February 12,2025

Demo for Biofuels
in R&D GREET®

3:00-4:00 p.m. CT

Instructors

Gabrielle Olson, Great Plains Institute

Branden Leonhardt, Department of Energy

Argonne National Laboratory Subject Matter Experts
Longwen Ou, Xinyu Liu

£ | GREAT PLAINS =Dy
N\ | INSTITUTE Arggﬂﬂﬁkﬁ EN RGY



R&D GREET disclaimer

The R&D GREET effort at Argonne National Laboratory is supported by the Office of Energy Efficiency and
Renewable Energy, the Office of Fossil Energy and Carbon Management, the Office of Clean Energy Demonstration,
the Office of Technology Transitions, the Office of Nuclear Energy, and ARPA-E of the US Department of Energy
(DOE) under contract DE-AC02-06CH11357. The views and opinions expressed herein do not necessarily state or
reflect those of the US government or any agency thereof. Neither the US government nor any agency thereof, nor
any of their employees, makes any warranty, expressed or implied, or assumes any legal liability or responsibility
for the accuracy, completeness, or usefulness of any information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned rights.

Argonne’s R&D GREET is to inform the life cycle analysis of technical community. Not all pathways and data in R&D
GREET are appropriate for use in circumstances where a high level of quantitative certainty or precision is required.
GREET is referenced in numerous independent state and federal compliance and incentive programs (including
solicitations, rulemakings, and tax incentives), but it is important to note that R&D GREET is not the version used by
any of these specific programs. Argonne does not warrant that use of R&D GREET is consistent with the
requirements of any particular regulatory or incentive program.
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GREET end-user licensing terms and conditions

Commercial use:
For commercial use, please contact www.anl.gov/partners.
Non-commercial use:

This license is based on the Creative Commons Attribution-Non Commercial 4.0 International Public License, with the following modified definition.
Non-Commercial means internal use (including use for internal business or operational purposes by for-profit entities), use by non-profit entities, or use
for United States federal, state, or local government purposes. Government purposes include work performed pursuant to a United States federal, state,

or local government funding agreement, and work performed by or on behalf of the United States federal, state, or local government. For purposes of
this Public License, the exchange of the Licensed Material for other material subject to Copyright and Similar Rights by digital file-sharing or similar
means is Non-Commercial provided there is no payment of monetary compensation in connection with the exchange.

Redistribution and use of the GREET software are permitted for non-commercial uses and provided that the following conditions are met:
1. Redistributions of the GREET software must retain the above copyright notice, this list of conditions, and the following disclaimer. Modification or
reverse compilation of the source code is not permitted.
2. Neither the names of UChicago Argonne, LLC or the Department of Energy nor the names of its contributors may be used to endorse or promote
products derived from this software without prior written permission.
3. The software redistribution, if any, must include the following acknowledgment: "This product includes software produced by UChicago Argonne, LLC
under Contract No. DE-AC02-06CH11357 with the Department of Energy.”
4. Any published results should indicate that the GREET software was developed by Argonne National Laboratory. If you publish results generated using
GREET you should identify the GREET software version number. If you publish results generated using input data other than the input data supplied
with the GREET software you must indicate that these results relied upon changed input data.
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Outline Steps for Biofuels Scenarios




Main Outputs for SI-ICE
LDVs and CIDI-ICE LDVs
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RSELSIICEV - fx Select Fuels 7~
A B [ D E F G H J K L M N O A
1 Home WTW Results Menu Select a vehicle type from a pink drop down menu, then press "Go" .
2 5l ICE Vehicles Go Sl Hybrid Vehicles (HEV) Go 5l Plug-in Hybrids (PHEV) G Performance-enhancing Fuels
3 Inputs Select Fuels i Select Fuels Select Fuels © )| Selct Fuels
4 Select Fuels CIDI Hybrid Vehicles (HEV) CIDI Plug-in Hybrids (PHEV)
Back to To . Go Go Go
5 P SI - Gasoline Select Fuels |
6 . BEV and FCV GCI ICE Vehicles
Sl-CA |
, WTP Results L AU s : Go Select Fuels G0 | Select Fuels oo
8 WTW Changes I i ect units from a pink drop down menu for the Results
9 SI- Ei]H ﬂ"’r N Per Energy in Fuels
10 SI_BIOHFFV o [l NiSSION Unit: |@ Energy Unit: Bty Emission Unit: |g
11 SI - MeQH FFV ctional Unit: mile Energy Functional Unit: /mmBiu
43 Gasoline Vehicle: Gasoling 5| - CNG Vehicle I
44 SI - LNG Vehicle I Btu/mmBtu or Gallon/mmBtu or g/mmBtu
45 It o - LPG Vehicle 0 VET'CIE Total|  Feedstock Fuel O VET'CIE Total
em . . peration ota eedstoc ue peration ota
46 Total Energy SI - Dedi. MeOH Vehicle I 4289 5.450 50,498 220,096 1,000,000 1,270,595
47 |Fossil Fuels S! - Dedi. EtOH Vehicle 4,003 5,042 47,218 195,069 933,326 1,175,613
48 | Coal 19 30 0 49 4 492 6,898 0 11,391
49 |Natural Gas 147 538 0 685 34,251 125,536 0 159,788
50 | Petroleum 36 269 4 003 4 308 8,474 62,635 933,326 1,004 435
51 |Water Consumption 0.1 0.2 0 ] 15 38 0
52 |CO2 (w/ CinVOC & CQO) -4 63 329 388 -839 14,592 76,702
53 |CH4 0.315 0173 0.015 0.503 73.544 40.320 3.414 ° h l
24 120 Note: press F9 to ensure the results
55 GHGs s 71 330" 407 1.371 16,554 77,053
56 |VOC: Total 0.013 0.114 0.230 0.356 29388 26.524 53.597 f d
57 |CO: Total 0.026 0.043 2.741 2.810 6.071 10.068 639.104 i O R&D G RE ET a re u p to ate
58 |NOx: Total 0.039 0.071 0.082 0193 9.137 16.540 19.209
59 |PM10: Total 0.002 0.010 0.035 0.047 0.443 2.360 8.044
60 [PM2.5: Total 0.002 sl (G 0.007 0.015 0.372 1.502 1.729 B
7 Overview Inputs | Results | Petroleum Co_processing NG MeOH_FTD EtOH Electric Generation_mixes Bio ** + ! J4Jam® >
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Clipboard M= Font = Alignment M= Number M= Styles Cells Editing

RSELCIDIICEV vz ﬁc Select Fuels
A B C D E F G H J K L
1 Home WTW Results Menu Select a vehicle type from a pink drop down menu, then press "Go"
2 Sl ICE Vehicles Go Sl Hybrid Vehicles (HEV) Go S| Plug-in Hybrids (PHEV) Go
3 Inputs Select Fuels Select Fuels Select Fuels '
4 SIDI ICE Vehicles Go CIDI Hybrid Vehicles (HEV) Go CIDI Plug-in Hybrids (PHEV) Go
5 Back to Top Select Fuels Select Fuels -
6 CIDI ICE Vehicles BEV and FCV GCI ICE Vehicles
7 ST R & Select Fuels . 9 Select Fuels G | Select Fuels Go
8 WTW Changes Select Fuels Select units from a pink drop down menu for the Results
9 CIDI - Diesel Per Energy in Fuels
10 co-DMET . —— Emission Unit: '@ Energy Unit: |Biu Emission Unit: ‘g
11 . unctional Unit: ‘mile Energy Functional Unit: 'mmBiu
43 |Gasoline Vehicle: Gasoling o1 RAARE - R —— »
44 CIDI - Biodiesel le Btu/mmBtu or Gallon/mmBtu or g/mmBtu
CIDI - RD from Bio Qil Vehicle Vehicle
45 |ltem I CIDI - RD from Pyrolysis F Operation Total Feedstock Fuel Operation Total
46 |Total Energy ﬂjm - EtOH-Diesel J 4 289 5,450 50,498 220,096 1,000,000 1,270,595
47 |Fossil Fuels CIDI - PUP-derived Diesel 4,003 5,042 47,218 195,069 933,326 1,175,613
48 |Coal N 0 49 4 492 5,898 0 11,391
49 |Natural Gas 147 a38 0 685 34,251 125,536 0 159,788
50 ' Petroleum 36 269 4.003 4,308 8,474 62,635 933,326 1,004,435
51 [Water Consumption 0.1 0.2 0 0 15 38 0 93
52 |CO2 (w/ CinVOC & CQO) -4 63 329 388 -839 14,592 76,702 90,455
53 |CH4 0.315 0173 0.015 0.503 73544 40.320 3.414 117.279
54 |N20 0.000 0.012 0.004 0.016 0.066 2787 0911 3.764
95 |GHGs 6 I 330" 407 1,371 16,554 77,053 94 977
56 (WOC: Total 0.013 0.114 0.230 0.356 2988 26.524 53.597 83.110
af |CO: Total 0.026 0.043 2.741 2.810 6.071 10.068 539.104 655.243
58 |NOx: Total 0.039 0.071 0.082 0.193 9137 16.540 19.209 44 886
59 |PM10: Total 0.002 0.010 0.035 0.047 0.443 2.360 8.044 10.847
60 |PM2.5: Total 0.002 sl ) 0.007 0.015 0.372 1.502 1.7/29 3.602
b Overview Inputs | Results | Petroleum Co_processing NG MeOH_FTD EtOH Electric Generation_mixes Bio *
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Ethanol Overview

GREAT PLAINS J g~
s |INSTITUTE Argonne) EN RGY



Find the General Settings to Alter an
Ethanol Pathway
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s I L 0 77 Format as Table elete F
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1

2 Petroleum MeOH & Electric Vehicles Car_TSTab LDV1_TS Tab LDVZ_TS Tab

3 Home Results WTP

- Matural Gas Hydrogen BigyQil Pyrolysis Vehicles Tab HDV_TS Tab HDV_WTW Tab

5 Fuel Economy

s Scenario Control Variables and Input Assumpt

7 1. Key Options for Simulation Link with GREET2

8 1.1) Target Year for Simulation : )

9 2022 Restore Time Series Reactivate GREET2 Links

10 Table Value _ .

11 1.2) Point-Estimation or Probability-Estimation Op Deactivate GREET2 Links

12 Load Stochastic Toolkit . To load the stochastic toolkit

13 Load Stochastic Toolkit Unload Stochastic Toolkit ... To unload the stochastic toolkit

14

. - . .

15|2. Vehicle Types for Simulation

16 1 1 - Passenger Cars; 2 -- Light-Duty Trucks 1 (LDT1) (Sports utility vehicles [SUV]); 3 - Light-Duty Trucks 2 (LDT2) (Pickup Truck [PUT])

17

1g 3. Petroleum-Based Fuels

19 3.1) Petroleum Recovery Options

20 Petroleum 3.1.a) Share of crude oil sources

21 Worksheet 1 Basis of share of crude oil sources: 1 — EIA projection, 2 — User defined

22 U.5. Domestic Canada (Qil Sands) Canada (Conv. Crude) Mexico Middle East Lati
23 EIA projection 80.8% 6.6% 5.0% 1.9% 2.3%

24 Results User defined 0.0% 100.0% 0.0% 0.0% 2.2%

25 Used in calculation 80 8% 6 6% 5.0% 1.9% 2. 3%

26 API gravity 34.0 181 265 26.5 318

27 | BacktoTop S Content (wt %) 1.4 2.9 1.9 2.2 2.3

28 Average transportation distances (mi) See T&D Flowcharts tab 1,708 1,708 797 14,596

29

30 U.5. Domestic crude Shale Qil (Bakken) Shale Qil (Eagle Ford) Rest of U.5. domestic crude

31 AP gravity 42 48 32.0

32 Vol. Share (%) 8.7% 8.0% 83.3%

33
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L L L L <_‘ Use in Formula ~ E49 Trace Dependents [I\ Error Checking ~ ~GO
Insert AutoSum Recently Financial Logical Text Date & Lookup & Math & More Name 22 d P A g Watch Calculation @I'
Function v Used v h ¥ v Timev Reference~¥ Trig¥ Functions~ = Manager B Create from Selection F;( Remove Arrows ~ Evaluate Formula Window = Options v
Function Library Defined Names Formula Auditing Calculation ~
NavinputsZoomEthanol Voo fx 8. Fuel Ethanol Pathway N
_ A B C D E F G H J K a
330 8.1) Ethanol Production Feedstocks for General Purpose: Corn, Cellulosic Biomass, and Sugarcane
331 Ethanol Corn Willow Poplar Switchgrass Miscanthus CI
332 Worksheet Share of Each Feedstock 100.0% 0.0% 0.0% 0.0% 0.0%
334 8.2) Farming Energy Use and Fertilizer use
335 Lzl 8.2.a) Allocation of corn farming energy between corn grain and corn stover
336 1 1. Attributional 2. Energy allocation 3. Mass allocation 4. Market-value allocation
337 Back to Top 8.2.b) Logging residue scenarios (Logging residue is related to forest residue feedstock options)
338 1 1 — Logging residue is treated as a waste, 2 - Logging residue is treated as a co-product
339 8.2.c) Forest residue collection and harvesting energy use
340 Logging residues Forest thinnings
341 Diesel consumption for collection and preprocessing (Btu/dry ton) 118,006 146,353
342 Forest Residues Shares (by dry wt.) 50% 50%
343 8.2.d) Farming energy use and fertilizer use summary
Clean Pine (per Switchgrass (per d.ton Miscanthus
344 Corn (per bushel}) Willow (per d.ton harvested) Poplar (per d.ton harvested) d.tonharvested) harvested) f
345 Farming Energy Use: Btu 9 8,891 185,416 268,597 144 177 58 361
346 Fertilizer Use
347 Grams of Nitrogen 396 1,462 1,970 2,840 4 291
348 Grams of P205 133 650 591 1,523 2,030
349 Grams of K20 138 1,002 522 4 2815
350 Grams of CaCO3 1,471 0 23,237 16,619 5144
351 Pesticide Use
352 Grams of Herbicide 766 16.08 61.70 0.00 46.71
353 Grams of Insecticide 0.04 0.00 11.76 0.00 0.00
354
355 8.3) CO2 Emission Estimates from Land Use Changes and Land Management Changes of Farming: grams/gal of ethanol
356 8.3.a) Land Use Change Scenario Options Case Code Case Description
57 Select Corn Ethanol Case Corn Ethanol 2011 yield_increase Annual yield increase considered over simulation Run LUC
358 Select Domestic Emissions Modeling Scenario Century yield constant Yield assumed constant over simulation —_—
359 Select International Emissions Modeling Scenario Winrock
360 Domestic Emissions Modeling Scenari yield_constant
361 Soil depth considered in modelin 100 cm
362 Harvested Wood Product (HWP) Scenari HEATH v
< >« Inputs FResults Petroleum Co_processing NG  MeOH_FTD EtOH  Electric  Generation_mixes Bio_electricity < + : Jd=» >
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8.7.c) Selection of Plant Type

1

-R7C Erﬁmr demanas for corn ofl extraction

More MName

Functions ~

@ Define Name ~
G Use in Formula v

Manager Ejoj Create from Selection

E,

4 Trace Precedents

q‘c‘] Trace Dependents

F;( Remove Arrows

Defined Names

8. Fuel Ethanol Pathway

1 — Industrial average
2 — User defined average

3 — Plant Specffic: Dry Mill with DGS as a process fuel
4 - Plant Specific: Dry Mill with only DDGS as co-product and NG as process fuel
5 — Plant Specific: Dry Mill with only DDGS as co-product and Coal as process fuel

7 Show Formulas

A, Error Checking

v Evaluate Formula

Formula Auditing

6O
Watch
Window

=
“TL]
L
L

Calculation
Options v

Calculation

il

7 — Plant Specific: Dry Mill with only WD GS as co-product and NG as process fu&l

8 — Plant Specific: Dry Mill with only WD GS as co-product and Coal as process fi
9 — Plant Specific: Dry Mill with only WDGS as co-product and Biomass as proc

10 -- Plant Specific: Wet Mill with NG as process fuel
11 - Plant Specific: Wet Mill with Coal as process fuel

For process level allocation

Heat (Btu/gal EtOH) Electricity (Btu/gal EtOH)

Energy for corn oil extraction (allocated to corn oil only)

Allocated between ethanol, corn oil and DGS

Energy for ethanol processing (distillation, dewatering, etc., allocated to ethanal only)

Energy for DGS drying (allocated to DGS only; allocated to ethanol only w/ mariginal method)

4,010 22
50

10,116' 632
8,354 1,444

6. Plant Seecifc, Dry il with only DDGS, as cqgproduct and Biorass gs progess fuel, 12 Plant Specific Wet il with Biofpass s progess fue

1

=

r | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
8.7.c.ii) Share of Corn Ethanol Plant Types, Energy Use for Ethanol Production, and Share of Process Fuels for Each Plant Type I
I Industry Average User Defined Average
I
I Dry Milling Plant w/o Corn Qil - Dry Milling Plant w/ Carn Oil Dry Mill withrl
extraction extraction Wet Milling Plant Dry Milling Plant Wet Milling Plant p
I Share of Corn Ethanol Plant Types 4.5% 85.5% 10.0% 100.0% 0.0% I
Total energy use for ethanol production: Btu/gallon 25,034 24 628 47,409 34,280 47,409
I Energy use: NG, coal, and biomass, Btu/gallon 22,908 22 480 47,409 31,594 47,409
Share: NG 99.6% 99.6% 72.5% 0.0% 72.5% I
I Coal 0.4% 0.4% 27.5% 0.0% 27.5%
Biomass 0.0% 0.0% 0.0% 100.0% 0.0% I
I Electricity demand, kWh/gallon 0.62 063 0.00 0.79 0.00
Share of Biomass used as process fuel - I
I Willow 0.0% 0.0% 0.0% 0.0% 0.0%
Poplar 0.0% 0.0% 0.0% 0.0% 0.0% I
Switchgrass 0.0% 0.0% 0.0% 0.0% 0.0%
I Miscanthus 0.0% 0.0% 0.0% 0.0% 0.0% I
Corn Stover 0.0% 0.0% 0.0% 0.0% 0.0%
I Forest Residue 100.0% 100.0% 100.0% 100.0% 100.0% I
Percentage of co-produced DGS used as process fuel [}.[}”ﬁ D_D”f;-; 0.0%

I S M oo WP T TS L D L N AT
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Further Explore
Ethanol Scenarios



Ethanol tabs

Inputs

Primary Results

cthanol Fuel Prod_TS
Fuel_Specs
Electricity
Some Secondary Car_TS
Ag_Inputs Vehicles
RNG EF
NG T&D

T&D Flowcharts
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@™ — o $ v~ % 9 B, Format as Table v X Delete v v PO .
Paste | B | I U« v O ﬁ . = = = <= 3= . . Add-ins  Analyze
A B0 =0 [iZ Cell Styles ~ fE] Formaty | & ~ Data
Clipboard E¥ Font EY Alignment EY Number M~ Styles Cells Editing Sensitivity Add-ins ~
Al Vool ﬁc Corn, Cellulosic Biomass, and Sugarcane to Ethanol; Corn to Butanol and Acetone
A B C D E F G H J
1 Corn, Cellulosic Biomass, and Sugarcane to Ethanol; Corn to Butanol and Acetone p n
i Home Inputs L Results J
4 1) Scenario Control and Key Input Parameters
5 I Comn Willow Poplar Switchgrass Miscanthus Corn Stover Forest Residue Sorghum I
6 Shares of Feedstocks for Ethanol for General Purpose 100.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% I
7 I Shares of Feedstocks for Gasoline Blended Ethanol 100.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
8 || | | | | [ | || | | || | | | | [ | ] | | || | | | | [ | || | | || | | | | [ | || | | || | | | | [ | || | | || | | | | [ | || | |
9 1.1) Feedstock Farming

10 N content of above and below ground biomass: grams/bushel for corn, grams/ton for cellulosic biomass, and grams/tonne for sugarcane

11 Corn Farming Switchgrass Miscanthus Corn Stover Grain Sorghum Sweet Sorghum Forage Sorghum
12 141.6 486.9 584 .2 0.0 149.0 0 0
13 N20 Emissions: N in N20 as % of N in N fertilizer and biomass
B

14 Corn Farming Switchgrass Miscanthus Corn Stover Sorghum Sugarcane N fertilizer in the US
15 1.264% 1.264% 1.264% 1.264% 1.264% 1.264% 1.374%
17 N20 Emissions Management Practices (only for corn) BAU BAU Business-As-Usual scenario in which an empirical EF is applied I
18 I 4R Right time, Right place, Right form, and Right rate nitrogen management scheme in which a nitrogen balance approach is used to estim
19 EEF Use of enhanced efficiency nitrogen fertilizer that reduces direct N20 emission from synthetic fertilizer by 30%
21 Allocation of corn farming energy between corn grain and corn stover 1 1. Attributional 2. Energy allocatin 3. Mass allocation 4. Market-value allocation
22

Market-value
23 Biomass Yield Energy allocation Mass Allocation allocation
24 Corn grain 176.7 bu/acre T8% 80% 90%
25 Corn stover 1.27 dry ton/acre 22% 20% 10%
_ _—_—1
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Biodiesel and Renewable Diesel Overview
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General Settings to Alter a Biodiesel or
Renewable Diesel Pathway

GREAT PLAINS g g~
s |INSTITUTE Arg&ﬂﬂﬁkﬁ EN RGY



Fle Home |Insert Draw Pagelayout Formulas Data Review View Automate Help |13 Comments |

- >

i A v — — General v Conditional Formatting v & Insert  ~ v o7 v H|N
4 o A A = =(=|%. B v & 2~z 05 @
3~ - v % 9 BZF t as Table v 2% Delete v = [I] v
s I L 0 77 Format as Table elete F
Paste B I U+ ¢ & ﬁ - = = = &= 5= y . Add-ins  Analyze
MRS 4 <8 =3 7 Cell Styles v fiet] Format v &~ Data
Clipboard = Font = Alignment K Number Y Styles Cells Editing Sensitivity Add-ins e
N15 v o Jx A
A B C D E F G H J K

1

2 Petroleum MeOH & Ethanol Electric Vehicles Car_TSTab LDV1_TS Tab LDV2_TS Tab

3 Home Results WTP

- Matural Gas Hydrogen Pyrolysis Vehicles Tab HDV_TS Tab HDV_WTW Tab

5 Fuel Economy

s Scenario Control Variables and Input Assumptio

7 1. Key Options for Simulation Link with GREET2

8 1.1) Target Year for Simulation _ _ Reactivate GREET? Links

9 Restore Time Series

10 Table Value _ .

11 1.2) Point-Estimation or Probability-Estimation Op Deactivate GREET2 Links

12 Load Stochastic Toolkit . To load the stochastic toolkit

13 Load Stochast Unload Stochastic Toolkit ... To unload the stochastic toolkit

14

. - . .

15|2. Vehicle Types for Simulation

16 1 1 - Passenger Cars; 2 -- Light-Duty Trucks 1 (LDT1) (Sports utility vehicles [SUV]); 3 - Light-Duty Trucks 2 (LDT2) (Pickup Truck [PUT])

17

1g 3. Petroleum-Based Fuels

19 3.1) Petroleum Recovery Options

20 Petroleum 3.1.a) Share of crude oil sources

21 Worksheet 1 Basis of share of crude oil sources: 1 — EIA projection, 2 — User defined

22 U.5. Domestic Canada (Qil Sands) Canada (Conv. Crude) Mexico Middle East Lati
23 EIA projection 80.8% 6.6% 5.0% 1.9% 2.3%

24 Results User defined 0.0% 100.0% 0.0% 0.0% 2.3%

25 Used in calculation 80 8% 6 6% 5.0% 1.9% 2. 3%

26 API gravity 34.0 181 265 265 3.8

27 | BacktoTop S Content (wt %) 1.4 2.9 1.9 2.2 2.3

28 Average transportation distances (mi) See T&D Flowcharts tab 1,708 1,708 797 14,596

29

30 U.5. Domestic crude Shale Qil (Bakken) Shale Qil (Eagle Ford) Rest of U.5. domestic crude

31 API gravity 42 48 320

32 Vol. Share (%) 8.7% 8.0% 83.3%

33
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F

@ Define Name ~
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648 9.1) Method for dealing with co-products of Bio Qil-based fuel (see co-products in BioQil sheet)
649 BioQil Biodiesel Renewable diesel 1 Renewable diesel 2 Renewable diesel 3 Renewable gasoline ,!
650 Waorksheet I Feedstock for biooil-based fuels 1 1 (4] 1 1: Soybean, 2: P
651 I
652 I Method for dealing with co-products
653 Biodiesel Renewable diesel 1 Renewable diesel 2 Renewable gasoline |1- Process Level Allocation/Displacement
654 I System level allocation for soy and jatropha based fuel 1 1 1 2- System Level Energy-Based Allocation I
655 Process level allocation for all biooil-based fuels

Back to Top I I
656 Feedstock Soybean Palm Qil Canola Jatropha Camelina Tallow
657 I il Extraction Process 4 4 4 2 4 4 I
658 Fuel Biodiesel _ Renewable diesel 2 Renewable diesel 3 Renewable gasoline
659 L Fuel Production 3 2 2 N 2 | (]
661 9.2) Farming Energy Use, Fertilizer use, and N20 Emissions from Biomass

Palm Full Fruit Bunch (FFB)

662 Soybean (per bushel) {per wet ton) Canola (per wet tonne) Jatropha (per wet kg) Camelina (per wet kg) Carinata (p
663 Farming Energy Use: Btu 13,634 154 528 528 667 1,320 961
664 Fertilizer Use
665 Grams of Nitrogen 528 5,207 .4 51,648.0 34.0 37.0
666 Grams of P205 2079 3,565.6 15,919.0 13.0 15.0
667 Grams of K20 3487 98308 4163.0 374 10.0
668 Grams of CaCO3 00 0.0 00 00 0.0
669 Pesticide Use
670 Grams of Herbicide 21.16 28.52 417.00 0.00 0.00
671 Grams of Insecticide 0.32 137.563 39.00 0.00 0.00
672 N content of above and below ground biomass: grams 557 10362' 24280 35.0 65.2'
673 N20 emissions from N fixation: grams N20 7.3
674 N20 emissions: N in N20 as % of N in N fertilizer 1.374% 1.374% 1.040% 1.374% 1.374%
675 N20 emissions: N in N20 as % of N in Biomass 1.264% 1.264% 0.940%' 1.264% 1.264%
G676
677 9.3) Soyoil Extraction Energy Use: Btul/lb of soyoil
678 | 3,073 |
G679 v
< > e« Inputs Results Petroleum Co_processing NG MeOH_FTD EtOH Electric Generation_mixes Bio_electricity “w 4+ : 4@ 4

GREAT PLAINS
INSTITUTE

Argonne &

NATIONAL LABORATORY

UE Copsrari o

EN=RGY



File Home Insert

i A v — — General v Conditional Formatting v & Insert  ~ v Oy~ H|N
4 o A A = =(=|%. B v & 2~z 05 @
3~ - v % 9 BZF t as Table v 2% Delete v = [I] v
s I L 0 77 Format as Table elete F
Paste B I U+ ¢ & ﬁ - = = = &= 5= y . Add-ins  Analyze
MRS 4 <8 =3 7 Cell Styles v fiet] Format v &~ Data
Clipboard = Font = Alignment K Number Y Styles Cells Editing Sensitivity Add-ins e
N15 v o Jx A
A B C D E F G H J K a
1 I
2 Petroleum MeOH & Ethanol Electric Car_T5Tab LDV1 TS Tab LDV2_TS Tab
3 Home Results WTP
g Natural Gas Hydrogen Bio Qil Pyrolysis Vehicles Tab HDV_TS Tab HDV_WTW Tab
s Scenario Control Variables and Input Assumptions
7 1. Key Options for Simulation Link with GREET2
8 1.1) Target Year for Simulation Reactivate GREET? Links
9 2022
10 : .
11 1.2) Point-Estimation or Probability-Estimation Option Deactivate GREET2 Links
12 ic Toolkit . To load the stochastic toolkit
13 Load Stochastic Toolkit Unload Stochastic Toolkit ... To unload the stochastic toolkit
14
. - . .
15|2. Vehicle Types for Simulation
16 1 1 - Passenger Cars; 2 -- Light-Duty Trucks 1 (LDT1) (Sports utility vehicles [SUV]); 3 - Light-Duty Trucks 2 (LDT2) (Pickup Truck [PUT])
17
1g 3. Petroleum-Based Fuels
19 3.1) Petroleum Recovery Options
20 Petroleum 3.1.a) Share of crude oil sources
21 Worksheet 1 Basis of share of crude oil sources: 1 — EIA projection, 2 — User defined
22 U.5. Domestic Canada (Qil Sands) Canada (Conv. Crude) Mexico Middle East Lati
23 EIA projection 80.8% 6.6% 5.0% 1.9% 2.3%
24 Results User defined 0.0% 100.0% 0.0% 0.0% 2.3%
25 Used in calculation 80 8% 6 6% 5.0% 1.9% 2. 3%
26 API gravity 340 181 265 26 5 318
27 | BacktoTop S Content (wt %) 1.4 2.9 1.9 2.2 2.3
28 Average transportation distances (mi) See T&D Flowcharts tab 1,708 1,708 797 14,596
29
30 U.5. Domestic crude Shale Qil (Bakken) Shale Qil (Eagle Ford) Rest of U.5. domestic crude
31 AP gravity 42 48 32.0
32 Vol. Share (%) 8.7% 8.0% 83.3%
E? N A L e ™ e 0 PN '
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_ A B C D E F G H
g60 12. Vehicle Operations
861 12.1) Share of Alternative Fuel in Conventional fuel and Alternative Fuel Blend: Volumetric Percentage
862 BSl (Boosted Spark Ignition) or MM (Multi-mode) fuel blend level selection
863 Isobutanol 2 2—-20%, 3-30%
864 ARHC 2 2--20%, 3--30%
BBS MeOH 2 2--20%, 3--30%
866
867 Vehicles Methanol in FFV fuel 85.0‘3-;
868 Worksheet Methanol in dedicated vehicle fuel 90.0%
869 Ethanol in low-level blend of gasoline and ethanol 10.0% 2.0%| Share of gasoline by volume added in EtOH as denaturant
870 Ethanol in FFV fuel 85.0%] 2.0%| Share of gasoline by volume added in EtOH as denaturant
871 Results Ethanol in dedicated vehicle fuel 85.0% 2.0%| Share of gasoline by volume added in EtOH as denaturant
872 Butanol in FFV fuel 100.0%
873 (" ack to Top S < I =1 o 17| P {11 11 2
874 Biodiesel in CIDI fuel 20.09 I
875 Renewable diesel in CIDI fuel 100.0%
876 = == ™Redtwable gastlne in o fuenp, o T == "o
By Ethanol in EtOH-diesel 10.0%]
878 Additives in EtOH-diesel 1.0%
879 Isobutanaol in BSI (gasoline) fuel 20.0%
880 ARHC (Aromatics-rich hydrocarbon fuel) in BSI (gasoline) fuel 20.0%
881 Methanal in MM (gasaline) fuel 20.0%
g82 Isoalkane in MCCI fuel 20.0%
883 FAE (Fatty alkyl ether) in MCCI fuel 20.0%
884 FAFE (Fatty acid fusel esters) in MCCI fuel 20.0%
885 Renewable diesel in MCCI fuel 10.0%
836 12.2) Type of Gasoline or Diesel for Alternative Fuel Blends
a8y Share of Gasoline out of Gasoline and Blendstuc/g
686 Gasoline for methanol blend 0.0%
889 Gasoline for low-level ethanol blend 0.0%)
890 Gasoline for high-level ethanol blend 0.0%)
891 Gasoline for butanol blend 0.0%
892 Gasoline for renewable gasoline blend 0.0%
893 Gasoline for Isobutanol blend 0.0%
894 Gasoline for ARHC blend 0.0%
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- L1 <2iiarc -

f).c Z @ {@ {{? [A [@ g @ &) Define Name v E]\ﬂ Trace Precedents Vf\ Show Formulas :1 e
R r r {7 Use in Formula v EL[:_J Trace Dependents A Error Checking R .
Insert AutoSum Recently Financial Logical Text Date & Lookup & Math & More Name ™" S Watch Calculation it
. . . . . . B
Function v Used v hd v ¥ Timev Reference¥ Trigv Functionsv = Manager B Create from Selection F;{ Remove Arrows Evaluate Formula Window  Options ¥
Function Library Defined Names Formula Auditing Calculation A
AU453 vl fx =AU452+SUMPRDDUCT(AU449 :AU450,Fuel Specs! $B$148: $B$149)+SUMPRDDUCT(AU441:AU443 ,Fuel Specs! $B$154: $B$156)+ o
SUMPRODUCT (AU447 : AU448,Fuel Specs!$B$157:$B$158)
A B C D E F G H A
1 |Soybeans, Palm, Canola, Jatropha and Camelina to Biodiesel, Renewable Diesel, and Renewable Gasoline .
2
3 Home Inputs Results
4
5 1) Scenaglo Control and omtheln she e ——
6 I Biodiesel Renewable diesel 2 Renewable gasoline
7 Feedstock for biooil-based fuels 1 1 1 I: Soybean, 2: Palm FFB, 3: Canola, 4: Jatropha,
8 |~ ] | | | | [ | || | | || | | | | [ | | | | || | | | | [ | || | | || | | | | [ |
10 I ethod for dealing with co-products I
11 | Biodiesel Renewable diesel 2 Renewable gasoline |1- Process Level Allocation/Displacement
12 I System level allocation for soy and jatropha based fuel 1 1 1 2- System Level Energy-Based Allocation I
13 Process level allocation for all biooil-based fuels
14 Feedstock Soy ol Palm Qil Canola Jatropha Camelina Tallow S
15 I Qil Extraction Process 4 4 4 2 4 4 I
16 Fuel Biodiesel Renewable diesel 2 Renewable gasoline Glycerin
17 | Fuel Production 3 2 2 3 |
18
19 | Palm Fatty Acid Distillate (PFAD) |
20 CPO J PFAD
21 I Qil Extraction Process 4 6 I
22 Fuel refining RBD/PFAD
23 CPO refining 2 D [
24 Fuel production Renewable diesel 2 Biodiesel
25 Fuel Production 2 2 I
26 | | | | [ | || | | || | | | | [ | | | | || | | | | [ | || | | || | | | | [ | || | | || | | | | [ | || | | || | | | | [ | ||
27 |Feedtock Properties
28 Soybean Palm Full Fruit Bunch (FFB) Canola Jatropha Camelina Carinata
29 Density Unit Ib/bushel
30 Density 522
31 Lipid Content 19.1% — 2 A% 44.0% 35.0% 36.0% 410%] w
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Renewable Natural Gas Overview




General Settings to Alter a Renewable
Natural Gas Pathway



Fle Home |Insert Draw Pagelayout Formulas Data Review View Automate Help |13 Comments |

- >

i A v — — General v Conditional Formatting v & Insert  ~ v o7 v H|N
4 o A A = =(=|%. | E g & 2 v 2 05 @
03 ~ — - % 9 [Gr Table v T Delete v [T]v O~
s I L 0 77 Format as Table elete F
Paste B I U+ v & ﬁ . = = = &= 3= o - Add-ins  Analyze
MRS 4 <8 =3 7 Cell Styles v fiet] Format v &~ Data
Clipboard = Font = Alignment K Number Y Styles Cells Editing Sensitivity Add-ins e
N15 v o Jx A
A B C D E F G H J K

1

2 Petroleum MeOH & Ethanol Electric Vehicles Car_TSTab LDV1_TS Tab LDV2_TS Tab

3 Home Results WTP

- Hydrogen Bio Qil Pyrolysis Vehicles Tab HDV_TS Tab HDV_WTW Tab

5 Fuel Economy

s Scenario Control Variables and Input Assumptions

7 1. Key Options for Simulation Link with GREET2

8 1.1) Target Year f : )

9 2022 Restore Time Series Reactivate GREET2 Links

10 Table Value _ .

11 1.2) Point-Estimatio ability-Estimation Option Deactivate GREET2 Links

12 Load Stochastic Toolkit . To load the stochastic toolkit

13 Load Stochastic Toolkit Unload Stochastic Toolkit ... To unload the stochastic toolkit

14

. - . .

15|2. Vehicle Types for Simulation

16 1 1 - Passenger Cars; 2 -- Light-Duty Trucks 1 (LDT1) (Sports utility vehicles [SUV]); 3 - Light-Duty Trucks 2 (LDT2) (Pickup Truck [PUT])

17

1g 3. Petroleum-Based Fuels

19 3.1) Petroleum Recovery Options

20 Petroleum 3.1.a) Share of crude oil sources

21 Worksheet 1 Basis of share of crude oil sources: 1 — EIA projection, 2 — User defined

22 U.5. Domestic Canada (Qil Sands) Canada (Conv. Crude) Mexico Middle East Lati
23 EIA projection 80.8% 6.6% 5.0% 1.9% 2.3%

24 Results User defined 0.0% 100.0% 0.0% 0.0% 2.2%

25 Used in calculation 80 8% 6 6% 5.0% 1.9% 2. 3%

26 API gravity 34.0 181 265 26.5 318

27 | BacktoTop S Content (wt %) 1.4 2.9 1.9 2.2 2.3

28 Average transportation distances (mi) See T&D Flowcharts tab 1,708 1,708 797 14,596

29

30 U.5. Domestic crude Shale Qil (Bakken) Shale Qil (Eagle Ford) Rest of U.5. domestic crude

31 AP gravity 42 48 32.0

32 Vol. Share (%) 8.7% 8.0% 83.3%

33

oA L | I_I m_!_.’_.! PR . USSR NI . T —

> Overyiew Inputs R £ € Hetroleym 0 DIOCessINg K Vie()H | () H oty eneration mixe Big _*** -+ : 4 &b 4

UE Copsrari o

GREAT PLAINS
e INSTITUTE Arggﬂngkﬁ EN :RGY’



Fle Home |Insert Draw Pagelayout Formulas Data Review View Automate Help |13 Comments | JEfE S
A _ Aav | = — (o ab |Genera| V| fiEl] Conditional Formatting v &H Insert v >, v 2? v LI [
D |AI’IE| VH'IG V| A A — = |E‘ ’b/-‘\" ce (1] 1
@ v — v % 9 [GF Table v B Delete v v O

[2) o (o) 77 Format as Table elete .

Paste B I U -~ v <o ﬁ v — = = €= 3= v — Add-ins  Analyze
v 59 =8 7 Cell Styles v fiet] Format v &~ Data
Clipboard = Font = Alignment S Number EY Styles Cells Editing Sensitivity Add-ins e
N117 v ol Jx 2
A B C D E F G H J K
114 4. Natural Gas to Compressed Natural Gas (CNG), Liquefied Natural Gas (LNG) and Liquefied Petroleum Gas (LPG)
115 4.1) Simulation Ogtipng for NG-Based Euel h 5 g —
Matural Gas I MNG-based Liguified Liguefied Natural Gas as a
116 Compressed Natural Gas Petroluem Gas (NGL) Transportation Fuel|Mote: Feedstock Sources:
117 Feedstock Source 1 1 1 1 — Morth American NG, 4 - Renewable natural gas
118 RESUIE | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
119 4.2) Share of Conventional and Shale Gas for North America NG Supply
120 Back to Top Conventional Gas 25%
121 Shale Gas 75%
122
124 1 1 —- Bottom-Up/Top-Down H;brid; 2 — EPA; 3 — User defined 1
[ ] [____] [ ] [ | L] [ ] [____] [ ] [ ] [____] [ | L] [ ] [____] [ ] [____] [ ] [ | L]
: Used in calculation: BU/TD Hybrid BU/TD Hybrid
125 Unit
126 Conventional NG Shale gas Conventional NG Shale gas Convel
127 Recovery - CH4 LleakageandVenting vol. % of CH4 over NGthroug| 051% 051%| ] 051% ] 051%|
128 Recovery - Completion CH4 Venting|vol. % of CH4 over NG throug 0.00%" 0.01% 0.00%" 0.01%
128 Recovery - Workover CH4 Venting|vol. % of CH4 over NG throug 0.00%" 0.00% 0.00%" (0.00%
130 Recovery - Liguid Unloading CH4 Venting|vol. % of CH4 over NG throug 0.02%" 0.02% 0.02%" 0.02%
131 Well Equipment - CH4 Venting and Leakage|vol. % of CH4 over NG throug 0.33%" 0.33% 0.33%" 0.33%
132 (Gathering and Boosting - CH4 Venting and Leakage vol. % of CH4 over NG throug 0.15%" 0.15% 0.15%" 0.15%
133 Processing - CH4 Venting and L eakage vol % of CH4 over NG throug 0.03% 0.03% 0.03% 0.03%
134 Transmission and Storage - CH4 Venting and Leakage vol % of CH4 over NG throug 0.31% 0.31% 0.31% 0.31%
135 Distribution - CH4 Venting and Leakage vol. % of CH4 over NG throug 0.09% 0.09% 0.09% 0.09%
136 Total vol. % of CH4 over NG throug 0.94% 0.94% 0.94% 0.94%
137 4.4) Flaring energy and CO2 emission rate for recovery and processing in conventional NG and shale gas pathways
138 Used in calculation: EPA BUITD Hybrid
139 Unit Conventional NG Shale gas Conventional NG Shale gas Convel
140 Recovery - Flaring Btu NG/mmBtu NG 1,879 1,878 1,879 1,878
141 Recovery - Venting g CO2/mmBtu NG 115 115 115 115
142 Processing - Flaring Btu NG/mmBtu NG 3,083 3.083 3,083 3,083
143 Processing - Venting g CO2/mmBtu NG 463 463 463 463
144
145 4.5) Share of Petroleum and NG for Production of Liquefied Petroleum Gas (LPG)
> Overview  Inputs Results  Petroleum Co_processing NG MeOH FTD  EtOH  Electric Generation_mixes Bio *+ + : <«4=m >
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T [ Jo A A =E==%. @B B ov = 22 0 @]
3~ - v % 9 BZF Table v 2% Del v v v
s I L 0 77 Format as Table elete F
Paste B I U+ ¢ & ﬁ - = = = &= 5= y . Add-ins  Analyze
MRS 4 <8 =3 7 Cell Styles v fiet] Format v &~ Data
Clipboard = Font = Alignment K Number Y Styles Cells Editing Sensitivity Add-ins e
N15 v o3 Jx A
A B C D E F G H J K

1

2 Petroleum Ethanol Electric Vehicles Car_TSTab LDV1_TS Tab LDVZ_TS Tab

3 Home Results WTP

- Matural Gas Hydragen Bio Qil Pyrolysis Vehicles Tab HDV_TS Tab HDV_WTW Tab

5 Fuel Economy

s Scenario Control Variables and Inp ptions

7 1. Key Options for Simulation Link with GREET2

8 1.1) Target Year for Simulatio _ _ Reactivate GREET? Links

9 Restore Time Series

10 Table Value _ .

11 1.2) Point-Estimation or Probability n Option Deactivate GREET2 Links

12 Load Stochastic Toolkit . To load the stochastic toolkit

13 Load Stochastic Toolkit Unload Stochastic Toolkit ... To unload the stochastic toolkit

14

. - . .

15|2. Vehicle Types for Simulation

16 1 1 - Passenger Cars; 2 -- Light-Duty Trucks 1 (LDT1) (Sports utility vehicles [SUV]); 3 - Light-Duty Trucks 2 (LDT2) (Pickup Truck [PUT])

17

1g 3. Petroleum-Based Fuels

19 3.1) Petroleum Recovery Options

20 Petroleum 3.1.a) Share of crude oil sources

21 Worksheet 1 Basis of share of crude oil sources: 1 — EIA projection, 2 — User defined

22 U.5. Domestic Canada (Qil Sands) Canada (Conv. Crude) Mexico Middle East Lati
23 EIA projection 80.8% 6.6% 5.0% 1.9% 2.3%

24 Results User defined 0.0% 100.0% 0.0% 0.0% 2.3%

25 Used in calculation 80 8% 6 6% 5.0% 1.9% 2. 3%

26 API gravity 34.0 181 265 265 3.8

27 | BacktoTop S Content (wt %) 1.4 2.9 1.9 2.2 2.3

28 Average transportation distances (mi) See T&D Flowcharts tab 1,708 1,708 797 14,596

29

30 U.5. Domestic crude Shale Qil (Bakken) Shale Qil (Eagle Ford) Rest of U.5. domestic crude

31 API gravity 42 48 320

32 Vol. Share (%) 8.7% 8.0% 83.3%

33
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Plant Design Type When
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Plant Design Type When  Plant Design ‘
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1] 0
0
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Mote: Feedstock Sources:

1 — Morth American NG
2 -- Non-Morth American NG

3 -- Non-Marth American flared gas

4 -- Renewable NG
5 -- Biomass

6 -- Coal via gasification {only for MeQH, DME, and FTD)
7 -- Coal/Biomass (only for FTD)
8 — NG/Biomass (only for FTD)

8 — Black Liguor (only for MeQOH and DME)

10 — Methanol (only for DME)

Mote: Plant Design Types:
0 - No co-products
1 — Steam co-production
2 — Electricity co-production

11 -- 002 (e-fuel
IT.zl'EF.arﬁf Petroleum and NG for Production of F | Naphtha
NG Petroleum
Naphtha 100.0% 0.0%

5.3) Share of Willow, Poplar, Switchgras, Miscanthus, Corn Stover, Forest Residue out of Total Biomass for Methanol, Dimethyl Ether, and Fischer-Tropsch Diesel Production

Willow FPoplar Switchgrass Miscanthus Corn Stover Fores

Methanol 0.0% 0.0% 0.0% 0.0% 0.0%

Dimetyl Ether 0.0% 0.0% 0.0% 0.0% 0.0%

Fischer-Tropsch Diesel 0.0% 0.0% 0.0% 0.0% 0.0%

Marine Fischer-Tropsch Diesel 0.0% 0.0% 0.0% 0.0% 0.0%

5.4) co2 Sequestration Options for MeOH, DME and FTD Plants

[ Crrdetmnle] T | I T——— ol [ F S ——— M Direen
Petroleum 0 _processing N MeOH FTD OH ' eneration mixe Blg € Ity o 4+ I 4@ >

Inputs Racyltie

Argonne &

NATIONAL LABORATORY

UE Copsrari o

EN=RGY



Further Explore Renewable Natural Gas
Scenarios



Renewable natural gas fuels tabs

Primary Inputs -‘_.
aste Results h A
RNG Fuel_Prod_TS /%
Some Secondary Fuel_S.p.ecs =4
NG Electrl_c_:lty
BioOil Car.— >
MeOH_FTD vehicles
FtOH EF
Co-processing &b |
OilGasCoallnfra T&D Flowcharts o
5 o

e, U.S. DEPARTMENT OF

7 0
5| B
2) 5
) o
2 %
5 4

&" | GREAT PLAINS
INSTITUTE




Fle Home |Insert Draw Pagelayout Formulas Data Review View Automate Help IH Comments | [JEiIEIERS
A w — — [ ~ iti I v & v w A w
E["j A |Aria| "H"E V| A A = — |E‘ $r EE’ |General | it Conditional Formatting <H Insert > >Y EE ,_
o - T W D W W L W W
Paste 1 (B I v | D v e AL = = = &= 5= y $ %0 9 HiFormatasTable 22 Delate A Add-ins - Analyze
A — N T - N <0 -0 [i7 Cell Styles v fi] Format v &~ Data
Clipboard N Font I~ Alignment ¥ Number EY Styles Cells Editing Sensitivity Add-ins ~
Al v Jx Business-As-Usual Waste Management Modeling N
| A B C D E F G H a
1 Business-As-Usual Waste Management Modeling .
3 Quick Access for Waste Stream Modeling
4 F | | | | | | | | | | | | | | | | | | | | | | | | | | | |
: | Landfill Gas —— I
7 55+ & | Animal Waste I
820 Inputs Results 0
EEEE Bl Note: this tab addresses
9 885, | Wastewater Sludge
N Inputs Results
05227 I :
mgesg b the counterfactual issues
12 2= 2 5 cy Municipal Solid Waste (MSW) |
13 % = 3 P %I Select Modeling Approach Modeling Approach .
- C
wESg5g Ml related to the major waste
19| 5 ? Efa © ?u - pproac Waste Waste Management Management I
L E e (ﬂl - Primarily EPA WARM Approach Composition Properties Practices Scenarios
Wootie I streams
Z L 3 -g =
19 X552 IPCC Approach rrue
20 8523 2] I
21| 3 % G2 Results Results
2 8823 | |
P B
23 £ 88 Intermediate Results Landfillin Incineration
W () = < I B
24 | o (;l = % - Component-level results with the default approach U.5. Average —
gg E g g § I Composting Anaerobic Digestion I
27 1) Scenario Control and Key Input Parameters
28 ® B 1.1) Key Assumptions regarding animal waste management
29 g 3 Source of Assumptions: Us.
30 R I —— v
< > BioOll Algae Macroalgae Waste | pRNG Pyrolysis_IDL IBR E fuel Fuel Prod TS EF TS AgMining_EF_TS [ e + 4 &b 4
g g _— yroly g g

-
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Al

-

— .\ . A
f‘[i] A Avial 2z oA = = (=% ab, General v| [ conditional Formatting v &H Insert v P T EE ,_3
v — - v 9 Format as Table ¥ X Delete ~ v v .
Paste LB B|I U~ Ev & A = = = &= 3= . b~ %5 & = Add-ins - Analyze
v — B o - S 0 =8 7 Cell Styles ~ b Format v &~ Data
Clipboard M= Font Alignment M= Number E] Styles Cells Editing Sensitivity Add-ins
Voo fx Renewable Natural Gases Based Fuel
A B C D E F G H J K L
1 Renewable Natural Gases Based Fuel ( )
2 1) Scenario Control and Key Input Parameters Home Inputs Results
3 | | || | | | | [ | || | | || | | | | L] L T L || | | | || | |
4 I 1.1) Share of Fuels from Each Waste I
I NG as Intermediate
5 Fuel MeOH CNG NG| |
6 I Landfill Gas 100% 100% 100% 100% I
T Bio-gas from AD of Animal Waste 0% 0% 0% 0%
8 I Bio-gas from AD of Wastewater Sludge 0% 0% 0% 0% I
9 Bio-gas from AD of MSW 0% 0% 0% 0%
11 1.2) Assumptions Regarding NG Processing
12 LFG-based Manure-based WWTP-based MSW-based
13 Micro Turbine Micro Turbine Micro Turbine Micro Turbine Engine Micro Turbine MCFC PAFC
14 CHP Generator Electrical Efficiency 33% 33% 33% 33% 30% 32.9% 48% 35%
15 Heat Recovery Efficiency from CHP generator 70% 70% 70% 70% 70% 70% 50% 50%
16 Boiler Efficiency 80%
17 MG Processing Efficiency (powered by Electricity) 94 4%
18 MG Processing CH4 Leakage 2%
19 MG Small Scale Liquefaction Efficiency (powered by Rl 89.0%
20
21 CNG Refueling Options 1 1 — On-5ite, 2 — Off-Site
22 Allocation Handling Method 2 1 — Displacement, 2— Energy Allocation
23
24 Biogenic CO2 emission credits -59,413 (gCO2e/mmBtu biogas combustion)
25
20 g 1.3) Assumptions for Anaerobic Digestion of Animal Waste
27| @ Source of Assumptions: Us. - If U.5. is selected (default), the assumptions for the U.5. reference system are shown while those for the IPCC and the User-defined are hidden. Othe
28| & Us. P = =
< > BioOll Algae Macroalgae Waste I RNG | Pyrolysis_IDL IBR E fuel Fuel Prod TS EF TS AgMining_EF_TS [ + : 4@
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L1 AV - L = R"AwL™ - W | = Ll L i '} Vv W W L L) - -

- L =1 1En =

f'[i] X |Aria| VH12 v| A = _ |E‘ . EE: |Genera| V| il Conditional Formatting v &H Insert v > v 2? v EE ,_'g
v o « O v v mE v
paste L2 MBI U+ B+« v A = === 3= . 3% 9 [HifomatasTable 25 Delete - Add-ins = Analyze
v — B T - B <9 -0 7 Cell Styles v @ Format v &~ Data
Clipboard = Font = Alignment = Number | Styles Cells Editing Sensitivity Add-ins ~
Al Voo fx Renewable Natural Gases Based Fuel N
A B D E F G H J K L &
1 Renewable Natural Gases Based Fuel ( )
26 g 1.3) Assumptions for Anaerobic Digestion of Animal Waste n
27| Source of Assumptions: u.s. - I U.5. is selected (default), the assumptions for the U.S. reference system are shown while those for the IPCC and the User-defined are hidden. Oth
28 | & US: o o o o o o e e e e e e e e e e e e e e e e e e e e e e e
20| 5 Beef Dairy Cow Dairy Heifer Swine Layer Broiler and Turkey
30 %]:s: Share of Livestocks 0.0% 100 0% 0.0% 0.0% 0.0% 0.0% |
34| 2 Ao S SE S R B R E s -_-—m-—-—m-————m—mam s s e e e e e e -
35| o Moisture Content of Animal Waste 88%
36| " Wet Animal Waste Input (ton/mmBtu) 1.59 Electricity for Biogas Processing
37 E Transportation Vehicles 1 1-—-Heavy Heavy-Duty Truck, 2—-Medium Heavy-Duty Truck 82 Biu elec/lb TS
38| w
39 % AD Type Mixed Plug Flow 99.0% | 1st Clean Up * - =
40| = 0.128 Ib CH4/Ib TS -~
41 E Animal waste inputs (Ib TS)|Anaerobic digestion 2,758 Btw/b TS5 ~
42 2 —> 0471 b C/b TS » Biogas Produced
43| 3 0.041 Ib N/Ib TS 0.097 Ib C/b TS 0.0% | Boiler
44 E 0.130 Ib CH4/lb TS <~ > 0 b CH4/Ib TS
45| @ 2786 Btu/lb TS ™ - 0 Btu thermal/lb TS
46| @ AN
47 % Use RNG for on-site heat and power generation? 2 1. Yes; 2. No. ~ ~al Leakage
48| 5 Biogenic CO2 in Biogas 1.0% 0.001 Ib CH4/Ib TS
49 | 3 Heat Load Share by CHP 100% 0097 Ib C/b TS
50 © Min 0% 0.356 Ib CO2/Ib TS 0.0% | CH4 Emissions
o1 ‘g Max 100% ’ ~ 0.0001 b C/b TS
22| L User Input 100% »7 0.0001 b CH4/Ib TS
53 ‘g Biogas Share to CHP 0% AD Residue Applied to Soil P
94| 2 Min' 40% 0.649 Ib residue/lb TS g 62.0% | Converted into CO2
55| © Self-sustaining Min' 40% 0277 Ib C/b TS 4"_ _——— == 01716 b C/b TS
3L Max 99% 0.041 Ib N/lb TS T~o - 0.6291 Ib CO2/Ib TS v
E7 | = [ P (Sp—— AL | -~
< > *+  BioOQil Algae Macroalgae Waste RNG Pyrolysis_IDL IBR E_fuel Fuel Prod TS EF_TS AgMining_EF_TS [+ + :: 4@ >
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L =FI1dl =

) A v — — General v Conditional Formatting v <H Insert v > v AT ~ H{E I
T4 e 2 oA === | E g z 05 @
v — - v 9 Format as Table ~ X Delete ~ v v .
Paste [B | B | T . | M o = = = = 5= $ o 9 @ X /O Add-ins  Analyze
o — N T - S 0 .00 [i7 Cell Styles v @ Format v &~ Data
Clipboard N Font I~ Alignment Y Number EY Styles Cells Editing Sensitivity Add-ins A
Voo Jx Renewable Natural Gases Based Fuel v
A B C D E F G H J K L Fy
1 |Reniewable Natural Gases Based Fuel ( )
268 3) Summary of Ene n jo s path s RNG ocess fuel or feedst
Landfill Gas to Animal Waste to Animal Waste to I

I Landfill Gas to NG Landfill Gas to CNG (Off-site Landfill Gas to CNG Landfill Gas to NG as Animal Waste to CNG (Off-site A'
269 I as Intermediate Fuel MeOH Refueling) (On-site Refueling) LNG| Intermediate Fuel MeOH Refueling)
270 Total Total Total Total Total Total Total Total I
271 I Loss factor 1.000 1.000 1.000 1.000 1.006 1.000 1.000 1.000
272 Total energy -899,732 -650,031 -853,397 -867,940 -814 205 528,277 179,482 574,913 I
273 I Fossil fuels 94 237 292 426 131,187 119,148 167,861 472,292 670,879 509,322
274 Coal 37,312 111,531 51,071 47 175 63,318 80,245 154,509 94013 |
275 I Matural gas 55,761 167,688 78,523 70,501 95,819 383,340 495,612 406,171
276 Petroleum 1,164 13,207 1,594 1.471 7.724 8,707 20,758 9,138 [
277 I Water consumption 10.132 30.482 13.875 12 810 17.313 22 674 43.037 26 419 I '
278 I VOC -23.275 -8.287 -22 674 -23.046 -22 641 5172 20.189 5778
279 CO -39.223 -31.680 -36.628 -38.409 -36.440 21.985 29.592 24 592 I
280 I MOx -11.080 2676 -7.341 -9.640 -4.094 31.972 45774 35.720
261 PM10 -4.353 -2.696 -4 061 -4.145 -3.767 2.662 4 327 2.956 I
282 I PM2.5 -4 697 -3.750 -4 530 -4 579 -4.359 1.889 2.843 2.057
283 S0x 4 286 13.396 5.990 5.491 7.878 12.526 21.645 14.232 I
284 I BC -4.861 -4 811 -4 853 -4 855 -4.867 0.208 0.263 0.217
285 ocC -0.133 0.147 -0.086 -0.100 -0.017 0.662 0.943 0.710 I
286 I CH4 404 830 436.146"7 416.575 408.802 445 231 -8,114 -8,001 -8,104
287 N20 -0.979 -0.685 -0.825 -0.942 -0.874 -7.100 -6.812 -6.947 I
288 I co2 7,377 22,422 10,137 9,266 12,954 58,434 73,581 61,206 I
289 I CO2 (w/ CinvVOC & CO) 7,243 22,306 10,009 9,134 12,826 58,485 73,691 61,262
290 GHGs 17,967 33,963 21,113 19,987 24 704 162,716 -169,293 -159.609 }
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Ethanol Scenarios
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Ethanol

* Added to gasoline to promote * Used for biofuel purposes
gasoline burning cleanly * When the additive accounts for

* When the additive accounts for more than 12%
less than 12% of the fuel * Burned in a flex fuel vehicle (FFV)

* Burned in low-level ethanol or a dedicated ethanol vehicle
“blend” vehicles: SI-ICE and SIDI- * Anincreasing octane number of
ICE vehicles the fuel produces better knock

resistance and may allow for
better engine efficiency
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100% Ethanol

Model a Dedicated Ethanol (EtOH) Spark-Ignition
Internal Combustion Engine (SI-ICE) Light-Duty Car
Fueled by 100% Ethanol
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f).(: Z @ {@ {'? [A [@ E @ &) Define Name ~ El?;] Trace Precedents Vf\ Show Formulas j@ I:'

L L i £

. . . {7} Use in Formula v L‘{,a Trace Dependents A, Error Checking .
Insert AutoSum Recently Financial Logical Text Date & Lookup & Math & More Name ™M Watch Calculation
Function v Used v v v v Time ™ Reference¥ Trigv Functionsv  Manager B Create from Selection F;{ Remove Arrows Evaluate Formula Window  Options ¥
Function Library Defined Names Formula Auditing Calculation A
NavinputsZoomVehicles v Jx 12. Vehicle Operations ~
_ A B C D E F G H J K a
g60 12. Vehicle Operations
861 12.1) Share of Alternative Fuel in Conventional fuel and Alternative Fuel Blend: Volumetric Percentace
862 BSl (Boosted Spark Ignition) or MM (Multi-mode) fuel blend level selection
863 Isobutanol 2 2—-20%, 3-30%
864 ARHC 2 2--20%, 3-30%
865 MeOH 2 2—-20%, 3-30%
866
867 Vehicles Methanol in FFV fuel 85.0“;-;
868 Worksheet Methanol in dedicated vehicle fuel 90.0%
869 Ethanol in low-level blend of gasoline and ethanol 10.0% 2.0%| Share of gasoline by volume added in EtOH as denaturant
870 panglio = i 2.0%| Share of gasoline by volume added in EtOH as denaturant
g7 Results 2.0%| Share of gasoline by volume added in EtOH as denaturant
872 Sutanol In FEv Tue
873 Back to T FT diesel in CIDI fuel I
g74| | _22¢% 10 o Biodiesel in CIDI fuel 20.0%)
875 Renewable diesel in CIDI fuel 100.0% 0
a76 Renewable gasoline in Sl fuel 00.0% Ty p e 1 00 /0
By Ethanol in EtOH-diesel 10.0%]
878 Additives in EtOH-diesel 1.0%
879 Isobutanaol in BSI (gasoline) fuel 20.0%
880 ARHC (Aromatics-rich hydrocarbon fuel) in BSI (gasoline) fuel 20.0%
881 Methanal in MM (gasaline) fuel 20.0%
g82 Isoalkane in MCCI fuel 20.0%
883 FAE (Fatty alkyl ether) in MCCI fuel 20.0%
884 FAFE (Fatty acid fusel esters) in MCCI fuel 20.0%
885 Renewable diesel in MCCI fuel 10.0%
83 12.2) Type of Gasoline or Diesel for Alternative Fuel Blends
88 Share of Gasoline out of Gasoline and Blendstuc/g
686 Gasoline for methanol blend 0.0%
889 Gasoline for low-level ethanol blend 0.0%)
890 Gasoline for high-level ethanol blend 0.0%)
891 Gasoline for butanol blend 0.0%
892 Gasoline for renewable gasoline blend 0.0%
893 Gasoline for Isobutanol blend 0.0%
894 = s Gasoline for ARHC blend 0.0% v
< > e | Inputs I Results Petroleum Co_processing NG MeOH_FTD EtOH Electric Generation_mixes Bio_electricity o : 4@ 4

w [T —1 -
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Default Agricultural Feedstock
in Ethanol as a Blend



P . . A
f‘{i] A Avial J2 A A = == ab, General v| &l Conditional Formatting v H Insert v 2. v 5V~ %E ,_'g
m- — - $ v~ % 9 B, Format as Table v 2% Delete v v DOw .
Paste | B | I U~v #iv v A = = = €= 3= v — Add-ins  Analyze
v o 50 =0 [57i Cell Styles v fiet] Format v &~ Data
Clipboard E¥ Font EY Alignment EY Number M~ Styles Cells Editing Sensitivity Add-ins ~
Al Voo ﬁc Corn, Cellulosic Biomass, and Sugarcane to Ethanol; Corn to Butanol and Acetone 7~
A B C D E F G H J A
1 Corn, Cellulosic Biomass, and Sugarcane to Ethanol; Corn to Butanol and Acetone p n .
i Home Inputs [ Results J
4 1) Scenario Control and Key Input Parameters
] | | || |
5 I Comn Willow Poplar Switchgrass Miscanthus Corn Stover Forest Residue Sorghum
6 Shares of Feedstocks for Ethanol for General Purpose 100.0% I 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
7 | |Shares of Feedstocks for Gasoline Blended Ethanol ™ = = T 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
8
9 1.1) Feedstock Farming
10 N content of above and below ground biomass: grams/bushel for corn, grams/ton for cellulosic biomass, and grams/tonne for sugarcane
11 Corn Farming Switchgrass Miscanthus Corn Stover Grain Sorghum Sweet Sorghum Forage Sorghum
12 141.6 486.9 584.2 0.0 149.0 0 0
13 N20 Emissions: N in N20 as % of N in N fertilizer and biomass
B
14 Corn Farming Switchgrass Miscanthus Corn Stover Sorghum Sugarcane N fertilizer in the US
15 1.264% 1.264% 1.264% 1.264% 1.264% 1.264% 1.374%
16
17 N20 Emissions Management Practices (only for corn) BAU BAU Business-As-Usual scenario in which an empirical EF is applied
18 4R Right time, Right place, Right form, and Right rate nitrogen management scheme in which a nitrogen balance approach is used fo estima
19 EEF Use of enhanced efficiency nitrogen fertilizer that reduces direct N20 emission from synthetic fertilizer by 30%
20 Corn and Corn Stover Farming Assumptions
21 Allocation of corn farming energy between corn grain and corn stover 1 1. Attributional 2. Energy allocatin 3. Mass allocation 4. Market-value allocation
22
Market-value
23 Biomass Yield Energy allocation Mass Allocation allocation
24 Corn grain 176.7 bu/acre T8% 80% 90%
25 Corn stover 1.27 dry ton/acre 22% 20% 10% v
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Well-to-Wheel (WTW) GHG Emissions



= - = = L VY L] =L L) LIl o L/ ldg CVIEVY VIV =19 e cdlc = |
. A av — — General v Conditional Formatting v &4 Insert v v by~
T4 Jio A A === B E ov IR
E@ S - $ ~ 9% 9 ﬁft'j Format as Table v Tx Delete v v ,O v
Paste B I U+ .+ dGvAw S === B i _
o < -9 [i7 Cell Styles v fit] Format v &~
Clipboard = Font = Alignment = Number | Styles Cells Editing
U375 v i fx
A B [ D E F G H J K L
1 Home WTW Results Menu ‘! a vehicle type from a pink drop down menu, then press "Go"
2 ‘SI_LQE Yehicles e o e T GO Sl Hybrid Vehicles (HEV) o Sl Plug-in Hybrids (PHEV) c
3 Inputs Sl - Dedi. EtOH Vehicle ] Select Fuels Select Fuels ° 'R
4 "SIDITCE VEhicleg = = o CIDI Hybrid Vehicles (HEV) o CIDI Plug-in Hybrids (PHEV) 6o
5 Back to Top Select Fuels Select Fuels -
B CIDI ICE Vehicles BEV and FCV GCI ICE Vehicles
7 ST e Select Fuels Go Select Fuels S | Select Fuels Go
8 WTW Changes Unit Selection Select units from a pink drop down menu for the Results
9 Per Vehicle Distance Travelled Per Energy in Fuels
10 Energy Unit: |Biu Emission Unit: '@ Energy Unit: |Biu Emission Un l.g - -

Service Functional Unit: ' mile Energy Functional Unit” MJ

11 | | | | | |
nl L | L]

375 Dedi. EtOH Vehicle: E100, Cor

AT ™ ™ Blu/mile or Gallon/mile or g/mile Btu/MJ or Gallon/MJ or g/MJ

Vehicle Vehicle
375]ltem Feedstock Fuel Operation Total Feedstock Fuel Operation Total
376 Total Energy -1,478.004 4,902.004 , e L
377 Fossil Fuels 417 1,721 -~ -
378 Coal 9 148 WTW G H G
379 Natural Gas 265 1,918 emISSIons
380 Petroleum 143 55
381 Water Consumption 14 0.2 °
o 237 ¢ CO,e/mile or 56 g CO,e/MJ
383 0.071 0.315
384N 0.147 0.003 0004y - w5 0.035 0.001 0007 me w038
385/ GH -186 121 3:)2" 236.75 -44 29 71 56
386|VO 0.020 0.219 0.206 ™ ™= (™45 0.005 0.052 0.049™= == {705
387|CO: 0.079 0.090 2 741 2.910 0.019 0.021 0.648 0.688
388 NOx: 0.208 0.138 0.082 0.429 0.049 0.033 0.019 0.101
389 PM10: Total 0.011 0.051 0.035 0.097 0.003 0.012 0.008 0.023
390 PM2.5: Total = =000 | 0.014 0.007 0.030 0.002 0.003 0.002 0.007
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Performance-enhancing Fuels
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Dedicated ethanol vehicle

fueled by 100% ethanol




ES80inan FFV

Model a Flex Fuel Spark-Ignition Internal
Combustion Engine Vehicle (SI-ICE FFV) Light-Duty
Car Fueled by E80

GREAT PLAINS 1 ’
‘ ‘ INSTITUTE Argonneo ENﬁGY



f).(: Z @ {@ {'? [A [@ g @ @ Define Name ~ El?;] Trace Precedents Vf\ Show Formulas j@ I:'

R r r {7} Use in Formula v L‘{,a Trace Dependents A Error Checking ~ .
Insert AutoSum Recently Financial Logical Text Date & Lookup & Math & More Name ™M < Watch Calculation i
1 w L W W H w W Tolh 4 1 ¥ . 1 1 W &
Function v Used Time v Reference ¥  Trig Functions Manager B Create from Selection E’< Remove Arrows Evaluate Formula Window  Options
Function Library Defined Names Formula Auditing Calculation A
NavinputsZoomVehicles - Jx 12. Vehicle Operations ~
| A B C D E F G H J K _ a
g60 12. Vehicle Operations
861 12.1) Share of Alternative Fuel in Conventional fuel and Alternative Fuel Blend: Volumetric Percentace
862 BSl (Boosted Spark Ignition) or MM (Multi-mode) fuel blend level selection
863 Isobutanol 2 2—-20%, 3-30%
864 ARHC 2 2--20%, 3-30%
865 MeOH 2 2—-20%, 3-30%
866
867 Vehicles Methanol in FFV fuel
868 Worksheet Methanol in dedicated vehicle fuel
869 Ethanol in low-level blend of gasgline aod stbhanal i Share of gasoline by volume added in EtOH as denaturant
870 Ethanol in FFV fuel | s’ 0asoline by volume added in EtOH as denaturant
871 Results Ethanol in dedicated vehicle Tue 5o U0 asoline by volume added in EtOH as denaturant
872 Butanol in FFV fuel 100.0% T 800/
873 Back to T FT diesel in CIDI fuel 100.0%) ype O
g74| | _22¢% 10 o Biodiesel in CIDI fuel 20.0%)
875 Renewable diesel in CIDI fuel 00.0%
a76 Renewable gasoline in Sl fuel 100.0%
By Ethanol in EtOH-diesel 10.0%]
878 Additives in EtOH-diesel 1.0% .
879 Isobutanaol in BSI (gasoline) fuel 20.0%
880 ARHC (Aromatics-rich hydrocarbon fuel) in BSI (gasoline) fuel 20.0%
881 Methanal in MM (gasaline) fuel 20.0%
g82 Isoalkane in MCCI fuel 20.0%
883 FAE (Fatty alkyl ether) in MCCI fuel 20.0% - M
684 FAFE (Fatty acid fusel esters) in MCCI fuel 20.0% Ote ° I We We re u S I n g We
885 Renewable diesel in MCCI fuel 10.0% )
% 12.2) Type of Gasoline or Diesel for Alternative Fuel Blends . .
Share of Gasoline out of Gasoline and Blendstuc/g
: could model this in a low-level
Gasoline for low-level ethanol blend 0.0%)
Gasoline for high-level ethanol blend 0.0%) .
Gasoline for butanol blend 0.0%
(Gasoline for renewable gasoline blend 0.0% b [e n d et h a n O l Ve h I C le
893 Gasoline for Isobutanol blend 0.0%
894 = s Gasoline for ARHC blend 0.0% v
< > e | Inputs I Results Petroleum Co_processing NG MeOH_FTD EtOH Electric Generation_mixes Bio_electricity “S o : 4@ 4
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Well-to-Wheel (WTW) GHG Emissions



&

[] |Arial “l[io AT AT = =|
Paste EB ” = -
Py B U-HEHyOYL- =Z
Clipboard = Font N
Results_EnergyFunctionalUnit Voo Jx M)
A B C e D
; Home ‘UT'II'W \F{les_l.lllts Menu
* Ty
3 Inputs Sl - EtOH FRV i
y L=iDMCE Venices — — o
5 Back to Top Select Fuels
6 CIDI ICE Vehicles
7 WTP Results Select Fuels Go
8 WTW Changes Unit Selection
9 Per Vehicle Distance Travelled
10 Energy Unit: |Biu Emission Unit: |g

nl

+

I
4

Alignment

E

Service Functional Unit: mile

L L -

v |

EEJ |Genera|
— $ % 9
= w
b Y
N Number
F G

~

t a vehicle type from a pink drop down menu, then press "Go"

Ll =11l =

S| Hybrid Vehicles (HEV)
Select Fuels

CIDI Hybrid Vehicles (HEV)
Select Fuels

BEV and FCV
Select Fuels

Select units from a pink drop down menu for the Results
Per Energy in Fuels
Energy Unit: | Biu

[l Conditional Formatting v H Insert ~ > v 2? v o .\
% Format as Table v T Delete v v ,O v Add-ins  Analyze
[ Cell Styles v @ Format v &~ Data
Styles Cells Editing Add-ins A
H J K L M M 0
Go S| Plug-in Hybrids (PHEV) G Performance-enhancing Fuels
Select Fuels ° ] Selct Fuels
Go CIDI Plug-in Hybrids (PHEV) Go
GCI ICE Vehicles
80 ] Select Fuels Go

Emission Unit;

|| | I
Energy Functional Unit:lMJ .|'

3’1j£tOH FFV: E80, Corn I
31

315 ltem

Btu/MJ or Gallon/MJ or g/MJ

318 Coal

323 | CH4
324 |N20
325|GHGs

e — Btu/mile or Gallon/mile or g/mile
Feedstock Fuel
316 Total Energy -1,086 4014
317 |Fossil Fuels 383 1,937
12 121
319 Natural Gas 249 1,300
320 Petroleum 122 117
321 Water Consumption 1.1 0.2
322 C0O2 (w/ C in VOC & CQO) -172 101
0.148 0.287
0.115 0.003
a -137 110
326 VOC: Total 0.019 0.198
0.069 0.079
0.174 0.121
0.009 0.042
\ 0.008 0.012
331 50x: Tola 0.036 0.036
332 BC Total 0.001 0.001

333|0C Total
» Overview
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0.004y i 0.025 0.001
32 zgus] -30 24
0206 = 0223 0.004 0.044
2 741 2 889 0.015 0.017
0.082 0377 0.038 0.027
0.035 0.085 0.002 0.009
0.007 0.027 0.002 0.003
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Select a vehicle type from a pink drop down menu, then press "Go"
Go Sl Hybrid Vehicles (HEV) Sl Plug-in Hybrids (PHEV)
D E F G K Select Fuels Select Fuels

Select a vehicle type from a pink drop down menu, then press "Go" G CIDI Hybrid Vehicles (HEV) CIDI Plug-in Hybrids (PHEV)
Go S| Hybrid Vehicles (HEV) S| Plug-in Hybrids (PHEV) Go 0 Select Fuels

Select Fuels Select Fuels BEV and FCV GCI ICE Vehicles

CIDI Hybrid Vehicles (HEV) CIDI Plug-in Hybrids (PHEV) o £2 Select Fuels Select Fuels

Select Fuels Select units from a pink drop down menu for the Results

Go BEV and FCV GCI ICE Vehicles Go e Travelled Per Energy in Fuels

_ _ Select Fuels Select Fuels Emission Unit: /g Energy Unit: Btu Emission Unit:
Select units from a pink drop down menu for the Results Service Functional Unit: mile Energy Functional Unit: [MJ | ~

Travelled Per Energy in Fuels
Emission Unit: g Energy Unit: Biu Emission Unit: [g Btu/MJ or Gallon/MJ

Service Functional Unit:  mile Energy Functional Unit: | MJ m WTW G H G WTW G H G

Btu/MJ or Gallon/ij : Fuel
€ or gi/rg u or Gallon/i 401 857

WTW GHG By WTW GHG i emissions ¢l emissions
IAG6 ¢ CO,e/M
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Biodiesel and Renewable Diesel Scenarios




Conventional Diesel

Model a Compression-Ignition Direct-Injection
Internal Combustion Engine (CIDI-ICE) Light-Duty
Car Fueled by Conventional Diesel
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CIDI-ICE vehicle

CIDI-ICE
Compression-ignition direct-injection
internal combustion engine

1. Airis fed into the engine’s intake

2. The compression of the air
produces heat

3. This heat burns the fuel
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Well-to-Wheel (WTW) GHG Emissions
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@ Define Name ~

G Use in Formula v

E]y_-] Trace Precedents

q‘a Trace Dependents

F;{ Remove Arrows + Evaluate Formula

%{; Show Formulas

A, Error Checking

Formula Auditing

J K L
Sl Plug-in Hybrids (PHEV) G
Select Fuels 0
CIDI Plug-in Hybrids (PHEV) Go
GCI ICE Vehicles
Go

Select Fuels

Emission Unit:l.g - s =
Energy Functional Unit ThMJ

CO,e/MJ

Total

Insert AutoSum Recently Financial Logical Text Date & Lookup & Math & More Name
Function v Used v hd v ¥ Timev Reference~ Trigv Functionsv = Manager B Create from Selection
Function Library Defined Names
Wa27 v oo fx
A B C D E F G H
1 Home WTW Results Menu Select a vehicle type from a pink drop down menu, then press "Go"
2 5l ICE Vehicles Go Sl Hybrid Vehicles (HEV) Go
3 Inputs Select Fuels Select Fuels
4 SIDI ICE Vehicles Go CIDI Hybrid Vehicles (HEV) Go
5 Back to Top Select Fuels o Select Fuels -
6 IQLICEMehiCleS o o e BEV and FCV
7 cU o Tf:lm - Diesel Go Select Fuels G0 ]
8 WTW Changes “UhitSeléction elect units from a pink drop down menu for the Results
9 Per Vehicle Distance Travelled Per Energy in Fuels
10 Energy Unit: |Biu Emission Unit: |g Energy Unit: |Biu
11 — e mmn mmm s s s Service Functional Unit: [mile
BEJCIDI Vehicle: Conventional and LS Diesel
02 Btu/mile or Gallon/mile or g/mile Btu/MJ or Gallon/MJ or g/MJ
Vehicle Vehicle
025/ ltem Feedstock Fuel Operation Total Feedstock Fuel Operation
BEBlTDtaI Energy 223 419
327 | Fossil Fuels 208 413 e e
20 i WTW GHG emissions
829 | Natural Gas 151 278
530 Petroleum 37 125 o
331 Water Consumption 0.1 0.0 34 l g CO / l 9 l g
832 CO2 (w/ C in VOC & CO) 18 27 2e m I e O r
833 CH4 e 0.325 0.065 o 1o : : -
334 N20 0.000 0.001 D.DD1|: — a8 0.000 0.000 0.000= === @uf)(i
835 GHG 28 29 284 341 7 8 ?3_
836 VO 0.013 0.013 0.148 — 5 0.004 0.004 0.04 —
837 CO\ 0.027 0.017 3.531 3.574 0.007 0.004 0.942
838 NOx: 0.040 0.025 0.097 0.162 0.011 0.007 0.026
339 PM10: Total 0.002 0.003 0.034 0.038 0.001 0.001 0.009
340 PM2.5: Total — — 0.002 0.002 0.007 0.011 0.000 0.001 0.002
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Soybean Biodiesel

Model a Compression-Ignition Direct-Injection
Internal Combustion Engine (CIDI-ICE) Light-Duty
Car Fueled by Biodiesel Produced by Soybeans
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Default Content (%) of Biodiesel
Used in CIDI Fuel
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Insert
Function

AutoSum Recently Financi
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NavinputsZoomVehicles

sd 12. Vehicle Operations

D

Text Date & Lookup & Math &
v Timev Referencev Trig v

al Logical

S

Functi

Function Library

Jx

12. Vehicle Operation

E

More

Name G Use in Formula v

Manager B7 Create from Selection

Defined Names

ons ¥

]

geT - Tfﬂ Share of Alternative Fuel in Conventional fuel and Alternative Fuel Blend: Volumetric Percentage

862 BSl (Boosted Spark Ignition) or MM (Multi-mode) fuel blend level selection
863 Isobutanol 2 2—-20%, 3-30%
864 ARHC 2 2--20%, 3--30%
BBS MeOH 2 2--20%, 3--30%
866
867 Vehicles Methanol in FFV fuel 85.0‘3-;
868 Worksheet Methanol in dedicated vehicle fuel 80.09
869 Ethanol in low-level blend of gasoline and ethanol 10.0% 2.0%
870 Ethanol in FFV fuel 85.09%) 2.0%
871 Results Ethanol in dedicated vehicle fuel 85.0% 2.0%
872 Butanol in FFV fuel 100.0%
873 Back to T T digee e el o e e e 1 025
g74 |_28¢kt0 OB Biodiesel in CIDI fuel 20 090
875 Renewane ditsel o) TR| === == == ==p0™™
a76 Renewable gasoline in Sl fuel 100.0%
8rr Ethanol in EtOH-diesel 10.0%)
878 Additives in EtOH-diesel 1.0%
879 Isobutanaol in BSI (gasoline) fuel 20.0%
880 ARHC (Aromatics-rich hydrocarbon fuel) in BSI (gasoline) fuel 20.0%
881 Methanal in MM (gasaline) fuel 20.0%
882 Isoalkane in MCCI fuel 20.0%
883 FAE (Fatty alkyl ether) in MCCI fuel 20.0%
884 FAFE (Fatty acid fusel esters) in MCCI fuel 20.0%
885 Renewable diesel in MCCI fuel 10.0%
836 12.2) Type of Gasoline or Diesel for Alternative Fuel Blends
887 Share of Gasoline out of Gasoline and Blendstuc/g
888 Gasoline for methanol blend 0.09
889 Gasoline for low-level ethanol blend 0.0%)
890 Gasoline for high-level ethanol blend 0.0%)
891 Gasoline for butanol blend 0.0%
892 Gasoline for renewable gasoline blend 0.0%
893 Gasoline for Isobutanaol blend 0.0%
894 R — zasoline for ARHC blend 0.0%
< > = | Inputs I Results  Petroleum Co_processing NG MeOH_FTD EtOH Electric
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Share of gasoline by volume added in EtOH as denaturant
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Default Agricultural Feedstock for
Biodiesel
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Insert AutoSum Recently Financial Logical Text Date & Lookup & Math & More
Function v Used v v v v Timev Referencev Trigv Functions v
Function Library
NavinputsZoomBioQil Voo Jx 9. Bio Oil-Based Fuel
A B C D E

-

547 9. Bio Oil-Based Fuel

@ Define Name ~

Name G Use in Formula v

Manager BZ Create from Selection

Defined Names

E]b Trace Precedents [7,(\ Show Formulas

D"E‘j Trace Dependents A Error Checking ~

F, Remove Arrows v Evaluate Formula

Formula Auditing

el el IR e

-GO
Watch
Window

 — |

Calculation
Options v

Calculation

648 o 9.1) Method for dealing with co-products of Bio Qil-based fuel (see co-prod
649 BioQil Renewable diesel 1 Renewable diesel 2 Renewable diesel 3 Renewable gasoline - -
650, Worksheet Feedstock for biooil-based fuels 1 6 1 Ij_1 Soybean, 2 Pa
651 -l
652 Method for dealing with co-products
653 Results Biodiesel Renewable diesel 1 Renewable diesel 2 Renewable gasoline |1- Process Level Allocation/Displacement
654 System level allocation for soy and jatropha based fuel 1 1 1 2- System Level Energy-Based Allocation
655 Process level allocation for all biooil-based fuels

Back to Top
656 Feedstock Soybean Palm Qil Canola Jatropha Camelina Tallow
657 il Extraction Process 4 4 2 4 4
658 Fuel Biodiesel Renewable diesel 2 Renewable diesel 3 Renewable gasoline
659 Fuel Production 3 2 2 N 2
660
661 9.2) Farming Energy Use, Fertilizer use, and N20 Emissions from Biomass

Palm Full Fruit Bunch (FFB)

662 Soybean (per bushel) {per wet ton) Canola (per wet tonne) Jatropha (per wet kg) Camelina (per wet kg) Carinata (p
663 Farming Energy Use: Btu 13,634 154 528 528 667 1,320 961
664 Fertilizer Use
665 Grams of Nitrogen 528 5,207 .4 51,648.0 34.0 37.0
666 Grams of P205 2079 3,565.6 15,919.0 13.0 15.0
667 Grams of K20 3487 98308 4163.0 374 10.0
668 Grams of CaCO3 00 0.0 00 00 0.0
669 Pesticide Use
670 Grams of Herbicide 21.16 28.52 417.00 0.00 0.00
671 Grams of Insecticide 0.32 137.563 39.00 0.00 0.00
672 N content of above and below ground biomass: grams 557 10362' 24280 35.0 65.2'
673 N20 emissions from N fixation: grams N20 7.3
674 N20 emissions: N in N20 as % of N in N fertilizer 1.374% 1.374% 1.040% 1.374% 1.374%
675 N20 emissions: N in N20 as % of N in Biomass 1.264% 1.264% 0.940%' 1.264% 1.264%
G676
677 9.3) Soyoil Extraction Energy Use: Btul/lb of soyoil
678 | 3,073 |
679 ==
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Default GHG Emissions from Domestic
and International Induced Land Use
Changes
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f)'c Z @ {@ {‘? [A [@ E @ &) Define Name ~ E]xg Trace Precedents Vf\ Show Formulas j@ ‘:'
L L i i .. . . [_—1 .
Insert AutoSum Recently Financial Logical Text Date & Lookup & Math & More Name G Use in Formula g Trace Dependents A, Error Checking Watch Calculation
Function v Used v v v ¥ Timev Reference¥ Trigv Functionsv = Manager BZ Create from Selection F;{ Remove Arrows v Evaluate Formula Window  Options ¥
Function Library Defined Names Formula Auditing Calculation A
AU453 Voot ﬁc =AU452+SUMPRODUCT (AU449: AU450,Fuel_Specs!$B$148:%$B$149)+SUMPRODUCT (AU441:AU443 ,Fuel Specs!$B$154:$B%156)+ ~
SUMPRODUCT (AU447 : AU448 ,Fuel Specs!$B$157:$B%$158)
A B C D E F G H

26
29
30
31

-

Soybeans, Palm, Canola, Jatropha and Camelina to Biodiesel, Renewable Diesel, and Renewable Gasoline

1) Scenario Control and Key Input Parameters (from the Inputs sheet)

Home Inputs Results

Biodiesel Renewable diesel 2 Renewable gasoline

Feedstock for biooil-based fuels 1 1 1 1: Soybean, 2: Palm FFB, 3: Canola, 4: Jatropha,
Allocation Method

Method for dealing with co-products

Biodiesel Renewable diesel 2 Renewable gasoline |1- Process Level Allocation/Displacement

System level allocation for soy and jatropha based fuel 1 1 1 2- System Level Energy-Based Allocation

Process level allocation for all biooil-based fuels

Feedstock Soy ol Palm Qil Canola Jatropha Camelina Tallow S

Qil Extraction Process 4 4 2 4 4
Fuel Biodiesel Renewable diesel 2 Renewable gasoline Glycerin
Fuel Production 3 2 2 3
Palm Fatty Acid Distillate (PFAD)
CPO J PFAD
Qil Extraction Process 4 5]
Fuel refining RBD/PFAD
CPO refining 2 D
Fuel production Renewable diesel 2 Biodiesel
Fuel Production 2 2
Feedtock Properties
Soybean Palm Full Fruit Bunch (FFB) Canola Jatropha Camelina Carinata

Density Unit Ib/bushel

Density 52.2

Lipid Content 19.1% — 2 A% 44.0% 35.0% 36.0% 41.0%)|
< > NG MeOH_FTD EtOH Electric Generation_mixes Bio_electricity Hydrogen BioOQil | Algae  Macroalgae = Was * + : 4@ >
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- Define N v EL, Trace Precedent 4 Show Formul -
f)'c Z @ {@ {-’? [A [@ g @ & Define Name - Trace Precedents ‘fx Show Formulas — =
L L L L .. . . [-_'L l . _t H j
Insert AutoSum Recently Financial Logical Text Date & Lookup & Math & More Name G Use in Formula d Trace Dependents A, Error Checking Watch Calculation
Function v Used v v v ¥ Timev Reference¥ Trigv Functionsv = Manager BZ Create from Selection F;{ Remove Arrows v Evaluate Formula Window  Options ¥
Function Library Defined Names Formula Auditing Calculation
AU453 v i fx =AUA52+SUMPRODUCT (AU449 : AU450, Fuel_Specs!$B$148:$B$149)+SUMPRODUCT (AU441:AU443 ,Fuel Specs!$B$154:$B$156)+
SUMPRODUCT (AU447 : AU448,Fuel Specs!$B$157:$B$158)
A B C D E F G H
1 'Soybeans, Palm, Canola, Jatropha and Camelina to Biodiesel, Renewable Diesel, and Renewable Gasoline
45 |GHG Emissions from Potential Induced Land Use Changes: grams/gal of biodiesel
46 Soy Biodiesel Soy Renewable Diesel
47 ILUC Case
48 Inclusion of GHG Emissions from Induced Land Use Change 2| 0: GHG Emissions from ILUC are not included.
49 Dnmestiti 66 67| 1: Domestic GHG Emissions from ILUC are included.
50 F::ureignh 1,085 1,103 2: Domestic and Foreign GHG Emissions from ILUC are included.
51 GHG Emissions from Land Use Change =
52 Pam FFB Canola Jatropha Camelina Carinata
53 Unit {g COsefton) (g CO-e/MT) (g COse/kg) (g CO-e/kg) {g COse/kg)
a4 GHG Emissions from LUC 0 0 0 0 0
55
56 |Assumptions for tallow and UCO feedstock
af UCO process method: 1 1: industry average, 2: settling only
58 Rendering BD Production Rendering
a9 Feedstock Rendering fat Tallow/UCO/PFAD Rendering UCO
60 Feedstock use (Ib/Ib) 2.3 1.05 1.35
61 Total energy consumption (Btu/lb) 3.195 2292 1.015
62 Process fuel share (%)
63 NG 67.2% 52.2% 89.5%
64 Residual Ol 0.0% 0.0%
65 Fat 13.2% 0.0%
66 Methanol 0.0% 41.1%
67 Electricity 19.6%" 6.7% 10.5%
68 Meat and bone meal yield (Ib/lb) 1.04
69 Glycerin co-products (Ib/lb) 0.07
70 Yield after allocation 0.903 0.997 [}_?4ﬂ
71
72 |Assumptions for yellow grease for marine fuel production
73 Yellow grease Yellow grease + HFO
74 Feedstock use (Btu/Biu) 1.21 1.02
< > NG MeOH_FTD EtOH Electric Generation_mixes Bio_electricity Hydrogen BioOil  Algae  Macroalgae Was =+ + | <@
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Well-to-Wheel (WTW) GHG Emissions



e Home nse Jraw Page Layou ormulas  Data Review View  Automate  Help = CC 2 5 >nare ¥
- Define N v EL, Trace Precedent [ Show Formul -
f)lc Z @ {@ {-’? [A [@ g @ &) Define Name - Trace Precedents “fx Show Formulas — =
L L L L .. . . [-_'L l . _t H j
Insert AutoSum Recently Financial Logical Text Date & Lookup & Math & More Name G Use in Formula d Trace Dependents A, Error Checking Watch Calculation it
. : i . . . B
Function v Used v v v v Time ™ Reference¥ Trigv Functionsv  Manager B Create from Selection F;{ Remove Arrows Evaluate Formula Window  Options ¥
Function Library Defined Names Formula Auditing Calculation ~
RNAVBIODIESELCIDI vl fx ="CIDI Vehicle: "&IF(Inputs!$F$650=11, "UCO", IF(Inputs!$F$650=2,"Palm FFB",IF(Inputs!$F$650=3,"Canola”,IF( ~
Inputs!$F$650=4,"Jatropha”,IF(Inputs!$F$650=5,"Camelina”,IF(Inputs!$F$650=6,"Algae" ,IF(Inputs!$F$650=7, :
"Tallow”,IF(Inputs!$F$650=8,"Corn 0il",IF(Inputs!$F$650=9,"Carinata”,IF(Inputs!$F$650=10, " "PFAD", "Soybean")) w
A B C D E F G H I J K L M N 0 A
1 Home WTW Results Menu Select a vehicle type from a pink drop down menu, then press "Go"
2 Sl ICE Vehicles Go Sl Hybrid Vehicles (HEV) Go S| Plug-in Hybrids (PHEV) G Performance-enhancing Fuels
3 Inputs Select Fuels Select Fuels Select Fuels ° ' Selct Fuels
4 SIDI ICE Vehicles CIDI Hybrid Vehicles (HEV) CIDI Plug-in Hybrids (PHEV)
Back to To Go Go Go
5 P Select Fuels Select Fuels -
B IDLICEMENICIES puw o BEV and FCV GCI ICE Vehicles
7 ST R E CIDI - Biodiesel 6o Select Fuels 86 | Select Fuels Go
8 WTW Changes nif selection Select units from a pink drop down menu for the Results
9 Per Vehicle Distance Travelled Per Energy in Fuels
10 Energy Unit:  Biu Emission Unit: |g Energy Unit:  Biu Emission U I.g _-— s =
T o o o o o = - - Service Functional Unit: ' mile Energy Functional UnitMJ
913 CIDI Vehicle: Soybean-based BD20 -
ot} = = = = =B{Ulmile or Gallon/mile or g/mile Btu/MJ or Gallon/MJ or g/MJ
Vehicle Vehicle
915/ ltem Feedstock Fuel Operation Total Feedstock Fuel Operation Total
916 Total Energy 213 637
917 Fossil Fuels 199 456 WTW G H G : ~
9158 | Coal 19 20 emISSIons
919 Natural Gas 135 328
020 Petroleum 45 109 .
921 Water Consumption 0.5 0.0 299 g CO m l 80 g CO /M J
022 C02 (w/ C in VOC & CO) -33 34 2e I e O r 2e
023 | CH4 0.268 0.071 wpv v v . vy o
924 N20 0.015 0.001 0.001gm === =gsD1 0.004 0.000 0.000gm == s3e)04 M l f l d b (0)
025|GH -21 36 284‘ 299 -6 10 76 a0 CIDI vehlc e ue e y 20 /0
026 | VO 0.012 0.023 D.143I— — O 0.003 0.006 D.DBBI— — G.'HBJ . .
927|CO: 0.028 0.018 3.531 3.577 0.008 0.005 0.942 0.954 b d l ( )
028 NOx: To 0.039 0.028 0.097 0.165 0.010 0.008 0.026 0.044 Io Iese B D20
029 PM10: Total 0.002 0.003 0.034 0.038 0.001 0.001 0.009 0.010
030 PM2.5: Total 0.002 () m—y 0.007 0.011 0.000 0.001 0.002 0.003
b Overview Inputs Results | Petroleum Co_processing NG MeOH_FTD EtOH Electric Generation_mixes Bio. * + : JaE >
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CIDI fueled by conventional diesel
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Function v Used ~ v v v Time ¥ Referencev Trig ¥ Functions ¥ Manager Ejé Create from Sel Function v Used v v v v

Function Library Defined Names

v o Jx RNAVBIODIESELCIDI

A B G D E F G A
WTW Results Menu Select a vehicle type from a pink drop down menu, then press "Go"
Sl ICE Vehicles Go Sl Hybrid Vehicles (HEV)
Inputs Select Fuels Select Fuels
SIDI ICE Vehicles Go CIDI Hybrid Vehicles (HEV)
Back to Top Select Fuels Select Fuels
CIDI ICE Vehicles BEV and FCV
WTP Results CIDI - Diesel Go Select Fuels
WTW Changes Unit Selection Select units from a pink drop down menu for the Results

Per Vehicle Distance Travelled Per Energy in Fuels

Energy Unit: | Biu Emission Unit: 'g Energy Unit: | Biu Emi

Service Functigna Ml Energy Funcl 1

Home

Home

Inputs

Back to Top

WTP Results

WTW Changes

1
2
3
4
5
6
;
8
9

O".DGO"-«lO')(_:l"l-lh-(..-o[‘\.:l—L

- o

Time v Reference v Trig v

Function Library

~

B C
WTW Results Menu

CIDI fueled by soybean biodiesel (BD20)

Formulas Data Review View Automate Help

@ Define Name ~
G Use in Formula v

Functions ¥ Manager B7; Create from Seled

Defined Mames

Jx ="CIDI Vehicle: "&IF(Inputs!$F$650=11, "UCO
Inputs!$F$650=4,"Jatropha”,IF(Inputs!$F$650
"Tallow",IF(Inputs!$F$650=8,"Corn 0il" ,IF(I

D E

F G H

Select a vehicle type from a pink drop down menu, then press "Go"

S| ICE Vehicles
Select Fuels

Go

SIDI ICE Vehicles
Select Fuels

Go

CIDI ICE Vehicles
CIDI - Biodiesel

Go

Unit Selection

51 Hybrid Vehicles (HEV)

Select Fuels Go

CIDI Hybrid Vehicles (HEV)

Select Fuels 6o

BEV and FCV

Select Fuels &7

Select units from a pink drop down menu for the Resulis

Per Vehicle Distance Travelled

Energy Unit: | Biu

Emission Unit: '@

Sernvice Functigoa

523 CIDI Vehicle: Conventional and LS Diesel 13 CIDI Vehicle: Soybean-based BD20

Btu/mile or Gallon/mile or g/ WTW G H G Btu/MJ or Gallon/MJ or g/MJ 14
Vehicle

Feedstock Operation 15/ ltem

Btu/mile or Gallon/mile or g/

Feedstock

526 | Total Energy 223 ° ° 948 16 | Total Energy
27| Fossil Fuels 208 emissions 948 17 Fossil Fuels
20 18| Coal
529 | Natural Gas 151 19 Natural Gas
530 | Petroleum 37 20 Petroleum
531 Water Consumption 01 . 21 'Water Consumption
532 CO2 (w/ C in VOC & CO) 18 75 22/ C0O2 (w/ CinVOC & CO)
0.325 0.065 . . . 0.017 0.024 23 CH4
0.000 0.001 . . 0.000 0.000 24 N20
28 29 8 76 25 GHGs
536 VOC: Total 0.013 0.013 . . . 0.004 0.040 26 VOC: Total
537 CO: Total 0.027 0.017 . . . 0.004 0942 27| CO: Total
538 NOx: Total 0.040 0.025 . . . 0.007 0.026 28 NOx: Total
539 PM10: Total 0.002 0.003 . . . 0.001 0.009 29 PM10: Total
540 PM2.5: Total 0.002 0.002 . . . 0.001 0.002 30/ PM2.5: Total
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Soybean Renewable Diesel

Model a Compression-Ignition Direct-Injection
Internal Combustion Engine (CIDI-ICE) Light-Duty
Car Fueled by Renewable Diesel Produced by
Soybeans
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Default Content (%) of Renewable Diesel
Used in CIDI Fuel
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Ethanol in low-level blend of gasoline and ethanol
Ethanol in FFV fuel
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Renewable diesel in CIDI fuel
RendWabldgasoMe in"STue
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Default Agricultural Feedstock for
Renewable Diesel
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f).(: Z @ {@ {‘? [A [@ g @ &) Define Name ELJ Trace Precedents [7,(\ Show Formulas — _
r . r r {7 Use in Formula v “33 Trace Dependents A, Error Checking ~ ~GO
Insert AutoSum Recently Financial Logical Text Date & Lookup & Math & More Name d P o 9 Watch Calculation
Function v Used v v v v Time™ Reference~ Trigv Functionsv  Manager BZ Create from Selection F}: Remove Arrows Evaluate Formula Window  Options ¥
Function Library Defined Names Formula Auditing Calculation ~
NavinputsZoomBioQil Voo Jx 9. Bio Oil-Based Fuel
_ A B C D E F G H J K

g47 9. Bio Oil-Based Fuel

648 o 9.1) Method for dealing with co-products of Bio Qil-based fuel (see co-products in BioQil sheet) W

649 BioQil Biodiesel Renewable diesel 1 Renewable diesel 2 Renewable diesel 3 Renewable gasoline - -
650  Worksheet Feedstock for biooil-based fuels 1 I O, 6 1 Ij_1 Soybean, 2- Pa
651 -l
652 Method for dealing with co-products

653 Results Biodiesel Renewable diesel 1 Renewable diesel 2 Renewable gasoline |1- Process Level Allocation/Displacement

654 System level allocation for soy and jatropha based fuel 1 1 1 2- System Level Energy-Based Allocation

655 Process level allocation for all biooil-based fuels

Back to Top

656 Feedstock Soybean Palm Qil Canola Jatropha Camelina Tallow
657 il Extraction Process 4 4 2 4 4
658 Fuel Biodiesel Renewable diesel 2 Renewable diesel 3 Renewable gasoline

659 Fuel Production 3 2 2 N 2

660

661 9.2) Farming Energy Use, Fertilizer use, and N20 Emissions from Biomass

Palm Full Fruit Bunch (FFB)

662 Soybean (per bushel) {per wet ton) Canola (per wet tonne) Jatropha (per wet kg) Camelina (per wet kg) Carinata (p
663 Farming Energy Use: Btu 13,634 154 528 528 667 1,320 961

664 Fertilizer Use

665 Grams of Mitrogen 528 5,297 4 51.648.0 34.0 370

666 Grams of P205 2079 3,5656 15,919.0 13.0 15.0

667 Grams of K20 3487 98308 4.163.0 374 10.0

668 Grams of CaCO3 0.0 0.0 0.0 0.0 0.0

669 Pesticide Use

670 Grams of Herbicide 2116 28.62 417.00 0.00 0.00

671 Grams of Insecticide 0.32 137.563 39.00 0.00 0.00

672 N content of above and below ground biomass: grams 557 10362' 24280 35.0 65.2'

673 N20 emissions from N fixation: grams N20 7.3

674 N20 emissions: N in N20 as % of N in N fertilizer 1.374% 1.374% 1.040% 1.374% 1.374%

675 N20 emissions: N in N20 as % of N in Biomass 1.264% 1.264% 0.940%' 1.264% 1.264%

676

677 9.3) Soyoil Extraction Energy Use: Btul/lb of soyoil

678 | 3,073 |

679
< > e« Inputs Results Petroleum Co_processing NG MeOH_FTD EtOH Electric Generation_mixes Bio_electricity “w 4+ : 4@ 4

-

GREAT PLAINS

INSTITUTE

Argonne &

NATIONAL LABORATORY

UE Copsrari o

EN=RGY



Well-to-Wheel (WTW) GHG Emissions
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L L L L .. . . [__-L l . _t H j
Insert AutoSum Recently Financial Logical Text Date & Lookup & Math & More Name G Use in Formula d Trace Dependents A, Error Checking Watch Calculation it
. . . . . . B
Function v Used v v v v Timev Referencev Trigv Functionsv  Manager B Create from Selection F}: Remove Arrows Evaluate Formula Window  Options ¥
Function Library Defined Names Formula Auditing Calculation A
RNAVRENDIESEL1CIDI v Jx ="CIDI Vehicle: "&IF(Inputs!E690=1,IF(Inputs!$G$650=2,"Palm FFB",IF(Inputs!$G$650=3,"Canola"”,IF(Inputs! &
$G$650=4,"Jatropha”,IF(Inputs!$G$650=5, "Camelina”,IF(Inputs!$G$650=6, " "Algae” ,IF(Inputs!$G$650=7,"Tallow", :
IF(Inputs!$G$650=8,"Corn 011", "Soybean”))))))),IF(Inputs!E690=3,IF(Inputs!$I%$650=2,"Palm FFB",IF(Inputs! v
A B [ D E F G H I J K L M N 0 'y
1 Home WTW Results Menu Select a vehicle type from a pink drop down menu, then press "Go"
2 Sl ICE Vehicles Go Sl Hybrid Vehicles (HEV) Go S| Plug-in Hybrids (PHEV) G Performance-enhancing Fuels
3 Inputs Select Fuels Select Fuels Select Fuels ° Selct Fuels
4 SIDI ICE Vehicles CIDI Hybrid Vehicles (HEV) CIDI Plug-in Hybrids (PHEV)
Back to To Go Go Go
5 P Select Fuels Select Fuels -
B IDLICEMehICES e o o BEV and FCV GCI ICE Vehicles
7 LI 230 Tglm - RD from Bio Oil Go Select Fuels 80 ] Select Fuels Go
8 WTW Changes “OnifSelection. — = %elect units from a pink drop down menu for the Results e
9 Per Vehicle Distance Travelled Per Energy in Fuels
10 Energy Unit: |Biu Emission Unit: |g Energy Unit: |Biu Emission Unit gl s s s
’11._ S Service Functional Unit: mile Energy Functional UnitMJ .
943 CIDI Vehicle: Soybean-based RDII 100 -
g = = == == =IB{l/mile or Gallon/mile or g/mile Btu/MJ or Gallon/MJ or g/MJ
Vehicle Vehicle
045 Item Feedstock Fue Oneration Oneration
046 Total Energy 171 1,
047 Fossil Fuels 161
948 Coal 14
049 Natural Gas 68
050 Petroleum 79
051 Water Consumption 2.2
052 C0O2 (w/ C in VOC & CO) -260
053 | CH4 0.021 0.138 0.092 0.251 . . 0.024 0.067 °
054 N20 0.082 0.001 0.001ps == Be0Bém 0.022 0.000 0.000M= == gun? CI DI \IehICle fueled by
055|GH -237 88 275 ‘125J 63 23 ?SI_ 331
056 | VO 0.008 0.067 D.‘143I_ - 0.002 0.018 0.038 = 0hs °
057/ CO: 0.036 0.030 3.531 3.597 0.010 0.008 0.042 0.960 renewable diesel (RD].OO)
058 NOx: To 0.035 0.051 0.097 0.183 0.009 0.014 0.026 0.049
959 PM10: Total 0.003 0.003 0.034 0.040 0.001 0.001 0.009 0.011
960 PM2.5: Total — | -y 0.003 0.002 0.007 0.012 0.001 0.001 0.002 0.003 v
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Compare biodiesel and renewable diesel

Renewable diesel can be used in 100%
blends - “drop-in” or a complete
replacement of conventional diesel

Biodiesel (BD20) still contains 80%
conventional fossil diesel, which
explains the higher emissions produced
from biodiesel
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Soybean 35% Biodiesel

Model a Compression-Ignition Direct-Injection
Internal Combustion Engine (CIDI-ICE) Light-Duty
Car Fueled by 35% Biodiesel Produced by Soybeans
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Default Energy Content of Soy Oil



Default energy content of soy oil

Estimates the soy oil conversion efficiency
to BD/RD by energy

Accounts for total energy consumption in
some cases

Estimates the energy-based allocation
factor between soy oil and soybean meal
during the soybean crushing and oil
extraction step
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AU453 Voot ﬁc =AU452+SUMPRODUCT (AU449: AU450,Fuel_Specs!$B$148:%$B$149)+SUMPRODUCT (AU441:AU443 ,Fuel Specs!$B$154:$B%156)+ ~
SUMPRODUCT (AU447 : AU448 ,Fuel Specs!$B$157:$B%$158)
A B C D E F G H
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30
31

-

Soybeans, Palm, Canola, Jatropha and Camelina to Biodiesel, Renewable Diesel, and Renewable Gasoline

1) Scenario Control and Key Input Parameters (from the Inputs sheet)

Home Inputs Results

Biodiesel Renewable diesel 2 Renewable gasoline

Feedstock for biooil-based fuels 1 1 1 1: Soybean, 2: Palm FFB, 3: Canola, 4: Jatropha,
Allocation Method

Method for dealing with co-products

Biodiesel Renewable diesel 2 Renewable gasoline |1- Process Level Allocation/Displacement

System level allocation for soy and jatropha based fuel 1 1 1 2- System Level Energy-Based Allocation

Process level allocation for all biooil-based fuels

Feedstock Soy ol Palm Qil Canola Jatropha Camelina Tallow S

Qil Extraction Process 4 4 2 4 4
Fuel Biodiesel Renewable diesel 2 Renewable gasoline Glycerin
Fuel Production 3 2 2 3
Palm Fatty Acid Distillate (PFAD)
CPO J PFAD
Qil Extraction Process 4 5]
Fuel refining RBD/PFAD
CPO refining 2 D
Fuel production Renewable diesel 2 Biodiesel
Fuel Production 2 2
Feedtock Properties
Soybean Palm Full Fruit Bunch (FFB) Canola Jatropha Camelina Carinata

Density Unit Ib/bushel

Density 52.2

Lipid Content 19.1% — 2 A% 44.0% 35.0% 36.0% 41.0%)|
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Al - Jx Soybeans, Palm, Canola, Jatropha and Camelina to Biodiesel, Renewable Diesel, and Renewable Gasoline
A B C D E F G H
1 |Snybea|_L5, Palm, Canola, Jatropha and Camelina to Biodiesel, Renewable Diesel, and Renewable Gasoline
254 3. Allocation Methgd fqr Dealing with Co-products (hased gh Epergy Value and Market Value)
255 3.I_Energy content (Btu/lb) and market value of co-product ($/lb)
- Energy content Market value
256 (Btu/lb ($/Ib)
257 Soybean (dry matter) 7,92
258 Palm FFB (dry matter) 9,510
259 Canola (dry matter) 10,469
260 Jatropha (dry matier) 8,631
261 Camelina (dry matter) 14,792
262 Carinata (dry matter) 15,921
263 Biodiesel 16,269 0.49
264 |Renewable diesel 1
265 Renewable diesel 18,908 0.574
266 Rebewahle 08S0iNGe me me — - .- - - - e (e - e e o= =0 080 0.564
267 gy oil 15,993 0.35
269 Plam Qil 15,993 0.455
270 PKE (dry matter) 2 666" 0.063
271 Canola Qil 15,993 0477
272 Canola Meal (dry matter) 5 742 0.116
273 Jatropha oil 15,993 0.384
274 Jatropha Meal 7,739
275 Jatropha Husk 6,664
276 Jatropha Shell 8,169
277 Camelina Ol 15,993 0.384
278 Camelina Meal (dry matter) 5742 0.118
279 Carinata Qil 16,075 0.349
280 Carinata Meal (dry matter) 7610 0.159
281 Tallow 15,802 0.314
282 Yellow Grease 15,652
283 Meat bone and meal {(dry matter) 2 666" 0.16
284 Glycerine | 7.979 0.10
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Well-to-Wheel (WTW) GHG Emissions
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AK925 v i fx v
1 Home WTW Results Menu Select a vehicle type from a pink drop down menu, then press "Go"
2 5l ICE Vehicles Go Sl Hybrid Vehicles (HEV) Go Sl Plug-in Hybrids (PHEV) G Performance-enhancing Fuels
3 Inputs Select Fuels Select Fuels Select Fuels © 'R Selct Fuels
4 SIDI ICE Vehicles "GG CIDI Hybrid Vehicles (HEV) Go CIDI Plug-in Hybrids (PHEV) Go
5 Back to Top Select Fuels Select Fuels -
6 IDLICEMehICleS e o BEV and FCV GCI ICE Vehicles
7 LI 230 CIDI - Biodiesel Go Select Fuels G0 ] Select Fuels Go
8 WTW Changes “OnifSelection — elect units from a pink drop down menu for the Results
9 Per Vehicle Distance Travelled Per Energy in Fuels
10 Energy Unit: |Biu Emission Unit: '@ Energy Unit: |Biu Emission Unit‘l.g - o .
1] | o e s s s - Service Functional Unit: [mile Energy Functional Unit®MJ
917 CIDI Vehicle: Soybean-based BD35 -
914 == == == == ==BfUmile or Gallon/mile or g/mile Btu/MJ or Gallon/MJ or g/MJ
Vehicle Vehicle
015 Item Feedstock Fuel Operation Total Feedstock Fuel Operation Total
916G Total Energy 205
917 Fossil Fuels 192 - e e
1 WTW GHG emissions
019 Natural Gas 123
020 | Petroleum a1 o
921 Water Consumption 08 266 g CO r r I l 7 l g CO /M
922 CO2 (W/ C in VOC & CO) 73 2e e or Ze
023 | CH4 0.224 0.07 U085 U.3% . _ U022 U. 102
024 | N20 0.027 0.001 [}_DD‘lr = sEal}?8 0.007 0.000 0.000ps == =g=008
025 GHGs a -58 41 284I_ 2661 -16 11 ?L 71
026 | VOC: Total 0.012 0.031 0.143 m— (EO 0.003 0.008 0.03 — S0 .
027 | CO: Total 0.030 0.019 3.531 3.580 0.008 0.005 0.942 0.955 CI DI Ve h ICle fu e led by 350/0
028 | NOx; 0.039 0.031 0.097 0.167 0.010 0.008 0.026 0.045
029 PM 0.002 0.003 0.034 0.039 0.001 0.001 0.009 0.010 C e
030|PM 0.002 0.002 0.007 0.011 0.001 0.001 0.002 0.003 bIOd IeSEI (BD35)
031|50x: 0.011 0.011 0.001 0.023 0.003 0.003 0.000 0.006
032 BC Total 0.001 0.000 0.002 0.003 0.000 0.000 0.001 0.001
33 0O Total — O 0 Onn 1 NN 0 nn2 0 NN 0 nnn 0 NN 0 N
< > **  Inputs I_RESU“5 | Petroleum Co_processing NG MeOH_FTD EtOH Electric Generation_mixes Bio_electricity I o : 4G 4
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CIDI fueled by soybean
renewable diesel
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v Time~v Reference~ Trig>¥ Functions ~

out Formulas Data

q;; Show Form

Hel
@ Define Name ~ Eﬂ Trace Precedents

{7 Usein Formula qu Trace Dependents A Error Checki

Evaluate For

Formula Auditing

F;.’( Remove Arrows

ion Library

Jx

="CIDI Vehicle: "&IF(Inputs!E690=1,IF(Inputs!$G%$650=2,"Palm FFB",IF(Inputs!$qg
$G$650=4,"Jatropha”,IF(Inputs!$G$650=5, " "Camelina”,IF(Inputs!$G$650=6,"Algae”,
IF(Inputs!$G$650=8,"Corn 0il","Soybean”))))))),IF(Inputs!E6906=3,IF(Inputs!$I$

D E F G H | J K L

Select a vehicle type from a pink drop down menu, then press "Go"
S| Hybrid Vehicles (HEV)
Select Fuels
CIDI Hybrid Vehicles (HEV)
Select Fuels
BEV and FCV
2 Select Fuels o
Select units from a pink drop down menu for the Results
Travelled Per Energy in Fuels
Emission Unit: '@ Energy Unit: |Biu
Service Functional Unit: 'mile
Fuel

WTW GHG
emissions
2125 g CO,e/mile

11
0.138
0.001 0.0 - 084
88 2 125
0.067 0. 143 = "TY
0.030 3.531 3.597
0.051 0.007 0.183
0.003 0.034 0.040
0.002 0.007 0.012

MeOH_FTD

S| Plug-in Hybrids (PHEV)
Select Fuels
CIDI Plug-in Hybrids (PHEV)

Go Go

Go Go

GCI ICE Vehicles
Select Fuels

Emission Unit: /@
Energy Functional Unit: |MJ

WTW GHG
emissions
3gC0,e/M

0.022 0.000 0.0 - 2?2
63 23 33
0.002 0.018 0.038™= == (TW3
0.010 0.008 0.942 0.960
0.009 0.014 0.026 0.049
0.001 0.001 0.009 0.011
0.001 0.001 0.002 0.003

EtOH

Btu/MJ or Gallon/l}

22

r
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CIDI fueled by 35% soybean
biodiesel (BD35)

Insert Draw Page Layout Formulas Review View Automate Help

‘General V‘ fZ conditional Formatting ~

% 9
.00
=0
(5] Number [EY

‘Arial . | ‘ A~

B = 2 b
%

BZ Format as Table ~

[iZ Cell Styles v

Alignment Styles

WTW Results Menu

Sl ICE Vehicles

Select Fuels

SIDI ICE Vehicles

Select Fuels

CIDI ICE Vehicles

CIDI - Biodiesel Select Fuels

Unit Selection Select units from a pink drop down menu for the Results

Per Vehicle Distance Travelled Per Energy in Fuels
Energy Unit: | Biu Energy Unit: | Biu

Select a vehicle type from a pink drop down menu, then press "Go"
Sl Hybrid Vehicles (HEV)

Select Fuels

CIDI Hybrid Vehicles (HEV)
Select Fuels

BEV and FCV

Go Sl Plug-in

Go

Go

Emission Unit: 'g
Service Functional Unit: ‘mile

Emission Unit: g
Energy Functional Unit: [MJ

WTW GHG
emissions

bean-based BD35
Btu/mile or Gallon/mile or g/g

Feedstock
205
192
18
123
51
08
-73
0.224 0.075 0.020
0.027 0.001 0.000
-58 41 11
0.012 0.031 0.008
0.030 0.019 0.005
0.039 0.031 0.008
0.002 0.003 0.001
0.002 0.002 0.001
0.011 0.011 0.003
0.001 0.000 0.000
0 nnA4 0 nnn n nnn

Results EtOH

Inputs Petroleum MeOH_FTD Electric Generation_mixes

= Accessibility: Investigate



Challenge: Which Stage of the Vehicle
Cycle Accounts for Biogenic CO,,
Credits?
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= L) = = L VY L] =L L) LIl = L/ la cVIEVY VISV = LU dlE H]®
- - . A
EE] A |Aria| va v| A A = — |E‘ - EE’ |Genera| V| il Conditional Formatting v &H Insert v 2. v 5V~
E@ v~ o o $ ~ 9% 9 @ Format as Table v T% Delete v v ,O v
Paste B I U+~ i+ O ﬁ - = = = €= 5= - B
v <9 -0 7 Cell Styles v fiet] Format v &~
Clipboard = Font = Alignment S Number EY Styles Cells Editing
AKS25 v ool ﬁc
1 Home WTW Results Menu Select a vehicle type from a pink drop down menu, then press "Go"
2 5l ICE Vehicles Go Sl Hybrid Vehicles (HEV) Go Sl Plug-in Hybrids (PHEV) G
3 Inputs Select Fuels Select Fuels Select Fuels © 'R
4 SIDI ICE Vehicles Go CIDI Hybrid Vehicles (HEV) Go CIDI Plug-in Hybrids (PHEV) Go
5 Back to Top Select Fuels Select Fuels -
6 CIDI ICE Vehicles BEV and FCV GCI ICE Vehicles
7 LI 230 CIDI - Biodiesel Go Select Fuels G0 ] Select Fuels Go
8 WTW Changes Unit Selection Select units from a pink drop down menu for the Results
9 Per Vehicle Distance Travelled Per Energy in Fuels
10 Energy Unit: |Biu Emission Unit: |g Energy Unit: |Biu Emission Unit: [g

11
01

Service Functional Unit:  mile

______1

CIDI Vehicle: Soybean-based BD35

Energy Functional Unit: [MJ

Generation_mixes

914 == == == == ==BfUmile or Gallon/mile or g/mile Btu/MJ or Gallon/MJ or g/MJ

Vehicle Vehicle
915 ltem Feedstock Fuel Operation Total Feedstock Fuel Operation Total
916 Total Energ . 20 is 215 948 1,217
917 Fossil Fu ° ° 131 633 815
918 Coal F d t k G H G 8 0 12
eeastoc emissions o6 0
920 Petroleu 26 633 672
921 Water Cq ° 0 0 0
922 CO2 (w/ '58 g COze/mlle Or '16 g COZQ/MJ 10 75 66
923 CH4 0.020 0.024 0.104
924 N20 — ) 02L 0.001 0.001 0.000 0.000 0.008
925 GHGs —581 41 284" —161 11 76 71
026 VOC: Total = 0012 0.031 0.143 0.186 == 0003 0.008 0.038 0.050
927 CO: Total 0.030 0.019 3.531 3.580 0.008 0.005 0.942 0.955
928 NOx: Total 0.039 0.031 0.097 0.167 0.010 0.008 0.026 0.045
929 PM10: Total 0.002 0.003 0.034 0.039 0.001 0.001 0.009 0.010
930 PM2.5: Total 0.002 0.002 0.007 0.011 0.001 0.001 0.002 0.003
931 SOx: Total 0.011 0.011 0.001 0.023 0.003 0.003 0.000 0.006
932 BC Total 0.001 0.000 0.002 0.003 0.000 0.000 0.001 0.001
033 O Total 0 nn1 0 nnn 0 0N 0 nn? 0 0nn 0 nnn 0 nnn 0 0N
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Biogenic credits and emissions

The “Feedstock” stage accounts for the
biogenic carbon uptake credit provided due
to biomass feedstock production

Biogenic CO, emissions are included in the
"Vehicle Operation”

The net effect of biogenic CO, emissions and
the biogenic carbon uptake credit is small
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Renewable Natural Gas Scenarios




RNG from Landfill Gas

Model a Refuse Truck Fueled by Liquified Natural
Gas Produced from RNG from Landfill Gas
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. PO — — () General v Conditional Formatting v & Insert v v Bv
?[] & [aal Jo A A === | | v & 2 vz 05 @y
Paste E@ B I U <|Eolae A — = = —= — 5 $ o 9 [, Format as Table 2% Delete £ Add-ins  Analyze
o N T - B 0 .00 [i7 Cell Styles v @ Format v &~ Data
Clipboard = Font = Alignment ] Number 5] Styles Cells Editing Sensitivity Add-ins -~
R2721 v i fx v
A B C D E F G H J K L M N 0

1 Home WTW Results Menu Select a vehicle type from a pink drop down ethen press "Go"
2 Heayy-Duty Vehicles . o o o Per Vehicle Disthace Travelled
3 Inputs ks Go Energy Unit Btu mBtu
4 1.000 0.001
5 Back to Top Emission Unit g mg
G WTP Results Unit tion: Select units from a pink drop down menu for the Results 1.000 1000
T Per Vehicle Distance Travelled or Cargo Distance Transported Per Energy in Fuels Q Functional Unit mile km
8 WTW Changes Energy Unit: | Biu Emission Unit/g Energy Unit: | Biu Emissi o om e 1.000 1.609
9 Service Functional Unit for Heavy-Duty Vans and Trucks: [mile Energy Functional Unit: [MJ
10 e om oom o o s = = o€MVICE Functional Unit for Buses: mile

272 S| Refuse Trucks: LNG, NA NG

2721 Btu/mile or Gallon/mile or g/mile Btu/MJ or Gallon/MJ or g/MJ

Vehicle Vehicle

2722 | ltem Feedstock Fuel Operation Total| Feedstock Fuel Operation Total

2723 Total Energy 2,623 3,78

2724 Fossil Fuels 2 609 3.7 o e

1 WTW GHG emissions

2726 Natural Gas 2,576 3.5

2727 Petroleum 14 A

2728 Water Consumption 0 2 6 6 l g C O r r \ l 7 8 g C O /M J

9729 CO2 (w/ C in VOC & CO) 164 2e Ite or 26

2730 CH4 4 .

2731 N20 0 0 0 =) GBS 0.000 0.000 0.000 pum e  uig)03

2732 GHGs 205 352 2::]13"'_ 2,661 I 9 10 59 78

2733 VOC: Total 5 0.032 0.096 m—) Y 0.007 0.001 0.003 e - =11

2734 CO: Total 7 0.204 23.000 23 742 0.016 0.006 0.676 0.697 Refuse trUCk fueled by LNG

2735 NOx: Total 0 0.265 0.090 0.985 0.019 0.008 0.003 0.029

2736 PM10: T, 0.012 0.015 0.154 0.181 0.000 0.000 0.005 0.005 °

0737 PM2. 011 0.014 0.024 0.049 0.000 0.000 0.001 0.001 frO m N (o) rth Am erican N G

2738 S0x: 355 0.051 0.000 0.407 0.010 0.002 0.000 0.012

2739 BC To 002 0.001 0.003 0.006 0.000 0.000 0.000 0.000

2740 OC Total 0.005 0.009 0.004 0.018 0.000 0.000 0.000 0.001 — w— m—

ATAA VIO Lrkan (ANATATA A aTats] M NoE (A alele] (AN ATATS) (AN ATaTa (AT A aTate] r |
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File Home Insert Draw Pagelayout Formulas Data Review View Automate Help 13 Comments | [Gl1E RS
° Define Name ~ EL, Trace Precedents I Show Formulas T
KOS B E A QO @ (@ Z L, 7 — =
. , — r r &) {7 Usein Formula v L_‘LE‘] Trace Dependents A, Error Checking R .
Insert AutoSum Recently Financial Logical Text Date & Lookup & Math & More Name Jx 4 Watch Calculation gﬁ
1 w w w w 1 W w Tolh 4 1 W . 1 1 W &
Function v Used Time v Reference ¥ Trig Functions Manager B Create from Selection ‘[T;, Remove Arrows v Evaluate Formula Window  Options
Function Library Defined Names Formula Auditing Calculation N
NG_LNG_FeedstockShare v fx 1 ~
4 A B C D E F G H | J K
114 4. Natural Gas to Compressed Natural Gas (CNG), Liquefied Natural Gas (LNG) and Liquefied Petroleum Gas (LPG)
115 4.1) Simulation Options for NG-Based Fuel Pathways
MNatural Gas MNG-based Liguified Liquefied Natural Gas as @
116 Compressed Natural Gas Petroluem Gas (NGL) Transportation Fug _h- e Feedstock SOUMCEm mm oon o= ——
1 1?| Feedstock Source 1 1 - North American NG, 4 -- Renewable natural gas I
118 Results L I IS IS s .
119 4.2) Share of Conventional and Shale Gas for North America NG Supply
120 Back to Top Conventional Gas 25%
121 Shale Gas 75%
122
123 4.3) CH4 leakage rate for each stage in conventional NG and shale gas pathways
124 1 1 — Bottom-Up/Top-Down Hybrid, 2 — EPA. 3 - User defined
195 Unit Used in calculation: BU/TD Hybrid
126 Conventional NG Conventional NG Shale gas Convel
127 Recovery- CHi4 Leakageand Venting Jvol % of CH4 over NGthrougl 051% N L 0s%m 051% ] 051%|
128 Recovery - Completion CH4 Venting|vol. % of CH4 over NG throug 0.00%" 0.00%" 0.01%
129 Recovery - Workover CH4 Venting|vol. % of CH4 over NG throug 0.00%" 0.00%" 0.00%
130 Recovery - Liguid Unloading CH4 Venting|vol. % of CH4 over NG throug 0.02%" 0.02%" 0.02%
121 Well Equipment - CH4 Venting and Leakage|vol. % of CH4 over NG throug 0.33%" 0.33%" 0.33%
132 Gathering and Boosting - CH4 Venting and Leakage vol. % of CH4 over NG throug 0.15%" 0.15%" 0.15%
133 Processing - CH4 Venting and Leakage vol. % of CH4 over NG throug 0.03% 0.03% 0.03%
134 Transmission and Storage - CH4 Venting and Leakage vol. % of CH4 over NG throug 0.31% 0.31% 0.31%
135 Distribution - CH4 Venting and Leakage vol. % of CH4 over NG throug 0.09% 0.09% 0.09%
136 Total vol. % of CH4 over NG throug 0.94% 0.94% 0.94%
137 4.4) Flaring energy and CO2 emission rate for recovery and processing in conventional NG and shale gas pathways
138 Used in calculation: EPA BU/MD Hybrid
139 Unit Conventional NG Shale gas Conventional NG Shale gas Convel
140 Recaovery - Flaring Btu NG/mmBtu NG 1,879 1,878 1,878 1,878
141 Recovery - Venting g CO2/mmBtu NG 115 115 115 115
142 Processing - Flaring Btu NG/mmBtu NG 3,083 3,083 3,083 3,083
143 Processing - Venting g CO2/immBtu NG 463 463 463 463
144
145 m= = 5e@nare of Petroleum and NG for Production of Liquefied Petroleum Gas (LPG)
< > == | Inputs [ Results Petroleum Co_processing NG MeOH_FTD EtOH Electric Generation_mixes Bio_electricity oo 4+ @ 4@ 4
| | |
Read Calculate 2 Accessibility: Investigate H ) — 4+ 73%
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S .\ . A
f‘[i] A Avial Jr2 A A = == ab, General v| [ conditional Formatting v &H Insert v P T EE ,_3
v — o v O Format as Table v % Delete ~ ~ v .
Paste @ B|I U~ v v Av = = = & 3= v $ o 3 W = P Add-ins  Analyze
v ] — B T - S <9 -0 7 Cell Styles ~ @ Format v &~ Data
Clipboard M= Font = Alignment M= Number E] Styles Cells Editing Sensitivity Add-ins -~
Al Voo fx Renewable Natural Gases Based Fuel 7~
A B C D E F G H J K L A
1 Renewable Natural Gases Based Fuel ( ) '
2 1) Scenario Control and Key Input Parameters Home Inputs l Results J
3
4 1.1) Share of Fuels from Each Waste
NG as Intermediate
] Fuel MeOH CNG o o e G
6 Landfill Gas 100% 100% 1[)0%' 1DD‘$£E
7 Bio-gas from AD of Animal Waste 0% 0% 0% 0%
8 Bio-gas from AD of Wastewater Sludge 0% 0% 0% 0%
9 Bio-gas from AD of MSW 0% 0% 0% 0%
10
11 1.2) Assumptions Regarding NG Processing
12 LFG-based Manure-based WWTP-based MSW-based
13 Micro Turbine Micro Turbine Micro Turbine Micro Turbine Engine Micro Turbine MCFC PAFC
14 CHP Generator Electrical Efficiency 33% 33% 33% 33% 30% 32.9% 48% 35%
15 Heat Recovery Efficiency from CHP generator 70% 70% 70% 70% 70% 70% 50% 50%
17 MG Processing Efficiency (powered by Electricity) 94 4%
18 I MG Processing CH4 Leakage 2% I
19 MG Small Scale Liquefaction Efficiency (powered by Rl BQ.D%J
2[} ] | | | | [ | || | | || | | | | [ | || |
21 CNG Refueling Options 1 1 — On-5ite, 2 — Off-Site
22 Allocation Handling Method 2 1 — Displacement, 2— Energy Allocation
23
24 Biogenic CO2 emission credits -59,413 (gCO2e/mmBtu biogas combustion)
25
20 g 1.3) Assumptions for Anaerobic Digestion of Animal Waste
27| @ Source of Assumptions: Us. - If U.5. is selected (default), the assumptions for the U.5. reference system are shown while those for the IPCC and the User-defined are hidden. Othe
28| & Us. = v
- 4@ [

< > BioOll Algae Macroalgae Wastel RNG | Pyrolysis_IDL IBR E fuel Fuel Prod TS EF TS AgMining_EF_TS [ +
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Well-to-Wheel (WTW) GHG Emissions



& HOITIC & raw Pade Layol O njE: Jata REVICWY VIEWwW AULOMale glsie =N 5 o1 Snie

- iy . A
f‘[i] A |Aria| VH1O V| A A = = |E‘ o EE_‘; |General V| f&f] Conditional Formatting v &4 Insert v 2. v FY v EE ;3
v - v 9 Format as Table ~ X Delete ~ v v .
Paste [B B I U -~ . Mo ﬁ - = = = &= 3= . $ % 9 % ﬁ'_.: /O Add-ins  Analyze
v 0 =B 7 Cell Styles ~ fiet] Format v &~ Data
Clipboard M= Font B Alignment E] Number E] Styles Cells Editing Sensitivity Add-ins -~
R2721 v i Jx v
A B C D E F G H J K L M N 0
1 Home WTW Results Menu Select a vehicle type from a pink drop down ethen press "Go"
2 . aw_Dw Vehicles . o o e e o m— Per Vehicle Distnace Travelled
3 Inputs Go Energy Unit Btu mBiu
4 1.000 0.001
5 Back to Top 9 Emission Unit g mg
G WTP Results Unit tion: Select units from a pink drop down menu for the Results 1.000 1000
T Per Vehicle Distance Travelled or Cargo Distance Transported Per Energy in Fuels Q Functional Unit mile km
8 WTW Changes Energy Unit:  |Biu Emission Unit'g Energy Unit:  |Biu Emissio ( .- 1.000 1.609
9 Service Functional Unit for Heavy-Duty Vans and Trucks:  [mile Energy Functional Unit: [MJ
10 o om oom om wem wem = = ocMVICE Functional Unit for Buses: mile
272 Sl Refuse Trucks: LNG, LFG |
2721 Btu/mile or Gallon/mile or g/mile Btu/MJ or Gallon/MJ or g/MJ
Vehicle Vehicle
2722 ltem Feedstock Fuel Operation Total| Feedstock Fuel Operation Total
2723 Total Energy 0 -26.44 =l g s
2724 Fossil Fuels 0 5,2
o WTW GHG emissi
2726 MNatural Gas 0 3,0 em ISSIonS
2727 Petroleum 0
2728 Water Consumption 0 e o e
272 CO2 (W/C n VOC & CO) I 2835 g CO,e/mile or 83 g CO,e/MJ
2730 CH4 0 2 2
2731 N20 0 0 0w ) G2 0.000 -0.001 0.000 pom = =3}
2732 GHGs 0 821 2,013 1 2,835 I 0 24 59 L 83
2733 VOC: Total 0 -0.735 0.096 —) 09 0.000 -0.022 0.003 — 19
2734 CO: Total 0 -1.189 23.000 21.811 0.000 -0.035 0.676 0.641 f f l d b
2735 NOx: Total _ 0] -0.228 0.090 -0.138 0.000 -0.007 0.003 -0.004 Re use trUCk ue e y LNG
2736 PM10: 0.000 -0.123 0.154 0.031 0.000 -0.004 0.005 0.001
0737 PM2. 1000 -0.142 0.024 0.118 0.000 -0.004 0.001 -0.003 f f l df‘ “
2738 S0x: 000 0.241 0.000 0.241 0.000 0.007 0.000 0.007 rom RN G rom a n I gas
2739 BC To 000 -0.157 0.003 -0.154 0.000 -0.005 0.000 -0.005
2740 OC Total 0.000 -0.002 0.004 0.003 0.000 0.000 0.000 0.000 = = == =
ATAA VIO Lrkan (ANATATA i 200 M NoE i N (AN ATATS) i 4 i NN A WATaTa! |
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Refuse truck fueled by LNG from
North American NG

Insert Draw Page Layout Formulas ' View Automate Help

‘General V| it conditional Formatting v

$ ~ % 9 B Format as Table v
&0 .00

60 30 [iZ Cell Styles ~
Alignment Y Number ~ Styles

D E F G H
WTW Results Menu Select a vehicle type from a pink drop down menu, then press "Go"
Heavy-Duty Vehicles
Refuse Trucks Go
Sl Vehicle: LNG

Unit Selection: Select units from a pink drop down menu for the Results
Per Vehicle Distance Travelled or Cargo Distance Transported Per Energy in Fuels
Energy Unit:  Biu Emission Unit/g Energy Unit: | Biu
Service Functional Unit for Heavy-Duty Vans and Trucks: 'mile
Service Functional Unit for Buses: mile
Feedstock

WTW GHG
2 606 emissions

19
2 576

Y661 g CO,e/mileg

4 3 12.071 0128 0.131
0 Gl _D.Oﬁ 0.000 0.000
61

cks: LNG, NA NG

Btu/mile or Gallo

WTW GHG
emissions

205 352 2.013" 26 9 10

0.245 0.032 0.00d™= == 3 0.007 0.001 0.003™== ™= 7™
0.537 0.204 23.000 23.742 0.016 0.006 0.676 0.697
0.630 0.265 0.090 0.985 0.019 0.008 0.003 0.029
0.012 0.015 0.154 0.181 0.000 0.000 0.005 0.005
0.011 0.014 0.024 0.049 0.000 0.000 0.001 0.001
0.355 0.051 0.000 0.407 0.010 0.002 0.000 0.012
0.002 0.001 0.003 0.006 0.000 0.000 0.000 0.000
0.005 0.009 0.004 0.018 0.000 0.000 0.000 0.001

(aWaTa’al (AW aTatls] MoNoc [aWalelsl (aWa’a’al (aWatalal aWalatel [aWalatsl

CESA Animal_Feed EtOH-Diesel Additives OilGasCoallnfra ElecInfra HDV_T
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Refuse truck fueled by LNG from
RNG produced from landfill gas

Insert Draw Pagelayout Formulas Data Review View Automate Help

| 7

Emission Unit:/g
Energy Functional Unit:

|Genera| V‘ &l Conditional Formatting v

$ v~ % 9 BZ Format as Table ~
= = <0 .00

00 30 [iZ Cell Styles v
Alignment = Number = Styles

D E F G H
WTW Results Menu Select a vehicle type from a pink drop down menu, then press "Go"
Heavy-Duty Vehicles
Refuse Trucks Go
Sl Vehicle: LNG

Unit Selection: Select units from a pink drop down menu for the Results
Per Vehicle Distance Travelled or Cargo Distance Transported Per Energy in Fuels
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RNG from AD

Model a Refuse Truck Fueled by Liquified Natural
Gas Produced from RNG from Anaerobic Digestion
(AD) from Animal Manure
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Refuse truck fueled by LNG from
RNG produced from landfill gas

Insert Draw Pagelayout Formulas Review View Automate Help

v| A AT ) » |Genera| V‘ [l conditional Formatting ¥
. $ .o 9
%0 -0 fiZ Cell Styles v
Number = Styles

|Arial v/10

B Format as Table ~
B

Alignment Y

D E F G H
WTW Results Menu Select a vehicle type from a pink drop down menu, then press "Go"
Heavy-Duty Vehicles

Refuse Trucks Go
Sl Vehicle: LNG

Unit Selection: Select units from a pink drop down menu for the Results
Per Vehicle Distance Travelled or Cargo Distance Transported
Energy Unit:  |Biu Emission Unit' g
Service Functional Unit for Heavy-Duty Vans and Trucks: mile
Service Functional Unit for Buses: mile

WTW GHG
emissions

Per Energy in Fuels
Energy Unit: | Biu

cks: LNG, LFG

Btu/mile or Gallg

Feedstock

oo oo oo o oo

0.003™= ™= _0T™
0.676 0.641
0.003 -0.004
0.005 0.001
0.001 -0.003
0.000 0.007
0.000 -0.005
0.000 0.000

(A Wala's] [aWalalsl

<
o
=]
=1

GREAT PLAINS
INSTITUTE

Argonne &

NATIONAL LABORATORY

Insert

Refuse truck fueled by LNG from RNG
produced from AD from animal manure

Draw Page Layout Formulas Data Review View Automate Help

General v|  [E] Conditional Formatting v

$ v % 9

<0 .00
.00 =0

e

B Format as Table v

fiZ Cell Styles v

Alignment ~ Number ~ Styles

Jx ="SI Refuse Trucks:

D E F G H
WTW Results Menu Select a vehicle type from a pink drop down menu, then press "Go"
Heavy-Duty Vehicles
Refuse Trucks Go
SI Vehicle: LNG

LNG, "&IF(NG_LNG_FeedstockShare=1, "NA

Unit Selection: Select units from a pink drop down menu for the Results
Per Vehicle Distance Travelled or Cargo Distance Transported
Energy Unit: |Btu Emission Unit'g
Service Functional Unit for Heavy-Duty Vans and Trucks: mile
Service Functional Unit for Buses: mile

Per Energy in Fuels
Energy Unit: Btu Emission Unit:\g

Energy Functional Unit: M

cks: LNG, LFG

j BtuMJ ord

Btu/mile or Gz

WTW GHG WTW GHG

Feedstock

emissions emissions

-3,788 g CO,e/mile

. 0.000

0 i 228 0.000
-5,801 2.012’ -3,788 0
0.190 0.00¢he— w5 0.000
0.803 23.000 23.803 0.000
1.178 0.090 1.268 0.000
0.106 0.154 0.260 0.000
0.072 0.024 0.096 0.000
0.515 0.000 0515 0.000
0.007 0.003 0.010 0.000

0 000 0.024 0.004 0.029 0.000
n n21 N NRA n 107 n nnn

CESA Animal_Feed EtOH-Diesel Additives OilGasCoallnfra ElecInfra HDV_TS

: Investigate




Compare RNG from landfill gas and RNG from AD

In GREET, animal manure-based RNG has
deeply negative GHG emissions

Assumption in GREET
Typical manure management practices are

replaced with AD facilities with RNG
upgrading

These manure management practices emit a
lot of fugitive methane, so, by ending these
practices one receives a significant GHG
emissions (negative) credit
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Questions?
hcai@anl.gov

golson@gpisd.net
Visit https://greet.anl.gov/
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