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Argonne was established in 1946 as a science and
technology laboratory to develop peaceful uses for

a revolutionary new source of energy: nuclear power.



Argonne by the numbers
World-leading research at scale

$1.4B 13,944 7,134

Laboratory Employees, Facility
budget including 1,850 users
researchers
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DOE Office of Science Students
\

and Office of Nuclear Energy
user facilities
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R&D GREET Model

Greenhouse Gases, Regulated Emissions, and Energy Use in Technologies

» LCA database tracking and comparing life cycle performance of

energy systems and products.
— Used to inform and guide U.S. Dept. of Energy research.
— Adapted by California Air Resources Board and other states to determine fuel carbon
intensities for the Low Carbon Fuel Standard and other fuel regulations.
— Expanded from transportation focus to detailed analysis of a wide range of technologies
including chemicals, plastics, agriculture, metals, concrete, buildings, batteries, electricity
infrastructure

= Argonne has been developing R&D GREET since
1995 with annual updates and expansions.

= Long-term support from U.S. Dept. of Energy B 6 4 .
— Vehicle Technologies Office
— Bioenergy Technologies Office Arggg@g“ G R E ET
— Hydrogen Fuel-Cell Technologies Office
— Office of Technology Transfer LIFE-CYCLE MODEL




>65,000 Registered R&D GREET Users Globally
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Federal, State, and International Agencies Using R&D GREET

California Environmental Protection Agency

©= Air Resources Board . NHTSA

QMARAD

Maritime Administration

Doparmanior USDA
Department of
Environmental —
- S
LR
‘_\!""',ﬁ Fd;{?

#
AgeRdt

S
o

DRIVING RESEARCH AND INNOVATION FOR

Environment and
VEHICLE EFFICIENCY AND ENERGY SUSTAINABILITY

Climate Change Canada

~
N/l USOFRIVE ™

%/ENERGY 3.

Argonne &



BETO Multi-Laboratory Effort |
¥OAKRIDGE  Argonne &  TEINREL 77

* Interdisciplinary Framework National Laboratory T LigoroR s Pacific Northwest
— Conduct TEA, LCA, and technical
feasibility analyses to determine the
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viability of biofuels for the maritime Analysis, & Fuel Properties and
sector L Material
\___ Testing Compatibility
] ] P ~ Assessment
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—  Fischer-Tropsch Synthesis: Landfill Gas Compatibility
— Hydrothermal Liquefaction: Waste ~ Techno- Stakeholders
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R&D GREET Marine Models

= R&D GREET Marine Models and Stand-Alone

Modules
— Wide range of fuel pathways
— Relevant environmental metrics including emissions,
energy use, CAPs, water use
— Standardization enables apples-to-apples
comparison across fuel and technology pathways,
and the capacity to ‘drill down’ on the LCA results
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Life Cycle Assessment of Methanol from Fossil, Biomass, and Waste

Sources, and Its Use as a Marine Fuel in Dual-Fuel Engines
Farhad H. Masum, Eric C.D. Tan, Christopher P. Kolodsiel, snd Teoy K. Hawkios

= Functional Units
— Energy-based (impacts per unit MJ)
— Service-based (impacts per trip, tonne-km, average
passenger-luggage km)

= Key Variables
— Fuel and engine types
— Vessel types
— Trip and vessel characteristics
— Emissions regulations
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R&D GREET Marine Module

R&D GREET Interactive Marine Module 2024
Pathway Input Parameters
Select a Fuel and Feedstock  Feedstock .
Feedstock Type Input Userdefined__Default Unit Note ] | Metric
Reset Selection Logging Residue Input Diesel 185,360 btu / dry ton Landing Proces S0x
Logging Residue Input Electricity 11,423 btu / dry ton Receving & Hal
Fuel = % Legging Residue Input Diesel 8,720 btu i dryton Storage | BC
Logging Residue Input Electricity 276,460 btu / dryton Preprocessing oc
Ammonia Logging Residue Input NG 914,190 btu /dryton Preprocessing CHa
Clean Pine Input Diesel 139,910 btu /dryton Harvest And Cc
Biocrude Clean Pine Input Diesel 23,840 biu / dry ton Landing Proces nzo
Clean Pine Input Electricity 42.0 btu i dryton Receiving & Ha co2
Clean Pine Input Diesel 9,960 btu /dryton Storage | €02 {w/ C invOC.
Clean Pine Input Electricity 348,230 btu / dry ton Pr g
Clean Pine Input NG 914,190 btu / dry ton P ing [GHGS
WOC: Urban
S Mixes
Type Input User Defined Default £O: Urban
Utility Electricity: Residual oil 0.26%) NOx: Urban
A= Utility Electricity: Natural gas 38.5%| PM10: Urban
Utility Electricity: Coal 20.59%
Feedstock = % Utility Electricity: Nuclear power 18.88%| PM2.5: Urban
—_——— Utility Electricity: Biomass 0.27%| 50x: Urban
Woady Biomass Uity Elsctricity Hydroslecric 673% b
Utility Elsctricity: Geothermal 038% 8C Urban
Utility Electricity: Wind 10.7% OC: Urban
Utility Electricity: Solar PV 3.28%,
Utility Electricity: Others 0.42%|
Update Results
Conversion
Type Input User-defined Default Unit Note
Input Clean Pine 0.083 ton/ mmbtu Save RESU“S
Input Forest Residues 0.083 ton / mmbtu
Input Diesel 2,358 btu/mmbtu
Input Sand makeup 12851 g/ mmbtu
Input Cooling tower chemical 0.8201 g/ mmbtu
Input Boiler chemical 0.0 g/ mmbtu
Input Boiler feed water chemicals 1.64 g/ mmbtu
Input Caustic 189.13 g/ mmbtu
Input Hydrotreating catalyst, CoMo 0.0 g/ mmbtu
Input Hydrotreating Catalyst (sulfided CoMo) 0.0001 g/ mmbtu
Input Hydrocracking Catalyst (crystalline Si-Al with rare earth me 0.0 g/ mmbtu
Input Zeolite catalyst 187.49 g/ mmbtu
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Results: Biooil - Catalytic Fast Pyrolysis of Woody Biomass (Z5M5)

select units from drop-downs Energy Water Emissions
Unit Btu L g
Functional Unit MJ of Marine Fuel
GWP Factors | ARG/GWP/100
Life Cycle Result, Total: 5.16 g GHGs / MJ Fuel
mm CH4 = N20
COm@w! Cin VOC & CO) mm= CHA Biogenic Credit Default
<
80
60
S 40
=
=) 20
w0 — I | O
£
-20
© o
-40
_60 <
-80
Feedstock Conversion Fuel WTH
Combustion
Life Cycle Results, by Stage (per MJ)
Feedstock Conversion Fuel Combustion WTH
Total energy (Btu) 4.0E+02 -4 6E+02 9.5E+02 8.9e+02
Fossil fuels (Btu) J7E+02 -3.2E+02 = 4.8E+01
Coal (Btu) 34E+01 -16E+02 - -12E+02
Natural gas (Btu) 25E+02 -19E+02 - 5.4E+01
Petroleum (Btu) 8.8E+01 31E+01 - 1.2E+02
Water consumption (L) 54E-02 -1.7E-01 - -1.1E-01
VOC {g) 27E-02 -5.2E-04 5.7E-02 8.4E-02
COig) 14E-01 -5.BE-03 1.3E-01 2.6E-01
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Consistent System Boundary Across Fuel Pathways

RESOURCE ACQUISITION REFINING AND TRANSPORT DISTRIBUTION USE PHASE
SUSTAINABLE MARINE FUEL SYSTEM

GREENHOUSE GASES AND
TS e °° CRITERIA AIR POLLUTANTS ( 2 ( > ( >

o Biomass co PRODUCTS co PRODUCTS CO-PRODUCTS CO-PRODUCTS ﬁ=h
o Wastes and } ]

Residues = % QZ’% B @
o Low Carbon O0=0

Electricity
o Captured CO, Bio Feedstock Feedstock Preprocessing Conversion Fuel Transportation End Use

Production Transport If Applicable May Include Carbon Capture and Distribution May Include
: : ¥ j‘ :‘ ’ :]‘ j* Carbon Capture
Energy, chemical Filel Energy, chemicals Energy, chemicals, File]

and material inputs microorganisms

(—>
() =

Oil Recovery Feedstock Conversion Fuel Transportation End Use
and Extraction Transport May Include Carbon Capture and Distribution May Include

// } Carbon Capture
Fuel Energy, chemicals Fuel

 Compare on an apples-to-apples basis

» Avoid burden shifting across supply chain segments
* |dentify key drivers

Screen across potential environmental impacts

FOSSIL FUEL SYSTEM

GREENHOUSE GASES
(" AND OTHER POLLUTANTS ("

o Fossil Energy —> (% —_—

Fossil Energy
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R&D GREET Marine Fuel Pathways

Fossil Other Renewables
HFO w/Scrubber
HFO (2.7% S) Straight Vegetable Oil eMethanol (Ind. Waste
_»
HFO HFO (0.5% S) > SVO (Soybean Oil) eFuels Co2)
S=———" HFO (0.1%S) N— eFT Fuel (Ind. Waste
C02)
MDO (1.92 % S) P . ) .
N . . yrolygls Oil (Wood Biomass) Ammonia (H, From Low
MDO mgg Eg? ";Z g; > Bio-Oil | HrLBiocrude (Wet Wastes) NH3 Carbon Sources)
MGO (1.0 % S) FT-Diesel (Biomass)
MGO MGO (0.5 % S) > FTD FT-Diesel (LFG)
\ ) MGO (0.1 % S) \ / FT-Diesel (Biomass & Coal)
FT-Diesel (Biomass & NG)
EE—
LN G Liquefied Natural > B D Biodiesel (Soybean Oil)
\ ) Gas
Methanol (NG) Renewable Diesel (Yellow Grease)
MeOH Methanol (Coal) > RD Renewable Diesel (Yellow Grease & HFO)
_ _
Methanol (RNG)
N Methanol (Biomass)
FTD FT-Diesel (NG) d MeOH Methanol (Black Liquor)
Methanol (Flare Gas) HFO: heavy fuel oil
E— MDO: marine diesel oil
NH Ammonia EtOH Ethanol (Corn) MGO: Marine gasoline oil
3 (H2 from SMR- Ethanol (Cellulosic Biomass) FTD: Fischer- Tropsch Diesel
e ——— NG)

T, U3 DEPARTMENTOF _ Argonne National Laboratory is a
@I EN ERG U.S, Department of Energy laboratory
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Fuels in the Marine Sector

Alternative fuel uptake in the world fleet by gross tonnage

SHIPS IN OPERATION SHIPS ON ORDER
. <0.01% Ammonia ———— <0.01% Hydrogen
| = f—
92.6% & <0.01% Hydrogen 50.5% - - 0.69% Ammonia
conventional 0.09% Methanol conventional 1.39% Battery/Hybrid

f‘"" 0.32% Battery/Hybrid fuel 1.92% LPG
0.37% LPG ' 9.68% Methanol

——— 6.65% LNG 35.81% LNG

7.4% Total L 49.5% Total

World fleet Order book

Figure 15: Alternative fuel-capable vessels in the world fleet in gross tonnage, as of October 2024, reported by IHS Markit
(ihsmarkit.com) and DNV's Alternative Fuels Insights for the shipping industry—AFI platform (afi.dnv.com). Note that these
figures indicate vessels that are “capable” of operating on alternative fuels but are not necessarily doing so. These vessels
may also need further major refits (tankage, fuel management systems, etc.). However, these numbers are indicative of the
potential use for alternative fuels in the future fleet that is already, or will soon be, operational.

S Source: An Action Plan for Maritime Energy and Emissions Innovation (Photo), IHS Markit and AFI (Data)
) ENERGY 75y sl Argonne &
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Fuels in the Marine Sector

Estimated Energy Use by Vessel and Fuel Type (2019)
B Distillate Fuel 0il* [ Residual Fuel Oil** M Gasoline

Container

Tankers

Bulk Carriers

General Cargo

Vehicle Carriers/Ro-Ro
Cruise

VESSEL

OCEAN-GOING

u
o
B

Passenger

Other

Commercial Fishing
Towboat

Ferry

Offshore Supply

TD!!!

HARBOR CRAFT

-

Non-Commercial Vessels
DOD

o

50 100 150 200 250 300
Energy Consumption (Trillion BTU)

*e.g, diesel fuels and fuel oils
** e.g, HFOs and VLSFOs
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I I I t h M I S t
Figure 18: G i of the p , supporting, and niche fuels ‘ .
and powertrain technologies of the L.S. maritime sector in 2050 by vessel

type. (Note: Hybridization and partial electrification will be important to

improving vessel operational efficiency and decarbonization.) Predominant  Supporting  Niche
Drop-In Battery
Fuel RNG ydrog Electric

Bulk Carriers

Container Ships

Ro-Ros

VESSELS

Tankers

OCEAN-GOING

Cruiise Ships

General Cargo

=

Commercial Fishing

offshore supply

Ferries

Passenger

HARBORCRAFT

Tow/Barges

Harbor Tugs

e
Low Power (<50 hp)

Medium/High Power
(>50 hp)

High Use

NON-COMMERCIAL
VESSELS

(B ENERGY (Tommmis Sy Argonne

Source: An Action Plan for Maritime Energy and Emissions Innovation NATIONAL LARORATORY




Biodiesel, Renewable Diesel, Biooil as Marine Fuels

SCOPE LIMITATION

w== Can be a near drop-in petroleum fuel
= replacement, blendable, and can use
much of today’s infrastructure

N

-,’\- High energy density

Pathways for low to negative
carbon intensity on full life cycle

basis

#77%, U3 DEPARTMENT OF  Argonnc Naticnal Laboratory i a
[ ENERGY US. Department of Energy \lbornrg 1 6
S managed by UChicage Argonne, LI

X

.S
e
=

Criteria air pollutants remain

Wide variation in life cycle GHG
emissions; some biofuels are more
GHGe-intensive than traditional fuels on
a WTW basis

Feedstock resource limitations exist
and will need significant increase in
feedstock production to the full U.S.
potential

End-use competition (aviation,
offroad, rail, etc.)

Argonne &



Comparative Emissions of Marine Bio-oils

Poplar | Integrated | LEO
Woody Biomass | FP | Bio-Oil
Woody Biomass | CFP (Pt|TiO2) | Bio-Oil

Woody Biomass | CFP (ZSM5) | Bio-Oil

Sludge | HTL & Full HT | Full. Upgr. Biocrude N
Sludge | HTL | Biocrude AR
Sludge | HTL & Partial HT | Part. Upgr. Biocrude AN
LFG | FT Synthesis | FT-Diesel O\
Manure | HTL & Full HT | Full. Upgr. Biocrude Al Dkt
Manure | HTL & Partial HT | Part. Upgr. Biocrude A RN
Manure | HTL | Biocrude | &I l

-100 -80 -60 -40 -20 0 20 40 60 80 100

g COeMJ?
B \Woody Biomass = Poplar == Lignin
[/ Wet Waste [ Biogas N Natural Gas
— Diesel [— Electricity I Material & Chemical Inputs
[ Catalysts 1 Process Emissions & Water Use [ T&D-HTL Solids
. T&D-Fuel === Combustion === Displacement Credit
Counterfactual Credit C Sequestration o WIwW

= == 70% Reduction 50% Reduction

(R ENBRGY Lo b
\ZJENERGY 5o Source: Masum et al. 2023, https://pubs.acs.org/doi/full/10.1021/acs.est.3c00388 Argﬂﬂﬂﬁﬁ




Comparative CAP Emissions of Marine Bio-oils

Poplar | Integrated | LEO

Woody Biomass | FP | Bio-Cil

Woody Biomass | CFP (Pt]TiO2) | Bio-Odl
Woody Biomass | CFP [Z5MS) | Bio-0il

Sludge | HTL & Full HT | Full. Upgr. Bioerude
Sludge | HTL | Biocrude

Sludge | HTL & Partial HT | Par. Upgr. Blocrude
LFG | FT Synthesis | FT-Diesel

Manure | HIL& Full HT | Full. Upgr. Biocrude
Manure | HTL & Partial HT | Par. Upgr. Blocnsde

Manure | HTL | Biocrude

Poplar | Integrated | LEQ

Woody Biomass | FP | Bio-Gil

‘Woody Biomass | CFP (Pt|TiO2) | Bio-Oil
Woody Biemass | CFP (ZSMS) | Bio-Oil

Sludge | HTL & Full HT | Full. Upgr. Biocrude
Sludge | HTL | Blocrude

Sludge | HTL & Partial HT | Part. Upgr. Biocrude
LFG | FT Synthesis | FT-Diesel

Manure | HTL & Full

| Full. Upgr, Biocrude
Manure | HTL & Partial MT | Part. Upgr. Biocrude

Manure | HTL | Biocrude

Poplar | integrated | LEO

Woody Biomass | FP | Bio-Oil

Woody Biomass | CFP (Pt|Ti02) | Bio-Oil

Woaody Biomass | CFP (ZSMS) | Bio-Oil

Sludge | HTL & Full HT | Full. Upgr. Biocrude
Sludge | HTL | Biocrude

Sludge | HTL & Partial HT | Part. Upgr. Biocrude
LFG | FT Synthesis | FT-Diesel

Manure | HTL & Full HT | Full. Upgr. Biocrude
Manure | HTL & Partial HT | Part. Upgr. Biocrude

Manure | HTL | Biocrude

001 0005 0 0005 001 o015 02 0 02 04 0§ 08 1 12 14 18
wrt
550, M1 gPMZEMI gNO M
m— Woody Biomass = Poplar ==lignin mWoody Biomass @ Poplar @ Lignin — \Woody Biomass [ Poplar (=== Lignin
== Wet Waste 1 Biogas —atural Gos awet Waste OBicgas B Natural Gas —Wet Waste — “;"!“ ) — N “'a';ﬁ; §
== Diesel 2 Electricity st & Chernical Inputs ; e ’ == Diesel ) Electricity S Material & Chemical Inputs
= Catalysts =3 Process Emissions & Water Use B TG HTL Solids MChial NGy i - "':‘“'h[ & Chemnical Inparts = Catalysts === Process Emissions & Water Use I TRD-HTL Solids
0 Fuel == Combustion == Displacement Credit Weatalyits W Process Emissiont & Waler Use WTADHTL S0k — TED Fuel = Combustion == Displacement Credit
Counterfactual Credit =6 Sequestration o WIW |TED-Fuel @ Combustion 8 Displacement Credit Countertactual Credit = C Sequestration o wiw
= = feduction Threshold Bounterfactual Credit BC Sequestration oWTW = = Reduction Threshold

QE“ ERGY oot e B Source: Masum et al. 2023, https://pubs.acs.org/doi/full/10.1021/acs.est.3c00388 Afg&?,ﬂﬂgﬁ




Technoeconomic Assessment of Marine Bio-oils

4.5
Feedstock $3.98 3.76
4.0 i i L $3.65
- [0 Operating Cost & Credits $3.47
' [ Capital Charges & Taxes
3.0 $2.65
2.5 22.33

$1.70

$1.68 VLSFO high price

MFSP ($/HFOGE)

VLSFO low price

1

1

1

1

1 1
) 1
|“272] 3

SHTL1 SHTL2 SHTL3 MHTL1 MHTL2 MHTL3 FP1 FP2 FP3 LGFT LEO

Figure 1. Comparative TEA result summary (the dash feedstock costs for HTL cases represent the sensitivity cases with the potential wet waste-
avoided disposal fee, while the blue error bars indicate the potential decrease of MESP for HTL pathways; high and low VLSFO prices are the last 2
years historical price range from the main ports of North America;”> see Table S10 in Supporting Information for biofuel prices from the
literature).

() ENERGY (7o Sy Source: Li et al. 2023, doi=10.1021/acs.est.2c03960 Argonne 9




Methanol as a Marine Fuel

SCOPE LIMITATION

= Multiple sustainable production = Lower energy density
pathways (bio and electro) for
low lifecycle GHG production

= Large criteria air pollutant

» Requires larger tank
= Limited feedstock resource

reduction = Large clean electricity requirement for
, production
= Methanol-using vessels are _ _
starting to come online » Safety considerations
= Potential for traditional methanol
enabler

» End-use competition (chemical
industry)

_@ U3 DERARTMENT OF  Aronne National Laboratory s 8
() ENERGY (7o Sy Argonne &




Comparative LCA of Methanol as a Marine Fuel

x 4% ' LANDFILLGAS WASTE
‘  FOOD co
WASTE 2
WOODY
MANURE BIOMASS iri

SWITCHGRASS

W/

MISCANTHUS

' SLUDGE

NATURAL GAS

a8 i
K3

(D ENERGY 75 e Masum et al. 2025, https://pubs.acs.org/doi/10.1021/acs.est.5c08873 Argonne &

Along with
pilot fuel




Comparative LCA of Methanol as a Marine Fuel
Coal | Gasification I . - B \Woody Biomass

1 Cellulosic Biomass
Natural Gas | SMR

—1Coal
RNG from sludge | SMR 50 B Natural Gas
] I Hydrogen
RNG from LFG | SMR ‘ 9 —— Waste CO2
Waste CO2 & H2 from electrolysis f:f:f:f:f:f:f:f:f_ 17 B Electricity
_ o I Diesel
Woody Biomass | IDL ‘bl 16
I Fuel gas
Switchgrass | AS }I 15 I RNG
Woody Biomass | IDL & DME Synthesis ‘bl 14 f— Material & Chemical Inputs
I Catalysts
Miscanthus | AS }I 12 = Non-Combustion Emissions
Corn Stover | AS ; I 7 E==T&D
VGO Upstream
RNG from food waste | SMR =3 Combustion
RNG from manure | SMR 1 CCS Credit
=3 Displacement
-250 -150 -50 50 150 250 ¢ Well-to-Wake
Life Cycle GHG Emissions, g CO,e MJ! = =70% Reduction

(7 ENERGY 7% Masum et al. 2025, https://pubs.acs.org/doi/10.1021/acs.est.5c08873 Argonne &



Ethanol as a Marine Fuel

SCOPE LIMITATION

= Already in production = Lower energy density
= High Octane rating = Requires larger tank
» Potentially compatibility with some » Cold start and vapor lock

existing engines = Feedstock competition

(D ENERGY T i 23 Argonne




Ethanol as a Marine Fuel

Grain Sorghum

Forest Residue

@ Feedstock

Corn Stover @ Conversion

O Combustion
Switchgrass

O Total

Willow

Corn

o

10 20 30 40 50 60
Lifecycle GHG emission, g CO,e MJ!

@ ERERGY T Source: GREET Database, Argonne National Lab Argonne 9




LNG as a Marine Fuel

SCOPE LIMITATION

= Reduced criteria air pollutants = Fugitive CH, emissions during
= Current supply-side infrastructure in COmbUStIOF] (CH, slip) and across
place supply chain

= Potential reliance on fossil CH,

= RNG feedstock resource limitations
exist

_@; U.5. DEPARTMENT OF _ Argonne National Laboratory is a
() ENERGY (7o Sy 25 Argonne &




LNG as a Marine Fuel

&

NATURAL GAS

"A—’[LNGPz

FOOD
LANDFILL GAS
SLUDGE  MANURE  \neTE
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LNG as a Marine Fuel

3 VLSFO/LSMGO-BASE [TTT 1]
5z HSFO+Scrubber-MAX [T i
i § E g HSFO+Scrubber - BASE | i
8 Y % HsFO+Scrubber-MIN [T i
B ¢ ING-MAX [T 17  SEEsssaagEEil |
£3 LNG - BASE 11 EE
= LNG - MIN | iE]
g _ z HSFO+Scrubber- MAX |
g ] g HSFO+Scrubber - BASE [T
v 8 HSFO+Scrubber-MIN [T T
"é’ 2 VLSFO/LSMGO - MAX |
z: E é VLSFO/LSMGO - BASE |
g 2 VLSFO/LSMGO - MIN I
g . ING-MAX [T T i
f-‘; 5 LNG - BASE 1A T
= LNG - MIN || 1]
0.0 0.2 0.4 0.6 0.8 1.2 1.4 1.6 1.8 2.0
Lifecycle GHG Emissions (MMT CO,eq)
O Feedstock CO2 O Feedstock CH4 B Feedstock N20
O Conversion CO2 @ Conversion CH4 O Conversion N20
O Combustion CO2 @ Combustion CH4 B Combustion N20

—  HSFO+Scrubber - BASE I | LS. E— |
. = VLSFO/LSMGO-BASE I |
2 % LNG - MAX T T ]
. ® LNG - BASE I ]
5 LNG- MIN TIX ]
HSFO+Scrubber - MAX T
HSFO+Scrubber - BASE T
g HSFO+Scrubber - MIN T
= VLSFO/LSMGO - MAX 1L T ]
8 £ VLSFO/LSMGO - BASE i T ]
5 £ VLSFO/LSMGO-MIN T )
2 < LNG - MAX T )
2 LNG - BASE I ]
LNG - MIN L ]
@ LNG - MAX i | T A1 B ]
® LNG - BASE I ]
5 LNG- MIN i ]
0 100 200 300 400 500 600 700
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Comparative LCA of LNG as a Marine Fuel
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Ammonia as a Marine Fuel

SCOPE LIMITATION

= Large potential GHG reductions = Lower energy density
= Limited criteria air pollutants other than = Requires larger tank
nitrogen species = Large clean electricity requirement for

production
= Potential NOX and N20O emission issues
= Safety concerns
= Potential for traditional ammonia enabler

» End-use competition (agricultural
industry)

= Abundant nitrogen feedstock (air)
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Comparative LCA of Ammonia as a Marine Fuel
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Multiple Promising Pathways: Greenhouse Gas
and Cost 3.0
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THANK YOU

Farhad Masum
mmasum@anl.gov
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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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