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Introduction 

The potential uses of hydrogen as a fuel are widespread, with compelling use cases in aviation, shipping 
vessels, freight and passenger rail, facility operations, industrial processes, and light-duty and heavy-duty 
vehicles. RCPA has developed this research paper on using hydrogen fueling in zero-emission vehicles (ZEV) 
for use as a foundational document to educate our members and partners throughout Sonoma County on 
some of the issues surrounding hydrogen. Given the complexities of the topic, there are multiple issues that 
require additional discussion to understand how hydrogen fueling for ZEVs will best be implemented locally. 

 

State and Federal Guidance 

The State of California considers itself technology-neutral and actively supports all viable options to reach 
zero emissions. These options include, but are not limited to, battery-electric, hydrogen fuel-cell electric, and 
directly connected electric systems, such as catenary bus lines and electrified rail, across all vehicle sizes and 
classes, and connections to zero-emission transit or other mobility options.1 

To help meet statewide zero emission goals, California has pledged to work with the private sector and all 
appropriate levels of government to spur the construction and installation of 200 hydrogen fueling stations by 
2025.2 Specifically, the Governor’s Office of Business and Economic Development (GO-Biz) has published a 
California Zero-Emission Vehicle Market Development Strategy that lays out many strategies for reaching this 
target. To support the State’s hydrogen fueling station goal, the California Energy Commission announced in 
December 2020 that it would invest up to $115 million in this effort.3 The first three grant awards totaling $25 
million have been awarded to support deployment of advanced transportation and fuel technologies. 

As of November 2022, there are just over 60 stations across the state that offer retail service for light-duty 
vehicles, with approximately 22 of those stations in the nine-county San Francisco Bay Area and only one in 
the North Bay4. Thirty-four more are in the planning stages, with proposed stations in Novato (Marin County) 
and Santa Rosa currently in the permitting process. Additionally, Rohnert Park has been approached about 

 
1 Governor’s Office of Business and Economic Development (GO-Biz), California Zero-Emission Vehicle Market 
Development Strategy, 2021, 8. 
2 State of California, Office of the Governor, Executive Order B-48-18, 2018. 
3 California Energy Commission, Energy Commission Approves Plan to Invest Up to $115 Million for Hydrogen Fueling 
Infrastructure, 2020. 
4 California Energy Commission, Hydrogen Refueling Stations in California, 2022. 

https://static.business.ca.gov/wp-content/uploads/2021/02/ZEV_Strategy_Feb2021.pdf
https://static.business.ca.gov/wp-content/uploads/2021/02/ZEV_Strategy_Feb2021.pdf
https://www.ca.gov/archive/gov39/2018/01/26/governor-brown-takes-action-to-increase-zero-emission-vehicles-fund-new-climate-investments/index.html
https://www.energy.ca.gov/news/2020-12/energy-commission-approves-plan-invest-115-million-hydrogen-fueling
https://www.energy.ca.gov/news/2020-12/energy-commission-approves-plan-invest-115-million-hydrogen-fueling
https://www.energy.ca.gov/data-reports/energy-almanac/zero-emission-vehicle-and-infrastructure-statistics/hydrogen-refueling
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adding hydrogen fueling at existing gas stations. There are also seven existing stations for heavy-duty vehicles 
(HDV) in the state with at least four more planned for the future.5 

Additionally, the Federal government has made the development of hydrogen fueling sources a top priority as 
well. The U.S. Department of Energy has recently allocated up to $8 billion from the Bipartisan Infrastructure 
Law for hydrogen-related projects. A large amount of this funding is designated for the development of 
Regional Clean Hydrogen Hubs to create networks of hydrogen producers, consumers, and local connective 
infrastructure to accelerate the use of hydrogen as a clean energy source.6 There are multiple efforts working 
to secure funding for at least one Clean Hydrogen Hub in California. If a Bay Area location is chosen, Sonoma 
County would have access to this fuel source and be able to expand clean hydrogen fueling to the north. 

 

Zero-Emission Vehicles 

The primary ZEV technologies available today are battery-electric and hydrogen fuel cell electric vehicles 
(FCEVs), both of which emit zero GHGs, criteria pollutants, or toxic air contaminants from their operation, as 
they do not burn fuel directly.7 To be considered truly emission free though, both types of ZEVs require zero-
emission electricity. Battery-electric vehicles use electricity to charge their batteries, while the zero-emission 
production of hydrogen at scale for later use in FCEVs also requires large amounts of electricity to power the 
process. Access to this renewable electricity will be one of the major limiting factors for operation of large-
scale zero emission fleets, whether these be hydrogen fuel cell electric vehicles of battery-electric vehicles. 

When compared with battery-electric vehicles, hydrogen fuel cell vehicles have several key benefits: 

• Hydrogen fuel cell vehicles can carry more passengers/freight per volume due to lack of heavy 
batteries. This weight reduction allows manufacturers to increase passenger space and vehicle range 
when EVs cannot. 

• The time needed to refuel hydrogen is dramatically quicker than recharging batteries and is much 
closer to the time that an average customer expects for vehicle refueling. For battery electric vehicles, 
DC Fast Chargers are the fastest way to charge currently. However, these chargers still take longer 
than hydrogen fueling and require a large amount of high-demand electricity that must be ready and 
available for use at a moment’s notice. 

• Heavy metals are used in hydrogen fuel cells and lithium-ion batteries. The metals used for converting 
hydrogen to electricity are in the cathode but are not needed for fuel storage. This allows hydrogen-
based systems to scale without a continuing need for large inputs of heavy metals. Whereas electric 
vehicles require large inputs of heavy metals for both usage and storage mechanisms. 

• Long-duration hydrogen storage also offers the potential to offset energy production and use the 
resultant electricity at different times of the year. If stored securely, hydrogen does not degrade or 
lose power density over time. In contrast, lithium-ion batteries used in electric vehicles are better 
suited for short-term storage under 10 hours before discharge losses begin to reduce efficiency. 

  

 
5 California Energy Commission, Hydrogen Refueling Stations in California, 2022.  
6 U.S. Department of Energy, Regional Clean Hydrogen Hubs, 2022. 
7 California Air Resources Board, Draft 2022 Scoping Plan Update, 2022, 148. 

https://www.energy.ca.gov/data-reports/energy-almanac/zero-emission-vehicle-and-infrastructure-statistics/hydrogen-refueling
https://www.energy.gov/oced/regional-clean-hydrogen-hubs
https://ww2.arb.ca.gov/sites/default/files/2022-05/2022-draft-sp.pdf
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Hydrogen Production Options 

Hydrogen-powered vehicles use fuel cells to convert hydrogen into electricity with the only byproduct of the 
process being water. When zero-emission electricity is used for this process, the resultant product is referred 
to as “green hydrogen.” Unfortunately, most currently available hydrogen is produced from non-renewable 
methane gas feedstock and cannot be considered zero-emission. This product is commonly known as “grey 
hydrogen.” If carbon capture and storage (CCS) technologies are used to trap and store the resultant 
emissions, the product is often called “low-carbon hydrogen” or “blue hydrogen” to indicate the lowered 
greenhouse gas (GHG) emissions from its production.8 

Electrolysis (Water Splitting) 

• Electrolysis uses electricity to split water into hydrogen and oxygen. Hydrogen produced in this 
fashion can result in zero greenhouse gas emissions, depending on the source of the electricity used. 

• Unfortunately, there are several major limitations that need to be overcome before 100% zero-
emission hydrogen can be produced at scale. Research is underway to improve the electrical intensity 
of the process to make it comparable to using electricity directly in electric vehicles. Additionally, 
work is being undertaken to reduce the production cost significantly as compared with more mature 
carbon-based methods such as natural gas reforming.9 

• Beyond these factors, a reliable supply of zero-emission electricity is also needed to ensure that the 
hydrogen produced is truly “green.” CARB’s Draft Scoping Plan Update estimates that producing the 
hydrogen needed to meet statewide 2045 goals using electrolysis would require about 41 GW of 
additional solar capacity.10 

Natural Gas Reforming / Steam Methane Reformation (Fossil Resources) 

• Approximately 95% of the hydrogen produced today in the United States is made via steam-methane 
reforming in which high-temperature steam (700°C–1,000°C) is used to produce hydrogen from a 
methane source, such as natural gas.11 A secondary water-gas shift reaction is then used to create 
additional hydrogen from the waste products. Even with the upstream process of producing hydrogen 
from natural gas as well as delivering and storing it for use in vehicles, the total greenhouse gas 
emissions from a fuel cell vehicle are cut in half and petroleum is reduced by over 90% compared to 
today's gasoline vehicles.12 

• Additionally, CARB’s Draft 2022 Scoping Plan Update identifies that if steam methane reformation is 
paired with carbon capture and storage (CCS), the hydrogen produced could potentially be zero 
carbon. This scenario can be considered in the near term to ensure a rapid transition to hydrogen and 
increase hydrogen availability until electrolysis with renewables can meet the ongoing need. 13 

  

 
8 National Grid, The Hydrogen Colour Spectrum, 2022. 
9 U.S. Department of Energy, Hydrogen Production: Electrolysis, 2022. 
10 California Air Resources Board, Draft 2022 Scoping Plan Update, 2022, 161. 
11 U.S. Department of Energy, Hydrogen Production: Natural Gas Reforming, 2022. 
12 U.S. Department of Energy, Hydrogen Production: Natural Gas Reforming, 2022. 
13 California Air Resources Board, Draft 2022 Scoping Plan Update, 2022, 69. 

https://www.nationalgrid.com/stories/energy-explained/hydrogen-colour-spectrum
https://www.nationalgrid.com/stories/energy-explained/hydrogen-colour-spectrum
https://www.nationalgrid.com/stories/energy-explained/hydrogen-colour-spectrum
https://www.energy.gov/eere/fuelcells/hydrogen-production-electrolysis
https://ww2.arb.ca.gov/sites/default/files/2022-05/2022-draft-sp.pdf
https://www.energy.gov/eere/fuelcells/hydrogen-production-natural-gas-reforming
https://www.energy.gov/eere/fuelcells/hydrogen-production-natural-gas-reforming
https://ww2.arb.ca.gov/sites/default/files/2022-05/2022-draft-sp.pdf


Research Report: Hydrogen Fueling for Zero-Emission Vehicles (ZEVs) 4 

Biomass Gasification (Biomass/Waste) 

• Gasification is a process that converts organic biomass at high temperatures (>700°C) into carbon 
monoxide, hydrogen, and carbon dioxide. The feedstock used can include many different forms of 
renewable organic resources, such as agricultural crop residues, forest residues, fast-growing crops 
grown specifically for energy use, organic municipal solid waste, and animal wastes.14 

• Because growing biomass removes carbon dioxide from the atmosphere, the net carbon emissions of 
this method can be low, especially if the process is coupled with carbon capture technologies. In the 
Draft 2022 Scoping Plan Update, CARB recommends identifying feedstocks and technologies needed 
to produce low-carbon hydrogen until sufficient renewable electricity is available for electrolysis.15 

 

Hydrogen Distribution Options 

For use as a transportation fuel, hydrogen is usually compressed into a smaller volume, stored in tanks, and 
trucked to destinations. Compressing hydrogen into smaller volumes for later use is energetically expensive. 
Due to its small molecular size, hydrogen is also especially prone to leakage and can cause indirect warming 
when released into the atmosphere. Methods of storing and transporting hydrogen, as well as reducing the 
costs of hydrogen production, are active areas of research by the U.S. Department of Energy.16  

For use as a transportation fuel, refueling infrastructure is a crucial component. Electric vehicle chargers and 
hydrogen refueling stations must become easily accessible for all drivers to support a wholesale transition to 
ZEV technology.17 In addition to hydrogen-only fuel providers, owners of existing fossil-fueling stations are 
investigating the addition of hydrogen fuel pumps and electric vehicle chargers. For municipal agencies 
considering hydrogen fuel for fleet use, co-locating services for publicly owned heavy-duty vehicles alongside 
consumer-facing services for light-duty vehicles, can allow a single site to serve both purposes. 

 

Conclusion 

Both battery electric and hydrogen fuel cell vehicles are viable pathways to reduce greenhouse gas emissions. 
While the light-duty vehicle market is currently dominated by electric vehicles and much focus is being given 
to developing a statewide electric charging network, hydrogen fuel cells are well positioned for use in heavy-
duty vehicles and several other hard-to-decarbonize industries.18 State agencies have identified the need to 
plan for and invest in both technologies to meet the State’s climate goals. Specific focus will need to be given 
to improving the efficiency of the electrolysis process, ensuring a reliable source of zero-emission electricity, 
and balancing the investments in battery-electric and hydrogen fuel cell transportation networks. As 
opportunities arise and funding becomes available, Sonoma County has the potential to expand the clean 
hydrogen fueling system northward in alignment with state and federal climate goals to dramatically reduce 
greenhouse gas emissions. 

 
14  U.S. Department of Energy, Hydrogen Production: Biomass Gasification, 2022. 
15 California Air Resources Board, Draft 2022 Scoping Plan Update, 2022, 169. 
16 California Council on Science and Technology, Decarbonizing with Hydrogen: Challenges and Opportunities, 2022. 
17 California Air Resources Board, Draft 2022 Scoping Plan Update, 2022, 150. 
18 See “Appendix: Additional Hydrogen Fuel End Uses” below. 

https://www.energy.gov/eere/fuelcells/hydrogen-production-biomass-gasification
https://ww2.arb.ca.gov/sites/default/files/2022-05/2022-draft-sp.pdf
https://ccst.us/wp-content/uploads/CCST-2022_Hydrogen_OnePager.pdf
https://ww2.arb.ca.gov/sites/default/files/2022-05/2022-draft-sp.pdf
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Tools and Resources 

● Bay Area Air Quality Management District (BAAQMD) 
○ Regulation 13 Rule 5: Industrial Hydrogen Plants 

● California Air Resources Board (CARB) 
○ AB 32 Climate Change Scoping Plan Home Page 
○ Draft 2022 Scoping Plan Update 
○ Low Carbon Fuel Standard Electricity and Hydrogen Provisions 
○ 2022 Annual Evaluation of Fuel Cell Electric Vehicle Deployment and Hydrogen Fuel Station 

Network Development 
○ Hydrogen Station Network Self-Sufficiency Analysis Report 2021 
○ Drive Clean - Hydrogen Fueling Overview  

● Governor’s Office of Business and Economic Development (GO-Biz) 
○ Zero-Emission Vehicles (ZEV) Program 
○ GO-Biz Hydrogen Program 
○ Hydrogen Fueling Station Readiness 
○ California Zero-Emission Vehicle Market Development Strategy 

● U.S. Department of Energy (DOE) 
○ Regional Clean Hydrogen Hubs 
○ Energy.gov - Hydrogen Fuel Basics 
○ Energy,gov - Hydrogen Production Processes 

● California Council on Science and Technology (CCST) 
○ Decarbonizing Transportation with Hydrogen Expert Briefing Video 
○ Decarbonizing with Hydrogen: Challenges and Opportunities Handout 
○ Decarbonizing Transportation with Hydrogen Handout 
○ The Future of Gases in a Decarbonized California Handout 

● Rocky Mountain Institute (RMI) 
○ Hydrogen Reality Check: We Need Hydrogen — But Not for Everything 
○ Hydrogen Reality Check: All “Clean Hydrogen” Is Not Equally Clean 

● Additional Resources 
○ TED Talks: Vaitea Cowan - How green hydrogen could end the fossil fuel era 
○ Conserve Energy Future:  Advantages & Disadvantages of Hydrogen Energy 
○ Pirelli: Hydrogen as a fuel - the pros and cons 
○ CalStart: Best Practices in Hydrogen Fueling and Maintenance Facilities for Transit Agencies 
○ Utility Dive: Sempra Energy hydrogen pipeline, blending proposals face opposition at the 

California PUC 
○ International Consortium for Fire Safety, Health, and the Environment: Safety issues regarding 

fuel cell vehicles and hydrogen fueled vehicles 
  

https://www.baaqmd.gov/
https://www.baaqmd.gov/rules-and-compliance/rules/reg-13-rule-5-industrial-hydrogen-plants
https://ww2.arb.ca.gov/
https://ww2.arb.ca.gov/our-work/programs/ab-32-climate-change-scoping-plan
https://ww2.arb.ca.gov/sites/default/files/2022-05/2022-draft-sp.pdf
https://ww2.arb.ca.gov/resources/documents/lcfs-electricity-and-hydrogen-provisions
https://ww2.arb.ca.gov/sites/default/files/2022-09/AB-8-Report-2022-Final.pdf
https://ww2.arb.ca.gov/sites/default/files/2022-09/AB-8-Report-2022-Final.pdf
https://ww2.arb.ca.gov/sites/default/files/2021-10/hydrogen_self_sufficiency_report.pdf
https://driveclean.ca.gov/hydrogen-fueling
https://business.ca.gov/
https://business.ca.gov/industries/zero-emission-vehicles/
https://business.ca.gov/industries/hydrogen/
https://business.ca.gov/industries/zero-emission-vehicles/hydrogen-readiness/
https://static.business.ca.gov/wp-content/uploads/2021/02/ZEV_Strategy_Feb2021.pdf
https://www.energy.gov/
https://www.energy.gov/oced/regional-clean-hydrogen-hubs
https://www.energy.gov/eere/fuelcells/hydrogen-fuel-basics
https://www.energy.gov/eere/fuelcells/hydrogen-production-processes
https://ccst.us/
https://www.youtube.com/watch?v=Hi0jDjsQofk&t=8s
https://ccst.us/wp-content/uploads/CCST-2022_Hydrogen_OnePager.pdf
https://ccst.us/wp-content/uploads/CCST-2022_Hydrogen_Transportation_OnePager.pdf
https://ccst.us/wp-content/uploads/2021_Future-of-Gases_OnePager-CCST.pdf
https://ccst.us/wp-content/uploads/2021_Future-of-Gases_OnePager-CCST.pdf
https://ccst.us/wp-content/uploads/2021_Future-of-Gases_OnePager-CCST.pdf
https://rmi.org/
https://rmi.org/we-need-hydrogen-but-not-for-everything/
https://rmi.org/all-clean-hydrogen-is-not-equally-clean/
https://www.ted.com/talks/vaitea_cowan_how_green_hydrogen_could_end_the_fossil_fuel_erav
https://www.conserve-energy-future.com/advantages_disadvantages_hydrogenenergy.php
https://www.pirelli.com/global/en-ww/road/hydrogen-as-a-fuel-the-pros-and-cons
https://calstart.org/wp-content/uploads/2018/10/Best-Practices-in-Hydrogen.pdf
https://www.utilitydive.com/news/socalgas-hydrogen-pipeline-blending-california-puc/634026/
https://www.utilitydive.com/news/socalgas-hydrogen-pipeline-blending-california-puc/634026/
https://dps.mn.gov/divisions/sfm/programs-services/Documents/Responder%20Safety/Alternative%20Fuels/FuelCellHydrogenFuelVehicleSafety.pdf
https://dps.mn.gov/divisions/sfm/programs-services/Documents/Responder%20Safety/Alternative%20Fuels/FuelCellHydrogenFuelVehicleSafety.pdf
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Appendix: Additional Hydrogen Fuel End Uses 

While the focus of this paper is on the use of hydrogen as a fuel for transportation, multiple other 
decarbonization use cases have been identified. Several key hydrogen-using industries are discussed below: 

• Light-Duty Vehicles (LDV): The current market share of hydrogen fuel cell vehicles is low in California 
but growing steadily. As of 2022, there are three manufacturers producing fuel cell vehicles for 
purchase by California residents. 

• Heavy-Duty Vehicles (HDV): Given that heavy-duty and long-haul transportation are not readily 
electrifiable due to the weight of the batteries required for power, hydrogen fuel cells are a viable 
option. Hydrogen fuel cells can power trucks over longer distances than could batteries of equivalent 
volume, and hydrogen-powered trucks can be refueled almost as quickly as their diesel-powered 
counterparts.19 

• Aviation: Decarbonizing air travel is also problematic due to the weight of the batteries and the power 
needed for takeoff. Research is underway on both developing lighter-weight battery systems and the 
use of hydrogen for aviation. CARB targets 10% of aviation fuel demand to be met by electricity 
(batteries) or hydrogen (fuel cells) in 2045.20 

• Ocean-Going Vessels: Hydrogen fuel cells have also been identified for use in ocean-going vessels and 
as an energy source for port operations, allowing for easy refueling of vessels while at berth. CARB has 
set a goal of 25% of ocean-going vessels utilizing hydrogen fuel cell electric technology by 2045.21 

• Freight and Passenger Rail: Rail travel is another area where the weight of battery-electric systems 
becomes problematic due to the displacement of freight or passengers. CARB has set a goal for rail to 
transition away from diesel fuel and rely primarily on hydrogen fuel cell technology or direct 
electricity use by 2035.22 

• Low Carbon Fuels for Buildings and Industry: Hydrogen is also being blended in existing natural gas 
pipelines to reduce the carbon impact of natural gas use without requiring any upgrades in equipment 
or changes in end-user behaviors. CARB’s 2020 Draft Scoping Plan Update envisions renewable 
hydrogen blended in natural gas pipelines at 7% energy (~20% by volume), ramping up between 2030 
and 2040. Additionally, dedicated hydrogen pipelines need to be constructed to serve certain 
industrial clusters where hydrogen-focused businesses can be located.23 

 
#   #   # 

 
19 California Council on Science and Technology, Decarbonizing with Hydrogen: Challenges and Opportunities, 2022. 
20 California Air Resources Board, Draft 2022 Scoping Plan Update, 2022, 58. 
21 California Air Resources Board, Draft 2022 Scoping Plan Update, 2022, 59. 
22 California Air Resources Board, Draft 2022 Scoping Plan Update, 2022, 59. 
23 California Air Resources Board, Draft 2022 Scoping Plan Update, 2022, 62. 

https://ccst.us/wp-content/uploads/CCST-2022_Hydrogen_OnePager.pdf
https://ww2.arb.ca.gov/sites/default/files/2022-05/2022-draft-sp.pdf
https://ww2.arb.ca.gov/sites/default/files/2022-05/2022-draft-sp.pdf
https://ww2.arb.ca.gov/sites/default/files/2022-05/2022-draft-sp.pdf
https://ww2.arb.ca.gov/sites/default/files/2022-05/2022-draft-sp.pdf

