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“I believe that water will one day be employed as fuel, 

that hydrogen and oxygen which constitute it, 

used singly or together, 

will furnish an inexhaustible source of heat and light, 

of an intensity of which coal is not capable.”

Mysterious Island, Jules Verne, 1874



What are Electrofuels?

A high-value, storable, energy product created 
from hydrogen generated by renewable power 
like hydro, wind, or solar.

Carbon-neutral or zero-carbon

Electrofuels include the production of green 
hydrogen through electrolysis.

• Uses water and green power to produce hydrogen and 
oxygen.

• The oxygen is vented and the hydrogen collected and 
stored as a gas or liquefied.

Electrofuels also include liquid hydrogen carriers



Hydrogen Color Spectrum

• Hydrogen (H2) is the lightest and most abundant element in the universe

• Hydrogen has the highest energy per mass of any fuel



Why Hydrogen?

• To address climate change, specifically GHG emissions, it is critical to 
decarbonize transportation fuels, energy generation and storage, and 
industrial processes.

• Battery electrification of transportation has its limitations, especially for 
heavy-duty cycle needs e.g. Class 8 trucks, marine vessels, planes, 
trains.

• H2 fuel cells work well when batteries are not the most effective means 
of power.

• Range anxiety and recharging times are a concern, whereas H2 powered 
transportation has the range and refueling time that we see in vehicles 
today.



Production and Uses of Hydrogen



NREL – Decarbonizing Transportation Vision



Liquid Hydrogen Carriers

• Carriers are a unique way to deliver hydrogen by hydriding a chemical 
compound at the site of production and then dehydriding it either at 
the point of delivery or once it is ready to be used as power e.g. fuel 
cell.

• Hydrogen is regarded as a clean energy carrier; however, its low density 
at ambient conditions makes its storage challenging. The storage of 
hydrogen in liquid hydrogen carrier systems has numerous advantages 
over conventional storage systems.

• liquid hydrogen carriers – e.g. ammonia (carbon-free)

• liquid organic hydrogen carriers – e.g. formic acid (carbon neutral)



Storage of Liquid Hydrogen Carriers

Storage Method Storage Conditions 
Pressure / Temperature

H2 Density 
(kgH2/m3)

Compressed H2 10,153 psi / Ambient 42

Liquid H2 Ambient / -423°F 70

Liquid NH3 Ambient / -28°F 121

Formic Acid Ambient / Ambient 53

https://www.sciencedirect.com/science/article/pii/S0360319919302769

https://www.sciencedirect.com/science/article/pii/S0360319919302769


Sustainable Aviation Fuel (SAF)

• SAF is a biofuel used to power aircraft that has similar properties to 
conventional jet fuel but with a smaller carbon footprint. Depending on 
the feedstock and technologies used to produce it, SAF can reduce life 
cycle GHG emissions dramatically compared to conventional jet fuel. 

• SAF is a clean substitute for fossil jet fuels. Rather than being refined 
from petroleum, SAF is produced from sustainable resources such as 
waste oils from a biological origin, agri-residues, or non-fossil CO2.

• SAF is a so-called drop-in fuel, which means that it can be blended with 
fossil jet fuel and that the blended fuel requires no special 
infrastructure or equipment changes. 



SAF Production

• Direct Air Capture modules pull carbon dioxide from the 
air

• Using an electric current, water is electrolyzed to 
produce green hydrogen and oxygen

• CO2 is reduced to CO using Reverse-Water Gas Shift

• Fischer-Tropsch synthesis combines CO and H2 to form 
kerosene and a range of additional hydrocarbons

• The fuel is sent to the airport using existing pipelines

• Fuels are used by planes; CO2 is emitted into 
atmosphere, and then recaptured using the Direct Air 
Capture modules

• The entire process uses a renewable energy source

End product is a non-fossil, carbon neutral drop-in fuel for 
aviation.



How Safe is Hydrogen?

• H2 has been in industrial use for more than 50 years

• Codes, standards, and design practices have been developed to 
enable its safe use

• 70 million metric tons are produced each year and growing

• Like other fuels, H2 must be used with care in systems designed 
around its unique properties 

• H2 presents less risk than other fuel sources as it is nontoxic, is lighter 
than air, and dissipates rapidly when it is released

• Center for Hydrogen Safety https://www.aiche.org/chs

https://www.aiche.org/chs


Federal Regulations

Occupational Safety & Health Administration - 29 C.F.R. § 1910.103 

Environmental Protection Agency 

• Mandatory Greenhouse Gas Reporting Program

• Effluent Standards under the Clean Water Act

• Chemical Accident Prevention Program - 40 C.F.R. Part 68

Pipeline and Hazardous Materials Safety Administration (PHMSA)

• Hydrogen pipelines - 49 C.F.R. Part 192.

• Hydrogen in Transportation - 49 C.F.R. §§ 173.230, 173.301, and 173.302

• Federal Highways Administration

• Federal Trade Commission

• US Coast Guard 



Codes, Standards & Regulations

• DOE Hydrogen Program Areas

• Codes and Standards

• Overview: NFPA 2 Hydrogen Technologies Code Requirements
• This code provides fundamental safeguards for the generation, installation, storage, piping, use, and 

handling of hydrogen in compressed gas (GH2) form or cryogenic liquid (LH2) form.

• 2023 version to be released in Fall 2022

• Permitting Hydrogen Fueling Stations -NREL

• American Association of Mechanical Engineers (ASME) –Design requirements 
for piping, pressure vessels, and tanks

• American Society for Testing Materials (ASTM) – Standard test methods for 
materials that come in contact with hydrogen/hydrogen embrittlement

https://www.hydrogen.energy.gov/program_areas.html
https://www.hydrogen.energy.gov/codes_standards.html
https://h2tools.org/sites/default/files/NFPA%202%20Training%20May2018%20_1_0.pdf
https://h2tools.org/codes-standards/codes-standards-permitting-tools


Resources

• Federal Oversight of Hydrogen Systems - Sandia National Laboratory

• Global Hydrogen Safety Codes and Standards - Center for Hydrogen Safety

• Hydrogen Station Permitting Guidebook - OBED, California Governor’s Office

• Hydrogen Technologies Safety Guide - NREL

• Introduction to Hydrogen for Code Officials - USDOE

• Hydrogen Safety Data Sheet - AirGas

• Safety Codes and Standards (Hydrogen and fuel cell technologies) - DOE Fuel 
Cell Technologies Office



Types of Projects

• Green H2 production facilities – gaseous and liquefaction

• Green ammonia - a carbon-free fuel for marine vessels and fertilizer

• Experimental formic acid - power backup and shore power

• H2 fuel cell electric vehicle (FCEV) manufacturers

• H2 powered passenger ferries and aircraft

• Sustainable Aviation Fuel (SAF)

• Distribution and Refueling Stations



Development Hurdles

• Nascent Industry

• Starting something from scratch – takes time to pull all the pieces together

• Industry still developing its narrative and value proposition

• Suitable Sites

• Industrial land in short supply

• Especially lots larger than 15 acres

• Developers hesitant to lease to a new and unfamiliar sector

• Supply and Demand

• Producers don’t have a well established end-user market

• End-users don’t have well established supply network



Development Incentives

• WA Low Carbon Fuel Standard

• WA Climate Commitment Act – Cap & Invest

• SB 5910

• Creates Office of Renewable Fuels

• Tax exemptions

• Provides for up to $2 million to prepare application for Hydrogen Hub

• DOE Hydrogen Earth Shot (1:1:1)

• Seeks to reduce the cost of clean hydrogen by 80% to $1 per 1 kilogram in 1 decade

• DOE Hydrogen Hub Program

• $8 billion in funding to at least four hydrogen hubs - most likely more than four will be 
funded

• State of Washington will submit an application



QUESTIONS


