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NREL at-a-Glance
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We Reduce Risk in Bringing Innovations to Market

• NREL helps bridge the gap 
from basic science to 
commercial application

• Forward-thinking  innovation 
yields disruptive and 
impactful results to benefit 
the entire U.S. economy

• Accelerated time to market 
delivers advantages to 
American businesses 
and consumers



Sustainable Aviation Ecosystem
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Aviation Low and Zero-carbon energy sources
2040 2045 2050

Commuter
» 9-50 seats
» <60 minute flights
» <1% of industryCO2

SAF Electric  and/or
SAF

Electric  and/or
SAF

Electric  and/or
SAF

Electric  
and/or SAF

Electric  and/or
SAF

Electric  
and/or SAF

Regional
» 50-100 seats
» 30-90 minute flights
» ~3% of industryCO2

SAF SAF
Electric or  

Hydrogen  fuel 
cell  and/orSAF

Electric or  
Hydrogen  fuel 
cell  and/orSAF

Electric or  
Hydrogen  fuel 
cell  and/orSAF

Electric or  
Hydrogen  fuel 
cell  and/orSAF

Electric or  
Hydrogen  fuel 
cell  and/orSAF

Short haul
» 100-150 seats
» 45-120 minute flights
» ~24% of industryCO2

SAF SAF SAF SAF
Electric or

Hydrogen
combusion
and/or SAF

Electric or  
Hydrogen  

combustion  
and/or SAF

Electric or  
Hydrogen  

combustion  
and/or SAF

Mediumhaul
» 100-150seats
» 60-150 minute flights
» ~43% of industryCO2

SAF SAF SAF SAF SAF SAF

SAF
Potentially  

some  
Hydrogen

Longhaul
» 250+seats
» 150+ minute flights
» ~30% of industryCO2

SAF SAF SAF SAF SAF SAF SAF

Source: ATAG Waypoint 2050Report
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Next-Gen Aviation Energy Supply Chain

NREL   13
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Airport/Base System
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Aircraft

Regional Air Mobility

eVTOL

Turbine Aircraft
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Sustainable Aviation Fuel (SAF) 
Development 

• Agencies Engaged 
– Department of Commerce
– Department of Defense
– Department of Energy
– Department of Transportation
– FAA
– EPA
– NASA
– NSF
– USDA 

More information from: http://www.nrel.gov/docs/fy16osti/66291.pdf
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What about Electrified Aviation?

• Case Study –
Essential Air 
Service – Denver 
– Four routes 

served by 
Pilatus PC-12
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Essential Air Service Subsidies
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Essential Air Service Subsidies

Initial finding – high subsidies in place where a new technology can reduce 
operating cost, emissions, and potentially noise.  Infrastructure cost, energy 
demand models needs more analysis.
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Infrastructure Peak Loads 

.
Potential load impacts of 2019 flight schedule between DEN and ALS, CDR, CEZ, and 

MCK
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Initial indications of charging 
implications

• Charging capabilities 
– Current High power charging – maxes at 350kW
– Class 8 Truck – 1MW Charging Analysis underway
– CHARin- Testing 3.75MW testing standard 
– Initial deployments possible
– Scale and battery improvements are focus area

• No Standard currently exists in Aviation 
– eVTOL – appears focusing on existing technologies with 

potentially cooling of cables, batteries, etc. 
– RAM – appears targeting 1MW level and higher to meet ops 

pace 



NREL    |    16

Hydrogen

U.S. DOE Hydrogen and Fuel 
Cell Technology Office 

H2@Scale Vision

Primary Aviation Focus
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Hydrogen

• Department of Energy announced Earth Shot – 2021

• Multiple OEM’s moving forward
– Airbus/Universal Hydrogen/ZeroAvia/Cranfield Aerospace 

• FAA – currently focusing upon SAF- H2 contributes to some pathways
• Growing interest and energy delivery models growing

• https://www.energy.gov/eere/fuelcells/hydrogen-shot
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Who is working on 
solutions to assist 

industry? 
• FAA

– Sustainable Aviation Fuel/Electrification /Hydrogen
• Department of Defense

– AFWERX – Agility Prime 
– AFRL 

• Department of Energy 
– Sustainable Aviation Fuel
– Grid Modernization
– Onsite energy solutions
– Charging system fundamentals
– Cybersecurity/Energy Resilience
– Battery technologies 

• NASA
– Prototype aircraft 
– Regional Air Mobility –

• Regional Energy Analysis – Pending 

– Grand Challenge 
• State DOT/Cities 
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Resources

• A sampling of resources/activities: 
– NASA RAM study https://sacd.larc.nasa.gov/ram/
– WSDOT electrification study https://wsdot.wa.gov/sites/default/files/2020/11/18/Electric-Aircraft-Feasibility-Study-Nov2020.pdf
– NREL 

• SAF Delivery  https://www.osti.gov/biblio/1768316-airport-infrastructure-sustainable-aviation-fuel- Partner with PANYNJ
• SAF Production https://www.nrel.gov/news/program/2021/from-wet-waste-to-flight-scientists-announce-fast-track-solution-for-

net-zero-carbon-sustainable-aviation-fuel.html – Partners with Alder Energy, Southwest, etc. 
• Extreme Fast Charging – Lessons underway in Class 8 trucking https://www.nrel.gov/docs/fy20osti/75705.pdf – Partner with 

multiple OEM’s 
• FAA/NASA/DoD – recurring Aviation efforts – Batteries, SAF, H2, Electric, Power Electronics
• State/Local – assisting early adopters accelerate adoption
• OEM’s – Component, Infrastructure and Life Cycle Support 

– DOE 
• SAF Grand Challenge - https://www.energy.gov/eere/bioenergy/sustainable-aviation-fuel-grand-challenge
• Grid Modernization Initiative - https://www.energy.gov/gmi/grid-modernization-initiative
• H2 @ Airports - https://www.energy.gov/eere/fuelcells/h2airports-workshop

CAMI - https://www.communityairmobility.org/resources

– Future efforts – ACRP, FAA, NREL, NASA, DOE, etc. 

https://sacd.larc.nasa.gov/ram/
https://wsdot.wa.gov/sites/default/files/2020/11/18/Electric-Aircraft-Feasibility-Study-Nov2020.pdf
https://www.osti.gov/biblio/1768316-airport-infrastructure-sustainable-aviation-fuel-
https://www.nrel.gov/news/program/2021/from-wet-waste-to-flight-scientists-announce-fast-track-solution-for-net-zero-carbon-sustainable-aviation-fuel.html
https://www.nrel.gov/docs/fy20osti/75705.pdf
https://www.energy.gov/eere/bioenergy/sustainable-aviation-fuel-grand-challenge
https://www.energy.gov/eere/bioenergy/sustainable-aviation-fuel-grand-challenge
https://www.energy.gov/gmi/grid-modernization-initiative
https://www.energy.gov/eere/fuelcells/h2airports-workshop
https://www.communityairmobility.org/resources


www.nrel.gov

Thank You

Scott Cary Scott.Cary@nrel.gov

NREL – Airports/Seaports 
https://www.nrel.gov/workingwithus/partners/partnership-airports-seaports.html 

This work was authored by the National Renewable Energy Laboratory (NREL), operated by Alliance for Sustainable 
Energy, LLC, for the U.S. Department of Energy (DOE) under Contract No. DE-AC36-08GO28308. This work was 
supported by the Laboratory Directed Research and Development (LDRD) Program at NREL. The views expressed in 
the article do not necessarily represent the views of the DOE or the U.S. Government. The U.S. Government retains 
and the publisher, by accepting the article for publication, acknowledges that the U.S. Government retains a 
nonexclusive, paid-up, irrevocable, worldwide license to publish or reproduce the published form of this work, or 
allow others to do so, for U.S. Government purposes. 
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Delivering Power to EVSE
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How large is a desired RAM charger? 

• Initial charging sizing
– 480V- 3 Phase Power 
– 700-800 kW transformer

• Options exist
– Slow charging offsite
– Onsite energy storage
– Onsite generation

Large Hub Emissions profile
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ASTM Approved Pathways Address a Broad Range of Feedstock To Achieve Scale

SAF - An “All of the Above” Approach Will Have To Be Used To Achieve
35 BGPY of SAF

Feedstock Pathway Approved Name Blending 
Limitation

Municipal solid waste, agricultural and 
forest wastes, energy crops

Fischer-Tropsch Synthetic Paraffinic 
Kerosene

FT-SPK, ASTM D7566 Annex A1, 
2009 50%

Municipal solid waste, agricultural and 
forest wastes, energy crops FT-SPK with Aromatics FT-SPK/A, ASTM D7566 Annex A4,

2015 50%

Oil-based feedstocks (e.g., jatropha, 
algae, camelina, and yellow grease) Hydroprocessed Esters and Fatty Acids HEFA-SPK, ASTM D7566 Annex

A2, 2011 50%

Algal oil Hydrocarbon-Hydroprocessed Esters 
and Fatty Acids

HC-HEFA-SPK, ASTM D7566 Annex
A7, 2020 10%

Fatty acids or fatty acid esters or lipids
from fat oil greases

Catalytic Hydrothermolysis
Synthesized Kerosene

CH-SK or CHJ, ASTM D7566 Annex
A6, 2020 50%

Sugars Hydroprocessed Fermented Sugars to
Synthetic Isoparaffins

HFS-SIP, ASTM D7566 Annex A3,
2014 10%

Cellulosic biomass, waste gas, syngas Alcohol-to-Jet Synthetic Paraffinic 
Kerosene

ATJ-SPK, ASTM D7566 Annex A5, 
2016 30%
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