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H2@Scale: a DOE initiative for a hydrogen economy
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The GREET® (Greenhouse gases, Regulated Emissions,
and Energy use in Technologies) model

VEHICLE CYCLE
(GREET 2 Series)

= With DOE support, Argonne has been developing the GREET life-cycle
analysis (LCA) model since 1995 with annual updates and expansions

= |t is available for free download and use at greet.es.anl.gov

= >50,000 registered users globally including automotive/energy industries
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GREET includes a suite of

models and tools
» GREET coverage

v

v

a4 Government

California Environmental Protection Agency
@= Air Resources Board

GREET1: fuel cycle (or WTW) model of vehicle
technologies and transportation fuels

GREET?2: vehicle manufacturing cycle model of
vehicle technologies

» Modeling platform

v
v

= GREET derivatives

v
v
v
v

v

"% U.S. DEPARTMENT OF _ Argonne National Laboratory is a
@ & ENERGY U.S. Department of Energy laboratory
& managed by UChicago Argonne, LLC.

Excel BENHTSA

.net

ICAO-GREET by ANL, based on GREET1
China-GREET by ANL, with support of Aramco
CA-GREET by CARB, based on GREET1

AFLEET by ANL: alternative-fuel vehicles
energy, emissions, and cost estimation

@MARAD

e Administration

EverBatt by ANL: energy, emissions, and cost
modeling of remanufacturing and recycling of
EV batteries

=" |

Government
of Canada

i

GREET applications by agencies

United States

Production tax credits and clean hydrogen standard under
IRA and BIL

CA-GREET3.0 built based on and uses data from ANL
GREET

Oregon Dept of Environ. Quality Clean Fuel Program

EPA RFS2 used GREET and other sources for LCA of fuel
pathways; GHG regulations

National Highway Traffic Safety Administration (NHTSA)
fuel economy regulation

FAA and ICAO AFTF using GREET to evaluate aviation fuel
pathways

GREET was used for the US DRIVE Fuels Working Group
Well-to-Wheels Report

LCA of renewable marine fuel options to meet IMO 2020
sulfur regulations for the DOT MARAD

US Dept of Agriculture: ARS for carbon intensity of farming
practices and management; ERS for food environmental
footprints; Office of Chief Economist for bioenergy LCA

Environment and Climate Change Canada for its Clean

Fuel Standard
Argonne & |75
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GREET covers all transportation subsectors

11%

GREET

TRANSPORTATION VEYTT:

Share of US transportation GHG emissions; remaining 12% for US is from pipelines and offroad.
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The GREET® (Greenhouse gases, Regulated Emissions, and Energy

use in Technologies) model with H, User Interface

https://greet.es.anl.gov/greet hydrogen Q & %

greet.es.anl.gov/greet_hydrogen

o Iil'l'lﬂNll L.l.-lﬂll.'l'ﬂl"l'

RESEARCH FACILITIES PUBLICATIONS NEWS

GREET with H, User Interface

GREET

Click to save the xlsm file GREET1_2022_with_H2_user_interface.xlsm to your hard drive.
Publications GREET 2022 with H,, User Interface October 12, 2022
Databases

The GREET team of Systems Assessment Center at Argonne Mational Laboratory Is pleased to announce the

CREET Model Platforms release of GREET with H, User Interface.

REET e GREET provides In-depth lIife-cycle simulatlons for hydrogen technology pathways and Is avallable as an Excel
spreadsheet (GREET Excel) ar an application (GREET.MNet). Both verslons are avallable for public download at
no charge to users. GREET 2022 Is released with expansion of the hydrogen technoloegy pathways and
updates to process level data. Furthermore, a version of GREET Excel model I1s released with an additional
Interactive user Interface In a separate dedicated worksheet (H2_User_Inputs) designed for users Interested
In hydrogen pathways to facllitate simple process data Input and various levels of emissions results in the
same worksheet. The GREET.Met version Is already designed bottom-up with graphical user Interface.

GREET Exce
Fuel-Cycle Model
Vehicle-Cycle Model

GREET Tools

WTW Calculator

AFLEET Toal To accompany GREET 2022 release, a report was developed to document and describe the major updates

and expansions to the hydrogen technology pathways, and to provides data sources and sample carbon
Intensity results for each of the hydrogen production pathways.

AWARE-US Model
FO-CIC Tool
Refinery Products WVOC The model and report can be downleaded through the links provided below.

GREET Building Module
8 Download tool and documentation

GREET Aviation Module s GREET 2022 (Excel platform) with H, user Interface ( 161 ME xlsm)

« GREET 2022 (Net platform) (link)
+« Repon and decumentation (1.61 ME pdf) 6

Tutorial Video

H y
Steam Menefom'llng

Watch on EBYouTube
Hydrogen Delivery Cost Model

https://youtu.be/ONakQjCUSoQ
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https://greet.es.anl.gov/greet_hydrogen
https://youtu.be/0NakQjCUSoQ

Energy use

* Total energy: fossil
energy and renewable
energy

 Fossil energy:
petroleum, natural gas,
and coal

* Renewable energy:
biomass, nuclear energy,
hydro-power, wind
power, and solar energy

\ 4

Resource availability
and energy security

_«f% U.S. DEPARTMENT OF National Laboratory is a
@ & ENERGY eeeeeeeeeeeeeeeeeeeeeeeeeeee
2 ImiWBmEAN® B managed by UCh icago Argonne, L LLC.

Air pollutants

* VOC, CO, NOx, PM,,,
PM, s, and SOx

» Estimated separately
for total and urban (a
subset of the total)
emissions

\ 4

Human health and
environmental justice

7

Greenhouse
gases

.|co,, CH,, N,0|
black carbon, and
albedo

« CO,, of the five
(with their global
warming potentials)

\ 4

Global warming
iImpacts

GREET sustainability metrics include energy use, criteria
air pollutants, GHG, and water consumption

Water
consumption

» Addressing water
supply and demand
(energy-water
nexus)

\ 4

Regional/seasonal
water stress impacts
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GREET covers many groups of energy systems

Petroleum Sector:
« Conventional oil

* Shale oil

* Oil Sands

Gasoline

Diesel

Jet fuel

Liquefied petroleum gas
Naphtha

Residual oil

Natural Gas Sector:
» Conventional NG
* Shale gas

Focus on Hydrogen

* NG end use in electric,
industrial, and residential
sectors

* Transportation sector:
CNG, LNG

* Alternative fuels: LPG,
methanol, DME, FT
diesel, FT jet

Hydrogen
Applications:

* Gaseous hydrogen
* Liquid hydrogen

Conventional and Ren. Natural gas
with and without CCS

Electrolysis with electricity
Electrolysis with Nuclear energy
Biomass

Byproduct of chlorine and crackers
Coal with and without CCS
Petroleum coke

Coke oven gas

Il IIE I IS SIS BN IEE IEE BEE EEE BEE S BEE  BEE  BaS S S .

5T,

The users are also capableof creating their own pathway with existing
feedstocks and technoloagies in the GREET database

Electric Systems:

* Electricity generation at
US plant level

* Aggregate to national,

NERC, and state level
« With CCS, if applicable

Natural gas
Coal
Residual oil
Biomass
Nuclear
Hydro
Wind

Solar

Renewable

Energy/Fuels:

* Ethanol

* Biodiesel

* Renewable diesel

* Renewable gasoline

* Renewable jet fuel

* Renewable natural gas

1st Gen Feedstocks:
« Corn

* Sorghum

* Soybeans

* Rapeseeds

* Sugarcane

€ °* Palm

2" Gen Feedstocks:
* Dedi. energy crops
* Crop residues
* Forest residues
* MSW
* Animal wastes

Algae

Electro-Fuels
» Gasoline
* Diesel

o Jet fuel
» Methanol

CO, Sources

« Ethanol plants
* NG SMR plants
» Cement plants
* Etc.



Hydrogen production pathway: CH, reforming w/ and w/o CCS

Conventional Gas
Drilling & Recovery

NG
Processing

Shale Gas
Drilling & Recovery

NG Compression

NG
Processing

v

Avoided GHG emissions
from landfilled MSW

.

Landfilling

Anerobic
Digestion

NG Compression
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Example hydrogen production pathway: water electrolysis
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Potential well-to-gate (WTG) GHG emissions of hydrogen
production pathways

11.0
o | lllustrative- Actual emissions
T 80 will vary by facility depending
< 7.0 . .
S 6o on system design and location
O
c)l 5.0
= 40
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Regional water supply-demand balance is key for large scale H, production;
Argonne AWARE-US model addresses regional/seasonal water stress impacts

= Brings together water consumption and ambient Life-cycle ,
. - i Regional water
. ) ] Regional
= Considers hydrologic flows and societal water use e
Regional water
at county level. consumption for Water stress index
. : . energy systems (AWARE-US)
= Applying to a wide range of energy supply chains.
Water LCIA
P10, Mean & P90: Gallons Water/GGE for 2015 Technology
0 10 20 30 40 50 60 70

Pure Gasoline (EO 3.0 .
(€0) | | Conventional Internal

Gasoline (E10) He1 Combustion Engine

Diesel | | 2.5 Vehicles
E8S B s
cNG (|10 Natural Gas Vehicles
Us Grid Electricity | | NN NN 22 Battery Electric
Solar Powered Electricity I 1.4 Vehicles
Hz via Dist. Electrolysis (Solar) I 4.9 Fuel Cell Electric

H. via Dist. NG SMR M s Vehicles

H. via Dist. Electrolysis (US Grid) [ EB

H. via Cent. NG SMR Bsa
H, via Cent. NG SMR w/ CCS | X

H, via Cent. Electrolysis (Wind) | BA
H, via Cent. Biomass (Gas. H;) . 15
https://www.sciencedirect.com/science/article/pii/S0048969718332145?via%3Dihub Ha via Cent. Biomass (Lig. Hz) B 20
7%, U.S. DEPARTMENT OF al Laboratory is a H, via Cent. Coal w/ CCS . 12
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https://www.sciencedirect.com/science/article/pii/S0048969718332145?via%3Dihub
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Thank You!
aelgowainy@anl.gov

GREET tutorials:

https://youtu.be/BrqRhJ3gRml
https://youtu.be/ONakQjCUS0Q

Our models and publications are available at:

https://qgreet.es.anl.gov/publications
https://hdsam.es.anl.qov/
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