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The 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
Demonstrations, 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.
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LCA Background
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LCA is a major step to holistically evaluate sustainability of technologies and policies

From singular stages to the complete supply chain; shift in environmental burdens from one stage to another is not missed

LCA thinking has helped changes in corporation and consumer behaviors

Recent trends of regulatory LCA applications

US domestic regulations and programs

v
v

v" The Inflation Reduction Act incentives for clean hydrogen, sustainable aviation fuels, and clean fuels
v California regulation to require reporting of emissions of three scopes by companies

EPARenewable Fuel Standard
State fuels regulations
+ California Low-Carbon Fuel Standard
» OregonClean Fuels Program
» Washington State Clean Fuel Regulation

* Regulationsin several other states currently under consideration (IL, NM, MN, and VT)

International activities

v
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International Civil Aviation Organization’s CORSIA program for SAFs
International Marine Organization’s discussion of potential low-GHG fuel standard
EU Renewable Fuel Directive

Canadian Clean Fuel Regulations

Brazilian RenovaBio
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Life cycle assessment (or analysis) -- LCA
 1SO 14040 standard

= Establish guidelines for functional units, system boundary, co-product methods, and
data quality evaluation

(d Commercial software/databases
= SimaPro
= Gabi
= Ecoinvent
(d Transportation/energy system LCA models
= GREET model
= GHGenius model
= EC JRC WTW Calculator
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Life cycle analysis of technologies vs. enterprise 3-scope
emissions

[  Technology LCA: environmental footprints of technologies (e.g.,
different fuel production technologies)

e The fuel cycle (the WTW cycle)

e The vehicle cycle and the facility cycle
e The C2G cycle

d Enterprise supply chain environmental footprints (e.g., GHG Protocol by
WRI and WBCSD)

e Scope 1l emissions: company direct emissions

e Scope 2 emissions: emissions from purchased electricity and steam
e Scope 3 emissions: other upstream and downstream emissions
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This is Argonne National Laboratary’s RED version of GREET.
For varsions of GREET used for determining tax credits, please click here.

RED GREET® Model
The Greenhouse gases, Regulated Emissions, and Energy use in Technologies Modal

GREET Nows

R&D GREET 2023 Redoase Decambar 21
Thie Argonne Nalkanal LABGraiony's Systems Assessment Centet 15 pleased 1o anndunde the 2023 relessie of
he sulte of RED GREET Models. Plaase read Summarny of Expansions and Uipdates in RED GREET® 2023
(ETAKE paf) for more deadls on updates in this version

23

DISCLAIMER

RED GREET 2023 iz belng relesssd. consistent with Argonne Mational Leboraiory’s routing annuasl R&ED GREET
update process Consistent with annusl ipdstes since 1995, R&ED GREET (aizo histafcally called “AML GREET)
includes representation of n sl pathways and upaates 1o underhying assumptions. Pathways répresented
In the tool Include two majer categories: A those that have been ngorously evaluated and have high cantamty;
and Byinose that are pralimiasry, which cauld Incivde pathways that Rave not recenlly been avalumad: Mose
whene there is STl & gap In the sCence o GaA, Bndlor Thase thatl e curfently urder Intemal of extarmal peer
revigws Argonne s annua releases of RED GREET are comprehensive i order 1o inform the Ife cycia analysis
wchnical community and ehich siakeholder feadback These annual réleases dre maant 10 shars the eanty-
siage perspectives In Iife-cycle analysis, pamicularly in preliminary form. so s 1o gather feedback from the
acacemic and ohnickl Sxpan community and datermne where addmienal ressarch, analysis and data are
neaded Nat Al pathways and Eats In RED GREET are appropilane for use i clfcumstanies whers 8 migh leved
OF QuANTiRative CertAINTy OF precision is required. Inciusion of & pathiway of module m RED GREET does not
recessarly i@prasent LS Goavernment concuirends far any spacific use. but Instesd is inmended 1o GAThe
lechnical fesdback and advance the science of Ife-cycle snalysls

GREET s referenced in numergis independsnt state and federat compliance and Incentive programs
{mciuding solicnanons, sulemakings, and 1ax Incentives), but it is Imponant 1o note Thet this parcular releass
(R&D GREET 2023) 15 not the version used by any of theze specific pragrams. Numesous varzions of GREET
are currently publicly avatable including varslons that have bean formally adapted In rulémakings, referenced
n rulemaking documents, and referenced In solicliatons) and othels are fkely 1o Become adopied But sach
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R&D GREET includes a suite of models and tools

= R&D GREET coverage
v R&D GREET1: fuel cycle (or WTW) model of energy systems
v" R&D GREET2: vehicle manufacturing cycle and material embodied emissions
* Modeling platform
v Excel
v .net
= Other GREET derivatives
v' 45VH2-GREET for IRA based on GREET1
40BSAF-GREET for IRA based on GREET1 (forthcoming)
ICAO-GREET by ANL for ICAO CORSIA, based on GREET1
CA-GREET by CARB for LCFS, based on GREET1
GREET for 14 global regions by ANL in collaboration with IEA
GREET battery module
GREET marine module
AFLEET by ANL: alternative-fuel vehicles energy, emissions, and cost estimation
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EverBatt by ANL: emission and cost modeling of remanufacturing and recycling of EV batteries
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Sample GREET LCA results for selected vehicle-fuel system

combinations (SAE paper 2024-01-2830)
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Questions?

Michael Wang (mwang@anl.gov)
Visit https://greet.anl.gov/
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