CONTENTS

SUMMARY .ttt ettt ettt ettt ettt ettt ettt ettt sttt ettt et e bt bntebnnnbnbnrnnes 11
BIOFUELS VERSUS PETROFUELS: FOUR FINDINGS ... 1-2
LIMITS TO THE STUDY ..o 1-6
Case-SpecCific LIMITAtIONS .......oooiiiiiiiiiiiie e 1-6
General LIMITAtIONS.......couiiiiiieiiie ettt snre e e 1-8

WHAT IS CORRECT? IMPLICATIONS FOR GOVERNMENT AND COMPANY
POLICIES ..ottt ettt e e s e e s s e snnne s 1-8

Land-Use Policy Must Become Part of Energy Policy and Global Warming Policy... 1-5
Carbon Farming Needs and ECONOMIC BOOST..........cccooviviiiiiieee i 1-9

Incremental Footprints and Land-Use Footprints Should Be Part of the Method for

Comparing Biofuels and PetrofUelS..........coooiiiiiiiiii e 1-9
Petrochemical Companies Can Help Convert Waste to ENergy........cccceeevvvveeereennn. 1-9
INTRODUCTION ... 2-1
WHY ANOTHER COMPARISON, AND WHAT ARE ITS KEY REFERENCES?...... 3-1
METHOD OF THE ANALYSIS/COMPARISON. ...ttt 4-1
LIFE CYCLE ASSESSMENT, AND HOW IT WAS APPLIED HERE.......................... 4-1
LCTo T | PSR TOPPTTOPUPPRPP 4-2
SCOPE OFf the STUY ... e e e e e raree s 4-2
Normalization of the Comparison (Functional Unit and Reference Flows)................ 4-2

23V 0 1o 1o T PP 4-2

BY LANGA USE ...ttt n e 4-4
System Boundaries and Cut-0Off RUIES ...........oioiiiiiiiiiiii e 4-4
AllOCAtION Of EMISSIONS....c.uviiiiiieiiie ittt ar e sre e nnneas 4-4
AmMOrtization Of EMISSIONS .......ueiiiiiiiiie ittt sbn e e e 4-5
CRArACLENIZALION .....eeieieiiie ettt ettt sb e se e s b e e e sbn e e sr e e e sareeeanes 4-5
Data Sources and CalCUlation .............eoiiiiiiiiiiiiee e 4-8
LIMITATIONS OF THE APPROACH .......covuiuieeeeeeeeeseeieseeesesieeeeeesesseess s 4-9



CONTENTS (Continued)

AGRICULTURAL PRODUCTION: SYSTEM DESCRIPTIONS ........ccccoivieiiiereee 5-1
CONTENTIOUS GHG ISSUES IN AGRICULTURE .......cooviiieiiiiiie e 5-2
WAL Qre WASTES? ...eeee ettt ettt sttt e st e e s st et e e s snbne e e s sbaeeeeanes 5-2
AREINAtIVE LANM USE ..ottt e e e e e e e eane 5-2
(010 P (0] = | TS Y=o 81 TS] = 11 o S 5-3
Capital GOOdS iN AGFCUIIUIE .......oiieieeee e 5-3
NItrous OXide EMISSIONS ....ccoiiiiiiiiiiiiiie ittt et e e b e e e s nnbeee e 5-4
DEFINITIONS OF AGRICULTURAL SYSTEMS.....ccoiti ittt 5-5
3o To 11T =Y I8 o] o SRR 5-5

Rapeseed Cultivations and Harvest ... 5-5

Defining the Farm: Primary Land Use, Avoided Products, Organic vs

Conventional, Capital GOOAS...........ueviiieiiiiiiiiiieer e 5-8
RAPESEEA YIld ... 5-9
Carbon Content of Rapeseed, and CO, Uptake .........cccoovveeeeiiiiieiiiiiiee e 5-9
N Fertilizer and NoO EMISSIONS ....uuuuiiiiiiiieeiiieeeeeee et eee s e e eaab e e e s e s esaaseeeeeeeens 5-9
MELhANE EMISSIONS ...ceeiiiiiieiiiiiee ettt et e e e rtae e e s st e e e st e e e e nbe e e e e nees 5-11
Soybean Cultivation and Harvest ..o 5-11

Defining the Farm: Crop Rotation, Primary Land Use, Avoided Products,

Organic vs. Conventional, Capital GOOAS............cccoviiiiiiiiieeee e 5-13
SOYDEAN YIEI .. 5-13
Carbon Content of Soybean, and CO, Uptake..........ccceeiiiiiiiiiiiiieeiiiiec e 5-13
Fertilizers, N,O Emission, Agrochemicals, ElectriCity ...........ccccccevvveeiiiiiciiiieennnn. 5-14
Palm Oil Fruit Cultivation and Harvest ...........ccoccevviiiee i 5-14

Defining the Farm: Primary Land Use, Capital Goods .........ccccccevvevvvvienrenenn. 5-15

Palm Ol Fruit YIeld .....uuveieiiiiiiiiii s e e 5-17

Carbon Content of Palm Oil Fruit, and CO, Uptake ..........cccccoiiiiiiiiiieieannnnne 5-17

Fertilizers, Agrochemicals, Energy and NoO .......cccccceeeiiiiiiiiiiieeee i, 5-17
JAITOPNA. .. e a e 5-17
LI 1 1 Lo LV o (oo [UTd 1To] o W 5-17

Allocation of Inputs/Outputs for TallOW ..........ococuiiiiiiiiiiii e 5-18



CONTENTS (Continued)

Is Tallow @ Product 0 @ WASEE?......ccooiiiiiiiiiiiie et 5-19
Yellow Grease ProdUCLION ........ocueiie ittt e e nnneeee s 5-20
BIOTIESEI CrOPS ...eiiiueiiiee ittt ettt e e s b e e s annee s 5-21
L070] 1 I (1Y/F= 172 ) ISR 5-21
Defining the Farm: Crop Rotation, Primary Land Use, Avoid Products,
Organic vs. Conventional, Capital GOOdS............ccoorriiiiiiiiiiiieie e, 5-23
(00 ] 1 o I 11 (o PP PPPROTPRPRRPRIN 5-24
Carbon Content of Corn, and CO, UPtake .........cooveeriiiiiiieiiieenee e 5-25
Fertilizer, N,O Emissions, Agrochemicals, Electricity..........cccccceeeviiiciviennnnenn. 5-25
GraiN DIYING .ceiiieiiieeie et e e e s e e e b e e e 5-25
COrN (MAIZE) STOVET ...eiiiiiiiiie ettt nr e 5-25
SUJAN CANE ...oviiiiiiiiiiiti e 5-26
Defining the Farm: Primary Land Use, Capital Goods .........ccccccoevvcvrvvinnreeennn. 5-27
SUGArCANE YIEld ..ccooiiiiiiiiiiie e 5-28
Carbon Content of Sugarcane, and CO, Uptake...........cccccceeeiiiiiiiiiiinnns 5-28
Fertilizers, Agrochemicals, Energy, N,O and Methane............cccccocceevnieenieenne 5-28
ALTERNATIVE LAND-USE EMISSION FACTORS AND AMORTIZATION.............. 5-28
Alternative Land-Use EMISSION FACLOIS ......cciiiiiiiiiiiiieiee et 5-28
Alternative of Land-Use Change FaCIOrS .........coovcuviiiieiee i e e 5-31
BIOFUELS PROCESSING AND TRANSPORT: SYSTEM DESCRIPTIONS........... 6-1
PROCESS FROM CROPS TO BIODIESEL ......ccviiiiiiiieiiiiiee i 6-2
Rapeseed to Rape Oil t0 BIOIESEI ........cocuuiiiiiiiiiie e 6-2
Allocation Between Rapeseed Oil and Rape Meal ............ccccvveeeveeeeiiiiciiiieenennn, 6-4
Allocation Between Biodiesel and GIYCEeriN.........cccccvveeeeeee it 6-4
Soybeans to Soybean Oil t0 BIOQIESE ..........eeiiiiiiiiiiiiie e 6-5
Allocation Between Soy Oil and Soy Meal .........cccvvveeveeeiiiiiiieeece e 6-7
Allocation Between Biodiesel and GIyCEeriN..........ccccvvevveeee i 6-7
Palm Fruit Bunches to Palm Oil to BiodieSel..........cccuvvviiiiieiiiiiiiiieee e 6-7
Allocation Between Crude Palm Oil and Palm Kernels..........cccccooviiiiiniienennee 6-9
Emissions from Treatment of Palm Oil Mill Effluent (POME) .............ccccovvvveeeeennn. 6-9



CONTENTS (Continued)

Allocation Between Biodiesel and GIYCerin.........cccuuveiiiiiiiiiiiiiiiiiieeee e 6-10
TallOW t0 BIOAIESEL.......eeiieiee i 6-10
Yellow Grease to BiodIE€SEl..........ccuviiiiiiiiie e 6-11
Hydrotreater Process, Oil t0 BIOAIESEI ..........oevvveiiiiiciiiiiiie s 6-13
PROCESS CROPS TO BIOETHANOL ....cciiiiiiieee, 6-13
Corn/Maize to BIOBThANOL .........c.eiiiiieiiii s 6-14

Allocation Between Ethanol and DDGS ...........ccooiiiieiiiiiiee e 6-14

Carbon Dioxide Emissions: Recovery and ‘Carbon Neutrality' ............ccccocceeeene 6-15
Corn Stover to BIoethanol .............oouviiiiiii e 6-15
Sugar Cane to Bioethanol ............cooiiiiiiiiiii e 6-16

Allocation Between Bioethanol and Co-Products............c.cccevievinicniincnec e 6-16

Carbon Dioxide Emissions: Recovery and 'Carbon Neutrality' ................cccvvnneee. 6-17

Emissions from Mill Effluent (ViN@SSE) .......ueeiiiiiiiiiiiiiiiiieeeiiiieee e 6-17
TRANSPORT OF BIOFUELS TO MARKET ....otiiiiiiiiiiiiiiii s 6-17
PETROFUELS PRODUCTION AND PROCESSING ........coooiiiiiii, 7-1
PETRODIESEL AND GASOLINE ... 7-1
NATURAL GAS TO FISCHER-TROPSCH (FT) DIESEL.......cccccvviiiiiiieiiiiieee i, 7-6
Production Of NATUFAl GaS ........cuueiiiiiiiiieiiiiie ettt 7-6
FT Conversion of Natural Gas to DIESEl.........c.covieiiiiiiiiee e 7-8
FT Diesel Transport t0 Market.........ocueiiiiiiiiiiiiiiee e 7-8
FUELS USE: SYSTEM DESCRIPTION.....coiiiiiiieeeeeee e 8-1
CARBON NEUTRALITY OF BIOFUELS, AND METHANOL CONTENT IN METHYL
ESTER BIODIESELS .....cooiiiiiiiitiee ettt e e e e e e 8-3
MIXED-FUEL EFFICIENCIES ... 8-4
WHAT ABOUT PARTICLE EMISSIONS? ..., 8-4
CARBON FOOTPRINTS (GHG INVENTORIES) FOR EACH FUEL .......ccccevvunneen. 9-1
DIESEL CARBON FOOTPRINTS ... 9-5

Vi



10

CONTENTS (Continued)

Rape Oil BIodIESEl (RME).......ciuiiiiiiiieiie ittt 9-5
S0OY Ol BIOIESEI (SME) ...vveiiiiiii ittt e e et e e e e e e e e e nrereees 9-8
Palm Oil BiodieSEl (PME) ....ccoiiiiiiiiiiiiei ettt 9-11
Tallow BiodIESEl (TIME).......uuiiiiiiiie et e et e e e e e e s e e e e e e e s e snnbae e e e e e e e e eannes 9-14
Yellow Grease BiodieSel (YGME) ...ccooiuiiiiiiiiiieiiiiee et 9-17
HydrobiodieSEl (HBD) .....ciiei oottt e e e e e e st e e e e e e e s st n e e e e e e e e aans 9-20
PITOTIESEL. ... 9-23
FiSCher-TropSCh (FT) DIESEL........uuuuiiiiiee it a e 9-26
ETHANOL AND GASOLINE CARBON FOOTPRINTS.....ccoiiiiiiiieieee e 9-29
Corn/Maize BIOBtNONAL ..........ccoiiiiiiiiiiiie e 9-29
CO, Debit, and Credit, at Ethanol Plant ..............ooeiiiiiiiiiiii e, 9-32
Allocation to Ethanol and DDGS ..........cococeiiieiieieiieeieee e 9-32
Land Use Conversion from Prairie to Cropland ........cccccccovviiiiieiiee i, 9-32
Inclusion of Capital GOOUS .......cceiiiiiiiiiiiiiiiie e 9-32
FUBI ECONOMY ...ttt ettt et e e b e e 9-32
StOVEr BIOBTNANO ... .o s 9-33
Sugar Cane BIioethanOl ..........coouiiiiiiiiiii s 9-36
CO, Debit, and Credit, at Ethanol Plant .............c.eeiiiiiiiiiiiiie e, 9-39
Allocation to Ethanol and CoO-pProdUCES............cocueeerieeiieeeniee e 9-39
Land Use Conversion from Tropical Forest to Cropland.............cccoccvveiniiineennnn 9-39
Inclusion of Capital GOOUS .........cocuiiiiiiiiiie it 9-39
(LU= I =0} o] 10 2P 9-39
GASOIINE. ..t 9-40
HOW DOES THIS STUDY COMPARE TO OUR PREVIOUS STUDY?.................... 9-43
INCREMENTAL FOORPRINTS AND IMPLICATIONS FOR FUEL CHOICES........ 10-1
WHAT ARE 'CARBON FOOTPRINTS ADJUSTED FOR INCREMENTAL
SEQUESTRATION', AND WHY ARE THEY IMPORTANT 2. 10-2
INCREMENTAL FOOTPRINTS' IMPLICATIONS FOR FUEL CHOICES.................. 10-3

Vii



11

12

13

14

15

CONTENTS (Concluded)

DIESEL VS. GASOLINE, BIOFUELS' YIELDS AND FOOTPRINTS BY PHASE ....
WHAT ABOUT DIESEL VERSUS GASOLINE? ..ottt
YIELD COMPARISON OF BIOFUELS.......cccoiiiiitiiiiiiiiii e

BASE CASE FOOTPRINT COMPARISON, BY PHASE..........cooooiiieeieeee e

LAND-USE FOOTPRINTS, AND IMPLICATIONS FOR LAND-USE CHOICES......
DEFINITION OF LAND-USE FOOTPRINT ....cciiiiiiiiiiiiiiice e

LAND-USE FOOTPRINTS' IMPLICATIONS FOR LAND USES AND FUEL
CHOICES ..ottt e e e s e e s e e s s

'‘CARBON FARMING' IS UNATTRACTIVE AT TODAY'S CARBON PRICES.........

APPENDIX Lo
CONVERSIONS AND PHYSICAL CONSTANTS ...,
COMPARISONS OF INPUT DATA ..ottt
INCREMENTAL FOOTPRINTS: HOW THEY ARE CALCULATED .....cccccceveeiiiiinns
LAND-USE FOOTPRINTS: HOW THEY ARE CALCULATED ......cocoviiiiiieeeeieeenn

TRANSPORT AND UTILITIES: SYSTEM DESCRIPTIONS......ccooiiiiiiiieneee e

REFERENCES ...

viii

111

11-1



1.1

1.2

13
21
4.1
51
5.2
5.3
9.1
9.2
9.3
9.4
9.5
9.6
9.7
9.8
9.9
9.10
9.11
9.12
9.13

9.14

9.15

9.16

9.17

ILLUSTRATIONS

Allocated, Incremental Footprints of Choosing Petrodiesel Versus Base

Case Biodiesel FOOPHNTS O 5 .........coiieereeeeeeeeeeeeee e enenens 1-3
Allocated, Incremental Footprints of Choosing Gasoline Versus Base Case
Bioethanol FOOPIINTS T C ..ottt en e 1-4
Base Case ’ Carbon Footprints, All Fuels in this Study ...........cccccoevvvvrvrerireennnnns 1-6
For Oil Buyers, the Mid-1980s and the 1990s Were Golden Years...................... 2-1
Life-Cycle Inventory - A Conceptual VIEW ..........ccooiiiiiiiiiiieiiieee e 4-1
Agricultural N,O Emissions, Estimated By The IPCC Method............cccoceeeeeeennn. 5-4
Global Prices (US$/Tonne) For Tallow and Rapeseed, 1997 - 2004 ................... 5-20
US Corn to Fuel Has Soared (Corn to Ethanol, 1985-2005)........c.cccccceeeevviiivvvennenn. 5-24
Rape Methyl Ester (RME), Footprint Flow Chart, Base Case.........ccccccovcveeernnnnen. 9-6
Rape Methyl Ester (RME), Process - Contribution Breakdown, Base Case......... 9-7
Rape Methyl Ester (RME), GHG - Contribution Breakdown, Base Case ............. 9-7
Soy Methyl Ester (SME), Footprint Flow Chart, Base Case...........ccccccceeeeeviinnneee. 9-9
Soy Methyl Ester (SME), Process - Contribution Breakdown, Base Case ........... 9-10
Soy Methyl Ester (SME), GHG - Contribution Breakdown, Base Case................. 9-10
Palm Methyl Ester (PME), Footprint Flow Chart, Base Case .......ccccccceevvevuvvveennnn. 9-12
Palm Methyl Ester (PME), Process - Contribution Breakdown, Base Case. ......... 9-13
Palm Methyl Ester (PME), GHG - Contribution Breakdown, Base Case............... 9-13
Tallow Methyl Ester (TME), Footprint Flow Chart, Base Case ..........ccccccceeevnnnns 9-15
Tallow Methyl Ester (TME), Process - Contribution Breakdown, Base Case ....... 9-16
Tallow Methyl Ester (TME), GHG - Contribution Breakdown, Base Case............. 9-16
Yellow Grease Methyl Ester (YGME), Footprint Flow Chart, Base Case ............. 9-18
Yellow Grease Methyl Ester (YGME), Process - Contribution Breakdown,

BASE CASE ...uiiiiiiiii i 9-19
Yellow Grease Methyl Ester (YGME), GHG - Contribution Breakdown,

BASE CASE ...eiiiiieii ettt e s 9-19
Hydrobiodiesel (HBD), Footprint Flow Chart, Base Case..........cccccceeeeeeevevvvvennnn. 9-21
Hydrobiodiesel (HBD), Process - Contribution Breakdown, Base Case............... 9-22



9.18
9.19
9.20
9.21
9.22
9.23
9.24
9.25
9.26
9.27
9.28
9.29
9.30
9.31
9.32
9.33
9.34
9.35
9.36
10.1

10.2

10.3

111
11.2
12.1

12.2

ILLUSTRATIONS (Concluded)

Hydrobiodiesel (HBD), GHG - Contribution Breakdown, Base Case....................
Petrodiesel, Footprint Flow Chart, Base Case........cccccceeeeeiiiiiiiviiniee e ceciineeeeeens
Petrodiesel, Process - Contribution Breakdown, Base Case...........ccccceevvvveeennnne.
Petrodiesel, GHG - Contribution Breakdown, Base Case..........cccccceevviriiveerineenns
FT Diesel, Footprint Flow Chart, Base Case.........ccccuveiviieeiiiiiiiiiiieee e
FT Diesel, Process - Contribution Breakdown, Base Case ........c.cccccevcveeinveennnen.
FT Diesel, GHG - Contribution Breakdown, Base Case .........cccceeeeevevivvreeneeereennn.
Corn/Maize Bioethanol, Footprint Flow Chart, Base Case ..........cccccceeeevviinnvnnnenn.
Corn/Maize Bioethanol, Process - Contribution Breakdown, Base Case..............
Corn/Maize Bioethanol, GHG - Contribution Breakdown, Base Case...................
Stover Bioethanol, Footprint Flow Chart, Base Case.......cccccccovvvvviiiieieeeeeiicinene
Stover Bioethanol, Process - Contribution Breakdown, Base Case .....................
Stover Bioethanol, GHG - Contribution Breakdown, Base Case ............ccccceeeeenee
Sugar Cane Bioethanol, Footprint Flow Chart, Base Case..........ccccccveeeeeeiicnnnnen.
Sugar Cane Bioethanol, Process - Contribution Breakdown, Base Case ............
Sugar Cane Bioethanol, GHG - Contribution Breakdown, Base Case..................
Gasoline, Footprint Flow Chart, Base CaSe......ccccccevveuviiiiiiieeeeiiiiieeeee e
Gasoline, Process - Contribution Breakdown, Base Case..........ccccoccveerveeenneennne
Gasoline, GHG - Contribution Breakdown, Base Case .........ccccceeeviiieeeeiiiieeennnns
Base Case Carbon FOOIPINTS ......uuiiiiieei it e e

Allocated, Incremental Footprints of Choosing Petrodiesel Versus Base Case
BiodieSel FOOLPINTS ....coiiiiiiiiiiiie ettt

Allocated, Incremental Footprints of Choosing Gasoline Versus Base Case
Bioethanol FOOIPIINTS. ......ciiii i e e e e ar e

Base Case Footprint, All Fuels, By Phase (KG CO,E/100 KM Driven) ................
Base Case Footprint, All Fuels, By Phase (%0).......ccccocveeeeeiiiiiiiiieeee e
Land-Use Footprint, For Biodiesels Compared to Petrodiesel.............ccoccveveennnen.

Land-Use Footprint, For Bioethanols Compared to Gasoline..............cccccvveeeeeenn.



1.1
1.2

21
2.2
3.1
4.1

4.2
4.3
5.1
5.2
5.3
54
5.5
5.6
5.7
5.8
5.9
5.10
5.11
5.12
5.13
5.14
5.15
5.16
5.17

5.18

TABLES

Choices for Lower Carbon Footprint: Petro- Vs Bio-Fuels............cccococeeiiieeennne. 1-2

Carbon Footprints, All Fuels Studied: Base Case Plus Sensitivity Maxima and

T T 0T TP P PP PT PP PPRT 1-7
Fuels Compared in ThiS STUAY ......ccuuiiiiiiiiii e 2-2
Here Come the Commercial FT-Diesel Projects.......ccccccceeeviiiiiviiieeie s 2-3
Important References Used in ThiS StUAY ........ccooiiiiiiiiiiiiii e 3-2
Energy/Fuel Consumption and GHG Emissions from Combustion ©, for 2010
VENICIES .. 4-3
Global Warming Potentials Used in This StUdY ..........cccooiviiiiniiiiieniieeeeiee e 4-6
Current Standards for BIOQIESE .........ccceeiiiiiiiiieiiiee e 4-9
Production, Processing and Use Stages for the Biofuels Being Compared......... 5-1
GHG Inventories for the Agricultural Raw Materials ............cccoocccvviieeeeeenii i, 5-5
Rapeseed Cultivation and Harvest, Key Inputs/Outputs for this Study................. 5-6
Eu Rapeseed Production, 2006 .............cociuiiiiiieeeeiiiiiiieieeeee e e s e ssinrsneeeeeeeeessnnnnneees 5-8
N-Fertilization of Rapeseed in WeStern EUrOPe.........ccoovieieiiiiie e 5-10
N-Fertilizer to N,O Emissions Ratios, For Rapeseed Cultivation ......................... 5-10
Soybean Cultivation and harvest, Key Inputs/Outputs for this Study.................... 5-11
Inputs/Outputs for Cultivation and Harvest of Palm Oil Fruit..............cccccvvveeeeenn. 5-15
Palm Qil Production, By Country, 2006............ccouiiiuriiiiereeeeiesiiiiieeeeeesessneeeneeeeens 5-16
Palm-Based Biodiesel Production, 2006 and 2010..........ccccceeriieeniieniieeenneeeieenn 5-16
Inputs/Outputs for production of TAOW...........eoviiiiiiiiiiii e 5-18

Allocation of Inputs/Outputs for Slaughter/Rendering Products, Including Tallow 5-19

Inputs/Outputs for Production of Yellow Grease...........ccoccevvvieeeiniiieeiniiieee e, 5-20
Inputs/Outputs for Cultivation and Harvest of Corn/Maize..............cccccvveeeeeeernnnns 5-21
Inputs/Outputs for Harvest of Corn/Maize StOVET .........ccueeevviiiieeiiiiiee e 5-26
Inputs/Outputs for Cultivation and Harvest of Sugar Cane.............occccvvveeeeeeeinnnns 5-27
Land Uses, Primary and Alternative, for the Crops Considered in this Study ...... 5-29
Carbon Stock for Relevant land-Use Types Examines in this Study .................... 5-30

Xi



5.19
6.1
6.2
6.3
6.4

6.5
6.6
6.7
6.8
6.9
6.10
6.11
6.12
6.13
6.14
6.15
6.16

6.17

6.18

6.19

6.20
7.1
7.2
7.3

7.4

TABLES (Continued)

CO, Emissions Caused by Land-Use Conversion >............cccccoeeveeeereeeen, 5-31
Production, Processing and Use Stages for the Biofuels being Compared.......... 6-1
Process Steps Defined, BY Crop TYPE......cvi it 6-2
Rapeseed to Crude Rapeseed Oil, Key Inputs/Outputs for this Study ................ 6-3
Crude Rapeseed Oil to Refined Rapeseed Oil, Key Inputs/Outputs for the Study
............................................................................................................................... 6-3
Refined Rapeseed Oil to Biodiesel, Key Inputs/Outputs for this Study"" ............. 6-4
Soybeans to Crude Soy Oil, Key Inputs/Outputs for this Study ..........cccccccevneeeee. 6-5
Crude Soy Oil to Refined Soy Oil, Key Inputs/Outputs for this Study ................... 6-6
Refined Soy Oil to Biodiesel, Key Inputs/Outputs for this Study™*........................ 6-6
Fresh Fruit Bunches to Crude Palm Oil, Primary Inputs to this Study .................. 6-8
Crude Palm Qil to Refined Palm Oil, Key Inputs/Outputs for this Study............... 6-8
Refined Palm Oil to Biodiesel, Key Inputs/Outputs for this Study.............cc.uveee.. 6-9
Tallow to Treated Tallow, Key Inputs/Outputs for this Study ..........cccoecvveverniinenen. 6-10
Treated Tallow to Biodiesel, Key Inputs/Outputs for this Study .........cccccceeeerinnnne 6-11
Yellow Grease to Refined Yellow Grease, Key Inputs/Outputs for this Study ...... 6-12
Treated Yellow Grease to Biodiesel, Key Inputs/Outputs for this Study............... 6-12
Treated Oil Hydrobiodiesel, Key Inputs/Outputs for this Study...........cccccceeerinnnee 6-13
Corn/Maize to Bioethanol and DDGS, Dry Mill Process, Key Inputs/Outputs for

LTSRS [ | SR PRERR 6-14
Stover to Bioethanol, Key Inputs/Outputs for this Study ...........ccccceeiviieieniiienennns 6-15
Sugar Cane to Bioethanol, Sugar and Electricity Key Inputs/Outputs for this

) (0 0 Y2 SRR 6-16
Transport, Biofuels from Production to Market............ccccovevereeeiiiiiiiiieeee e 6-17
Production-Use Stages for the Petrofuels being Compared...............ococvvvveeeenenn. 7-1
Petrodiesel Production and Processing, Key Inputs/Outputs for this Study ......... 7-2
Gasoline (Unleaded) Production and Processing, Key Inputs/Outputs for this

) (0 0 Y2 SRR 7-4
Natural Gas Production, Key Inputs/Outputs for this Study ...........cccceevriierernnnn. 7-6

Xii



7.5

7.6
8.1
8.2
8.3
8.4

8.5
9.1

9.2
9.3
9.4
9.5
9.6
9.7
9.8
9.9
9.10
9.11
9.12
9.13
9.14
9.15

9.16

10.1
10.2

10.3

Natural Gas Production, ARErNAtive CaSEe .......cccouuiiiiiiiiieiieeeeee e
TABLES (Continued)

Natural Gas Conversion to FT Diesel, Key Inputs/Outputs for this Study.............
Energy/Fuel Consumption and GHG Emissions from Combustion® ...................
Base-Case Combustion Factors in this Study ®28 “C ...,
Physical and Automotive-Combustion Properties of FUels..........ccoccccevviiieeinnnee.

CO, Emissions from Combustion of Methyl Ester Biodiesels, Due to Methanol
L] 1 (=T | N

Particles - What are they? .........ooo o

Carbon Footprints, All Fuels Studied Base Case Plus Sensitivity Maxima and

Sensitivity Cases to the Base Case FOOPIiNtS ........ceeeevriieieiriiiee e
RME Carbon Footprint, Base CaSe.........cccueeiieeeiiiiiiiiiieeee e s siitnnee e e e e e ssnraneeeee s
SME Carbon FOOtprint, BASE CaASE .......ccoviiuuiiiiiiieeeieiiiiieieee e e e e ssinteeee e e e e e
PME Carbon Footprint, Base CaSe........ccccvveieieeeiiiiiiiiiieeee et e e e srvane e e
TME Carbon Footprint, BaSe CaASE .....ccuueeiiiiiiriiiiiieeeeeiiiieeee e siveee e e e e
YGME Carbon Footprint, BaSe CaASE ..........ccccuviiiiieiee e e e e e ssiveeee e e e e senenes
HBD Carbon Footprint, BaSE CaSE ........cc.uuveiiiieeiiiiiiiiieeee e seseiieeeeeee e e s e sereaeeeee s
Hydrobiodiesel Vs. Transesterified Biodiesel Footprints, By Feedstock...............
Petrodiesel Carbon FOotprint, BaSE CaSe..........ccovvvriiiiiieeeiiiiiiiiieeee e e s ssvieneeeeees
FT Diesel Carbon Footprint, BaSE CaSE ..........ccoviviivriiiiieeee e e s ssivnneeeeens
Corn/Maize Biodethanol Carbon Footprint, Base Case ...........cccceevviveeeiiiieee e
Stover Biodethanol Carbon Footprint, Base Case .......ccccccceeeeveiiiiiviieeeeee e eccinene
Sugar Cane Biodethanol Carbon Footprint, Base Case ..........cccccevvivieeiiiiieeeennn
Gasoline Carbon Footprint, BaSe Case ........cccceeeeeeiiiiiiiiiiiee e ccciireee e e e e e s

RME Footprint Comparison, This Study Vs. Last Study, Adjusted for Fuel
ECONOMY ..

Base Case Carbon Footprints, From Smallest to Largest .........ccoccceeeeeviiiivvnnnen.
Comparison of Base Case and Incremental Footprints (Hypothetical Case) .......

Choices for Lower Carbon Footprints: Petro-Vs. Bio-Fuels..........cccccccevviiinnnnn.n.

Xiii

8-5



111

11.2
131
141

14.2

14.3

14.4
14.5
14.6
14.7
14.8
14.9
14.10
14.11

14.12

Yield Comparison of Biodiesels and Bioethanols..............cccccciiiiiiie,
TABLES (Concluded)

Base Case Footprints, All Fuels, By Phase (KG CO,E/100 KM Driven)...............
Income Statement for a Typical European Cereals Farm..........ccccccovvvcvvveeeneennn.
Conversions and Physical CONtENTS...........cccuiiiiiee e

Rapeseed Cultivation and Harvest inputs/Outputs, Comparison of Existing
SHUAIES ..

Soybean Cultivation and Harvest Inputs/Outputs, Comparison of Existing
I 2 TSRS

Biodiesel Incremental Footprints, Relative to Petrodiesel............ccccccceeeviiiiinnnnnn.
Bioethanol Incremental Footprints, Relative to Gasoline............ccoccceveeeeiiiiiinnneen.
Land-Use Footprints, For Biodiesels Compared to Petrodiesel..............cccceeennee.
Land-Use Footprints, for Bioethanols Compared to Gasoline .............cccccvveeeeennnn.
Emissions/kWh, Average Gas-Fired Power Plant in EUrOPe ..........ccccevviieeeennnen.
Bioethanol Incremental Footprints, Relative to Gasoline............ccocccceeeeeiiiiciinnnen,
Land-Use Footprints, for Biodiesels Compared to Petrodiesel............c..ccceeeennee.
Land-Use Footprints, for Bioethanols Compared to Gasolinge .............cccccvvveeeennnn.

Emissions/KWH, Average Gas-Fired Power Plant in Europe............cccoocvveeennee.

Xiv



	CONTENTS 1 SUMMAR
	 ILLUST
	TABLES (Continued) 
	TABLES (Continued) 
	TABLES (Concluded) 

