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Non-road transportation responsible for ~9% of total US GHG emissions
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Non-road sectors are “hard-to-electrify” due to load, range, remote locations, and
other application requirements
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National Laboratory M. Weismiller, “Decarbonization of Hard to Electrify Vehicles,” presentation to ASME ICEF 2021



U.S. National Blueprint for Transportation Decarbonization envisions a mix of
electrification, hydrogen and sustainable liquid fuels for non-road sectors
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Many non-road vehicles have 30+ year lifetimes, driving the need for diesel engine
retrofit solutions to achieve substantial near-term GHG reductions

Potential Fleet Benefit of Progressive Introduction of Hydrogen
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DOE estimates that US fuel consumption in the off-road, rail, marine, and aviation
sectors could require 1.3 billion tons of biomass in 2050 (excluding on-road)
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National Laboratory 2023 Billion-Ton Report. M. H. Langholtz (Lead). Oak Ridge, TN: Oak Ridge National Laboratory. doi: 10.23720/BT2023/2316166



ORNL estimates 1.1-1.5 billion tons of biomass available in the|US|in a mature
market, but costs increase significantly at higher utilization
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Industry is looking at other low lifecycle carbon fuels to meet decarbonization goals
in the hard-to-electrify sectors
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Industry is looking at other low lifecycle carbon fuels to meet decarbonization goals
in the hard-to-electrify sectors
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Industry is looking at other low lifecycle carbon fuels to meet decarbonization goals
in the hard-to-electrify sectors
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Industry is looking at other low lifecycle carbon fuels to meet decarbonization goals
in the hard-to-electrify sectors

Hydrogen Ammonia Methanol Biodiesel
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ORNL has several ongoing DOE and DOT funded projects on solving challenges for
using H,, NH;, and CH;OH in diesel engines for non-road applications

Fuel Hydrogen
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100% diesel compatible
Targets >50% H, for retrofits
>90% H, for new engines

%8&51%@35 CRADA: cooperative research and development agreement; Cl: compression ignition; Sl: spark ignition; DME: dimethyl ether



ORNL has several ongoing DOE and DOT funded projects on solving challenges for
using H,, NH;, and CH;OH in diesel engines for non-road applications

Fuel Ammonia
Partners Cummins
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CRADA: cooperative research and development agreement; Cl: compression ignition; Sl: spark ignition; DME: dimethyl ether
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ORNL has several ongoing DOE and DOT funded projects on solving challenges for
using H,, NH;, and CH;OH in diesel engines for non-road applications

Fuel Methanol
Partners CRADA with Caterpillar
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%g&g}é&gﬁg CRADA: cooperative research and development agreement; Cl: compression ignition; Sl: spark ignition; DME: dimethyl ether



ORNL has several ongoing DOE and DOT funded projects on solving challenges for
using H,, NH;, and CH;OH in diesel engines for non-road applications
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