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R&D GREET disclaimer 

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 
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requirements of any particular regulatory or incentive program. 



Commercial use: 
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Non-commercial use:
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Outline Steps for Biofuels Scenarios



Main Outputs for SI-ICE 

LDVs and CIDI-ICE LDVs



Note: press F9 to ensure the results 

of R&D GREET are up to date





Ethanol Overview



Find the General Settings to Alter an 

Ethanol Pathway









Further Explore 

Ethanol Scenarios
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Biodiesel and Renewable Diesel Overview



General Settings to Alter a Biodiesel or 

Renewable Diesel Pathway











Further Explore Biodiesel and Renewable 

Diesel Scenarios



Biodiesel and renewable diesel tabs
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Renewable Natural Gas Overview



General Settings to Alter a Renewable 

Natural Gas Pathway











Further Explore Renewable Natural Gas 

Scenarios
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Note: this tab addresses 

the counterfactual issues 

related to the major waste 

streams









Ethanol Scenarios



Ethanol

Oxygenate

• Added to gasoline to promote 

gasoline burning cleanly

• When the additive accounts for 

less than 12% of the fuel 

• Burned in low-level ethanol 

“blend” vehicles: SI-ICE and SIDI-

ICE vehicles

Blend

• Used for biofuel purposes

• When the additive accounts for 

more than 12%

• Burned in a flex fuel vehicle (FFV) 

or a dedicated ethanol vehicle

• An increasing octane number of 

the fuel produces better knock 

resistance and may allow for 

better engine efficiency



100% Ethanol
Model a Dedicated Ethanol (EtOH) Spark-Ignition 

Internal Combustion Engine (SI-ICE) Light-Duty Car 

Fueled by 100% Ethanol



Type 100%

Press F9

2

1

3



Default Agricultural Feedstock 

in Ethanol as a Blend





Well-to-Wheel (WTW) GHG Emissions



Press F9

WTW GHG emissions

237 g CO2e/mile or 56 g CO2e/MJ
Dedicated ethanol vehicle 

fueled by 100% ethanol

2

1

3



E80 in an FFV
Model a Flex Fuel Spark-Ignition Internal 

Combustion Engine Vehicle (SI-ICE FFV) Light-Duty 

Car Fueled by E80



Type 80%

Press F9

Note: if we were using E11, we 

could model this in a low-level 

blend ethanol vehicle

2

1



Well-to-Wheel (WTW) GHG Emissions



Press F9

WTW GHG emissions

298 g CO2e/mile or 66 g CO2e/MJ

Flex fuel vehicle (FFV) 

fueled by E80

2

1

3



Flex fuel vehicle 

fueled by E80

Dedicated EtOH vehicle fueled 

by 100% ethanol

WTW GHG 

emissions

56 g CO2e/MJ

WTW GHG 

emissions

66 g CO2e/MJ

WTW GHG 

emissions 

237 g CO2e/mile

WTW GHG 

emissions

298 g CO2e/mile



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



CIDI-ICE

Compression-ignition direct-injection 

internal combustion engine

CIDI-ICE vehicle

1.  Air is fed into the engine’s intake

2.  The compression of the air 

produces heat

3.  This heat burns the fuel



Well-to-Wheel (WTW) GHG Emissions



Press F9

WTW GHG emissions

341 g CO2e/mile or 91 g CO2e/MJ
CIDI vehicle fueled by 

conventional diesel

2

1

3



Soybean Biodiesel
Model a Compression-Ignition Direct-Injection 

Internal Combustion Engine (CIDI-ICE) Light-Duty 

Car Fueled by Biodiesel Produced by Soybeans



Default Content (%) of Biodiesel 

Used in CIDI Fuel





Default Agricultural Feedstock for 

Biodiesel





Default GHG Emissions from Domestic 

and International Induced Land Use 

Changes







Well-to-Wheel (WTW) GHG Emissions



Press F9

WTW GHG emissions

299 g CO2e/mile or 80 g CO2e/MJ

CIDI vehicle fueled by 20% 

biodiesel (BD20)

2

1

3



CIDI fueled by soybean biodiesel (BD20)CIDI fueled by conventional diesel

WTW GHG 

emissions 

341 g CO2e/mile

WTW GHG 

emissions

299 g CO2e/mile



Soybean Renewable Diesel
Model a Compression-Ignition Direct-Injection 

Internal Combustion Engine (CIDI-ICE) Light-Duty 

Car Fueled by Renewable Diesel Produced by 

Soybeans



Default Content (%) of Renewable Diesel 

Used in CIDI Fuel





Default Agricultural Feedstock for 

Renewable Diesel





Well-to-Wheel (WTW) GHG Emissions



Press F9

WTW GHG emissions

125 g CO2e/mile or 33 g CO2e/MJ
CIDI vehicle fueled by 

renewable diesel (RD100)

2

1

3



CIDI fueled by soybean 

biodiesel (BD20)

CIDI fueled by soybean 

renewable diesel (RD100)

WTW GHG 

emissions 

299 g CO2e/mile

WTW GHG 

emissions

125 g CO2e/mile



Renewable diesel can be used in 100% 

blends - “drop-in” or a complete 

replacement of conventional diesel

Compare biodiesel and renewable diesel

Biodiesel (BD20) still contains 80% 

conventional fossil diesel, which 

explains the higher emissions produced 

from biodiesel



Soybean 35% Biodiesel
Model a Compression-Ignition Direct-Injection 

Internal Combustion Engine (CIDI-ICE) Light-Duty 

Car Fueled by 35% Biodiesel Produced by Soybeans



Type 35%

Press F9

2

1



Default Energy Content of Soy Oil



Estimates the soy oil conversion efficiency 

to BD/RD by energy

Default energy content of soy oil

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







Well-to-Wheel (WTW) GHG Emissions



Press F9

WTW GHG emissions

266 g CO2e/mile or 71 g CO2e/MJ

CIDI vehicle fueled by 35% 

biodiesel (BD35)

2

1

3



CIDI fueled by 35% soybean 

biodiesel (BD35)

CIDI fueled by soybean 

renewable diesel

WTW GHG 

emissions

33 g CO2e/MJ

WTW GHG 

emissions

71 g CO2e/MJ

WTW GHG 

emissions 

125 g CO2e/mile

WTW GHG 

emissions

266 g CO2e/mile



Challenge: Which Stage of the Vehicle  

Cycle Accounts for Biogenic CO2  

Credits?



CIDI vehicle fueled by 35% 

biodiesel (BD35)

Feedstock GHG emissions

-58 g CO2e/mile or -16 g CO2e/MJ



The “Feedstock" stage accounts for the 

biogenic carbon uptake credit provided due 

to biomass feedstock production

Biogenic credits and emissions

The net effect of biogenic CO2 emissions and 

the biogenic carbon uptake credit is small 

Biogenic CO2 emissions are included in the 

"Vehicle Operation"



Renewable Natural Gas Scenarios



RNG from Landfill Gas
Model a Refuse Truck Fueled by Liquified Natural 

Gas Produced from RNG from Landfill Gas



Press F9

WTW GHG emissions

2661 g CO2e/mile or 78 g CO2e/MJ

Refuse truck fueled by LNG 

from North American NG

2

1

3

4



2

1





Well-to-Wheel (WTW) GHG Emissions



Press F9

WTW GHG emissions

2835 g CO2e/mile or 83 g CO2e/MJ

Refuse truck fueled by LNG 

from RNG from landfill gasPress F9

2

1

3

4



Refuse truck fueled by LNG from 

North American NG

Refuse truck fueled by LNG from 

RNG produced from landfill gas

WTW GHG 

emissions

78 g CO2e/MJ

WTW GHG 

emissions

83 g CO2e/MJ

WTW GHG 

emissions 

2661 g CO2e/mile

WTW GHG 

emissions

2835 g CO2e/mile



RNG from AD
Model a Refuse Truck Fueled by Liquified Natural 

Gas Produced from RNG from Anaerobic Digestion 

(AD) from Animal Manure



2

1



Type 0%





Type 100%

Press F9

2

1



Default Livestock Producing the Animal 

Waste in Anaerobic Digestion





Well-to-Wheel (WTW) GHG Emissions



Refuse truck fueled by LNG from RNG 

produced from AD from animal manure

Refuse truck fueled by LNG from 

RNG produced from landfill gas

WTW GHG 

emissions

83 g CO2e/MJ

WTW GHG 

emissions

-111 g CO2e/MJ

WTW GHG 

emissions 

2835 g CO2e/mile

WTW GHG 

emissions

-3,788 g CO2e/mile



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

Compare RNG from landfill gas and RNG from AD



Questions?
hcai@anl.gov

golson@gpisd.net

Visit https://greet.anl.gov/

Contributors

Gabrielle Olson, Branden Leonhardt, and Hao Cai



THANK YOU
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