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GREET® Model
GREETS The Greenhouse gases, Regulated Emissions, and Energy use in Technologies Model
VEHICLE CYCLE
(GREET 2 Series)
Publications I
Datab The GREET model is a one-of-a-kind analytical tool that simulates the _
atabases \
energy use and emissions output of various vehicle and fuel combinations. !
GREET Model Platforms Sponsored by the U.S. Department of Energy’s (DOE) Office of Energy
GREET .Net Efficiency and Renewable Energy. GREET offers two free platforms to use:
GREET Excel the GREET.net model and the GREET Excel model. E
Fuel-Cycle Model m .

s To get a complete picture of the energy and environmental impacts of a
Vehicle-Cycle Model

technology, it is important to consider the full life cycle — from well to wheels
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GREET News
Workshops
) GREET User Training Workshop at Argonne Nov 7. 2022 - Nov 8, 2022
Copyright Statement Argonne National Laboratory is pleased to announce an in-person GREET user workshop to be held at
Contact Argonne, November 7-8, 2022. For event details, please visit:

https://www.anl.gov/event/greet-training-workshop.
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The GREET model framework et b
\

« GREET1: Fuel cycle
— Includes the entire supply chain of energy production
— [Well-to-pump] + [Pump-to-wheels] = [Well-to-wheels]
— Interacts with GREET2
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GREET1: Microsoft Excel-based LCA tool

COPYRIGHT NOTIFICATION
GREETR SOFTWARE
GREET1 MODEL

Email contact: greet@anl.gov

® COPYRIGHT 2017 UChicage Argonng, LLC ALL RIGHTS RESERVED

THIS SOFTWARE DISCLOSES MATERIAL PROTECTED UNDER COFYRIGHT LAW, AND FURTHER DISSEMINATION IS PROHIBITED
WITHOUT PRIOR WRITTEN CONSENT OF THE PATENT COUNSEL OF ARGONNE NATIONAL LABORATORY, EXCEPT AS NOTED IN
THE “LICENSING TERMS AND CONDITIONS™ NOTED BELOWY.

ARGONNE NATIONAL LABORATORY, WITH A FACILITY IN THE STATE OF ILLINOIS, IS OWNED BY THE UNITED STATES
‘GOVERNMENT, AND OPERATED BY UCHICAGO ARGONNE, LLC UNDER PROVISION OF A CONTRACT WITH THE DEPARTMENT
OF ENERGY.

GOVERNMENT LICENSE

NOTICE: This data was produced by UChicago Argonne, LLC under Contract No. DE-AC02-06CH 11357 with the Department of
Energy. During the period of commercialization or such other time period specified by DOE, the Government is granted for itself
and others acting on its behalf a paid-up, nonexclusive, irrevocable worldwide license in such copyrighted data to reproduce,
prepare derivative works and perform publicly and display publicly, by or on behalf of the Government. Subsequent to that period
the Government is granted for itself and others acting on its behalf a paid-up, nonexclusive, irrevocable worldwide license in
such copyrighted data to reproduce, distribute copies to the public, prepare derivative works, perform publicly and display
publicly, and to permit others 1o do so. The specific term of the license can be identified by inquiry made to UChicago Argonne,
LLC or DOE.

END-USER LICENSING TERMS AND CONDITIONS

Redistribution and use of the GREET software is permitted 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 UChicage 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 resutts relied upon
chanaed innut data
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GREET1 major components
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Each tab includes detailed modeling parameters enabling
comprehensive LCA

Petroleum to Gascline, Liquefied Petrgleum Gas, il 0Qil, Diesel, and Naphtha

1) Scenario Control and Key Input Parameters

Gasoline oxygen content (by weight) Home Inputs
Gasoline blendstock 0.0%,
Gasoling 3.6%
CA Gasoling. 3.6%|
Gasoline

Gasoline_CA Gasoline
Type of additive to be used 5 4 4] (Selected from nput tab: 1 — WTBE, 2 — ETBE, 3 —TAME, 4 — Ethanol, 5 — No additive)

Share of Crude F to US Refine: — -
o Electricity Generation l

Home Inputs Results
Vol Share 1) Scenario Control and Key Input Parameters (from the Inputs sheet)
Energy Share 2| Control variable for selecting power plant emission factors
1 GREET-calculsted emissions factors via emission factors in EF Sheet
Parameters for Dilbit 2 Emission factors based on ELA/eGRID database
Selecting nuciear reactor technologies for
Virgin Diluent Share electrolysis at refueing station 1 - Light Water Reactor (LWR); 2 High Temperature Gas Reactor (HTGR)
ThR Hydrogen Preduction Pathways: from NGCl, Electrolysis, Solar Photovotaics, Nuclear Energy, Coal, Biomass, Coke Oven Gas, Ethanel, and Methanol
Conversion factor for nuclear power plants
(Mwhig of U-235) Home Inputs Results
Mass Ratio to Bitmen plus Unrecovered Diluent 1) Scenario Control and Key Input (from the inpurs sheet)
Energy Ratio to Bitmen plus Unrecovered Diluent Eneray Use of Power Plant Infrastructure Fuel Appication
No To consi
Shale Oil i s Central Plant Central Plant
Pressuriz Hign Central Plant.  By-product Refuelin
i P Water Rel Central Plant: Central Plant Central Plant:  Temperature  Central  Byproduct  fromNGL _Ceniral Refueing  Refuelng  Station:  Refueling
Flaring Intensity (scf/immBtu) Fwm) t . u
ng emission ;‘agnr (Egggﬁstrfrfllﬂ:‘.fl)) hares of LWR for Imfrastructure Hydrogen Production Faciity [cbm. Cellulosic Biomass, and Sugarcane to Ethanol; Comn to Butanol and Acetone
emission factor (g sCf flar Share of H2 Production: G.H2 Home Inputs
Fugitive Intensity (scf/mmBtu) Share of H2 Production: L.H2
€02 emission factor (gCO2/scf fugitive) (Geother |37 sequestration in Cantra 2 Plants: P | [0 L e agaisa
CH4 emission factor (gCH4/scf fugitive) Shares of Geothermal Technologies. Com wikow Poplar Swachgrass scantnus. ComSiover  Forest Resdue Sorghum ComiStover  Sold Waste. Sugarcane. co2|
Fugitive CO2 emissions from geofiuid (o COZ/KAN) exrurEy-Ps s 1000% 00% 00% 00% 00% 0% oo% 0% 00% 0% 0% 00%
High ne Fuel Assumptions Conts P 1000% oo% 0% oo% oo% 0% oox 0o% oo% oox oo% 0%
. 2) Electricify ion Mixes, Ci ion Technolg B 10-H2 Plant Feedstock Farming
Ethanol's Energy Content for High Octane Gasoline M "
C i Pet Coke-to-H2 Plant ntor Qrams/byshel for corn. grams Ton for coduiosic biomass. ms tonne for sugarcane
E10 21) Regional Technolgy Shares znd Powe Com Farming Swicrs Mcantus ComSiover  Gran Sorghum Sweel Soghum  Forage Sorghem Segercan -
Fuel - - H 5842 00 1490 o 3 P
E25 B - Conversion factor for HTGR (MWh of electicty Of | sz Ermissions: Kin RE0 53 5o Wi Kioriizer sndoecan
E40 Conversion factor for High Temperature Electrot
Region
Eificiency Selection of Method for Estimating Credits Com Farmng Swichgrass Macsrtnus Com Stover Sorghum Sugarcane N fertzer e US  sugarcane fess
Selection of Refinery Parameters for High Octane Fug sh Fe s — e e s e e e
gy Share Central Piant G.H2 420 Emissions Management Practices (onty for corn)  [IESUNI 840 Busmess Ax-Usal canato 1 which an a1 ppbed
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Central Plant LH2 EEF Uveofanhances sicency trpen Tz el 1oduces reck K20 omesin 1om syshat. etzer by 0%
voc Com and Corn Stover farming Assumptions
co ‘Alocation of corn farming energy between com grain and corn stover ' 1. Atirbutionsl 2. Energy atocatn 3 Mass alocation 4. Warket.value slocaton
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Energy efficien Nox Warit-vabe
dy eTheiency . Encroy-based slocation ‘ Bomass vel  E——— stocaton
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(mmBtu of cr of fuel throughp PM2.5 Central Plant G.HZ (Coen stove 125448 &y tonncre 2% 20% 10%|
s0x
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GREET LCA Methodology:
Well-to-Pump
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Fuel Pathways: Petroleum Fuels

Energy sources

w0

Renewables

Fuel
transportation
and distribution

Exploration Transportation Petroleum
and recovery of crude refining

Well-To-Wheels (WTW)

~

Crude ol

Fuel
combustion
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Fuel Pathways: Biofuels

CO, via N,O CO, CoO, CoO,
photosynthesis /4
1
\ //‘ /‘ /
\\ Carbon in Carbon in _ Carbon in
Mo - soybean soy oil = jet fuel
- > > »| e
Farming Oil extraction Hydroprocessing Fuel use
Energy — Energy ﬂ Energy ﬂ
Fertilizer —— Chemicals Chemicals

Co-products: [ Soy meal ] [ Naphtha ] [ Diesel fuel \ [ Fuel gas ]

= Carbon cycle via photosynthesis provides key CO, benefits with biofuel pathways.

TJENERGY (iR 10 Argonne & |75




GREET1 example fuel production pathway (simplified)

Combustion Non-Combustion Combustion Non-Combustion
emissions emissions emissions emissions

Functional unit;
MJ fuel
Crude

Refining Gasoline
recovery

Diesel

Material

Upstream - Upstream Co-product handling

©  emissions -~ ©  emissions -~

TJENERGY (iR 11 Argonne & |75




Co-product handling: allocation

= Main product and co-product carry energy and emissions burdens and can be
allocated based on their relative ratios in the total product slate;

= Allocation can be done based on mass, energy, or market-value.

Emissions

Allocation factor

Feedstock Process Main product X%

~ Co-product 1

Material | Co-product 2

(B ENERGY (1t Argonne & |75




Co-product handling: displacement (substitution)

= Main product carries the burden of all process energy and emissions, and all
life-cycle energy and emissions of the displaced product are credited to the

main product.
Emissions .
credits
;\fj )I-E;n; is;ions ;:f'
=TT TR T TN \—-\75’/_—
A \\

ol o .
<. Emissions -,

—\—-\~ﬂ—1_—’ .

~

Main product

Co-product 1 Counterpart 1 ém \

Feedstock Process

- Counterpart 2§

Material Co-product 2
Users can select the co-product handling method in GREET
Argonne &7
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Transportation process

» Transportation modes: ocean tanker, barge, truck, rail, and pipeline

= Parameters: payload (ton), energy consumption (Btu/ton-mi), distance (mi), mode share (%),
fuel type (diesel, residual oil, natural gas, and electricity, back-haul

1. Conventional Crude Oil for Use in US Refinery

31%

2,100

8.5%

8,707

76%

US Terminal

©

Barge .

Pipeline

1,672

2.8%

N

797

Argonne & 75



GREET outputs include energy use, criteria pollutants, greenhouse
gases, and water consumption

: Greenhouse Water
Energy use Air pollutants :
gy P gases (GHG) consumption

« Total energy: fossil energy * VOC, CO, NOX’d - CO,, CH,, N,O, * Freshwater

and renewable energy gglo' PM; 5. an black carbon, and consumption
. Fotssnlenergy:dpetrolleum, X surface albedo - Water stress,
. Eaérlfgvggfé Zzerzoye} ’ sEgngrg:gg/ for total * CO, of the five considering water

poness e Crew,  anduban(asubset  Sorohed M Ier - eupply and demand

o pouer WA pONEt,  of the tota -

gy potentials) nexus)

emissions
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GREET LCA Methodology:
Pump-to-Wheels (Vehicle Operation)
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GREET includes key vehicle technologies

Types of LDVs in GREET Types of fuels for LDVs

' iti ' ' » Gasoline/Ethanol
« Conventional Spark-Ignition Engine Vehicles asoline/ethano
.. . - - - - ° EI t ty
« Spark-Ignition, Direct-Injection Engine Vehicles ecCtricl
. -,y - . . . ° Hyd g
v * COMpPression-lgnition, Direct-Injection Engine rogen
. hu
Vehicles «CNG E
f:
5 c 2 £
» Hybrid Electric Vehicles (HEV ' :
yori ectric venicies S * Diese g
2 =]
] 3]
o g 0 g 2 F
* Plug-in Hybrid Electric Vehicles (PHEVS) ¢ «Biodiesel
. =
8 lodiese 5.
T (=R
=  Battery-Powered Electric Vehicles L e
Urban Emiz = ® B tt y-P d EI t V h I 70.0% R bI d I [_70.0%
~Than Emig [ AN
Pege -+« * Renewable diese e
Total fuel ug 3574 3,553
Fossil fuel A ue e e iC eS 3574 . 3553
e o Fuel Cell Vehicl : *DME/F-Td l/Methanol :
Natural gas 3574 - |ese e anO 0
Petroleum | 0 I 3,553
Emissions: grams/mile
WOC: exhaust 0.069 0.069 0.069 0.069 0.069 0.069 0.069 0.069 0.069 0.069 0.069 0.069 0.014 0.014 0.069 0.069 0.069 0.069 0.069 0.069 0.069 0.069 0.069 0.069 0.069 0.143
WOC: evaporation 0.161 0.161 0.161 0.081 0.000 0.000 0.000 0137 0137 0.137 0137 0137 0.000 0.000 0161 0.161 0.161 0161 0.161 0161 0.161 0.161 0.161 0.137 0137 0.005
co 2741 2741 2741 2741 2741 2741 2741 2741 2741 2741 2741 2741 0.548 0.548 2741 2741 2741 2741 2741 2741 2741 2741 2741 2741 2741 3.531
NOx 0.082 0.082 0.082 0.082 0.082 0.082 0.082 0.082 0.082 0.082 0.082 0.082 0.082 0.082 0.082 0.082 0.082 0.082 0.082 0.082 0.082 0.082 0.082 0.082 0.082 0.097
PM10: exhaust 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.000 0.000 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.003
PM10: brake and tire wear 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031
PM2.5: exhaust 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.000 0.000 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003
PM2.5: brake and tire wear 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004
S0x 0.002 0.002 0.002 0.001 0.004 0.000 0.000 0.001 0.000 0.001 0.000 0.004 0.000 0.000 0.000 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.000 0.001 0.002
BC 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.000 0.000 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002
oc 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.000 0.000 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.000
CH4 0.015 0.015 0.015 0.146 0.145 0.146 0.015 0.015 0.015 0.015 0.015 0.015 0.001 0.001 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.092
N20 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.001
co2 324 324 324 270 263 264 287 310 288 318 308 297 0 0 37 308 337 308 307 306 281 281 281 267 276 275
CO2 (w/CinVOC & CO) 329 329 329 275 268 269 292 315 293 323 313 302 1 1 322 313 342 313 312 312 286 286 286 272 281 281
GHGs 330 330 330 281 273 274 293 316 204 325 315 an4 2 2 324 314 343 315 14 313 288 288 288 274 283 284
Misc. item -27 -27 -27 0 0 0 a a -248 -313 -230 -322 -313 -342 -20 58 -9 18 18 18 a -214




Light-duty vehicles: Fuel economy and emission factors

» Fuel economy values are based on Argonne’s Autonomie, which is a detailed
vehicle simulation model.

» Emission factors are based on EPA's MOVES model (the latest MOVES3)

» Light-duty vehicles include three types: passenger cars, sports utility vehicles
(LDV1), and pickup truck (LDV2)

1) Fuel Economy and Emission Rates of Passenger Cars Baseline Vehicles: gasoline-equivalent MPG and grams/mile emissions
(fuel economy is adjusted for on-road performance using the EPA mpg-based method, and using 43%city/57%highway VMT split)
Model Year 2016
Lag year 4
Gasoline Car: Values from non-stochastic simulations and for adjustments to distribution functions
Model year is 5 years earlier than simulated technology year
26.16 0.069 0.161 274 0.082 0.004 0.031 0.003 0.004 0.002 0.001 0.015 0.004

26.16 0.069 0.161 2741 0.082 0.004 0.031 0.003 0.004 0.002 0.001 0.015 0.004

Model voc voc PM10 PM10 PM2.5| PM2.5
Year MPGGE| (Exhaust)| (Evap.) co NOx| (Exhaust)| (TBW)| (Exhaust)| (TBW) BC ocC CH4 N20
MY|1990 22.10 1.071 2641 13152 2908 0.021 0.031 0.018 0.004 0.004 0.010] 0179 0.040
MY|1995 21.70 0.658 2626 9.472 1.860 0.014 0.031 0.012 0.004 0.003 0.006 0.110] 0.027
MY|2000 22.00 0.244 2611 5.791 0.812 0.006 0.031 0.006 0.004 0.001 0.003 0.041 0.014
MY|2005 23.40 0.115 0.166 3.871 0.203 0.002 0.031 0.002 0.004 0.000 0.001 0.022 0.006
MY|2010 26.08 0.074 0.164 2,986 0.080 0.002 0.031 0.002 0.004 0.001 0.001 0.016 0.006
MY|2015 26.16 0.069 0.161 2741 0.082 0.004 0.031 0.003 0.004 0.002 0.001 0.015 0.004
MY|2020 30.70 0.040 0.114 1.466 0.039 0.004 0.031 0.004 0.004 0.003 0.001 0.008 0.004
MY|2025 31.49 0.029 0.101 1.016 0.021 0.004 0.031 0.004 0.004 0.003 0.001 0.005 0.004
MY|2030 35.43 0.029 0.099 1.011 0.021 0.004 0.031 0.003 0.004 0.003 0.001 0.005 0.004
MY|2035 38.28 0.028 0.098 1.006 0.021 0.004 0.031 0.003 0.004 0.003 0.001 0.005 0.004
MY|2050 44.48 0.027 0.096 0.993 0.020 0.004 0.031 0.003 0.004 0.002 0.001 0.005 0.004
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Heavy-duty vehicles: Fuel economy and emission factors

= HDV_TS and HDV_TWT tabs

Types of HDVs in GREET Types of fuels for HDVs

« Combination Long-Haul Trucks

« Combination Short-Haul Trucks Diesel
* Diese
* Heavy Heavy-Duty Vocational Vehicles o
: , _ * Biodiesel
* Medium Heavy-Duty Vocational Vehicles _
* Renewable diesel

* Light Heavy-Duty Vocational Vehicles _
* DME/F-T diesel/Methanol

» Heavy-Duty Pick-Up Trucks and Vans

* CNG/LNG
* Refuse Trucks -

* Electricity
» School Buses

* Hydrogen

* Transit Buses
* Intercity Buses

;’-’l"\ U3 DEPARTMENT OF _ Argonne National Labaratory is a
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Rail, marine, and aviation modules can generate results
for different service functional units

= Rail (per ton-mi or per passenger-mi results)
— Rail types: freight rails, intercity rails, commuter rails, and transit rails
— Fuel types: diesel, LNG, LPG, DME, FTD, RD, RG, H,, and electricity

= Marine (per million tonne-km or per defined trip)
— Vessel types: bulk, container-large, and tanker VLCC

— Trip types: domestic-domestic, domestic-CA, CA-CA, domestic-international, and
CA-international

— Regions: Pacific, Atlantic, Gulf of Mexico, and Great Lakes
— Fuel types: HFO, MDO, MGO, LNG, FTD, Pyrolysis oil, methanol, ammonia, etc.

= Aviation (per passenger-km or per kg-km)
— Aircraft types (passenger and freight): single aisle, small twin aisle, large twin aisle,
large quad, and regional jet
— Fuel types petroleum jet and sustainable aviation fuels (SAF)
(ZENERGY [T o 21 Argonne &(75



Time-series tables characterize technology advancement
over time and enable simulating temporal effects

FueI_Pr0<_TS’ EF@) AgMining_E@ EF WCF Fuel Specs Ca< TS ’ LDT‘ TS ’ LDT‘_TS ’

= Many major parameters have time-series (TS) values.

E_year 1. Key Options for Simulation

period Residual Oil Natural Gas Coal  Nuclear Biomass  Others 1.1) Target Year for Simulation

1930 4.2% 123%  525%  19.0% 11% 7 109% 2021
1995 2.2% 148%  51.0%  201% 12% 7 107%

2000 2.9% 158%  517%  19.8% 11% 7 87% )

2005 2.9% 157%  S517%  20.3% 12% 7 82% u Dependmg on the selected
2010 0.9% 27%  460%  20.3% 03% " 98% i .

2013 0.6% 62%  403%  02%  03% " 123% simulation year, GREET reads the
2014 0.7% 26.2%  30.8%  20.2% 0.4% 12.6% )

2015 0.7% Me% M2 3% 04% 128% parameters in the TS tables of
2016 0.6% 32.7%  314%  205% 0.3% 14.5%

217 0.5% WE% L% NI 0% 16.6% relevant parameters for the
2018 0.4% 334%  200%  20.3% 0.3% 16.5% - ]

2019 0.4% I6.7%  24.6%  204% 0.3% 17.5%

2020 0.4% 39.6%  200%  204% 0.3% 19.4% simulation year.

2021 0.3% 36.5%  23.8%  19.6% 0.3% 19.5%

2025 0.2% UT%  17TT7%  18.9% 0.3% 28.3%

2030 0.2% 135%  161%  167% 0.3% 33.3%

2035 0.2% 326%  140%  15.4% 0.3% 37.5%

2040 0.1% 33.0%  123%  147% 0.2% 39.5%

2045 0.1% 0%  111%  142% 0.2% 40.3%

2050 0.1% 342%  105%  134% 0.2% 41.6%
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What can we do with GREET?

L , U.S. DEPARTMENT OF _ Argonne National Laboratory is a
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GREET 1 can simulate various fuel production pathways in

specific scenarios
Results

Scenario Control Variables and Input Assumptions [WTW Results Menu Select a vehicle type from a pink drop down menu, then press "Go”

1. Key Options for Simulation Home "[SIICE Vehicles Hybrid Vehicles (HEV)
1.1) Target Year for Simulation s Go
2021 Restore Time Series SIDI ICE Vehicles
_ 5 4|"”E Back to Top
1.2) Point-Estimation or Probability-Estimation Option — -
Load Stochastic Toolkit ___ To load the stochastic toolkit WTP Results CIDI ICE Vehicles BEV and FCV Go GCI ICE Vehicle
Load Stochastic Toolkit Unload Stochastic Toolkit .. To unload the stochastic toolkit
2. Vehicle Tybes for Simulation WTW Changes Unit Selection Select uns from a pink drop down menu for the Resufts
1 — Passenger Cars; 2 — Light Duty Trucks 1 (LDT1) (Sports utlkty vehicles [SUVI); 3 — Light-Buty Trucks 2 (LDT2) Pickup Truck [PUT]) Per Vehicle Distance Trave led Per Energy in Fuels
Energy Unit: Emission Unit Energy Uni _ Emission Unit:
3. Petroleum-Based Fuels Service Functional Unit Energy Functional Unit: -
. 3) Patroleum Recovery Options 2. Well-to-Wheels Energy Consumption, Water Cor ption, and Emissi per mile and per mmBtu
etroleum 3.1.a) Share of crude oil sources - line Vehicle: .
wornee e r— @ TeChnOIOgy 0pt|ons ehicle: Gasolne
T m Bt il ile or g/mile or or
ER projection Vehicle Vehicle
3::"1“‘:’;”‘;"“ ston ftem Feedstock Fuel _ Operation Total Fuel _ Operation Total|
AP ety Total Energy 233 553 2289 5478 54,412 222307 1,000,000 1,276,720
Backto Tep < Content (%) ° TeCh n O I O S hares Fossil Fuels 219 846 4,003 5,069 51,113 197,360 933326 1,181,804
[average gist Coal 23 34 0 57 5,361 7,883 0 13,224
U Domee e Natural Gas 158 541 0 598 36,792 126,052 0 162,844
(AP aravity Petroleum e 212 4,003 4314 8,965 63,445 933326 1,005,735]
[Vol Share (%) - - . . \Water Consumption 0.1 02 0 0 15 33 0 53
3.4.0)Efficioncy for Petrafeum Recovery () Effl C I e n C I e S / yl e I d S €02 (wi € in VOC & CO) 2 83 329 350 527 12,689 76,702 50,864
Conventionsic CH4 0.320 0187 001s 0522 74.590 43807 3414 121611
EXy N20 0.000 0.012 000 0.018 0.073 2837 0.911 2.811
; GHEs 7 72 330 410 1,716 18,760 77,083 95,529
el ey pyrameters of Ofl Sands Recovery Methods and Products 0 0 VaC: Total 0.013 0114 0.230 0.357 3008 26513 53587 83.119
’%ﬂumﬂnc Shares [ ] E I I I ISS I O n acto rS €O: Total 0.027 0.043 274 2511 6167 10113 539.104 655.404
Recorered Divent i Refmeras NOx: Total 0.042 0.072 0.082 0.196 9728 16,848 19.208 45785
PI10: Total 0.002 0.010 0.035 0.047 0.502 2407 8.044 10853
[Snare of ol sands recovery methods and products PI2.5: Total 0.002 0.007 0.007 0.018 0.420 1532 1728 3680
voumetie Sl o SOx Total 0.011 0022 0.002 0.035 2470 5172 0.458 8.098]
Eneray S tC . BC Total 0.000 0.001 0.003 0.004 0.074 [RES 0.608 0.888
OC Total 0.001 0.001 0.002 0.004 0452 0272 0.415 0.838
3.2) Conventional Crude Transpart Options | VOC: Urban 0.002 0.065 0.181 0.229 0.53¢ 15,298 7518 53351
—_— —_— €O: Urban 0.001 0.011 1918 1.931 0.256 2530 447373 450.210
_ omestic Masks __ Domesti ates ountres. and Mexico NOx: Urban 0.002 0.017 0.058 0.076 0.514 3853 13446 17.813
S sare of Crude Input to Refineries e FI10: Urban 0.000 0.00¢ 0024 0.028 0.039 0830 5631 5500/
OceanTarker a1% 85% PI2.5: Urban 0.000 0.003 0.005 0.008 0.03¢ 0723 1210 1988
Peine SeeTaD.Flowchars b 784 SOx: Urban 0.001 0.008 0.001 0.009 0.278 1393 0318 1991
overaas enemeriston Srees T BC: Urban 0.000 0.000 0.002 0.002 0.003 0082 0.428 0512
Ocean Tanker| 2100 807 OC: Urban 0.000 0.000 0.001 0.002 0.010 0108 0.290 0.407

[ ] Users can change the value
1 Users can select an option
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GREET generates substantial and reliable datasets for
energy/transportation technologies
https://greet.es.anl.gov/publications

G R EET i n C | u d eS Technical Publications Back to Categories

Title + Authors ¢ Date & File
° FGEdStOCk S eCifi Cati O nS Economic and environmental analysis to evaluate the Y. Jiang, G. Zaimes, S. Li, T Hawkins, A 10-20- publication
p potential value of co-optima diesel bioblendstocks to Singh, N. Carlson, M. Talmadge, D. Gaspar, 2022 link
petroleum refiners M. Ramirez-Corredores, A. Beck, B. Young,

L. Sittler, A. Brooker

o F u e | S peCifI Catl O n S Updates to Vehicle-Cycle Inventory for Select R. Iyer, J. Kelly 10-13- “!’
Compone;
Duty Vehig

* Major parameters (e.g., fuel yield, " All parameters, conditions, and

energy and material inputs, etc.) of - assumptions are clearly
various fuel production technologies documented in journal articles,

technical reports, and memaos.

Lithium Pr|

» Major parameters of various material

Anodes fol

production technologies
Addition of End-of-Life Recycling Methodology to J. Kelly, C. Kolodziej 10-01- -
GREET® 2022 for Steel and Aluminum 2022 -

) VehiCIe fuel economy and emiSSion Updated Natural Gas Pathways in GREET 2022 A Burnham 10-01- 2615: N

2022 -

factors e
ctang Environmenta P. Benavides, A Bartling, 5. Phillips, T. 08-03- publication
— 2022 link

kins A, Singh, G. Zaimes, M.

(Z)ENERGY 775 Argonne & |75 -



https://greet.es.anl.gov/publications

GREET 1 identifies hotspots and opportunities for

technology improvement

» Results can be presented at the
process level showing the contribution
of major parameters.

= Can help reduce environmental
impacts through multiple options
available in GREET.
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GHG emissions
(g COze/MJ)
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Soybean Canola Carinata

o Fertilizer production
mN,O from biomass
O Transportation

O Farming energy
IN,O from fertilizer
@ N,0 from N fixation
m Other activities

https://pubs.acs.org/doi/10.1021/acs.est.2c00289

() BNERGY (7o el

B6 A5% mPetroleum Jet Fuel Production
an @ Combustion
716 -29% o Com EtOH
D mEtOH to Jet Conversion
- B0
2 596 @ Indirect Reduction in EtOH CI
) oReduction in EtOH CI
[« I} @ Indirect Reduction in Jet Upgrading Cl
b mReduction in Jet Upgrading Cl
2 T 9% *Cl
5 = 120%
w 0 2138 w
o 17.3 ’_|
c
¢ |
.
E * Percentages represent Cl reductions (%) '1_2’%{‘ 125% 127%
9 . - - -131%
I Cl numbers representGHG emissions (g COze,‘MJJ 168 168 ]
¢ * RNG has negative Cl due to avoided emissions =213 231 265
40 * 8.0 gCO_e/MI let of land use change GHG
emissions are included
-60
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Source: Jim Spaeth(2021)
(https://mww.energy.gov/eere/bioenergy/articles/sustainable-
aviation-fuels-low-carbon-ethanol-production)
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Stochastic simulation in GREET1 quantifies uncertainties

k4 C [ @& e ——
1 H 1 1 : GREET | @ e —
= Stochastic simulation feature is ILAE [ ———
. o E GREET 'g - _Q
H . RE5 GREET | B
incorporated in GREET o5 |28
L3
H HH H H H H 5 GREET i———
— Assign probability distribution functions seo =
&Y GREET Ei
. . o e JEC
tO the |nput Varlab|eS 282 Gerr . el
st = JEC | [ 0 |
. SEF oReer | 5 [ =e|
— Specify the number of samples 282 e |2H T ——
=]
= _
required and the sampling technique R —— e—
© =S GREET I |
_ _ S5 e | T
— 225 [ —
Define the forecast variables 226% wn I —
o E® oner _____________ __________
. . T JEC
- P te th taint 8 et | g
ropagate the uncertainties cee TH |2 e
=83 7 cReET | @ ) RS e—
H H VEZ JC | ©
— Statistically analyze the outputs £8% ouo |3 E ="
gE g o C | ®0 O T— [
seE” ereer | [ e——— | __ ...
~Epow JEC
TEEEC onerr —
< —
" Petroleum MeOH & Ethanol Electric Vehicles Car_TS Tab S E § g GRéE? E —n
jome
NaturalGes | [ Hydrogen Bio Oil Eatites Fue‘\:]:m Vehicles Tab £ GR;E& w %_‘
Scenario Control Variables and Input Assumptions s JEC
1. Key Options for Simulation TS OGREET | =
1.1) Target Year for Simulation ] JEC EE———
2021 Restore Time Series @ < GREET a ———
Table Value = @ JEC | o
1.2) Point-Estimation or thabilﬂ' -Estimation Oﬁion — _ % €  GREET H
Load Stochastic Toolkit ... To load the sic
Load Stochastic Toolkit Unload Stochastic Toolkit ... To unioad the -240  -200 -160 -120 -80 -40 [} 40 80 120 160 200
- g COe/M)
O Feedstock production O Fuel production Combustion
OBiogenic carbon O Avoided counterfactual emissions B Total
§ ?;ENERG o D;a“;:s;.” 2"*3*‘"’",‘&:‘* Arg nne o 75
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Sensitivity analysis with transparent access and
modifications to key inputs

= Sensitivity analysis help reveal the impact of each parameter

Nitrogen fertilizer- -45.6% | | 176.9%

Manure- -54.1% E

Cover crop- -21.1% 1020 ]11%
Nitrogen fertilizer
- share’ -12.1% D: 14.2%
Nitrification_
inhibitor use %]
Energy use- -2.9%[D7.1%
Phosphate
fertilizer” 3.2%[] ]5.6%
Energy share - -0.9% D4.8%
Potash fertilizer- -1.9%[[]3.4%
50 0 50

(a)% difference from the baseline scenario

@ENERGY i S | Argonne &|75
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GREET1 2022 Contributors:

Michael Wang, Amgad Elgowainy, Uisung Lee, Kwang Hoon Baek, Adarsh Bafana, Pahola
Thathiana Benavides, Andrew Burnham, Hao Cai, Vincenzo Cappello, Peter Chen, Yu Gan,
Ulises R Gracida-Alvarez, Troy R. Hawkins, Rakesh Krishnamoorthy lyer, Taemin Kim,

Shishir Kumar, Hoyoung Kwon, Kyuha Lee, Xinyu Liu, Zifeng Lu, Farhad H. Masum,
Clarence Ng, Longwen Ou, Krishna Reddi, Nazib Siddique, Pingping Sun, Pradeep
Vyawahare, Hui Xu, George G. Zaimes

Day 2 8:30am — GREET1 Demonstration
Visit https://greet.es.anl.gov/
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GREET Questions: best way via emails

» Greet@anl.gov

» Subject: area of your questions (such as biofuels, electric vehicles, hydrogen, etc.)
* Questions in email text
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