primary and secondary data as well as how to qualify the quality of data are both major components of the 
guidance that is provided in this document. Section 5.1 is devoted to this topic. 

O1%&

3014(,56

'17,810("219

:"1%;<#"0

3014(,5=

>(0,?$(9

@"#)(;;2%4

3014(,5A R2#ST("2*(,>(0,

?$(9

:"1%;<#"0,-,

30#"14(

!K!,L,M=FN,GKEN,GF=

G$902*102#%

GP1%4(,2%,

O1%&,Q;(

!K!

K=FN,GF=

R2#H1;;,G#S@"#&$)0

!"#$%&

'()#*("+,-,

./0"1)02#%

3014(,56

'17,810("219

:"1%;<#"0

3014(,5=

>(0,?$(9

@"#)(;;2%4

3014(,5A

@(0"#9($HS

T("2*(&,>(0,

?$(9

:"1%;<#"0,-,

30#"14(

3014(,5E

B2")"1C0,

F<("102#%

G#HI$;02#%

3014(,5J

!K!,L,M=FN,GKEN,GF=

GF=N,@8N,MF/N,3F/N,K=F

R9(%&2%4

:"1%;<#"0,-,

30#"14(

!K!,L,M=FN,GKEN,GF=



88"

V>^>T +JI.,L&#091D3:J&

/"=AJO@FMFCI!.F"#4/"@FYB!@FI"EBHH"<==ABCK!C?"AE"<HH"O@A=FIIQ<IIA=!<KFD"EHATI"<CD"<=K!.!K!FI\"CAK"
ACHG"KMAIF"T!KM!C"KMF"O@A=FIIFI"AE"KMF"O@!J<@G"O@ADB=K!AC"=M<!CI\"XBK"<HIA"<=K!.!K!FI"<CD"
J<KF@!<HbFCF@?G"EHATI"IBOOA@K!C?"CF=FII<@G"!COBK"KA"KMF"O@!J<@G"O@ADB=K!AC"=M<!C-""(A@"FU<JOHF\"
KMF"AOF@<K!AC"AE"<C"A!H"TFHH"=ACIBJFI"EBFHI\"FHF=K@!=!KG"<CD"O@A=FII!C?"=MFJ!=<HI"<CD"@FYB!@FI"
=ACIK@B=K!AC"J<KF@!<HI"]F-?-\"IKFFH"KBXBH<@I"<CD"=FJFCK"KM<K"J<>F"BO"KMF"TFHHXA@F"=<I!C?"IGIKFJ_\"
K@<CIOA@K"AE"D@!HH"@!?"<CD"=ACIK@B=K!AC"J<KF@!<HI"KA"KMF"@FIF@.A!@\"TFHH"D@!HH!C?"<CD"=AJOHFK!AC\"
!CKF@J!KKFCK"TFHH"TA@>A.F@I"DB@!C?"O@ADB=K!AC\"TFHH"OHB??!C?"<CD"<X<CDACJFCK\"<CD"TFHH"
=ACIK@B=K!AC"J<KF@!<H"FCDQAEQH!EF"J<C<?FJFCK"]F-?-\"@F=G=H!C?"AE"IKFFH"=<I!C?"FHFJFCKI_-""&MF"H!EF"
=G=HFI"AE"<HH"AE"KMFIF"J<KF@!<HI"<CD"<=K!.!K!FI"<@F"<HIA"!C=HBDFD"T!KM!C"KMF"H!EF"=G=HF"IGIKFJ"
XABCD<@!FI-""(B@KMF@JA@F\"<".F@G"IJ<HH"E@<=K!AC"AE"KMF"=ACIK@B=K!AC"<CD"J<KF@!<HI"<IIA=!<KFD"T!KM"
XB!HD!C?"AE"KMF"OH<CK"TMF@F"KMAIF"=ACIK@B=K!AC"J<KF@!<HI\"FK=-"TF@F"J<CBE<=KB@FD"]F-?-\"KMF"IKFFH"
OH<CK"TMF@F"KMF"TFHH"=<I!C?"T<I"J<CBE<=KB@FD_"=ABHD"<HIA"XF"!C=HBDFD"!C"<"=AJOHFKF"#4/-""
4<KF?A@!=<H"FU=HBI!ACI"E@AJ"KMF"IGIKFJ"XABCD<@G"TABHD"!C=HBDF"HAT"E@FYBFC=G\"CACQO@FD!=K<XHF"
=<K<IK@AOM!="F.FCKI\"IB=M"<I"H<@?F"IO!HHI\"<CD"MBJ<C"<=K!.!K!FI"S%4?4#9")<%)(/#.-'2+#B)%*<(#*'$#
=AJJBK!C?"<=K!.!K!FI_-"

:FE!C!K!AC"AE"<"H!EF"=G=HF"<IIFIIJFCK"IGIKFJ"XABCD<@G"IF@.FI"KA"=ACIK@<!C"KMF"H!EF"=G=HF"
<IIFIIJFCK"<==A@D!C?"KA"<"IFK"AE"=HF<@HGQDFE!CFD"?FA?@<OM!=\"KFJOA@<H\"<CD"HF.FH"AE"@FIAHBK!AC"
KM@FIMAHDI"KM<K"<@F"=ACI!IKFCK"T!KM"KMF"!CKFCDFD"OB@OAIF"AE"=ACDB=K!C?"KMF"H!EF"=G=HF"<IIFIIJFCK-""
)@FFCMABIF"?<I"?HAX<H"T<@J!C?"!JO<=KI"J<G"XF"=ACIK@<!CFD"KA"=ACI!DF@"ACHG"KMAIF"=ACIK!KBFCKI"
KM<K"<@F"@F=A?C!NFD"XG"KMF"$W44"<I"M<.!C?"I!?C!E!=<CK"<CD"TFHH"DFE!C<XHF"?HAX<H"T<@J!C?"
OAKFCK!<H\"T!KM"?HAX<H"T<@J!C?"OAKFCK!<H"<IIFIIFD"BI!C?"822R"$W44"122"GF<@")^W"E<=KA@I-""#<CD"
BIF")c)"FJ!II!ACI"J<G"!C=HBDF"XAKM"IA!H"FJ!II!ACI"E@AJ"D!@F=KHGQ!JO<=KFD"H<CD"<I"TFHH"<I"
FJ!II!ACI"<@!I!C?"E@AJ"!CD!@F=K"H<CD"BIF\"T!KM"H<CD"BIF"FJ!II!ACI"=ACI!DF@FD"A.F@"<"E!UFD"K!JF"
OF@!AD"EAHHAT!C?"!C!K!<H"H<CD"OF@KB@X<K!AC"]FJ!II!ACI"FEEF=K!.FHG"<JA@K!NFD"A.F@"KM<K"K!JF"OF@!AD_-""
/C"<OO@AO@!<KF"IGIKFJ"XABCD<@G"T!HH"!C=HBDF"KMF"!C.FCKA@G"AE"<HH"@FHF.<CK"<=K!.!K!FI"CF=FII<@G"KA"
<OO@AO@!<KFHG"<==ABCK"EA@"I!?C!E!=<CK"H!EF"=G=HF"FJ!II!ACI-""/"IB==!C=K"JFKMADAHA?G"M<I"XFFC"
DF.FHAOFD"KA"O@A.!DF"?B!D<C=F"!C"DFE!C!K!AC"AE"<OO@AO@!<KF"IGIKFJ"XABCD<@!FI"EA@"<C<HGN!C?"<C"
<HKF@C<K!.F"<.!<K!AC"EBFH"O<KMT<G\"<CD"!I"O@FIFCKFD"!C"%F=K!AC";-2-"

V>^>V U/I344:,43./01O&+JI.,L&%HN31I/01O&31D&"<<0-3./01&

$C"#4/\"<"=AQ6)"$-2!#1(#$%,1'%$#*(#8*'7#!9"#")#&")%#6)"$-2!(#2"&1'?#,)"&#!+%#(*&%#-'1!#
6)"2%((#")#6)"$-2!#(7(!%&:#]$%'"822P<_-""$CF.!K<XHG\"IAJF"BC!K"O@A=FII"=AQO@ADB=KI"<@F"BIFD"
CF!KMF@"T!KM!C"KMF"O@!J<@G"EBFH"O@ADB=K!AC"IGIKFJ"CA@"T!KM!C"KMF"<DD!K!AC<H"O@A=FIIFI"T!KM!C"KMF"
H!EF"=G=HF-""(A@"FU<JOHF\"!C"KMF"O@ADB=K!AC"AE"OFK@AHFBJ"hFK"EBFH\"?<IAH!CF\"D!FIFH\"!CDBIK@!<H"
=MFJ!=<HI\"<CD"AKMF@"O@ADB=KI"<@F"=AQO@ADB=FD-""$%'"1;2;;"]822PX_"IK<KFI"KM<K"!COBKI"<CD"ABKOBKI"
IF3<<"XF"<HHA=<KFD"KA"KMF"D!EEF@FCK"=AQO@ADB=KI"BI!C?"JFKMADI"!C"KMF"EAHHAT!C?"A@DF@["

1- 2:0-,II&D/I344:,43./01E"D!.!D!C?"KMF"BC!K"O@A=FII"!CKA"KTA"A@"JA@F"IBXQO@A=FIIFI"<CD"
=AHHF=K!C?"KMF"!COBK"<CD"ABKOBK"D<K<"@FH<KFD"KA"KMFIF"IBXQO@A=FIIFI-"

8- +JI.,L&,HN31I/01E"FUO<CD!C?"KMF"O@ADB=K"IGIKFJ"KA"!C=HBDF"KMF"<DD!K!AC<H"EBC=K!ACI"
@FH<KFD"KA"KMF"=AQO@ADB=KI-"

L- "<<0-3./01&;J&NFJI/-3<&:,<3./01IF/NIE"!COBKI"<CD"ABKOBKI"<@F"O<@K!K!ACFD"XFKTFFC"!KI"
D!EEF@FCK"=AQO@ADB=KI"!C"<"T<G"KM<K"@FEHF=KI"KMF"BCDF@HG!C?"OMGI!=<H"@FH<K!ACIM!OI"]F-?-\"
J<II\".AHBJF\"FCF@?G"=ACKFCK_"XFKTFFC"KMFJ"



8L"

;- "<<0-3./01&;J&0.F,:&:,<3./01IF/NIE"TMFC"OMGI!=<H"@FH<K!ACIM!O"<HACF"=<CCAK"XF"
FIK<XH!IMFD\"!COBKI"<CD"ABKOBKI"<@F"O<@K!K!ACFD"XFKTFFC"!KI"D!EEF@FCK"=AQO@ADB=KI"!C"<"T<G"
KM<K"@FEHF=KI"AKMF@"@FH<K!ACIM!OI"]F-?-\"F=ACAJ!="@FH<K!ACIM!OI_"XFKTFFC"KMFJ-"

6<CG"EBFH"O@ADB=K!AC"O@A=FIIFI"O@ADB=F"=AQ"O@ADB=KI"<HAC?"T!KM"KMF"O@!J<@G"O@ADB=K-"%B=M"
JBHK!QABKOBK"O@A=FIIFI"=AJOH!=<KF"KMF"DF.FHAOJFCK"AE"<"H!EF"=G=HF"!C.FCKA@G"XF=<BIF"KMF"!COBKI"
<CD"ABKOBKI"AE"KMF"O@A=FIIFI"CFFD"KA"XF"D!.!DFD\"A@"<HHA=<KFD\"XFKTFFC"<HH"KMF"O@ADB=KI-""$C"IAJF"
!CIK<C=FI\"<"JA@F"DFK<!HFD"O@A=FII"JADFH"J<G"XF"<HH"KM<K"!I"@FYB!@FD"!C"A@DF@"KA"D!I<??@F?<KF"
J<KF@!<H"<CD"FCF@?G"EHATI"<IIA=!<KFD"T!KM"IOF=!E!="O@ADB=KI-""$E"=AQO@ADB=KI"IBXIK!KBKF"EA@"AKMF@"
O@ADB=KI"!C"KMF"F=ACAJG\"KMFIF"IBXIK!KBK!ACI"=<C"XF"!CKF?@<KFD"!CKA"KMF"<C<HGI!I"KM@AB?M"IGIKFJ"
XABCD<@G"FUO<CI!AC-""$C"AKMF@"=<IFI\"KMF"O@A=FIIFI"<@F"=AQJ!C?HFD"KA"KMF"FUKFCK"KM<C"JA@F"
IAOM!IK!=<KFD"JFKMADI"AE"<OO@AO@!<KFHG"O<@K!K!AC!C?"FC.!@ACJFCK<H"XB@DFCI"<@F"@FYB!@FD-""6AIK"
DFI!@<XHF"!I"KA"O<@K!K!AC"!COBKI"<CD"ABKOBKI"XFKTFFC"JBHK!OHF"O@ADB=KI"AC"KMF"X<I!I"AE"<C"
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6,04:3NF/-3<&8,N:,I,1.3./01&
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Preferably Facility Technical Engineering and Operating Data.  

Publically Available Data (to the extent practicable) 

(BHH"&@<CIO<@FC=G"AE"6ADFH!C?"/OO@A<=M"<CD":<K<"%AB@=FI"]KA"
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/==ABCK!C?"EA@"<"K<@?FKFD"BC=F@K<!CKG"!C",C.!@ACJFCK<H"+FHF.<C=F"

W@A=FIIQB*(%$#S8T"!!"&(Q-6:U#V"$%.1'?#I66)"*2+"
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&MF"H!EFQ=G=HF"FJ!II!ACI"KM<K"@FIBHK"E@AJ"KMF"=@F<K!AC"<CD"BIF"AE"<"EBFH"M<.F"XAKM"<"D!@F=K"
@<D!<K!.F"!JO<=K"AC"KMF"<KJAIOMF@F"<I"TFHH"<I"<C"!CD!@F=K"FEEF=K"XG"@F<=K!C?"=MFJ!=<HHG"T!KM!C"KMF"
<KJAIOMF@F"KA"<EEF=K"AKMF@"=AJOABCDI"KM<K"M<.F"@<D!<K!.F"!JO<=K-""$C"KM!I"E<IM!AC\"<"H!EFQ=G=HF"
!C.FCKA@G"AE"?@FFCMABIF"?<IFI"!I"<C"<==ABCK!C?"EA@"<HH"AE"KMF"FJ!II!ACI"KM<K"=ACK@!XBKF"KA"?HAX<H"
=H!J<KF"=M<C?F-""$K"!I"!JOA@K<CK"KA"CAKF"KM<K"<C"<==ABCK!C?"AE"KMFIF"FJ!II!ACI"!I"<"O@AUG"EA@"KMF"
<=KB<H"OMGI!=<H"!JO<=K"AE"!C=@F<IFD"?HAX<H"KFJOF@<KB@FI"<I"TFHH"<I"IA=!AQF=ACAJ!="!JO<=KI"AE"
=M<C?FD"TF<KMF@"O<KKF@CI\"IF<"HF.FH"@!IF\"A=F<C"<=!D!KG\"<CD"AKMF@"ABK=AJFI-""&MFIF"D!IK!C=K!ACI"
<@F"FIOF=!<HHG"!JOA@K<CK"TMFC"=ACI!DF@!C?"FJ!II!ACI"E@AJ"KMF"=AJXBIK!AC"AE"EBFHI"T!KM!C"<"hFK"
FC?!CF-"

/I"@FO@FIFCKFD"!C",YB<K!AC"1\"KMF"O@!C=!O<H"O@ADB=KI"@FIBHK!C?"E@AJ"KMF"=AJXBIK!AC"AE"hFK"EBFH"<@F"
4'8"<CD"T<KF@".<OA@"]c8'_\"XBK"KMF"=AJXBIK!AC"<HIA"@FIBHKI"!C"KMF"=@F<K!AC"AE"IBHEB@"AU!DFI"
]%'3_\"C!K@A?FC"AU!DFI"]9'3_\"=<@XAC"JACAU!DF"]4'_\"BCXB@CFD"MGD@A=<@XACI"]*c4_\"<CD"E!CF"
O<@K!=BH<KF"J<KKF@"]W6_-"
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<CD"J!H!K<@G"hFK"FC?!CFI-""$K"!I"!JOA@K<CK"KA"CAKF"KM<K"KMF"FJ!II!ACI"!CD!=FI"AE"W6\"4'\"*c4\"<CD"
9'U".<@G"T!KM"FC?!CF"AOF@<K!AC"]F-?-\"!DHF\"K<>FAEE\"<CD"=@B!IF"AOF@<K!ACI_\"<CD"KMF@F"<@F"
@F=AJJFCDFD"O@<=K!=FI"EA@"FIK!J<K!C?"KMF"K!JF"<CD"EBFH"BIF"!C"F<=M"AOF@<K!C?"JADF-""&MF"
!CKF@FIKFD"@F<DF@"!I"D!@F=KFD"KA"d!J\"FK"<H-"]822R_"KA"HF<@C"JA@F"<XABK"KMF"%GIKFJ"EA@"<IIFII!C?"
I01*!1"'/(#W."B*.#F&1((1"'(#SDIWFU"KAAH"TM!=M"!I"BIFD"KA"=@F<KF"<CCB<H"FJ!II!ACI"!C.FCKA@!FI"
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&MF"H!EFQ=G=HF"<C<HGIK"J<G"XF"KFJOKFD"KA"!C=HBDF"FIK!J<KFI"AE"JFKM<CF"<CD"C!K@ABI"AU!DF"
FJ!II!ACI"<I"KMFG"<@F"D!I=BIIFD"!C"KMF"$W44"?B!DFH!CFI"<CD"<@F"!C=HBDFD"!C"KMF"TFHHQKAQK<C>"
OA@K!AC"AE"KMF"#4/e"Mowever, as noted by the IPCC, these emissions have considerable 

uncertainty in whether or not these emissions are even being produced by modern gas turbine 

engines (quote from Page 3.56 of (IPCC 2007))."
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4.%&D#0/%#)%+*0/#"2#2)1*/0D#0/%#3":%'#.%001+*D#0/%#015%#.3%+0#(0#%(,/#.0(*%#"2#2)1*/0D#(+&7#0"#(#)%..%'#

&%*'%%7#0/%#()0104&%#(0#:/1,/#%E/(4.0#*(.%.#('%#%5100%&<#

$W44"<HIA"CAKFI"KM<K"JADF@C"?<I"KB@X!CF"FC?!CFI"O@ADB=F"H!KKHF"KA"CA"98'"FJ!II!ACI"<I"TFHH"
]$W44"1```_-"

/HKF@C<K!.F"EBFHI"J<G"=M<C?F"KMF"FJ!II!ACI"O@ADB=FD"XG"<!@=@<EK-""(A@"FU<JOHF\"XF=<BIF"KMF"
=MFJ!=<H"=AJOAI!K!AC"AE"<HKF@C<K!.F"EBFHI"IB=M"<I"%WdI\"O@ADB=FD"F!KMF@".!<"KMF"(Q&"O@A=FII"A@"
MGD@AO@A=FII!C?"AE"@FCFT<XHF"A!H"IAB@=FI\"D!EEF@"E@AJ"KM<K"AE"=AC.FCK!AC<H"hFK"EBFH\"KMF@F"T!HH"XF"
=M<C?FI"!C"KMF"=AJXBIK!AC"O@ADB=KI\"<I"=AJO<@FD"KA"OFK@AHFBJQDF@!.FD"EBFHI-""'B@"=AHHF=K!.F"
>CATHFD?F"AE"KMFIF"=M<C?FI".<@!FI"T!KM"AB@"EBCD<JFCK<H"BCDF@IK<CD!C?"AE"MAT"KMFIF"OAHHBK<CKI"
<@F"=@F<KFD-""&MF"FJ!II!ACI"AE"4'8\"c8'\"<CD"%'3"=<C"XF"FIK!J<KFD"EA@"<CG"EBFH"=AJOAI!K!AC\"
!C=HBD!C?"%Wd\"X<IFD"AC"=AJOHFKF"=AJXBIK!AC-""&MFIF"FJ!II!ACI"!CD!=FI"<@F"IBJJ<@!NFD"<HAC?"
T!KM"KMF"=<@XAC"J<II"E@<=K!AC"AE"KMF"EBFH"<CD"KMF"EBFH"IBHEB@"=ACKFCK"!C"&<XHF";"]c!HFJ<C"<CD"
:ACAMAA\"822`_-"

!3;<,&\>&&)0LN0I/./013<&2:0N,:./,I&31D&%L/II/01I&51D/-,I&X%5Z&K0:&)'TO&fT'O&31D&+'H&

Fuel Carbon 
Mass F raction 

Fuel Sulfur 
Content (ppm) 

Energy 
Content 
(M J/kg) 

C O2 E I 
(g/kg) 

H2O E I 
(g/kg) 

SO X E I 
(g/kg) 

JP-8 0.862 600 43.2 3,159 1,231 1.20 

SP K  0.847 ~0 44.1 3,105 1,363 ~0 

"

&MF"FJ!II!ACI"AE"9'U"J<G"=M<C?F"T!KM"KMF"BIF"AE"%Wd"EBFHI"@FH<K!.F"KA"ZWQV-"9'U"@FIBHKI"E@AJ"
KMF"AU!D<K!AC"AE"<KJAIOMF@!="C!K@A?FC"DB@!C?"=AJXBIK!AC\"<CD"EA@"?<I"KB@X!CF"FC?!CFI"9'U"
EA@J<K!AC"!I"H<@?FHG"<"EBC=K!AC"AE"=AJXBIK!AC"KFJOF@<KB@F-"",IK!J<K!AC"AE"AKMF@"XGO@ADB=KI\"IB=M"
<I"W6\"4'\"<CD"*c4"]TM!=M"<@F"KMF"@FIBHK"AE"!C=AJOHFKF"EBFH"=AJXBIK!AC_"<@F"HFII"BCDF@IKAAD\"
F.FC"EA@"=AC.FCK!AC<H"hFK"EBFHe"MATF.F@\"!C!K!<H"KFIKI"!CD!=<KF"KM<K"KMF@F"!I"<"DF=@F<IF"!C"W6"
FJ!II!ACI"T!KM"KMF"BIF"AE"%Wd"EBFHI"!C"?<I"KB@X!CF"FC?!CFI\"]]4A@OA@<C\":F^!KK"<CD"dH!C?IM!@C\"
FK"<H-"822R<_\"]^M!KFE!FHD"822V__-"+F=FCK"KFIKI"=ACDB=KFD"!C"(FX@B<@G"822`"<K"9/%/jI":@GDFC"
(H!?MK"+FIF<@=M"4FCKF@"BCDF@"KMF"C<JF"AE"KMF"/HKF@C<K!.F"/.!<K!AC"(BFHI",3OF@!JFCK"]//(,3_"
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10 As of February 13, 2008, the ACCRI white papers could be downloaded from 
http://www.faa.gov/about/office_org/headquarters_offices/aep/aviation_climate/ 

http://www.faa.gov/about/office_org/headquarters_offices/aep/aviation_climate/


8R"

WVS.#_W)"8()#V('51+*#S"0%+01().`#>(+&#FWVS.#_F8.")40%#W)"8()#V('51+*#S"0%+01().`B#('%#

:%))#%.0(8)1./%&#840#5(-#8%#&1221,4)0#0"#(33)-#0"#(61(01"+#%51..1"+.<##V%#'%,"55%+&#0/(0#0/%#

%E1.01+*#,"+,%30#8%#5"&121%&#0"#1+,)4&%#%221,(,1%.7#(+&#0%.0.#&"+%#0"#.%%#12#())#%22%,0.#,(+#8%#

,"+,%304())-#1+,)4&%&<##V/1)%#0/%'%#/(6%#8%%+#5(+-#,'101,1.5.#(8"40#0/1.7#+"#"+%#/(.#'%())-#

(00%530%&#0"#.%%#12#0/%#,"+,%30#,"4)&#8%#'%(&1)-#5"&121%&#0"#1+,)4&%#,"+0'(1).#(+&#"0/%'#,)"4&#

%22%,0.7#%<*<7#8-#8(.1+*#0/%.%#%22%,0.#1+#(#5"'%#*%+%'()#.%+.%#"+#0/%#%51..1"+.#(..",1(0%&#:10/#24%)#

84'+<##Z%.310%#10.#)1510(01"+.7#0/%#WVS#,"+,%30#1.#."#:%))#%+*'(1+%&#1+#,4''%+0#1+0%'+(01"+()#

,)15(0%#3")1,-#,"+.1&%'(01"+.#0/(0#10#51*/0#(,04())-#153%&%#0/%#3'"*'%..#"2#+%*"01(01"+.#0"#

3'"5"0%#4.%#"2#(+#()0%'+(016%#5%0'1,<##F.#(#'%.4)07#&%,1.1"+95(O%'.#('%#2(,%&#:10/#:%1*/1+*#

.,1%+0121,#3'%,1.1"+#'%)(016%#0"#3'(,01,()#(33)1,(81)10-#>$4*)%.06%&07#%0#()<#HLLLB<#

P/%#(+.:%'#5(-#)1%#1+#4.1+*#.151)('#5%0'1,.#0/(0#(&&'%..#."5%#"2#0/%#.,1%+0121,#,"+,%'+.#'(1.%&#8-#

WVS.<##U3%,121,())-7#0/%#WPS#_W)"8()#P%53%'(04'%#S'"21)%`#(+&#0/%#bP[#_b1+%('1I%&#

P%53%'(04'%#[%.3"+.%`#(33'"(,/%.#/(6%#."5%#5(Q"'#(&6(+0(*%.7#840#+%10/%'#/(.#8%%+#

(&%;4(0%)-#0%.0%&<##WPS.#(..45%#%10/%'#34).%#"'#.4.0(1+%&#%51..1"+.#:/1)%#bP[#*%+%'())-#4.%.#(#

34).%#"2#"+%#-%('#"2#%51..1"+.<##]"0/#5(-#()."#8%#(33)1,(8)%#0"#%51..1"+.#.,%+('1".<#

F&&101"+()#'%.%(',/#+%%&.#0"#8%#&"+%#0"#1&%+012-#(33'"3'1(0%#5%0'1,.#2"'#%6()4(01+*#%51..1"+.#

2'"5#(61(01"+#(+&#2'"5#"0/%'#0'(+.3"'0(01"+#(+&#%+%'*-#.%,0"'.<##P/%#(33)1,(01"+#"2#%E1.01+*#

5%0'1,.#0"#(61(01"+#%51..1"+.#+%%&.#0"#8%#%6()4(0%&#1+&161&4())-#(+&#'%)(016%#0"#%(,/#"0/%'<##U"5%#

5%0'1,.#.4,/#(.#0/%#bP[#(33'"(,/%.#+%%&#24'0/%'#&%6%)"35%+0#0"#8%#.,1%+0121,())-#'"84.0<##!%:#

5%0'1,.#./"4)&#()."#8%#,"+.1&%'%&<#

&MF"O@FEF@@FD"JFKMAD"EA@"=AJO<@!IAC"AE"4'8"<CD"CACQ4'8"H!EF"=G=HF"?@FFCMABIF"?<I"FJ!II!ACI"
]98'"<CD"4c;_"@F=AJJFCDFD"!C"KMFIF"?B!DFH!CFI"!I")^W"@FOA@KFD"AC"<"4'8"FYB!.<HFCKI"X<I!Ie"
MATF.F@\"<I"CAKFD"XG"^BFXXHFI"FK"<H-"]822V_"<CD"IBJJ<@!NFD"!C"&<XHF"S\")^W"J<G"CAK"XF"
*66)"6)1*!%#,")#%3*&1'1'?#*01*!1"'/(#'"'Q4'8"=AJXBIK!AC"FJ!II!ACI-"



8V"

!3;<,&^>&&71-,:.3/1./,IO&63NIO&31D&5II9,I&K0:&.F,&7I,&0K&6Y2&.0&%H3L/1,&%L/II/01I&(:0L&"G/3./01&

!F3.&5LN3-.&6<0;3<&)</L3.,&)F314,>&XY9,;;<,IO&C314&31D&f,:L31&T??[Z&

B,.:/-& 71-,:.3/1./,I& 63NI& 5LN:0G,L,1.&/II9,I&

)^WI"QQ")HAX<H"
^<@J!C?"WAKFCK!<HI"

/HKMAB?M"=AJJACHG"
BIFD"!C"=H!J<KF"IKBD!FI"

<CD"OAH!=G"
=ACI!DF@<K!ACI\"!K"!I"CAK"
>CATC"MAT"TFHH"KM!I"
JFK@!="=ABHD"XF"<OOH!FD"

KA"<.!<K!AC-"
"

:!EE!=BHK"KA">CAT"TM<K"
<C"<OO@AO@!<KF"K!JF"
MA@!NAC"IMABHD"XF\"
<HKMAB?M"KMF"122QGF<@"
MA@!NAC"M<I"XF=AJF"KMF"

IK<CD<@D-"
"

9AK"=HF<@"!E")^WI"=ABHD"
XF"<OOH!FD"KA"@F?!AC<H"

<C<HGIFI-"

9AK"=HF<@"TM<K"K!JF"
!CKF?@<K!AC"AE"@<D!<K!.F"

EA@=!C?"JF<CI-"
"

4M<@<=KF@!N<K!AC"AE"KMF"
!JO<=K"AE"<"?<I"!I"CAK"
@AXBIK"T!KM"@FIOF=K"KA"
KMF"=H!J<KF"!JO<=K-"

"
:!EE!=BHK"KA"<==ABCK"EA@"
=ACK@<!H"EA@J<K!AC"<CD"
AKMF@"CACQFJ!II!AC"
@FH<KFD"FEEF=KI"BI!C?"

)^WI-"
"

9AK"<OOH!=<XHF"!C"
K@<D!K!AC<H"=ACE!?B@<K!AC"
]E!UFD"!CKF?@<K!AC"OF@!AD"
!CKF?@<K!AC_"EA@"E!UFD"
K<@?FK"OAH!=G"<C<HGIFI-"

"
/OOH!=<X!H!KG"EA@"
<.!<K!AC"CFFDI"KA"XF"

F.<HB<KFD-"

/OOH!=<X!H!KG"EA@"
=AJO<@!C?"<.!<K!AC"T!KM"
AKMF@"K@<CIOA@K<K!AC"b"
FCF@?G"IF=KA@I"CFFDI"KA"

XF"KFIKFD-"
"

&FIK!C?"CFFDFD"BI!C?"
FEE!=<=!FI-"

"

)!.FC"KMF"BC=F@K<!CKG"!C"FIK!J<K!C?"hFK"FC?!CF"=AJXBIK!AC"FJ!II!ACI"E@AJ"<HKF@C<K!.F"EBFHI\"KMF"
IK<KF"AE"KMF"I=!FC=F"AE"<.!<K!AC"=H!J<KF"=M<C?F\"<CD"KMF"H<=>"AE"JFK@!=I"KA"FU<J!CF"KMF"CACQ4'8"
=AJXBIK!AC"FJ!II!ACI"E@AJ"<.!<K!AC\"/.&/I":,-0LL,1D,D&.F3.&01<J&,L/II/01I&0K&)'T&;,&

/1-<9D,D&/1&.F,&-0L;9I./01&I.34,&0K&.F,&$)"&3.&.F/I&./L,O&31D&.F3.&.F,&,L/II/01I&0K&)'T&

K:0L&;/0]D,:/G,D&K9,<I&;,&.:3-R,D&I,N3:3.,<J&K:0L&.F,&)'T&,L/II/01I&K:0L&K0II/<];3I,D&

K9,<I>""&M!I"T!HH"<HHAT"EA@"<"CFK"=ACK@!XBK!AC"KA"<KJAIOMF@!="=<@XAC"D!AU!DF"KA"XF"FIK!J<KFD\"TM!HF"
IK!HH"<HHAT!C?"EA@"D<K<"=AHHF=K!AC"TABHD"IF@.F"JBHK!OHF"OB@OAIFI-""$C"<DD!K!AC\"CACQ=AJXBIK!AC"
4'8"FJ!II!ACI"IMABHD"XF"K@<=>FD\"KA"KMF"FUKFCK"KM<K"!I"O@<=K!=<H\"EA@"EBKB@F"FU<J!C<K!AC"BI!C?"<C"
<OO@AO@!<KF"JFK@!=-"

&M!I"<OO@A<=M\"AE"=AHHF=K!C?"<CD"DA=BJFCK!C?"D<K<"KM<K"J<G"XF"@FYB!@FD"<I"<OO@A<=MFI"KA"KMF"
FIK!J<K!AC"AE"H!EF"=G=HF"?@FFCMABIF"?<I"FJ!II!ACI"AE"<.!<K!AC"EBFHI"F.AH.F\"T!HH"XF"@FOF<KFD"!C"
AKMF@"O<@KI"AE"KMFIF"?B!DFH!CFI\"<CD"=<C"XF".!FTFD"<I"<"?B!D!C?"O@!C=!OHF-""(A@"FU<JOHF\"@F=FCK"
@FIF<@=M"M<I"IMATC"KM<K"H<CD"BIF"=M<C?F"J<G"!C=HBDF"XAKM"IA!H"FJ!II!ACI"E@AJ"D!@F=KHGQ!JO<=KFD"
H<CD"<I"TFHH"<I"FJ!II!ACI"<@!I!C?"E@AJ"!CD!@F=K"H<CD"BIF\"T!KM"H<CD"BIF"FJ!II!ACI"=ACI!DF@FD"A.F@"
<"L2"GF<@"OF@!AD"EAHHAT!C?"!C!K!<H"H<CD"OF@KB@X<K!AC"]FJ!II!ACI"FEEF=K!.FHG"<JA@K!NFD"A.F@"KM<K"L2"
GF<@"OF@!AD_-""/I"DFI=@!XFD"H<KF@"!C"KM!I"@FOA@K\"KMF"?B!DFH!CFI"@F=AJJFCDFD"!C"KM!I"@FOA@K"IB??FIK"
=AHHF=K!C?"D<K<"AC"H<CD"BIF"!JO<=KI\"!C"<CK!=!O<K!AC"AE"KMF"FJF@?FC=F"AE"T!DFHG"<==FOKFD"JFKMADI"
EA@"DFE!C!C?"!CD!@F=K"H<CD"BIF"!JO<=KI-"



8`"

V>[ (91-./013<&71/.&31D&8,K,:,1-,&(<0MI&

$%'"1;2;2["822P"],_"]$%'"822P<_"DFE!CFI"<",-'2!1"'*.#-'1!#*(#!+%#8@-*'!1,1%$#6%),")&*'2%#",#*#
O@ADB=K"IGIKFJ"EA@"BIF"<I"<"@%,%)%'2%#-'1!:4#"&MF"EBC=K!AC"AE"<C"<!@=@<EK"EBFH"!I"KA"O@A.!DF"FCF@?G"
KA"KMF"?<I"KB@X!CF"FC?!CF"KM<K"OATF@I"KMF"<!@=@<EK-""%!C=F"KMF"O@!J<@G"O@ADB=K!AC"=M<!C"M<I"XFFC"
DFE!CFD"MF@F"]<CD"XG",$%/_"KA"!C=HBDF"<!@=@<EK"AOF@<K!AC"]!-F-\"EBFH"=AJXBIK!AC_\"KMF"EBC=K!AC<H"
BC!K"YB<CK!E!FI"KMF"O@AOBHI!AC"AE"KMF"<!@=@<EK-""&MF"O@FEF@@FD"EBC=K!AC<H"BC!K"EA@"<"hFK"EBFH"!I"
JF?<hABHFI"AE"KMF"HATF@"MF<K!C?".<HBF"]6Z"]#c5__"AE"EBFH"=ACIBJFD"O@AOFHH!C?"KMF"<!@=@<EK-""&MF"
MF<K!C?".<HBF"!I"@FEF@@FD"KA"<I"<"HATF@"MF<K!C?".<HBF"!E"KMF"T<KF@"!C"KMF"FUM<BIK"!I"<".<OA@e"!K"!I"
@FEF@@FD"KA"<I"<"M!?MF@"MF<K!C?".<HBF"!E"KMF"T<KF@"!C"KMF"FUM<BIK"IK@F<J"!I"<"H!YB!D-""(A@"IK<K!AC<@G"
OATF@"OH<CKI\"<DD!K!AC<H"FCF@?G"!I"AEKFC"FUK@<=KFD"E@AJ"EBFH"=AJXBIK!AC"XG"=ACDFCI!C?"KMF"T<KF@"
.<OA@"KA"<"H!YB!De"MATF.F@\"!K"!I"!JO@<=K!=<H"KA"FUK@<=K"KM!I"FCF@?G"E@AJ"hFK"FUM<BIK\"MFC=F"KMF"
=MA!=F"AE"#c5-&

/DD!K!AC<H"FHFJFCKI"AE"KMF"EBC=K!AC<H"BC!K\"!JOH!=!K"!C"KMF"BIF"AE"KMF"O@ADB=K"<I"hFK"EBFH"<@F"<"

IF@!FI"AE"IOF=!E!=<K!ACI"IBJJ<@!NFD"!C"&<XHF"P11-""&MF"!CKF@FIKFD"@F<DF@"!I"D!@F=KFD"KA"cFJ!?M<BI\"
FK"<H-"]822P_"KA"HF<@C"JA@F"<XABK"KMFIF"IK<CD<@DI-"

!3;<,&_>&&)0LL,:-/3<&31D&B/</.3:J&a,.&(9,<&+.31D3:DI&K0:&.F,&&

71/.,D&+.3.,IO&71/.,D&g/14D0L&31D&)313D3&

a,.&"]=& 0@!K!IM"IOF=!E!=<K!AC":,("%&/9"̀ 1Q`1\"/%&6":1PSS"

a,.&"& /%&6":1PSS""

a,.&#& 4<C<D!<C"%OF=!E!=<K!AC"4/9b4)%0"L-8L\"/%&6":PP1S"

a2\&&

%OF=!E!=<K!AC"6$#Q:&#QSP8;*")@<DF"ZWQ;"]<I"AE"Z<C"S\"822;\"ZWQ;"<CD"S"JFFK"KMF"I<JF"*%"6!H!K<@G"
%OF=!E!=<K!AC_"
0@!K!IM"%OF=!E!=<K!AC":,("%&/9"`1QVV"/5&/)b(%$$"]EA@JF@HG":,+:"8;S;_\TMF@F\"TMF@F"(%$$"IK<CDI"EA@"
(BFH"%GIKFJI"$=!C?"$CM!X!KA@-"9/&'"4ADF"(Q;2"

a2^&

6!H!K<@G"%OF=!E!=<K!AC"6$#Q:&#QSP8;*")@<DF"ZWQS"]<I"AE"Z<C"S\"822;\"ZWQ;"<CD"S"JFFK"KMF"I<JF"*%"
6!H!K<@G"%OF=!E!=<K!AC_"
0@!K!IM"%OF=!E!=<K!AC":,("%&/9"`1QVP"/54/&b(%$$"]EA@JF@HG":,+:"8;S8_-"9/&'"4ADF"(Q;;-"

a2[&
*-%-"6!H!K<@G"%OF=!E!=<K!AC"6$#Q:&#QVL1LL,-"ZWQV"<HIA"JFFKI"KMF"@FYB!@FJFCKI"AE"KMF"0@!K!IM"%OF=!E!=<K!AC"
:,("%&/9"`1QVR"/5&*+b(%$$"]EA@JF@HG":,+:"8;SL_-"9/&'"4ADF"(QL;-"

"

&MF"A.F@<HH"?A<H"AE"KMF"H!EF"=G=HF"<IIFIIJFCKI"!I"KA"FIK!J<KF"?@FFCMABIF"?<I"FJ!II!ACI"EA@"KMF"
EBC=K!AC<H"BC!K\"TM!=M"!I"MF@F<EKF@"@FEF@@FD"KA"<I"?@<JI"AE"=<@XAC"D!AU!DF"FYB!.<HFCKI"OF@"
JF?<hABHF"AE"#c5"X4&)'T,&c&BaZ-"

:FOFCD!C?"AC"KMF"IOF=!E!="O@A=FII"BIFD"KA"=@F<KF"KMF"<HKF@C<K!.F"EBFH\"4'8\"4c;\"98'\"<CD"AKMF@"
?@FFCMABIF"?<IFI"=ABHD"@FIBHK\"<CD"KMFIF"T!HH"XF"@FOA@KFD"<I"=<@XAC"D!AU!DF"FYB!.<HFCKI-"")^W"
O@A.!DFI"<"JF<IB@F"AE"KMF"@FH<K!.F"@<D!<K!.F"FEEF=K"AE"<"O<@K!=BH<@"?@FFCMABIF"?<I"@FH<K!.F"KA"
=<@XAC"D!AU!DF"<CD"IMABHD"XF"BIFD"KA"OH<=F"98'\"4c;"<CD"4'8"]<CD"AKMF@"HAC?QH!.FD")c)_"AC"
FYB<H"EAAK!C?"!C"KMF"EA@J"AE"4'8F"J<II-""&<XHF"R"O@FIFCKI")^W".<HBFI"X<IFD"AC"<"122QGF<@"
MA@!NAC"E@AJ"KMF"$W44"EAB@KM"<IIFIIJFCK"@FOA@K"]$W44"822R_-"")^W".<HBFI"M<.F"XFFC"=M<C?!C?"
A.F@"K!JF"<I"KMF"IK<KF"AE"=H!J<KF"I=!FC=F"!JO@A.FI-""#!EF"=G=HF"O@<=K!K!ACF@I"IMABHD"BIF"KMF"JAIK"
=B@@FCK")^W".<HBFI"XG"KMF"$W44-"

"

"""""""""""""""""""""""""""""""""""""""""""""""""

11 From http://www.csgnetwork.com/jetfuel.html. See Hemighaus et al. (2006) for additional information on these differences 
and similarities of the fuels that result from these specifications. 

http://www.csgnetwork.com/jetfuel.html
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12 See Section 3.3.2. 

13 Available at http://www.ipcc.ch/ipccreports/methodology-reports.htm 

http://www.ipcc.ch/ipccreports/methodology-reports.htm
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15 Available at: http://faculty.washington.edu/cooperjs/Research/database%20projects.htm 

16 See Appendix 4 of the reference for method.  

http://www.pre.nl/simapro/
http://faculty.washington.edu/cooperjs/Research/database%20projects.htm
http://www.gabi-software.com/
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! LCIC= the life cycle GHG emissions for the new crop mix produced on indirect lands during biojet 

production is 4.6 tonnes CO2 e/ha/yr  

! IA = the ha of indirect land used for the new crop mix production is 0.011 ha/ mmBTU biojet 

! LCDC= the life cycle GHG emissions for crop A produced on direct lands prior to biojet production is 4.0 

tonnes CO2 e/ha/yr 

! DA = the ha of direct land used for biojet production is 0.061 ha/ mmBTU biojet 
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! The fuel (dead organic matter plus live biomass) biomass consumption is 50.4 tonnes dry matter/ ha 
(for non-Eucalyptis forests temperate forests from Table 2.4 of the IPCC [6]) 

! The emission factors for C H4 and N2O are 7.1 and 0.11 g/kg dry matter combusted respectively (from 

the IPCC [7] Table 3A.1.16, on page 3.185); and  

! The G WPs of C H4 and N2O are 25 and 298 tonne C O2e/ tonne emitted respectively (as suggested in 

the IPCC AR4)   
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! A= amount of above-ground biomass is 257.5 tonnes dry matter/ ha 3+"&,<)-&=+##$)&0.&>6'?$1)'@.8&
Biomass in Temperate and A')$+B&C')$"#"2&()'*&#/$&DE99&FG] Table 5-6 on Page 5.30); and 

! C F= the carbon fraction of above-ground forest biomass is 0.47 tonnes C/tonne dry matter (for a 

temperate forest from the IPCC [6] Table 4.3 page 4.48)  
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! A= above-ground net biomass growth in natural forests is 4.0 tonnes dry matter/ha/yr (for a 

temperate, continental forest from the IPCC [6] Table 4.12 which includes the average above-ground 

biomass of forest areas affected by disturbances; net average annual above-ground biomass growth; and the 

net volume annual increment values);  

! C F= carbon fraction of above-ground forest biomass is 0.47 (for a temperate forest from the IPCC [6] 

Table 4.3 page 4.48); and 

! R= Root-to-Shoot ratio is 0.2 (for conifers in temperate forests from the IPCC [9]) 
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! the inventory time period is 20 yr (as the default value) 

! the reference carbon stock is 24 tonnes C/ ha (for low activity soils in a warm, dry, temperate region 

from the IPCC [7] Table 3.3.3 on page 3.76) 

! stock change factor for land use or land-use change type is 0.82 3+"&,B'.1-term cultivated 

%)$8'*0.+.#B-&+..@+B&5)'%H&(')&+.&+)$+&#/+#&0"&5'.#0.@'@"B-&*+.+1$8&(')&IJK&-)"2&()'*&#/$&DE99&F7] Table 

3.3.4 on page 3.77) 

! stock change factor for management regime is 1.0 (for full tillage from the IPCC [7] Table 3.3.4 on page 

3.77) 

! stock change factor for input of organic matter is 1.0 (for medium input from the IPCC [7] Table 3.3.4 

on page 3.77) 
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17 The point of comparison for determining sensitivity is on the full life cycle basis (well-to-wake), unlike the data uncertainty 
section that requires the evaluation be conducted at the well-to-tank perspective.  The full life cycle basis (well-to-wake) equates 
to the functional unit of the study and therefore is the primary comparison point for decision-making purposes.  This value has 
yet to be determined when evaluating data quality when using the systematic process outlined within this guidance document.  
Therefore, the only relative point of reference to ensure adequate data quality is the unit process. 
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18 Available at http://ipcc-wg1.ucar.edu/wg1/wg1-report.html 

http://ipcc-wg1.ucar.edu/wg1/wg1-report.html
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a) The CO2 response function used in this report is based on the revised version of the Bern Carbon cycle model used 

in Chapter 10 of this report (Bern2.5CC; Joos, et al. 2001) using a background CO2 concentration value of 378 

ppm. The decay of a pulse of CO2 with time t is given by: 
&

JK !"LJM : NO
OP Q MR

S

M$T
&

&

^MF@F"<A"l"2-81R\"<1"l"2-8S`\"<8"l"2-LLV\"<L"j#Q4AaP;#k1"j#ARO4e#7%*)(;#k8"j#Aa4NA#7%*)(;#*'$#kL"l"1-1VP"GF<@I-&

b) The radiative efficiency of CO2 is calculated using the IPCC (1990) simplified expression as revised in the TAR, 

with an updated background concentration value of 378 ppm and a perturbation of +1 ppm (see Section 2.10.2). 
c) The perturbation lifetime for methane is 12 years as in the TAR (see also Section 7.4). The GWP for methane 

includes indirect effects from enhancements of ozone and stratospheric water vapor (see Section 2.10.3.1). 
d) Shine et al. (2005c), updated by the revised AGWP for CO2. The assumed lifetime of 1,000 years is a lower limit. 
e) Hurley et al. (2005) 
f) Robson et al. (2006) 
g) Young et al. (2006) 
"
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/C=!HH<@G"!COBK" (" 6<KF@!<H"!COBK"KM<K"!I"BIFD"XG"KMF"BC!K"O@A=FII"O@ADB=!C?"
KMF"O@ADB=K\"XBK"!I"CAK"BIFD"D!@F=KHG"<I"<"O<@K"AE"KMF"
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"
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"""""""""""""""""""""""""""""""""""""""""""""""""

19 This provides the source of the definition as is provided at the end of the Glossary. 
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