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H2ICE Will Advance GLOBAL Decarbonization Goals 

The first Internal Combustion Engine (ICE) ignited its first power stroke on a “dirty” hydrogen 

(H2) gas mix. 

In 1807, Swiss engineer François Isaac de Rivaz invented a Spark-Ignition (SI) hydrogen  

internal combustion engine on a dirty hydrogen gas mix.  The first Hydrogen Combustion 

Engine (H2ICE)  January 30, 1807 patent was issued decades before the fossil fuel engine. 

 

During the development of the fossil fuel fired combustion engine, combustion was difficult to 

control and the volatility of the fossil fuel used made it dangerous enough that they switched to 

running the engine on a hydrogen gas mix 

 

Herr Otto, blessed us with thy four-stroke cycle, also helped to invent the carburetor and, here 

we are, full circle, back to hydrogen gas! 

 

Nicolaus Otto worked with Gottlieb Daimler and Wilhelm Maybach (1879-1885) to develop 

the first compressed charged, four-stroke cycle engine and the first float-fed type design 

carburetor with the ability to atomize the fuel via an atomizer nozzle. 

 

That necessity brought us the carburetor and now, nearly two hundred years later, we have 

come full circle… almost. 

 

Banning the sale of new vehicles powered by internal combustion engines is shutting out a 

market that will bring tremendous opportunity for economic growth in America, and globally, 

save and create jobs, further reduce emissions, and improve public opinion of Zero Emission 

Vehicles (ZEV). 

 

 

Topic 1: Retain and Create Automotive Industry Jobs 

  H2ICE will keep and create jobs for the automotive industry.  Vehicle and engine 

manufacturers, aftermarket parts, independent shops, auto mechanics and engine builders.  

 

 

Topic 2:  Rapid Decarbonization 

  H2ICE will rapidly reduce emissions across the globe far faster than Zero Emission 

Vehicles (ZEV) can be built and sold.  

 

  H2ICE can provide a cheaper alternative to electric powertrains by converting existing 

gasoline and diesel engines to run on hydrogen as the combustible fuel. 

  

https://www.energy.gov/eere/vehicles/articles/internal-combustion-engine-basics
https://afdc.energy.gov/fuels/hydrogen_basics.html
https://en.wikipedia.org/wiki/Internal_combustion_engine#History
https://en.wikipedia.org/wiki/Hydrogen_internal_combustion_engine_vehicle
https://en.wikipedia.org/wiki/Nicolaus_Otto
https://en.wikipedia.org/wiki/Carburetor
https://en.wikipedia.org/wiki/Gottlieb_Daimler
https://en.wikipedia.org/wiki/Wilhelm_Maybach
https://en.wikipedia.org/wiki/Zero-emissions_vehicle
https://www.govtech.com/fs/transportation/in-the-shift-to-evs-some-worry-workers-could-suffer.html
https://www.businessinsider.com/ev-electric-car-auto-industry-jobs-layoffs-employment-ford-2022-8
https://calmatters.org/environment/2022/05/california-electric-cars-mechanics-jobs/
https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/how-hydrogen-combustion-engines-can-contribute-to-zero-emissions
https://enginetechforum.org/webinars/posts/exploring-the-future-for-h2-ice-as-a-decarbonization-strategy
https://en.wikipedia.org/wiki/Zero-emissions_vehicle
https://www.sae.org/news/2022/03/keeping-combustion-in-the-conversation
https://www.evengineeringonline.com/what-is-the-difference-between-an-ev-powertrain-and-drivetrain/
https://www.keyou.de/
https://www.nrel.gov/docs/fy02osti/32405b19.pdf
https://www.bbc.com/news/business-64248564?s=09
https://www.youtube.com/watch?v=HvPAUh-VSJ4
https://enginetechforum.org/webinars/posts/exploring-the-future-for-h2-ice-as-a-decarbonization-strategy
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Topic 3:  Drive Hydrogen Demand 

  H2ICE will drive hydrogen (H2) sales and reduce demand for liquid petroleum.  Driving H2 

infrastructure faster than Hydrogen Fuel Cell Vehicles (HFCV) can be produced and sold.  

 

  H2ICE can operate on a wide range of hydrogen gas mix quality, allowing sales of gaseous 

hydrogen that cannot be sold for use in Hydrogen Fuel Cell Vehicles (HFCV) since hydrogen 

fuel cells require gaseous hydrogen quality of 99%.  

 

 

Topic 4:  Negligible Cybersecurity Risk 

  H2ICE does not have the cybersecurity risk that electric powertrain vehicles have.  Electric 

powertrains rely on computer software to operate sophisticated control systems.  While 

mechanical powertrains also rely on software-based control systems to operate, they do not 

require access to the internet, nor can these control systems be hijacked.  

 

 

Topic 5:  Fully Operational Over Wide Range of Hydrogen Gas 

Quality 

  H2ICE can run on a “dirtier” – i.e., less pure H2 gas – than fuel cells, which allows for 

hydrogen production, storage, and infrastructure to stabilize their hydrogen gas quality.  

 

  H2ICE does not require hydrogen gas quality per SAE J2719: Hydrogen Fuel Quality for Fuel 

Cell Vehicles; which requires 99.97% hydrogen gas purity. 

 

 

Topic 6:  Interim Option for Rapid Decarbonization                                                                                                                                                                                                                                                          

  H2ICE is an interim option to reduce emissions, allow time for development of clean 

energy, allow time for workforce training and development, and improve public opinion of 

clean vehicles. And a long-term solution to keep classic cars classic and allow for the operation 

of combustion engine equipped vehicles long after fossil fuels are no longer sold. 

 

 

  

https://afdc.energy.gov/fuels/hydrogen_basics.html
https://afdc.energy.gov/vehicles/how-do-fuel-cell-electric-cars-work
https://cen.acs.org/articles/92/i46/Making-Fuel-Cell-Vehicles-Almost.html
https://www.sae.org/standards/content/j2719_202003/
https://www.sae.org/news/2022/05/hydrogen-technology-commercial-trucks
https://afdc.energy.gov/vehicles/how-do-fuel-cell-electric-cars-work
https://www.energy.gov/eere/fuelcells/fuel-cells
https://en.wikipedia.org/wiki/Computer_security
https://www.evengineeringonline.com/how-to-protect-evs-from-malicious-hackers-and-cybercriminals/
https://batteryuniversity.com/article/bu-1002-electric-powertrain-then-and-now
https://www.exro.com/industry-insights/ev-power-electronics-explained
https://www.exro.com/industry-insights/ev-power-electronics-explained
https://www.energy.gov/eere/vehicles/electric-vehicles-scale-consortium-cyber-physical-security
https://www.evengineeringonline.com/what-is-the-role-of-embedded-software-in-electric-vehicles/
https://newsreleases.sandia.gov/ev_security/
https://afdc.energy.gov/fuels/hydrogen_basics.html
https://www.nrel.gov/hydrogen/fuel-cells.html
https://www.energy.gov/eere/fuelcells/hydrogen-shot
https://www.energy.gov/eere/fuelcells/hydrogen-production
https://www.energy.gov/eere/fuelcells/hydrogen-storage
https://www.energy.gov/sites/default/files/2024-09/hfto-mypp-hydrogen-infrastructure.pdf
https://www.sae.org/standards/content/j2719_202003/
https://www.sae.org/standards/content/j2719_202003/
https://allianz-wasserstoffmotor.de/en/the-alliance/our-position.html
https://hydrogen-central.com/policy-brief-hydrogen-combustion-engines-as-a-key-part-of-reaching-net-zero/
https://www.wri.org/insights/trends-electric-vehicle-workforce-us
https://www.wri.org/insights/electric-vehicle-training-programs-trends
https://driveelectric.gov/workforce-development
https://californiahydrogen.org/resources/current-research-and-obstacles/
https://www.cummins.com/news/2022/09/13/role-hydrogen-engines-environmental-sustainability
https://www.transportationenergy.org/research/reports/decarbonizing-combustion-vehicles-a-portfolio-approach-to-ghg-reductions/
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Topic 7:  Rapid Fleet Decarbonization – Cheaper Alternative to Fleet 

Replacement 

  H2ICE conversions on small business fleet vehicles offers a significantly less costly means to 

reduce fleet emissions. 

 

  H2ICE in the heavy haul transportation sector is being driven by engine manufacturers like 

Cummins, Volvo, Daimler, MAN, MAHLE, and more. 

 

 

Topic 8:  Advantageous to Workforce Training for Mechanical and 

Electrical Powertrains 

  H2ICE will allow time to get workforce training completed for electric powertrain 

technicians.   

 

 

Topic 9:  Drive Consumer Acceptance of Zero Emission Vehicles 

  H2ICE can be built as dual fuel*, where it can operate on gasoline or hydrogen, thus 

eliminating any consumer range or fuel anxiety. 

 

  H2ICE as an option for the consumer will drive consumer acceptance of Zero Emission 

Vehicles (ZEV).  

 

 

  

https://beacononlinenews.com/2022/10/18/hydrogen-and-retrofitting-engines/
https://www.powerprogress.com/news/news/keyou-makes-first-customer-delivery-of-h2-ice-truck/8049715.article
https://www.hydrogenfuelnews.com/clean-hydrogen-combustion/8555489/
https://www.cummins.com/news/2024/08/15/repower-no-brainer-family-fleet
https://www.wardsauto.com/internal-combustion-engines/cummins-commits-more-than-1b-to-cleaner-air-projects
https://www.wardsauto.com/internal-combustion-engines/new-cummins-engine-platforms-run-on-different-low-carbon-fuels
https://www.powerprogress.com/news/cummins-nebergall-discusses-the-future-of-hydrogen-ic-engines/8039029.article
https://www.hydrogenfuelnews.com/h2-internal-combustion-engines/8564777/
https://www.cummins.com/news/2023/06/06/hydrogen-engines-and-long-haul-trucking
https://www.volvotrucks.com/en-en/news-stories/press-releases/2024/may/Volvo-to-launch-hydrogen-powered-trucks.html
https://energynews.biz/daimler-truck-embraces-hydrogen-combustion/
https://www.greencarcongress.com/2024/04/20240409-man.html
https://newsroom.mahle.com/press/en/press-releases/mahle-awarded-contract-from-man-truck--bus-for-hydrogen-powered-truck-106432
https://spectrum.ieee.org/the-ev-transition-explained-2658797703
https://www.bls.gov/ooh/installation-maintenance-and-repair/automotive-service-technicians-and-mechanics.htm
https://www.ase.com/statistics
https://batteryuniversity.com/article/bu-1002-electric-powertrain-then-and-now
https://www.ase.com/uploads/ASE_L3_StudyGuide.pdf
https://www.greencarcongress.com/2022/10/20221007-penta.html
https://www.mazda.com/en/innovation/technology/env/hre/
https://afdc.energy.gov/fuels/hydrogen_basics.html
https://afdc.energy.gov/fuels/
https://www.wardsauto.com/internal-combustion-engines/global-survey-internal-combustion-favored-over-battery-power
https://californiahydrogen.org/resources/current-research-and-obstacles/
https://californiahydrogen.org/policy-issues/2023-advocacy-activities/
https://en.wikipedia.org/wiki/Zero-emissions_vehicle
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Topic 10:  Motorsports Drives H2ICE Development and Showcases 

Performance Capabilities 

  H2ICE has been built into competitive race cars by Toyota since 2022; supercars built by 

Alpine, Bosch and Toyota, and Ferrari’s engine patent are driving optimization of hardware 

and performance that lead to improved commercialized engines.   

 

  H2ICE Toyota has been building and racing Hydrogen Engines since 2021.  The H2 News 

YouTube Channel showcased Toyota’s H2ICE race engine development. 

 

  H2ICE Musashi Institute of Technology Setagaya-ku, in Tokyo, Japan built a Datsun B-

210 to run on liquid hydrogen and shipped it to the USA, where they smashed the 1,730 mile 

Rally Race… in 1975. 

 

  H2ICE is going high performance with more and more supercar manufacturers debuting 

their performance engines.  Maserati and Bosh have partnered to develop a high performance 

Nettuno V6 H2ICE – to debut at Le Mans 2026! 

 

 

  

https://www.raceenginetechnology.com/Suppliers/toyota-yaris-h2-i3-hydrogen
https://global.toyota/en/newsroom/corporate/41712673.html?adid=ag478_mail&padid=ag478_mail
https://global.toyota/en/newsroom/corporate/41816533.html?adid=ag478_mail&padid=ag478_mail
https://toyotatimes.jp/en/report/hpe_challenge_2023/002.html?s=09
https://toyotatimes.jp/en/report/hpe_challenge_2023/002.html?s=09
https://www.thedrive.com/accelerator/watch-a-hydrogen-burning-toyota-gr-yaris-rip-through-some-rally-stages
https://insideevs.com/news/737308/alpine-supercar-hydrogen/?s=09
https://www.motor1.com/news/719186/alpine-alpenglow-hy4-details/
https://www.wardsauto.com/internal-combustion-engines/bosch-launching-hydrogen-combustion-engine
https://toyotatimes.jp/en/toyota_news/1031.html
https://www.autoguide.com/auto/auto-news/ferrari-patents-unholy-upside-down-twin-charged-hydrogen-inline-six-44609806?s=09
https://www.ecoticias.com/en/zero-emission-engine-ferrari/717/
https://www.greencarcongress.com/2025/06/20250612-gazoo.html
https://www.powerprogress.com/news/fuel-injection-must-follow-the-hydrogen/8036089.article
https://www.thedrive.com/news/toyotas-hydrogen-dreams-are-attracting-major-ice-tech-suppliers?utm_campaign=trueanthem_AI&utm_medium=social&utm_source=twitter&utm_term=thedrive
https://www.hydrogenfuelnews.com/hydrogen-combustion-engine-toyota-2/8556753/
https://www.wardsauto.com/internal-combustion-engines/marelli-joins-the-hydrogen-rush
https://www.osti.gov/biblio/950700
https://www.youtube.com/watch?v=2dgzKW8EKMc
https://youtu.be/5qlrj5gT2Hg?si=WQTump6QiTiBgLNV
https://doi.org/10.1016/0360-3199(78)90057-5
https://doi.org/10.1016/0360-3199(78)90057-5
https://www.hydrogenfuelnews.com/hydrogen-internal-combustion-engine-maserati-and-bosch-unveil-hydrogen-powered-nettuno-v6-at-le-mans/8576242/?awt_a=1jpsU&awt_l=9K1xh&awt_m=gRYx72c0xq5DlsU&utm_source=aweber&utm_medium=email&utm_campaign=cannon-afb-trials-hydrogen-infrastructure-for-critical-water-supply-backup
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Topic 11:  Off-Highway Industries Drives Alt-Fuel Engine 

Development | Hydrogen | Ammonia | Methanol | Dual Fuel Engines 

  H2ICE, along with other alternative gaseous fuels, like ammonia, methanol, and their 

various blends, have made tremendous progress in the decarbonization of the marine, heavy-

equipment industries, and other off-highway engine applications. 

 

  H2ICE, and engines running on ammonia, methanol or their various blends being 

retrofitted for marine and stationary power is almost a necessity due to the size of the engines, 

leading to the optimization of retrofitting techniques for all engines. 

 

  H2ICE development has reached aviation with Rolls Royce partnering with easyjet to 

develop a hydrogen combustion turbofan jet engine. 

 

  H2ICE is powering all of Spain thanks to Wärtsilä and their World’s Biggest H2ICE to 

compliment their title of World’s Biggest Diesel - Wärtsilä RT-flex96C. 

 

 

Topic 12:  H2ICE CAN be Zero Emission 

  H2ICE can achieve zero emission status. 

 

  H2ICE can achieve Zero Emission status with crankcase ventilation like what Toyota just 

patented.  Keeping H2 out of the crankcase WILL prevent lubricating oil from entering the 

combustion chamber, since H2 is significantly smaller than oil droplets. 

 

  H2ICE does not need an engine lubricating oil that needs to hold hydrocarbons and do its 

job of maintaining viscosity, operating pressure, and other parameters required for the oil to 

create and maintain the required film thickness to protect bearings and moving hardware.  

Lubricating engine oil could become a non-toxic formula that could then be non-toxic to depose 

of; since it only needs to hold minute metals.   

 

 

  

https://enginetechforum.org/webinars/posts/webinar-taking-internal-combustion-engines-to-the-next-level
https://afdc.energy.gov/fuels/emerging.html
https://www.greencarcongress.com/2025/01/20250124-kimm.html
https://www.greencarcongress.com/2024/11/20241101-man.html
https://www.powerprogress.com/news/fpt-industrial-premieres-the-n67-hythane-engine/8039250.article
https://www.sae.org/news/2024/07/converge-hydrogen-internal-combustion-engine
https://www.yanmar.com/global/news/2024/10/30/143738.html
https://www.jcb.com/en-in/campaigns/hydrogen
https://www.greencarcongress.com/2024/12/20241210-deutz.html
https://www.wartsila.com/media/news/18-06-2024-wartsila-launches-world-s-first-large-scale-100-hydrogen-ready-engine-power-plant-3464281
https://ukhea.co.uk/new-report-highlights-hydrogen-internal-combustion-engines-as-a-key-solution-for-greener-off-road-machinery/
https://www.greencarcongress.com/2024/12/20241204-manes.html
https://www.wardsauto.com/internal-combustion-engines/german-energy-company-claims-methanol-is-ice-savior
https://www.hydrogenfuelnews.com/clean-hydrogen-combustion/8555489/
https://www.greencarcongress.com/2024/12/20241210-maersk.html
https://hydrogen-central.com/hd-hyundai-secures-koreas-hydrogen-engine-generator-project/
https://www.man-es.com/company/press-releases/press-details/2024/12/09/world-s-first-vlcv-methanol-retrofit-represents-blueprint-for-future-projects
https://www.greencarcongress.com/2024/11/20241102-yanmar.html
https://www.greencarcongress.com/2025/03/20250328-bosch.html
https://www.rolls-royce.com/
https://www.greencarcongress.com/2022/11/20221129-rolls.html?s=09
https://www.rolls-royce.com/~/media/Files/R/Rolls-Royce/documents/others/hydrogen-from-tides-to-take-off.pdf
https://www.rolls-royce.com/media/press-releases/2022/19-07-2022-easyjet-and-rr-pioneer-hydrogen-engine-combustion-technology-in-h2zero-partnership.aspx
https://www.hydrogenfuelnews.com/hydrogen-news-wartsilas-100-hydrogen-engine-powers-spains-power-grid/8576199/?awt_a=1jpsU&awt_l=9K1xh&awt_m=gRYx72c0xq5DlsU&utm_source=aweber&utm_medium=email&utm_campaign=cannon-afb-trials-hydrogen-infrastructure-for-critical-water-supply-backup
https://www.wartsila.com/media/news/18-06-2024-wartsila-launches-world-s-first-large-scale-100-hydrogen-ready-engine-power-plant-3464281
https://youtu.be/NT-_FwrX6jk?is=fPyihG2Hke9URzzZ
https://en.wikipedia.org/wiki/W%C3%A4rtsil%C3%A4-Sulzer_RTA96-C
https://saemobilus.sae.org/content/2006-01-3430/
https://saemobilus.sae.org/content/2011-26-0003/
https://www.ccjdigital.com/alternative-power/article/15293434/cummins-hoping-hydrogen-ice-gets-zeroemission-status
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Topic 13:  H2ICE – Decades of Development 

  H2ICE was extensively studied under multiple US Department of Energy (DOE) funded 

projects. Every single research paper includes statements about the benefits of H2ICE and how 

H2ICE, specifically Direct Injected (DI), “can be viewed as a high efficiency, low-emissions technology 

for bridging the transition to the hydrogen economy that’s based on fuel cell technology…. It is estimated 

that DI H2ICE can be integrated into a hybrid vehicle system to result in fuel consumption that’s only 

~15-20% greater than {2008} hybridized fuel cell vehicles of similar mass. Significantly lower hardware 

costs (compared to 2008 fuel cell systems) and the ability to use existing manufacturing facilities for 

conventional reciprocating engines makes this an attractive consideration.” – 2008 VTO Materials 

Annual Progress Report | p.4  

 

  H2ICE has only recently had purpose-built hardware, leading to optimized engines that 

will meet or exceed their fossil fuel counterparts in performance and reliability while further 

reducing emissions. 

 

  H2ICE has and is being extensively studied globally with ongoing research efforts aimed at 

developing a hydrogen engine that emits zero tail pipe emissions while delivering performance 

equivalent or exceeding that of fossil fuel combustion engine counterparts. 

 

  H2ICE has been studied by American Society of Mechanical Engineers (ASME) and their 

Internal Combustion Engine Division; with several published research papers.

https://www.energy.gov/node/805351
https://www.osti.gov/biblio/950700
https://www.nrel.gov/docs/fy11osti/49557.pdf
https://energy.gov/
https://www.osti.gov/biblio/1005125
https://avt.inl.gov/sites/default/files/pdf/hydrogen/2006_h2_summary_report.pdf
https://saemobilus.sae.org/content/2006-01-3430/
https://www.osti.gov/biblio/1000080
https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/how-hydrogen-combustion-engines-can-contribute-to-zero-emissions
https://www.sae.org/publications/technical-papers/content/2022-01-0477/
https://www.energy.gov/eere/fuelcells/february-h2iq-hour-overview-hydrogen-internal-combustion-engine-h2ice-technologies
https://www.greencarcongress.com/2022/09/20220917-h2hpdi.html
https://www.osti.gov/servlets/purl/1909698
https://doi.org/10.4271/2023-01-0240
https://www.energy.gov/eere/vehicles/vehicle-technologies-office
https://www.energy.gov/node/811474
https://www.thedrive.com/news/toyotas-hydrogen-dreams-are-attracting-major-ice-tech-suppliers?utm_campaign=trueanthem_AI&utm_medium=social&utm_source=twitter&utm_term=thedrive
https://www.ionbond.com/en-us/coating-services/automotive/e-mobility-hydrogen-ice/
https://www.greencarcongress.com/2025/01/20250122-cummins.html
https://www.sae.org/news/2021/11/mahle-liebherr-develop-active-pre-chamber-hydrogen-engine
https://www.h2-view.com/story/h2-hpdi-game-changer-set-to-be-revealed-at-iaa/
https://saemobilus.sae.org/content/2006-01-3430/
https://www.greencarcongress.com/2024/10/20241012-ucr.html
https://doi.org/10.1016/j.pecs.2009.08.001
https://doi.org/10.1016/j.fuel.2023.129431
http://dx.doi.org/10.1016/j.rser.2012.06.012
https://www.greencarcongress.com/2019/07/20190704-camcon.html
https://youtu.be/VIzQCRg_HWE?si=hspCR3D9RrZ7JgqJ
https://doi.org/10.1016/j.ijhydene.2024.03.076
https://doi.org/10.1243/09544070JAUTO141
https://saemobilus.sae.org/content/2011-01-0674/
https://doi.org/10.1016/j.ijhydene.2013.07.036
https://doi.org/10.1016/j.ijhydene.2010.11.117
https://doi.org/10.1177/14680874241288624
https://doi.org/10.1016/j.ijhydene.2009.03.037
https://www.sae.org/publications/technical-papers/content/2022-01-0472/
https://fuelcellsworks.com/subscribers/tokyo-city-university-hydrogen-engine-car-realized-output-comparable-to-diesel/
https://www.asme.org/
https://www.asme.org/get-involved/groups-sections-and-technical-divisions/technical-divisions/technical-divisions-community-pages/internal-combustion-engine-division
https://asmedigitalcollection.asme.org/
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  H2ICE has, and is currently, being extensively studied, tested, and optimized at US 

Department of Energy (DOE) National Labs, universities across the globe, and private research 

facilities, like Southwest Research Institute (SwRI).  SAE International (SAE) has spearheaded 

hydrogen engine research by bringing industry, government and academia together for 

published studies.  Sandia National Laboratory (SAND), Idaho National Laboratory (INL), 

and Argonne National Laboratory (ANL) have led hydrogen engine research projects for 

decades while Rudolf A. Erren published Hydrogen: A Commercial Fuel for Internal Combustion 

Engines and Other Purposes in 1933 in the Journal Institute of Fuel. 

 

  H2ICE has been built into concept cars since the 1970s, starting with researchers at Musashi 

Institute of Technology Setagaya, in Tokyo, Japan, built a rally race car, in 1978, that ran on 

liquid hydrogen, University of California Los Angeles (UCLA) built a car to further the 

development of engine electronics in 1979, and BMW launched 100 concept cars in 2007, 

running on liquid hydrogen. 

 

  H2ICE was prophesied as “being near realization” by Prof JBS Haldane in an article featured 

on the front page of the 1933 March issue of The Commercial Motor.  

“They made the following summary on the suitability of using hydrogen engines for the propulsion of 

road motors :— It can be a cheap and nationally produced fuel, requiring no transport for distribution, 

nor plant for compression ; containers of the right type are available ; no poisonous exhaust gases are 

produced ; no carbonization occurs in the engine ; and no dilution nor burning of lubricant can take 

place.” 

  

http://dx.doi.org/10.17703/IJACT.2015.3.2.87
https://www.osti.gov/biblio/911070
https://energy.gov/
https://doi.org/10.3390/app9224842
https://www.swri.org/
https://www.sae.org/
https://doi.org/10.4271/2009-24-0083
https://saemobilus.sae.org/content/2011-26-0003/
https://doi.org/10.4271/831688
https://doi.org/10.1016/j.treng.2020.100005
https://www.sandia.gov/
https://inl.gov/
https://www.anl.gov/
https://www.osti.gov/biblio/1731098
https://www.osti.gov/biblio/1727373
https://www.osti.gov/biblio/969199
https://www.osti.gov/biblio/2498424
https://doi.org/10.1016/0360-3199(78)90057-5
https://en.wikipedia.org/wiki/Liquid_hydrogen
https://www.ucla.edu/
https://doi.org/10.1016/0360-3199(80)90095-6
https://www.press.bmwgroup.com/usa/article/detail/T0021959EN_US/bmw-introduces-world-s-first-production-based-hydrogen-powered-car?language=en_US
https://www.bmwblog.com/2016/08/17/bmw-stop-making-hydrogen-7-model/
https://doi.org/10.1016/j.ijhydene.2008.08.067
https://archive.commercialmotor.com/article/31st-march-1933/54/possibilities-of-the-hydrogen-engine
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Topic 14:  H2ICE Alliance | Global Advocacy | H2ICE Classified Zero 

Emission 

  H2ICE was classified as Zero Emission by the European Union (EU) in 2024 and the EU has 

re-evaluated its stance on eliminating the Internal Combustion Engine for new vehicles. 

Construction equipment manufacturer, JCB has been awarded eleven (11) licenses for their 

H2ICE powered equipment. China has been doing extensive research and development on 

H2ICE, and it has been speculated that China will be the next to classify H2ICE as ZE and 

embrace the technology as part of their decarbonization efforts – and utilize  to drive hydrogen 

sales. 

 

  H2ICE allows the global engine manufacturing and automotive industry to support 

decarbonization at a significantly reduced cost by keeping the majority of their manufacturing 

infrastructure intact.  Many H2ICE Consortiums have formed across the globe – Southwest 

Research Institute (SwRI) – MAHLE – DEUTZ have announced their consortiums. 

 

  H2ICE advocacy has experienced significant growth and momentum with Germany’s 

Allianz Wasserstoff Motor - Hydrogen Engine Alliance and with Cummins leading the way. 

Allianz Wasserstoff Motor issued a position paper advocating for H2ICE  acceptance while 

highlighting the tremendous benefits - similar to this paper. 

Inspired by Germany’s Allianz; the Hydrogen Engine Alliance of North America launched this 

year and will be hosting their inaugural Hydrogen Engine Alliance Conference at the 

California Air Resources Board (CARB) Headquarters in Riverside, California May 1-2, 2025 

 

  H2ICE development, and the development of engines operating on e-fuels, has created 

alliances and collaborations between engine manufacturers.  Toyota, Subaru, Mazda, Toyota 

and Yamaha; and more. 

  

https://www.chevronlubricants.com/en_us/home/learning/from-chevron/heavy-duty-diesel-vehicles-and-equipment/moving-hydrogen-ice-technology-forward.html
https://en.wikipedia.org/wiki/European_Union
https://www.cnn.com/2023/03/24/cars/eu-combustion-engine-debate-climate-intl/index.html
https://www.jcb.com/en-in/campaigns/hydrogen
https://www.powerprogress.com/news/jcb-receives-type-approval-from-11-licensing-authorities-for-h2-ice/8049767.article
https://hydrogen-central.com/policy-brief-hydrogen-combustion-engines-as-a-key-part-of-reaching-net-zero/
https://www.swri.org/industry/hydrogen-powered-vehicles/hydrogen-internal-combustion-engine-h2-ice-consortium
https://newsroom.mahle.com/press/en/press-releases/consortium-led-by-mahle-develops-hydrogen-engines-for-off-road-applications-106496
https://www.deutz.com/en/news/press-releases/news-detail/deutz-joins-consortium-to-develop-hydrogen-engines-for-off-highway-applications/
https://allianz-wasserstoffmotor.de/en/home.html
https://www.cummins.com/news/releases/2024/09/18/hydrogen-engine-alliance-makes-case-commitment-hydrogen-combustion-iaa
https://allianz-wasserstoffmotor.de/en/the-alliance/our-position.html
https://allianz-wasserstoffmotor.de/en/the-alliance/our-position.html?file=files/images/pdf/Position_paper_Hydrogen%20Engine%20Alliance_01-2022_english_version_01.pdf&cid=2929
https://h2engine-alliance.org/
https://ww2.arb.ca.gov/
https://global.toyota/en/newsroom/corporate/40850156.html
https://global.toyota/en/newsroom/corporate/40850156.html
https://www.subaru.co.jp/news-en/2024_05_28_112205/
https://newsroom.mazda.com/en/publicity/release/2024/202405/240528a.html
https://www.hotcars.com/why-yamaha-is-developing-a-50-liter-v8-hydrogen-engine-for-toyota/
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How H2ICE Will Advance California’s Decarbonization Efforts 

California’s goals to rapidly reduce emissions from hydrocarbons and drive demand of clean 

energy sources for fuels to power our transportation needs are admirable, and achievable. 

 

The first Internal Combustion Engine (ICE) ignited its first power stroke on a “dirty” hydrogen 

(H2) gas mix. 

In 1807, Swiss engineer François Isaac de Rivaz invented a Spark-Ignition (SI) hydrogen 

internal combustion engine on a dirty hydrogen gas mix. 

 

Seventy years later, Her Otto, Herr Maybach, and Herr Diamler worked on the fossil fuel 

internal combustion engine but had to run it on a dirty hydrogen gas mix since the fossil fuels 

of that time were too volatile and difficult to control ignition.  

They gave us the four-stroke cycle and the atomization carburetor and now, nearly two 

hundred years later, we have come full circle… almost. 

 

Banning the sale of new vehicles powered by internal combustion engines is shutting out a 

market that will bring tremendous opportunity for economic growth in America, and globally, 

save and create jobs, further reduce emissions, and improve public opinion of Zero Emission 

Vehicles (ZEV). 

 

By embracing the development of hydrogen as the combustible fuel for internal combustion 

engines (H2ICE), America can reach their ZEV goals, drive hydrogen production, use and 

storage goals, buy time to complete ZEV workforce training, ZEV infrastructure development, 

and improve consumer confidence and acceptance of electric powertrain vehicles. 

 

America will have more time to build up electric and hydrogen infrastructure. Improve the 

power grid so the goals of all electric homes and all electric cars can be met without risk to the 

current power grid capacity and operational limitations. Implement bi-directional charging, 

vehicle to grid integration (V2G | VGI), and buy time to develop hydrogen production. From 

building new plants and fueling stations to converting natural gas infrastructure to carry 

hydrogen. 

 

A Western Power Grid study found potential bottleneck issues in two California transmission 

lines.  

Reference a 2020 Pacific Northwest National Laboratory (PNNL) study PNNL-29894.  

  

https://www.energy.gov/eere/vehicles/articles/internal-combustion-engine-basics
https://afdc.energy.gov/fuels/hydrogen_basics.html
https://en.wikipedia.org/wiki/Internal_combustion_engine#History
https://en.wikipedia.org/wiki/Nicolaus_Otto
https://en.wikipedia.org/wiki/Gottlieb_Daimler
https://en.wikipedia.org/wiki/Carburetor
https://en.wikipedia.org/wiki/Zero-emissions_vehicle
https://www.energy.gov/eere/fuelcells/february-h2iq-hour-overview-hydrogen-internal-combustion-engine-h2ice-technologies
https://www.energy.gov/topics/hydrogen-shot
https://caletc.com/wp-content/uploads/2024/03/Workforce-ProjectionstoSupportBatteryElectricVehicleChargingInfrastructureInstallation-Final202106082.pdf
https://evitp.org/wp-content/uploads/2024/08/EVITP-Siemens-Foundation-Press-Release-8.29.24.pdf
https://www.ase.com/statistics
https://californiahydrogen.org/resources/current-research-and-obstacles/
https://batteryuniversity.com/article/bu-1002-electric-powertrain-then-and-now
https://afdc.energy.gov/files/u/publication/evolution-pev-charging-infrastructure.pdf
https://www.hydrogen.energy.gov/
https://www.energy.gov/sites/default/files/2024-09/hfto-mypp-hydrogen-infrastructure.pdf
https://www.energy.gov/articles/biden-harris-administration-announces-13-billion-modernize-and-expand-americas-power-grid
https://www.sae.org/news/2022/01/bi-directional-charging-amps-up
https://en.wikipedia.org/wiki/Vehicle-to-grid
https://www.nrel.gov/transportation/project-ev-grid-integration.html
https://www.energy.gov/eere/fuelcells/hydrogen-production
https://www.pnnl.gov/
https://www.pnnl.gov/sites/default/files/media/file/EV-AT-SCALE_1_IMPACTS_final.pdf
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Supporting Materials: 

Workforce Training | Automotive Industry Jobs | Consumer Acceptance | 

H2ICE Alliance 

 

Supporting Topic(s): 

Topic 1: Retain and Create Automotive Industry Jobs 

Topic 6:  Interim Option for Rapid Decarbonization                                                                                                                                                                                                                                                          

Topic 8:  Advantageous to Workforce Training for Mechanical and Electrical Powertrains 

Topic 9:  Drive Consumer Acceptance of Zero Emission Vehicles 

Topic 14:  H2ICE Alliance | Global Advocacy | H2ICE Classified Zero Emission 

 

 

Nadia Lopez, from CalMatters, published an article on May 24, 2022, that cited data, directly 

from the California Air Resources Board (CARB), that an estimated 30,000 mechanics are going 

to lose their jobs due to electric powertrain vehicles by 2040.  And that was well before the 

California Energy Commission (CEC) forecasted California to meet their 5 million Zero 

Emission Vehicles (ZEV) on California roads by 2025, and 10 million by the original goal date 

of 2030. 

Reference Figure I:  California Energy Commission (CEC) Forecasted Zero Emission Vehicle 

(ZEV) Growth | Screenshot from Dec 8, 2022, Webinar 

 

Keeping combustion engines in the mix will significantly reduce the number of small businesses 

closing down and the subsequent jobs lost. Businesses and jobs that support the automotive 

industry.  

The small independent auto service shops that give consumers an alternative to high priced 

dealerships, and, in many cases, those dealerships are hundreds of miles away. 

Communities rely on their local independent shops, particularly in rural areas. The loss of 

trusted shops will result in a reduction in ZEV sales. 

 

As Ford switches over to manufacturing electric powertrain only vehicles, there will be a “tidal 

wave of layoffs”.   

Keeping combustion engines in the picture won’t just save big manufacturers money, it will 

save small businesses, and auto service industry jobs. 

 

  The jobs of auto workers assembling and testing engines. 

  The jobs of factory workers creating engine hardware from raw materials. 

  The jobs of engine builders and service technicians. 

  May create a new job – trainers to train technicians and engine builders how to build, tune, 

and service engines that run on gaseous fuels – fuels that require training on their behavior, 

combustion process, equipment requirements, and their safe handling. 

https://calmatters.org/
https://calmatters.org/environment/2022/05/california-electric-cars-mechanics-jobs/
https://ww2.arb.ca.gov/
https://www.govtech.com/fs/transportation/in-the-shift-to-evs-some-worry-workers-could-suffer.html
https://batteryuniversity.com/article/bu-1002-electric-powertrain-then-and-now
https://energy.ca.gov/
https://en.wikipedia.org/wiki/Zero-emissions_vehicle
https://www.powerprogress.com/news/schaeffer-talks-future-of-advanced-ic-engines/8050095.article?utm_source=newsletter&utm_medium=email&utm_campaign=schaeffer-talks-future-of-advanced-ic-engines-(8050095)-2025-01-27&encoded_email=a2t1YnJhbkAzNTJpbm5vdmF0a
https://www.vehicleservicepros.com/shop-operations/service-repair/article/53056191/evs-and-the-challenges-faced-by-repair-shop-owners
https://spectrum.ieee.org/the-ev-transition-explained-2658797703
https://www.automotiveresearch.com/insights/battery-electric-vehicle-hybrid-electric-vehicle-impact-auto-repair-shops-update-2022
https://www.businessinsider.com/ev-electric-car-auto-industry-jobs-layoffs-employment-ford-2022-8
https://www.businessinsider.com/ev-electric-car-auto-industry-jobs-layoffs-employment-ford-2022-8
https://www.powerprogress.com/news/cummins-nebergall-discusses-the-future-of-hydrogen-ic-engines/8039029.article
https://www.automotiveresearch.com/insights/battery-electric-vehicle-hybrid-electric-vehicle-impact-auto-repair-shops
https://h2tools.org/hsp
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Keeping combustion engines in the short-term, provide more than job safety – they provide the 

means for shops and techs to maintain financial stability while the business upgrades their 

infrastructure, write new service policies, and time to pursue training.  Keeping combustion 

engines provides a window of extended opportunity for the entire automotive industry to 

prepare themselves to embrace electric drivetrain vehicles. 

 

Shops can offer custom clean energy conversions of conventional vehicles.  Converting 

combustion engines from fossil fuels to e-fuels in addition to conversions to electric drivetrain 

configurations. 

 

Shops and engine builders can support the conversion of fleet diesels to run on hydrogen, 

which supports the rapid decarbonization of the heavy and long-haul trucking industry. And 

further support commercial truck service shops with an option to perform engine swaps – 

diesels to engines running on e-fuels like hydrogen, ammonia, methanol, propane, natural gas, 

their various blends, or dual fuel set-ups.   

 

KEYOU, in Germany, has found success converting commercial trucks to H2ICE and, as a result, 

has helped drive the hydrogen industry in Germany and the greater EU. 

 

At the time of this writing, public and private educational institutions are scrambling to launch 

training curriculums for electric powertrain vehicles.  Less than thirty (30) institutions currently 

offer EV courses.  And less than five (5) offer fuel cell vehicle service training. 

 

Automotive Service Excellence (ASE) currently offers a Certification in L3 - Battery and 

Hybrid Electric Vehicles.  For Battery Electric Vehicle (BEV), Hybrid Electric Vehicle (HEV), 

and Plug-In Hybrid Electric Vehicle (PHEV). 

 

Certifications for Fuel Cell Electric Vehicles (FCEV) are still in development. 

As of Spring 2024, ASE stats show 3,879 techs hold the L3 Certification…. In the United States. 

 

For California to support the forecasted 5 million ZEVs by 2025, at least 11,000* trained 

technicians will be needed to service Battery Electric Vehicles (BEV) and Fuel Cell Electric 

Vehicles (FCEV).   

 

Per California’s definition of ZEV, that 5MM only applies to BEVs and FCEVs. 
*ASE Certifications are voluntary, and their stats do not include certifications earned by techs 

working at dealerships. Techs can hold ASE Certifications and earn Certifications from the 

dealership’s specific brands. 

 

According to a 2020 Press Release by TechForce, there is a five-to-one auto service technician 

shortage across the US.  For every five auto service jobs, only one service technician is 

available. 

https://www.sae.org/news/2022/03/keeping-combustion-in-the-conversation
https://www.ase.com/find-accredited-training
https://afdc.energy.gov/vehicle-registration?year=2023
https://ww2.arb.ca.gov/alternative-fuel-retrofit-systems-aftermarket
https://afdc.energy.gov/vehicles/conversions.html
https://www.hydrogenfuelnews.com/clean-hydrogen-combustion/8555489/
https://beacononlinenews.com/2022/10/18/hydrogen-and-retrofitting-engines/
https://afdc.energy.gov/fuels/emerging.html
https://afdc.energy.gov/vehicles/electric-conversions
https://afdc.energy.gov/vehicles/electric-conversions
https://newsroom.unsw.edu.au/news/science-tech/new-system-retrofits-diesel-engines-run-90-cent-hydrogen
https://www.hydrogenfuelnews.com/clean-hydrogen-combustion/8555489/
https://www.bbc.com/news/business-64248564?s=09
https://www.powerprogress.com/news/industry-experts-talk-hydrogen-ic-engines-in-decarbonization/8038448.article
https://www.cummins.com/news/2023/06/06/hydrogen-engines-and-long-haul-trucking
https://www.sae.org/news/2024/07/converge-hydrogen-internal-combustion-engine
https://www.mobilityengineeringtech.com/component/content/article/51441-sae-ma-07442
https://www.cummins.com/engines/next-generation-x15
https://www.cummins.com/engines/hydrogen
https://www.wardsauto.com/internal-combustion-engines/researchers-claim-breakthrough-in-ammonia-ice
https://afdc.energy.gov/vehicles/propane-conversions
https://afdc.energy.gov/vehicles/natural-gas-conversions
https://www.greencarcongress.com/2022/10/20221007-penta.html
https://www.keyou.de/
https://allianz-wasserstoffmotor.de/en/home.html
https://www.cummins.com/news/2022/01/26/how-do-hydrogen-engines-work
https://www.ase.com/other-training-sources
https://batteryuniversity.com/article/bu-1002-electric-powertrain-then-and-now
https://www.ase.com/other-training-sources
https://pathways.riohondo.edu/program/electric-vehicle-and-fuel-cell-technology-technician-coa/
https://www.ase.com/
https://www.ase.com/uploads/ASE_L3_StudyGuide.pdf
https://afdc.energy.gov/vehicles/how-do-all-electric-cars-work
https://afdc.energy.gov/vehicles/how-do-hybrid-electric-cars-work
https://afdc.energy.gov/vehicles/electric_basics_phev.html
https://afdc.energy.gov/vehicles/how-do-fuel-cell-electric-cars-work
https://www.ase.com/statistics
https://tableau.cnra.ca.gov/t/CNRA_CEC_PUBLIC/views/DMVDataPortal/STOCK_Dashboard?%3Adisplay_count=n&%3Aembed=y&%3AisGuestRedirectFromVizportal=y&%3Aorigin=viz_share_link&%3AshowAppBanner=false&%3AshowVizHome=n
https://www.bls.gov/oes/current/oes493023.htm
https://afdc.energy.gov/vehicles/how-do-all-electric-cars-work
https://afdc.energy.gov/vehicles/how-do-fuel-cell-electric-cars-work
https://iapasb.com/newsletters/2021/Dec/Assets/TechForce-Report/Transportation-Tech-Supply-Demand.pdf
https://www.ibisworld.com/industry-statistics/number-of-businesses/auto-mechanics-united-states/
https://www.bls.gov/ooh/installation-maintenance-and-repair/automotive-service-technicians-and-mechanics.htm
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The tech shortage is causing long wait times for service at nearly all shops, including 

dealerships. 

 

Developing conversion kits to convert older engines to be able to run on hydrogen enables 

classic cars, hot rods, movie set cars, and automobiles kept for the pure love of beautifully 

engineered machinery to continue to drive to car shows, cruise the coastline, support movie 

productions, bring the symphony of horsepower back to the race tracks, and, most importantly, 

keep that heavenly sound echoing through the still summer air as precision combustion sends 

pressure pulses dancing down polished metal alloy pipes. 

 

https://www.bts.gov/content/employment-transportation-and-transportation-related-occupations
https://afdc.energy.gov/fuels
https://afdc.energy.gov/vehicles/conversions-basics
https://beacononlinenews.com/2022/10/18/hydrogen-and-retrofitting-engines/
https://www.mobilityengineeringtech.com/component/content/article/50110-sae-ma-07294?r=47265
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Engine manufacturers, automakers, their suppliers, and the consumer will be able to support 

decarbonization of the transportation sector at a significantly lower cost thanks to 

manufacturers not having to re-tool, design and build new prototype parts, overhaul their 

assembly process, and re-train nearly the entire workforce.   

A tremendous cost that is passed on to the consumer in vehicle price. 

Overhauling these extensive and sophisticated manufacturing processes are a financial driver 

for nearly all engine and automotive manufacturers.  

 

ZEVs are made with significantly less widgets per vehicle, and the Internal Combustion Engine 

will eventually be phased out thanks to the exponentially greater number of widgets per 

vehicle. 

Allowing the market and the consumer to drive that transition allows manufacturers to 

transition in a financially sustainable way. 

A White Paper by McKinsey & Co – How Hydrogen Combustion Engines Can Contribute to Zero 

Emissions – highlights the supply chain and manufacturing challenges mentioned above. 

 

The industry has embraced Consortiums and Hydrogen Engine Alliances. Inspired by Germany’s 

Allianz Wasserstoff Motor, the Hydrogen Engine Alliance of North America launched in 2025 

to advocate for hydrogen engines in California, the US, and North America. 

Allianz Wasserstoff Motor issued a position paper, available for download on their website, to 

further advocate for hydrogen engines. 

 

Heavy and long-haul truck manufacturers are ready for their hydrogen engines to hit the roads 

here in America.  Many of the European based manufacturers are at an advantage in that the 

EU has allowed vehicles equipped with hydrogen engines to operate on their roads. 

 

Hydrogen Combustion Engine (H2ICE) has gained tremendous momentum over the last year, 

and now that the European Union (EU) has classified H2ICE as Zero Emission, China rumored 

to be the next to pin the ZE badge on H2ICE,and the possibility of California, and subsequently, 

the United States, poised to embrace H2ICE; the green flag seems to have dropped on the 

hydrogen engine race. 

 

Automotive manufacturers have formed a commitment and collaboration for further 

development of engines that run on e-fuels, including hydrogen. 

 

Southwest Research Institute (SwRI) launched their Hydrogen Combustion Engine (H2ICE) 

Consortium and is advancing H2ICE optimization by solving problems like contamination of 

the lubricating oil by hydrogen re-bonding with atmospheric oxygen when the tiny H2 molecule 

gets passed the rings and into the crankcase.   

 

https://www.wardsauto.com/internal-combustion-engines/how-long-can-oems-hold-on-to-their-ice-operations-
https://www.wardsauto.com/internal-combustion-engines/global-survey-internal-combustion-favored-over-battery-power
https://hydrogen-central.com/policy-brief-hydrogen-combustion-engines-as-a-key-part-of-reaching-net-zero/
https://www.powerprogress.com/news/industry-experts-talk-hydrogen-ic-engines-in-decarbonization/8038448.article
https://assets.speakcdn.com/assets/2888/etf_h2_ice__virtual_event__july_24_final.pdf
https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/how-hydrogen-combustion-engines-can-contribute-to-zero-emissions
https://allianz-wasserstoffmotor.de/en/home.html
https://h2engine-alliance.org/
https://www.sae.org/news/2020/07/horiba-heavy-duty-engine-development-and-testing
https://www.mobilityengineeringtech.com/component/content/article/47265-sae-ma-07045?r=50110
https://www.powerprogress.com/news/mercedes-benz-hydrogen-powered-trucks-hit-the-road/8033989.article
https://www.cummins.com/news/2022/09/13/role-hydrogen-engines-environmental-sustainability
https://saemobilus.sae.org/content/2011-26-0003/
https://www.chevronlubricants.com/en_us/home/learning/from-chevron/heavy-duty-diesel-vehicles-and-equipment/moving-hydrogen-ice-technology-forward.html
https://www.mobilityengineeringtech.com/component/content/article/50110-sae-ma-07294?r=47265
https://www.ccjdigital.com/alternative-power/article/15293434/cummins-hoping-hydrogen-ice-gets-zeroemission-status
https://doi.org/10.1007/s38313-020-0255-1
https://www.hydrogenfuelnews.com/race-hydrogen-combustion-engines/8565049/?awt_a=1jpsU&awt_l=9K1xh&awt_m=hlPMPQaZSO5DlsU
https://www.cummins.com/news/releases/2022/08/29/cummins-and-versatile-hydrogen-engine-partnership-announced?utm_source=twitter&utm_medium=social&utm_campaign=corp-innov
https://www.swri.org/
https://www.swri.org/industry/hydrogen-powered-vehicles/hydrogen-internal-combustion-engine-h2-ice-consortium
https://www.fuelsandlubes.com/digital/flm/FLM-2024-Q3/index.html?s=09
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With Cummins as a Consortium member, they provided SwRI with an X15N Natural Gas 

engine that SwRI proceeded to convert to run on pure gaseous hydrogen. The Class 8 Demo 

Truck has traveled around the US showing off the hydrogen engine technology. 

 

This author had the privilege of chatting with the Program Manager of SwRI’s H2ICE 

Consortium, Ryan Williams, while the demo Class 8 truck was on display outside the 2024 

California Hydrogen Leadership Summit in Sacramento.  

He mentioned how they were running the crankcase at a positive pressure to prevent hydrogen 

from getting into the crankcase and mitigate the risk of lubricating oil contamination and/or 

crankcase explosion. 

 

Thanks in large part to Toyota’s H2ICE advancement, their suppliers have stepped up to make 

hydrogen compatible and H2ICE optimized components, like piston rings and the Engine 

Control Unit (ECU) Borg Warner is developing. 

 

Off-highway and marine engine manufacturers have launched a Consortium for the advocacy 

and development of e-fuel engines that include hydrogen, hydrogen blends, natural gas, 

ammonia, methanol, various gaseous blends, and dual fuel engines that combine renewable or 

biodiesel with various gaseous fuels. 

 

Engine and automotive manufacturers are creating strategic partnerships for further advanced 

development and optimization of Hydrogen Combustion Engines (H2ICE).  From marine to 

commercial trucking to gen-sets and turbofan jet engines. 

Rolls Royce collaborated with EasyJet to develop the first hydrogen burning turbofan jet 

engine.  RR has also worked on developing hydrogen engines  for use as stationary power. 

Toyota has collaborated with Yamaha to develop a 500-hp V8 Hydrogen Combustion Engine.. 

 

https://www.cummins.com/news/2024/09/09/united-states-first-class-8-h2-ice-demo-showcased-fleets
https://www.cummins.com/news/2024/09/09/united-states-first-class-8-h2-ice-demo-showcased-fleets
http://www.cahydrogenleadershipsummit.com/
https://www.thedrive.com/accelerator/watch-a-hydrogen-burning-toyota-gr-yaris-rip-through-some-rally-stages
https://www.hydrogenfuelnews.com/hydrogen-engine-students/8564817/?awt_a=1jpsU&awt_l=9K1xh&awt_m=j3t3fZzPSO5DlsU
https://www.thedrive.com/news/toyotas-hydrogen-dreams-are-attracting-major-ice-tech-suppliers?utm_campaign=trueanthem_AI&utm_medium=social&utm_source=twitter&utm_term=thedrive
https://www.sae.org/news/2025/01/bosch-hydrogen-trucks
https://en.wikipedia.org/wiki/Engine_control_unit
https://www.greencarcongress.com/2024/12/20241210-deutz.html
https://www.greencarcongress.com/2024/11/20241127-wartsila.html
https://enginetechforum.org/webinars/posts/exploring-the-future-for-h2-ice-as-a-decarbonization-strategy
https://www.man-es.com/company/press-releases/press-details/2024/10/31/methanol-orders-advance-multi-fuel-future?utm_medium=email&utm_source=outlook&utm_campaign=press-subscription&utm_term=crossbrand
https://www.man-es.com/company/press-releases/press-details/2024/12/03/full-scale-ammonia-engine-opens-new-chapter
https://www.man-es.com/company/press-releases/press-details/2024/12/09/world-s-first-vlcv-methanol-retrofit-represents-blueprint-for-future-projects
https://newsroom.unsw.edu.au/news/science-tech/new-system-retrofits-diesel-engines-run-90-cent-hydrogen
https://www.automotiveworld.com/events/future-truck-north-america-2023/
https://www.powerprogress.com/news/volvo-developing-hydrogen-fueled-trucks/8037424.article
https://www.greencarcongress.com/2024/05/20240529-tmc.html
https://doi.org/10.3390/en14206504
https://enginetechforum.org/policy-insider-blog/posts/hydrogen-for-ice-ready-for-liftoff
https://www.securities.io/5-hydrogen-combustion-engines-set-to-break-the-mold/
https://www.sae.org/news/2022/05/hydrogen-technology-commercial-trucks
https://www.mobilityengineeringtech.com/component/content/article/51441-sae-ma-07442
https://www.cummins.com/news/2022/01/27/examples-hydrogen-engines-mobility-and-transportation
https://www.rolls-royce.com/media/press-releases/2022/19-07-2022-easyjet-and-rr-pioneer-hydrogen-engine-combustion-technology-in-h2zero-partnership.aspx
https://www.greencarcongress.com/2022/11/20221129-rolls.html?s=09
https://www.hydrogenfuelnews.com/rolls-royce-hydrogen-engine-news/8565407/
https://www.hotcars.com/why-yamaha-is-developing-a-50-liter-v8-hydrogen-engine-for-toyota/
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Consumers who feel intimidated by Electric Vehicles (EV), can’t afford to purchase a new car, 

and/or simply don’t want to give up a car they feel comfortable with. 

 

Hydrogen Combustion Engines (H2ICE) provide a cheaper alternative for the consumer in 

purchase price of a newer vehicle and the option to convert their favorite car to run on 

hydrogen.  A conversion that will bring significant business to auto shops and engine builders. 

 

The California Hydrogen Business Council cited Consumer Acceptance as one of the greatest 

obstacles to Zero Emission Vehicle (ZEV) adoption, and have dedicated advocacy activities in 

an effort to drive ZEV sales by way of increased consumer acceptance. 

 

H2ICE offers an option that is more likely to be accepted by all consumers, thereby putting more 

vehicles on roadways across the globe that are now contributing to decarbonization efforts. 

Consumers who reject ZEVs because they feel like the government is “forcing” them to discard 

their conventional vehicle in a perceived ZEV “mandate” will likely be more amenable to a 

change of fuel type.  

 

Consumers who may be initially unwilling to accept hydrogen as a fuel almost always fit a 

demographic that will quickly come around when they find out how much more power 

hydrogen engines make with respect to a fossil fuel engine of equivalent displacement. “Rolling 

coal” loses its “cool factor” as quickly as the driver of the soot-spewing vehicle gets smoked off 

the light by the hydrogen engine in the next lane. 

 

For low income and disadvantaged communities, rebates could be offered for converting their 

existing vehicle to run on hydrogen, which removes the significant financial burden of buying a 

new car – especially when obtaining financing for that new car may not be attainable. 

https://www.wardsauto.com/internal-combustion-engines/global-survey-internal-combustion-favored-over-battery-power
https://afdc.energy.gov/vehicles/electric.html
https://www.energy.gov/eere/fuelcells/february-h2iq-hour-overview-hydrogen-internal-combustion-engine-h2ice-technologies
https://hydrogen-central.com/hydrogen-combustion-engine-ev-alternative-weve-been-waiting-hotcars/
https://beacononlinenews.com/2022/10/18/hydrogen-and-retrofitting-engines/
https://afdc.energy.gov/fuels
https://www.hotcars.com/heres-why-toyota-isnt-convinced-evs-are-the-future/
https://en.wikipedia.org/wiki/Zero-emissions_vehicle
https://californiahydrogen.org/policy-issues/2023-advocacy-activities/
https://www.hotcars.com/why-yamaha-is-developing-a-50-liter-v8-hydrogen-engine-for-toyota/
https://hydrogen-central.com/astron-aerospace-hydrogen-engine-achieves-record-60-efficiency-with-0-emissions/
https://www.hydrogenfuelnews.com/double-hydrogen-engine/8564967/?awt_a=1jpsU&awt_l=9K1xh&awt_m=iALq0wrXqO5DlsU
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Figure I:  California Energy Commission (CEC) Forecasted Zero Emission Vehicle (ZEV) Growth | Screenshot from Dec 8, 2022, Webinar
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Hydrogen Combustion Engine Project Results & Emissions 

Supporting Topics: 

Topic 2:  Rapid Decarbonization 

Topic 5:  Fully Operational Over Wide Range of Hydrogen Gas Quality 

Topic 6:  Interim Option for Rapid Decarbonization                                                                                                                                                                                                                                                          

Topic 9:  Drive Consumer Acceptance of Zero Emission Vehicles 

Topic 12:  H2ICE CAN be Zero Emission 

Topic 13:  H2ICE – Decades of Development 

 

 

The Idaho National Laboratory (INL) Arizona fleet project, mentioned above, was able to meet 

California’s Super Ultra Low Emissions Vehicle (SULEV) emissions standards. This 

classification, from 2004, is based on producing 90% fewer emissions than the average gasoline-

powered vehicle. Idaho National Engineering & Environmental Laboratory (INEEL) – now 

just INL -released their report (INEEl-03-00007) in January 2003 after two years and 4,700 miles 

of testing.  

The team took a stock 2001 Ford F-150, factory built to run on gasoline and optimized the 5.4L 

tor performance and emissions to run on a 30% H2 blend with 70% Compressed Natural Gas 

(CNG).   

 

This engine, optimized to run on the 30% H2/CNG blend, recorded near zero NOx and a 97% 

reduction, with overall emissions test results classifying the 5.4L F-150 as SULEV per 

California’s emissions standards. 

 

The only emission created by Hydrogen Combustion Engines (H2ICE) is Oxides of Nitrous 

(NOx) but this only occurs when the combustion temperature reaches the temperature required 

for NOx formation.  

Several independent H2ICE research project reports have repeatedly shown that a short range of 

air-H2 ratios did not allow NOx formation to occur, thus zero emission from hydrogen 

combustion; any lubricating oil that enters the combustion chamber is often the only emission 

contributor. 

 

If an engine, running with only 30% H2 - and 70% hydrocarbon-based CNG produced emissions 

that low, with hardware from the late 1990s/early 2000s; imagine what purpose-built hardware 

and firing on 100% H2 could do for decarbonization and still provide that sweet symphony of 

controlled combustion that so many of us love! 

 

NOTE: These reports are publicly available for download via INL’s Digital Library and/or the 

US Department of Energy (DOE)’s Office of Scientific and Technical Information (OSTI). 

Links are embedded in the report numbers and listed in citations and Works Cited. 

https://inl.gov/
https://en.wikipedia.org/wiki/Super_ultra-low_emission_vehicle
https://inl.gov/
https://www.osti.gov/servlets/purl/809113
https://afdc.energy.gov/fuels/natural_gas.html
https://www.energy.gov/eere/fuelcells/february-h2iq-hour-overview-hydrogen-internal-combustion-engine-h2ice-technologies
https://en.wikipedia.org/wiki/NOx
https://www.mobilityengineeringtech.com/component/content/article/50110-sae-ma-07294?r=47265
https://www.cummins.com/news/releases/2021/07/13/cummins-begins-testing-hydrogen-fueled-internal-combustion-engine
https://www.cummins.com/news/releases/2021/07/13/cummins-begins-testing-hydrogen-fueled-internal-combustion-engine
https://energy.gov/
https://www.osti.gov/
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Important Note Regarding INL/EXT-06-11689 

INL report INL/EXT-06-11689 holds an extensive summary of the entire project, with several 

individual vehicle reports in the appendix.  This updated report is, at the time of this writing, 

ONLY available for download at INL’s Digital Library. The report with the added appendices 

will be over three hundred pages while the same report number, available for download via 

OSTI, will only be forty-four pages. 

 

Reference prequel reports: INEEL/CON-03-00780 (Nov 2003), INEEL/EXT-03-01313 (Nov 2003 

| Appendix G in INL-11689), INEEL-EXT-03-00976 (Dec 2003 | Appendix B in INL-11689), INEEL/EXT-

03-00008 (Jan 2003 | Appendix E in INL-11689), INEEL/CON-04-02198 (Apr 2005), INEEL/EXT-03-

00007 (Jan 2003 | Appendix F in INL-11689), INEEL/EXT-03-00009 (Jan 2003 | Appendix D in INL-

11689), and INL/CON-06-00414 (Apr 2006) was presented at the 2006 SAE World Congress.   

 

Note - INEEL/EXT-03-00006 (Jan 2003) is no longer available as a stand-alone report; it has been 

moved to Appendix C of INL-11689. 

 

 

From August 2006 to January 2010, the US Department of Energy (DOE) placed two of Ford 

Motor Company (FoMoCo)’s E-450 Shuttle Busses, each equipped with purpose-built 6.8L Ford 

Triton V-8 Hydrogen Combustion Engines (H2ICE), in service with the City of Las Vegas for 

the DOE’s Southern Nevada Alternative Fuels Demonstration Project (DOE/GO-86068-1).  

 

The City of Las Vegas was expected to gather emission test result data, but per §VI.D, of DOE-

86068, no emission data was collected – over the two-year period because the City’s emission 

test equipment could not read tail-pipe emissions from the Ford buses.   

 

Any tail-pipe emissions emitted from the hydrogen engines were below the threshold of the 

City’s equipment to read it. 

 

NOTE: This report is publicly available for download from the US Department of Energy 

(DOE)’s Office of Scientific and Technical Information (OSTI). Links are embedded in the 

report numbers and listed in citations and Works Cited. 

 

https://avt.inl.gov/sites/default/files/pdf/hydrogen/2006_h2_summary_report.pdf
https://avt.inl.gov/
https://www.osti.gov/biblio/910788
https://www.osti.gov/biblio/910730
https://www.osti.gov/biblio/910735
https://www.osti.gov/biblio/911420
https://www.osti.gov/biblio/911420
https://inldigitallibrary.inl.gov/sites/sti/sti/3169789.pdf
https://www.osti.gov/servlets/purl/809113
https://www.osti.gov/servlets/purl/809113
https://www.osti.gov/biblio/809115
https://inldigitallibrary.inl.gov/sites/sti/sti/3303748.pdf
https://energy.gov/
https://en.wikipedia.org/wiki/Ford_Motor_Company
https://www.energy.gov/eere/fuelcells/february-h2iq-hour-overview-hydrogen-internal-combustion-engine-h2ice-technologies
https://www.osti.gov/biblio/1000080
https://energy.gov/
https://www.osti.gov/
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From March through September of 2009, two more FoMoCo purpose-built Hydrogen 

Combustion Engines (H2ICE) shuttle buses were placed in service to shuttle people around the 

Detroit Metro Airport for the US Department of Energy (DOE)’s Detroit Commuter Project 

(OSTI-1005125). 

 

While the 20-month project was truncated to six months, due to hydrogen fuel availability, the 

buses logged 50,000 and 32,400 miles, respectively. While no emission data was collected during 

the six-month period, maintenance records and fuel consumption data were collected. Both 

buses were reported to run great and require only minor maintenance services. 

 

NOTE: This report is publicly available for download from the US Department of Energy 

(DOE)’s Office of Scientific and Technical Information (OSTI). Links are embedded in the 

report numbers and listed in citations and Works Cited. 

 

 

Southwest Research Institute (SwRI) launched their Hydrogen Combustion Engine (H2ICE) 

Consortium and is advancing H2ICE optimization by solving problems like contamination of 

the lubricating oil by hydrogen re-bonding with atmospheric oxygen when the tiny hydrogen  

molecule gets passed the rings and into the crankcase.   

 

With Cummins as a Consortium member, they provided SwRI with an X15N Natural Gas 

engine that SwRI proceeded to convert to Port Fuel Injection (PFI) gaseous hydrogen.  The 

Class 8 Demo Truck has traveled around the US showing off the hydrogen engine technology. 

 

This author had the privilege of chatting with the head of SwRI’s H2ICE Consortium, Ryan 

Williams, while the demo Class 8 truck was on display outside the 2024 California Hydrogen 

Leadership Summit in Sacramento.  

He mentioned how they were running the crankcase at a positive pressure in an effort to 

prevent hydrogen from getting into the crankcase and mitigate the risk of lubricating oil 

contamination and/or crankcase explosion. 

 

SwRI was able to repeatedly demonstrate Oxides of Nitrogen (NOx) emissions – the only 

emissions from hydrogen combustion – well below California Air Resources Board (CARB)’s 

voluntary ultra-low NOx standard of 20 milligrams.  

 

As part of this Demo Truck project, Cummins developed an aftertreatment system specifically 

for use with hydrogen engines and hydrogen compatible, this system was used to mitigate 

transient rises in NOx and help to achieve the consistently low NOx readings.  

 

https://www.energy.gov/eere/fuelcells/february-h2iq-hour-overview-hydrogen-internal-combustion-engine-h2ice-technologies
https://energy.gov/
https://www.osti.gov/biblio/1005125
https://energy.gov/
https://www.osti.gov/
https://www.swri.org/
https://www.swri.org/industry/hydrogen-powered-vehicles/hydrogen-internal-combustion-engine-h2-ice-consortium
https://www.energy.gov/sites/default/files/2023-07/h2iqhour-02222023-2.pdf
https://www.cummins.com/news/releases/2024/09/18/hydrogen-engine-alliance-makes-case-commitment-hydrogen-combustion-iaa
https://afdc.energy.gov/fuels/hydrogen_basics.html
https://afdc.energy.gov/fuels/hydrogen_basics.html
https://www.cummins.com/news/releases/2024/09/17/cummins-unveils-integrated-drivetrain-concept-featuring-helmtm-engine
https://www.cummins.com/news/releases/2024/02/29/cummins-announces-innovative-next-generation-x15-diesel-engine-part
https://www.cummins.com/news/releases/2024/02/29/cummins-announces-innovative-next-generation-x15-diesel-engine-part
https://www.bosch-mobility.com/en/solutions/powertrain/gas/port-fuel-injection-for-hydrogen-engines/
https://www.cummins.com/news/2024/09/09/united-states-first-class-8-h2-ice-demo-showcased-fleets
https://www.autonews.com/mobility-report/hydrogen-internal-combustion-engines-gain-renewed-momentum/
http://www.cahydrogenleadershipsummit.com/
https://en.wikipedia.org/wiki/NOx
https://ww2.arb.ca.gov/
https://www.cummins.com/news/2024/08/29/how-do-aftertreatment-systems-differ-between-hydrogen-and-diesel-engines
https://h2tools.org/bestpractices/material-compatibility
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SAE’s Matt Wolfe showcased SwRI, the truck, the Consortium and their significant 

accomplishments developing and optimizing H2ICE in an October 2024 SAE article. 

Ryan Williams told SAE’s Matt Wolfe “we were able to demonstrate is below 10 milligrams on every 

regulatory cycle.” 

 

The SwRI H2ICE Consortium has ,and is, contributed significantly to the optimization of 

hydrogen engines by working with Consortium members to develop engine hardware that is 

hydrogen compatible, and is able to handle the unique behavior and properties of hydrogen – 

like the oil contamination and the “ghost spark” phenomena – a unique engine performance 

issue that can be contributed entirely to the behavior and properties of gaseous hydrogen. 

 

Cummins has been a vocal and active member of Germany’s Allianz Wasserstoff Motor, SwRI 

H2ICE Consortium, and one of the first members of the newly launched Hydrogen Engine 

Alliance of North America (HEA-NA).  

 

Thanks to the innovation and advocacy by SwRI, Cummins and all the members of the 

Consortiums, Hydrogen Engine Alliances in the US and Germany; advances in the hydrogen 

engine hardware is being commercialized. 

 

Ionbond has developed a hydrogen compatible coating for use with hydrogen engine hardware 

that was previously obtained lubrication thanks to the properties of liquid fossil fuels.  Since 

hydrogen has no lubricating properties, components like fuel injectors require an alternative, 

hydrogen compatible, solution. 

 

https://www.sae.org/publications/technical-papers/content/2022-01-0472/
https://www.mobilityengineeringtech.com/component/content/article/50110-sae-ma-07294?r=47265
https://www.sae.org/news/2024/10/swri-h2-demo-truck
https://www.sae.org/news/2022/05/hydrogen-technology-commercial-trucks
https://www.hydrogenfuelnews.com/race-hydrogen-combustion-engines/8565049/?awt_a=1jpsU&awt_l=9K1xh&awt_m=hlPMPQaZSO5DlsU
https://allianz-wasserstoffmotor.de/en/home.html
https://news.ucr.edu/articles/2025/02/27/ucr-and-u-michigan-launch-hydrogen-engine-alliance
https://h2engine-alliance.org/
https://allianz-wasserstoffmotor.de/en/the-alliance/our-position.html
https://www.cummins.com/news/releases/2022/09/13/cummins-reveal-zero-carbon-h2-ice-concept-truck-iaa-expo-powered-b67h?utm_source=twitter&utm_medium=social&utm_campaign=eng-onhwy-awareness&utm_content=cummins-reveal-zero-carbon-h2-ice-concept-truck-iaa-ex
https://www.ionbond.com/en-us/news/ionbond-joins-hydrogen-engine-alliance/
https://www.raceenginetechnology.com/Suppliers/hydrogen-to-the-rescue
https://www.ionbond.com/en-us/
https://www.twi-global.com/technical-knowledge/faqs/what-is-hydrogen-embrittlement
https://www.energy.gov/sites/prod/files/2014/03/f13/pm_04_smith.pdf
https://www.ionbond.com/en-us/coating-services/automotive/e-mobility-hydrogen-ice/
https://www.bosch-mobility.com/media/global/solutions/passenger-cars-and-light-commercial-vehicles/powertrain-solutions/port-fuel-injection-for-hydrogen-engines/ps_summary_wasserstoffmotor_saugrohreinblasung_en_rgb_300dpi_20240808.pdf
https://en.wikipedia.org/wiki/Hydrogen_embrittlement
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Zero Emission Vehicles (ZEV) may have “zero emission” at the tail-pipe but that doesn’t mean 

they’re literally zero emissions.  

Disregarding the source of electricity, there’s still the emissions from mining for the rare earth 

materials necessary to manufacture the batteries, and the toxic materials, like aqueous 

electrolyte, which need to be disposed of whether the batteries are successfully recycled or not.   

 

That toxic electrolyte goes down storm drains whenever there’s a battery fire, in addition to the 

toxic smoke from the fire. 

Battery degradation requires a second and end of life policy to prevent the toxic materials from 

seeping into the ground. 

 

 

Feb 22, 2023, US Department of Energy (DOE)’s Office of Energy Efficiency & Renewable 

Energy (EERE)’s Hydrogen & Fuel Cells Technologies Office (HFTO) H2IQ Program hosted a 

webinar on H2ICE development and advancement across the globe cited these notable facts: 

• Every ICE manufacturer across the globe has H2ICE development in process 

• The European Union (EU) voted YES to allow new internal combustion engine vehicles 

to be registered after 2035 if they ran on an e-fuel, which includes H2ICE  

• The EU classified H2ICE as a zero-emission vehicle in 2024 

• Existing exhaust treatment systems are sufficient to eliminate unburnt H2 in the exhaust, 

a safety issue, and eliminate any transient emissions – notably NOx is the only emissions 

• H2ICE has been shown to operate at 30%+ more thermally efficient than our most 

thermally efficient ICE, the diesel. 

• H2ICE made more horsepower and runs more thermally efficient than the engine it 

was converted from. Also noted in a SAE International (SAE) High Efficiency HD 

Hydrogen Combustion Engines: Improvement Potentials for Future Regulations (2022-01-0477) 

• H2ICE Webinar 

 

 

 

https://en.wikipedia.org/wiki/Zero-emissions_vehicle
https://www.epa.gov/renewable-fuel-standard-program/lifecycle-analysis-greenhouse-gas-emissions-under-renewable-fuel
https://theicct.org/publication/a-global-comparison-of-the-life-cycle-greenhouse-gas-emissions-of-combustion-engine-and-electric-passenger-cars/
https://www.anl.gov/sites/www/files/2022-12/EV_Batteries_Recycling_FINAL%2012-14-22.pdf
https://www.anl.gov/sites/www/files/2022-12/EV_Batteries_Recycling_FINAL%2012-14-22.pdf
https://www.nfpa.org/-/media/Files/Public-Education/Resources/Safety-tip-sheets/LithiumIonBatterySafety.pdf
https://www.osti.gov/servlets/purl/1832971
https://en.wikipedia.org/wiki/Electrolyte
https://www.nfpa.org/-/media/Files/Code-or-topic-fact-sheets/ReferencedStandardsFactSheet.ashx
https://afdc.energy.gov/case/2788
https://www.nrel.gov/docs/fy13osti/52818.pdf
https://www.prba.org/areas-of-focus/fire-codes/
https://ul.org/research/electrochemical-safety/getting-started-electrochemical-safety/what-thermal-runaway
https://www.prba.org/position-papers/prba-the-rechargeable-battery-association-safety-policy-on-use-and-handling-of-stand-alone-cylindrical-lithium-ion-cells-8585/
https://cleantechnica.com/2019/12/16/new-data-shows-heat-fast-charging-responsible-for-more-battery-degradation-than-age-or-mileage/
https://afdc.energy.gov/files/u/publication/battery_second_life_faq.pdf
https://www.nrel.gov/docs/fy21osti/77035.pdf
https://www.greencarreports.com/news/1132401_how-long-will-my-ev-battery-last-california-proposes-degradation-limits
https://www.anl.gov/article/doe-launches-its-first-lithiumion-battery-recycling-rd-center-recell
https://www.nfpa.org/news-blogs-and-articles/blogs/2021/04/30/texas-electric-vehicle-crash-underscores-need-for-first-responders-to-learn-about-hazards
https://energy.gov/
https://energy.gov/eere
https://www.energy.gov/eere/fuelcells/hydrogen-and-fuel-cell-technologies-office
https://www.energy.gov/eere/fuelcells/increase-your-h2iq
https://en.wikipedia.org/wiki/European_Union
https://www.cnn.com/2023/03/24/cars/eu-combustion-engine-debate-climate-intl/index.html
https://www.idtechex.com/en/research-article/progress-and-expectations-for-zero-emission-drivetrain-technology/32136?rsst2id=3&userid=35951&utm_source=dlvr.it&utm_medium=twitter&s=09
https://www.cummins.com/news/2024/08/29/how-do-aftertreatment-systems-differ-between-hydrogen-and-diesel-engines
https://doi.org/10.3390/pr8091178
https://interestingengineering.com/energy/hydrogen-engine-astron-aerospace
https://www.sae.org/
https://www.sae.org/publications/technical-papers/content/2022-01-0477/
https://www.energy.gov/eere/fuelcells/february-h2iq-hour-overview-hydrogen-internal-combustion-engine-h2ice-technologies
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US Department of Energy (DOE) Vehicle Technologies Office (VTO) Propulsion Materials 

Program worked with Ford Research & Advanced Engineering to develop a fuel injector, and 

its actuator to work with hydrogen.  

 

This three-year project laid the foundation for hydrogen safe fuel injectors, fuel systems, and the 

single cylinder engine, in Ford’s test cell proved that early H2ICE was capable of reaching 45% 

thermal efficiency.  

 

This testing helped develop the hydrogen safe engine components currently in production at 

engine component manufacturers across the world, and has made production H2ICE possible 

with Toyota, Mazda, Ford, and Cummins offering production engines. 

 

VTO Propulsion Materials Annual Progress Reports from 2007 through 2011 detail the 

research and development projects involving hydrogen materials compatibility. 

  

https://energy.gov/
https://www.energy.gov/eere/vehicles/vehicle-technologies-office
https://www.greencarcongress.com/2022/09/20220917-h2hpdi.html
https://www.ionbond.com/en-us/coating-services/automotive/e-mobility-hydrogen-ice/
https://www.thedrive.com/news/toyotas-hydrogen-dreams-are-attracting-major-ice-tech-suppliers?utm_campaign=trueanthem_AI&utm_medium=social&utm_source=twitter&utm_term=thedrive
https://toyotatimes.jp/en/report/hpe_challenge_2023/002.html?s=09
https://www.mazda.com/en/innovation/technology/env/hre/
https://www.hydrogenfuelnews.com/hydrogen-combustion-engine-ford/8551974/
https://www.youtube.com/watch?v=L12sPu5g9AM
https://www.osti.gov/servlets/purl/1217087
https://www.energy.gov/node/811374
https://h2tools.org/bestpractices/material-compatibility
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Cybersecurity | Hydrogen Gas Quality 

Supporting Topic(s): 

Topic 4:  Negligible Cybersecurity Risk 

Topic 5:  Fully Operational Over Wide Range of Hydrogen Gas Quality 

 

While all software-based systems are susceptible to cyber security risks, hydrogen engines are 

controlled by a closed loop system that does not require software updates like the electric 

powertrain vehicles whose entire operation is dependent on software-based control systems, 

and due to the requirement of the vehicle to have external internet access to support software 

updates; the vehicle is also open to cyber security risks. 

 

Hydrogen engines would have closed loop systems nearly identical to fossil fuel combustion 

engine vehicles today. 

 

Extensive efforts are underway to protect charging infrastructure, vehicle to grid integration 

(V2G | VGI), and the vehicles. 

Every time a Battery Electric Vehicle (BEV) uses a public charging station, the vehicle must 

communicate with the equipment, the financial institutions for payment, and communication 

with the power grid is also established – all of which are susceptible to cyber security risks. 

 

If auto repair shops fail to recognize a comprised Electric Vehicle (EV), the shop could increase 

the risk of comprising several other software-defined vehicles that are in for service. 

When the OBD reader establishes communication with the compromised software-defined 

vehicle, the virus could infect the OBD reader, thus increasing the risk of spreading the 

computer virus to all other software-defined vehicles in that shop. 

 

Numerous US Department of Energy (DOE) reports, from the National Labs, have shown that 

a compromised Battery Electric Vehicle (BEV) presents as a charging problem.  Most reports 

review the threat analysis of cyber security vulnerabilities in public charging stations and 

review how the software-defined vehicle will likely behave when compromised. 

Reference OSTI 1877784: Cybersecurity for Electric Vehicle Charging Infrastructure from the Joint 

Office of Energy & Transportation (JOET) ChargeX Consortium. 

 

  

https://en.wikipedia.org/wiki/Software
https://www.mdpi.com/1996-1073/15/11/3931
https://en.wikipedia.org/wiki/Computer_security
https://thehill.com/policy/cybersecurity/3705060-white-house-spotlights-ev-cybersecurity-in-climate-push/
https://www.energy.gov/eere/fuelcells/february-h2iq-hour-overview-hydrogen-internal-combustion-engine-h2ice-technologies
https://batteryuniversity.com/article/bu-1002-electric-powertrain-then-and-now
https://en.wikipedia.org/wiki/Control_system
https://ieeexplore.ieee.org/document/8377181
https://www.nhtsa.gov/sites/nhtsa.gov/files/documents/812333_cybersecurityformodernvehicles.pdf
https://www.ul.com/services/iot-device-security
https://www.sae.org/publications/technical-papers/content/2023-01-0038/
https://thehill.com/policy/cybersecurity/3705060-white-house-spotlights-ev-cybersecurity-in-climate-push/
https://www.osti.gov/servlets/purl/1877784
https://www.mdpi.com/1996-1073/15/11/3931
https://www.nccoe.nist.gov/projects/cybersecurity-framework-profile-electric-vehicle-extreme-fast-charging-infrastructure
https://www.nrel.gov/transportation/project-ev-grid-integration.html
https://www.nrel.gov/security-resilience/cybersecurity-innovation.html
https://cet.inl.gov/ArticleDocuments/CyberPUNCRelatedVGIProjects_DeepDiveSept2022.pdf
https://www.nrel.gov/transportation/electric-vehicle-grid-cybersecurity.html
https://www.nhtsa.gov/technology-innovation/vehicle-cybersecurity
https://afdc.energy.gov/vehicles/how-do-all-electric-cars-work
https://www.sae.org/publications/books/content/r-495/
https://www.sae.org/news/2022/03/survey-shows-cyber-and-quality-challenges-of-vehicle-connectivity
https://www.sae.org/news/2020/08/iso-ev-plug-and-charge-standard-faces-security-concerns
https://www.nccoe.nist.gov/projects/cybersecurity-framework-profile-electric-vehicle-extreme-fast-charging-infrastructure
https://www.nrel.gov/docs/fy22osti/84093.pdf
https://www.nhtsa.gov/technology-innovation/vehicle-cybersecurity
https://www.sae.org/standards/content/j3061_202112/
https://www.nhtsa.gov/research-data/crash-avoidance#automation-electronic-systems-10066
https://afdc.energy.gov/vehicles/electric.html
https://www.ul.com/services/iot-device-security
https://www.youtube.com/watch?v=eH02xj2Cu-E
https://en.wikipedia.org/wiki/On-board_diagnostics
https://www.evconnect.com/blog/importance-of-ev-software-interoperability
https://www.evconnect.com/blog/importance-of-ev-software-interoperability
https://energy.gov/
https://www.osti.gov/servlets/purl/1877784
https://www.energy.gov/national-laboratories
https://afdc.energy.gov/vehicles/how-do-all-electric-cars-work
https://www.osti.gov/servlets/purl/1877784
https://driveelectric.gov/
https://driveelectric.gov/chargex-consortium
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Hydrogen engines are not susceptible to battery fraud.   

Battery fraud poses a significant safety risk to the vehicle owner.  Per Wheels CA article, an EV 

shop owner personally witnessed some Teslas come out of an auto auction with sandbags 

where some battery modules should have been and the software had been wiped to ensure 

nothing appeared amiss.   

 

When the Battery Management System (BMS) control system; that is designed to regulate the 

battery for reliability, performance, and safety; receives inaccurate data, that battery may show 

performance degradation and becomes a safety hazard. 

 

 

Thanks to engine control electronics and their response times, hydrogen engines are able to 

operate on a wide range of gaseous hydrogen mix quality. 

 

Hydrogen powered fuel cells require strict adherence to a gaseous hydrogen mix quality of 

99.97% to prevent degraded operation and/or damage to Fuel Cell Electric Vehicle (FCEV). 

 

As hydrogen gas production and infrastructure are developed, any reduction in hydrogen gas 

quality may still be sold. 

Thus, eliminating the need to put it in storage and/or refine it further to achieve the 99.97% 

hydrogen gas purity as required by SAE J2719: Hydrogen Fuel Quality for Fuel Cell Vehicles.. 

 

  

https://www.batterypowertips.com/battery-safety-standards-and-testing-faq/
https://www.wheels.ca/news/what-you-need-to-know-about-ev-battery-fraud
https://en.m.wikipedia.org/wiki/Tesla,_Inc.
https://en.m.wikipedia.org/wiki/Tesla,_Inc.
https://batteryuniversity.com/article/bu-305-building-a-lithium-ion-pack
https://etech49.com/battery-management-systems-in-depth-listener-request-episode/
https://www.greencars.com/greencars-101/battery-degradation-and-how-to-prevent-it
https://etech49.com/electric-vehicle-battery-degradation-in-depth-listener-request-episode/
https://www.nhtsa.gov/battery-safety-initiative
https://en.wikipedia.org/wiki/Engine_control_unit
https://www.energy.gov/eere/fuelcells/february-h2iq-hour-overview-hydrogen-internal-combustion-engine-h2ice-technologies
https://afdc.energy.gov/fuels/hydrogen_basics.html
https://www.sae.org/standards/content/j2579_202301/
https://www.energy.gov/eere/fuelcells/fuel-cell-basics
https://www.sae.org/standards/content/j2719_202003/
https://www.energy.gov/eere/fuelcells/fuel-cell-systems
https://afdc.energy.gov/vehicles/how-do-fuel-cell-electric-cars-work
https://www.energy.gov/eere/fuelcells/hydrogen-production
https://h2tools.org/h2first
https://www.sae.org/standards/content/j2719_202003/
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In Conclusion… 

The future of zero emissions does not have to be one technology, and internal combustion 

engines can play a key role in reducing emissions while saving jobs and improving consumer 

confidence and acceptance of zero emission vehicles. 

 

Refer to the Works Cited list for even more sources of information backing up each topic. 

 

Thank you for your time, please share to further advocate for the commercialization of 

Hydrogen Combustion Engines (H2ICE). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sincerely, 

Krystyna Kubran 

 
 

 
352 Innovation, LLC 
www.352innovation.com 
Putting the ENGINE in ENGINEERING 
Founder | Lead Engineer | H2ICE SME 
707-234-7253 (text/call) 
------------------------------ 
Calif  #7500ET-114825 
Certified California Green Business

https://ww2.arb.ca.gov/events/hydrogen-internal-combustion-engines-and-their-use-california-trucks
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