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Appendix A: Methodology and Key Assumptions 

Overall Methodology  

Methodology Approach 

This section provides calculations, equations, and flow diagrams of calculations used in 

the model. The overall methodology approach explains the logic behind (1) what was 

modelled (2) how it was modelled.  

At the onset of the demand study, subsectors (e.g. types of mobility, various hard-to-

electrify industries) were prioritized for quantitative analysis based on currently known 

emission factors, current fuel usage, and a qualitative evaluation of potential for 

hydrogen in the subsector. The potential hydrogen demand for prioritized subsectors 

has been analyzed, with quantitative demand results outlined in this report. Subsectors 

not prioritized for quantitative analysis were not modelled, but potential opportunities for 

additional demand in these subsectors has been noted in this report.  

Once subsectors were prioritized, the potential hydrogen demand was developed by 

modelling both the total addressable market for hydrogen as well as the adoption rates. 

This general methodology is outlined below, although specifics vary by sector and 

subsector:  

1. Model Total Addressable Market (TAM) using current fuel usage. 

a. Determine industry growth rates. 

b. Define industry-specific characteristics (type of equipment used, efficiency 

rates and fuel consumption) 

2. Apply Zero-Emission (ZE) adoption rates to TAM. 

a. Forecast transition to net-zero using current legislation and, when absent, 

align to State agency forecasts. 

3. Apply hydrogen adoption rates to the ZE TAM 

a. Assess technical feasibility of each subsectors ability to convert, 

considering current industry equipment characteristics. 

4. Develop demand scenarios. 

a. Define adoption scenarios through qualitative assessment of 

decarbonization alternatives, technology commercialization, and cost to 

adopt hydrogen. 
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Figure 1: Hydrogen Demand Methodology - Illustrative 

 

Throughout the analysis process, targeted interviews were conducted with subject 

matter experts across industry, academia and government agencies to test these 

adoption inputs and assumptions, the model approach, and model outputs. Interviews 

were also held with potential hydrogen end-users to inform model assumptions and 

overall results. 

Adoption Factors 

Four primary factors were used to determine future hydrogen adoption across sectors: 

policy & legislation, technology feasibility, commercial availability, and business 

readiness. These factors reflect whether hydrogen is likely to be adopted in a specific 

subsector and to what extent hydrogen will be adopted versus alternatives.  

Adoption factors have been quantified and inputted into the demand model where 

possible, with the different levels of adoption in 2045 and curves of the adoption rate 

from 2025-2045 reflecting the substantial variations in adoption factors between 

subsectors. 
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Table 1: Hydrogen Adoption Rate Driving Factors 

Driving Factor Description 

Policy and 

Legislation 

Policy and regulatory mandates, where they exist, compel a 

transition to zero-carbon technologies, while financial incentives 

reduce the cost of transitioning to hydrogen. 

Technology 

Feasibility 

Hydrogen adoption is conditional on its technical and operational 

feasibility in end-use applications. 

Commercial 

Availability 

Hydrogen demand volume depends on commercial availability and 

cost of hydrogen technologies compared with other available 

technologies. 

Business 

Readiness 

Equipment lifespan, retrofit and upgrade schedules, and other 

operational factors can impact a businessôs readiness to adopt a 

new technology. 

 

Notable References 

Several data sets and reports were referenced in the creation of the Demand Study 

analysis. Several interviews and peer reviews were conducted as well to further 

understand existing data sets and reports, as well as to validate preliminary findings 

from the Demand Study. Some of the key data sets and documents referenced for the 

Demand Study were as follows: 

¶ CARB EMFAC Database ï Used to determine current and forecasted vehicle 

fleet sizes in SoCalGas service territory, by application, from 2025-2045, 

including vehicle miles traveled (VMT) and fuel consumption rates. This database 

includes information that was used for 54 on-road vehicle applications, 107 off-

road vehicle applications, 31 commercial harbor craft applications, and dozens of 

maritime vessels.1 

¶ CARB 2022 Scoping Plan ï Containing several assumptions on vehicle 

characteristics, lifespans, and the future of hydrogen and battery technologies 

 

1 California Air Resources Board. ñEmissions Inventoryò. 
https://arb.ca.gov/emfac/emissions-inventory/ 

https://arb.ca.gov/emfac/emissions-inventory/
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across sub-sectors.2 

¶ U.S. National Clean Hydrogen Strategy and Roadmap report ï Contained 

useful information on timing and size of adoption3  

¶ U.S. Department of Energy Clean Hydrogen Pathways for Commercial 

Liftoff report ï Provided various pathways to clean hydrogen adoption in U.S., 

covering various opportunities and incentive programs4 

¶ EIA Power and Industrials Data ï Database contains various datasets on 

current natural gas consumption across power and industrial sectors used as 

base for analysis5 

¶ California Energy Commission Fueling Station GIS ï Leveraged to determine 

current fueling station locations and to forecast possible hydrogen fueling station 

locations in the future.6  

¶ UC Davis Analysis ï Including interviews and analysis such as California 

Hydrogen Analysis Project: The Future Role of Hydrogen in a Carbon-Neutral 

California.7 

¶ UC Irvine Analysis ï Including interviews and analysis such as Roadmap for the 

Deployment and Buildout of Renewable Hydrogen Production Plants in 

California.8 

¶ NREL Analysis ï Including interviews and analysis such as The Technical and 

 
2 California Air Resources Board. "2022 Scoping Plan Documents.ò 
https://ww2.arb.ca.gov/our-work/programs/ab-32-climate-change-scoping-plan/2022-
scoping-plan-documents 
3 U.S. Department of Energy. ñU.S. National Clean Hydrogen Strategy and Roadmap.ò 
(June 2023). https://www.hydrogen.energy.gov/pdfs/us-national-clean-hydrogen-
strategy-roadmap.pdf 
4 U.S. Department of Energy. "The Pathway to Clean Hydrogen Commercial Liftoffò. 
(March 2023). https://liftoff.energy.gov/clean-hydrogen/.  
5 Homepage - U.S. Energy Information Administration (EIA) 
6 CalOES GIS Data Management. ñCA Energy Commission - Gas Stationsò CA 
Governorôs Office of Emergency Services. (July 2, 2019). 
https://hub.arcgis.com/datasets/ec575b2693f64199866bc18744d232fe/explore 
7 UC Davis Institute of Transportation Studies. "California Hydrogen Analysis Project: 
The Future Role of Hydrogen in a Carbon-Neutral California Final Synthesis Modeling 
Reportò. (April 19, 2023). https://escholarship.org/uc/item/27m7g841 
8 UC Irvine Advanced Power and Energy Program. " Roadmap for the Deployment and 
Buildout of Renewable Hydrogen Production Plants in Californiaò. (June 2020). 
https://www.apep.uci.edu/PDF_White_Papers/Roadmap_Renewable_Hydrogen_Produ
ction-UCI_APEP-CEC.pdf 

https://ww2.arb.ca.gov/our-work/programs/ab-32-climate-change-scoping-plan/2022-scoping-plan-documents
https://ww2.arb.ca.gov/our-work/programs/ab-32-climate-change-scoping-plan/2022-scoping-plan-documents
https://www.hydrogen.energy.gov/pdfs/us-national-clean-hydrogen-strategy-roadmap.pdf
https://www.hydrogen.energy.gov/pdfs/us-national-clean-hydrogen-strategy-roadmap.pdf
https://liftoff.energy.gov/clean-hydrogen/
https://www.eia.gov/
https://hub.arcgis.com/datasets/ec575b2693f64199866bc18744d232fe/explore
https://escholarship.org/uc/item/27m7g841
https://www.apep.uci.edu/PDF_White_Papers/Roadmap_Renewable_Hydrogen_Production-UCI_APEP-CEC.pdf
https://www.apep.uci.edu/PDF_White_Papers/Roadmap_Renewable_Hydrogen_Production-UCI_APEP-CEC.pdf
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Economic Potential of the H2@Scale Concept within the United States.9 

¶ Argonne National Labs Models ï Has several reports and models which were 

leveraged to determine TCO for various on-road vehicle types. Models include 

the BEAN10 and Autonomie Vehicle System Simulation Tool.  

¶ Air Emissions Inventory Reports ï From the Port of Los Angeles, Port of Long 

Beach, and Los Angeles World Airports, containing some information on vehicle 

fleet sizes, plans for achieving zero emissions vehicles, vehicle retirement rates, 

and usage characteristics.11, 12, 13 

 
9 Ruth, Mark F., et al. ñThe Technical and Economic Potential of the H2@Scale Concept 
within the United Statesò. National Renewable Energy Laboratories. (October 2020). 
https://www.nrel.gov/docs/fy21osti/77610.pdf  
10 As of the publishing of this report, the BEAN model is now referred to as TechScape. 
11 Starcrest Consulting Group, LLC. "Inventory of Air Emissions for Calendar Year 
2021ò. (September 2022). https://kentico.portoflosangeles.org/getmedia/f26839cd-54cd-
4da9-92b7-a34094ee75a8/2021_air_emissions_inventory  
12 Port of Long Beach. "Emissions Inventoryò. (2023). 
https://polb.com/environment/air/#emissions-inventory  
13 Los Angeles World Airports. "LAX Air Quality & Source Apportionment Studyò. (June 
2013). https://www.lawa.org/lawa-environment/lax/lax-air-quality-and-source-
apportionment-study  

https://www.nrel.gov/docs/fy21osti/77610.pdf
https://kentico.portoflosangeles.org/getmedia/f26839cd-54cd-4da9-92b7-a34094ee75a8/2021_air_emissions_inventory
https://kentico.portoflosangeles.org/getmedia/f26839cd-54cd-4da9-92b7-a34094ee75a8/2021_air_emissions_inventory
https://polb.com/environment/air/#emissions-inventory
https://www.lawa.org/lawa-environment/lax/lax-air-quality-and-source-apportionment-study
https://www.lawa.org/lawa-environment/lax/lax-air-quality-and-source-apportionment-study
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Mobility 

Methodology 

Hydrogen demand for the mobility sector in SoCalGas service territory is modelled by 

multiplying critical factors together: total number of vehicles and fuel consumption 

(2025-2045), the percent of vehicles converted to ZEVs, and the percentage of ZE 

vehicles that are FCEV (vs alternatives). Each of these factors was either sourced from 

reference material or calculated using various assumptions as defined below.  

Figure 2: Mobility Sector - High-Level Modelling Methodology 

 

Total Addressable market 

Fleet Sizes and Forecasts  

CARB forecasts vehicle populations across the State of California through 2050 in their 

EMFAC Emissions Database.14 This data is shown by county, by fuel type, as well as by 

 
14 https://arb.ca.gov/emfac/emissions-inventory/  

https://arb.ca.gov/emfac/emissions-inventory/
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application type for on-road and off-road vehicles (including for marine vessels as well, 

though the number of vessel engines rather than the # of vessels is usually reflected).  

The vehicle (and vessel) forecasts listed by EMFAC were utilized in the Angeles Link 

Phase 1 Demand Study without modification in order to represent total vehicle 

population forecasts. While the database includes some vehicle forecasts by type (such 

as gasoline, diesel, or battery vehicles), these breakdowns were independently 

calculated. However, where ZEVs exist today (2025, the starting year of the model), 

these factors were taken into account as starting points for the ZEV vehicle populations.  

EMFAC lists many vehicle applications and the following vehicle types were taken into 

account for the AL Phase 1 Demand Study. Additionally, some assumptions were made 

at an aggregate level, and some outputs were aggregated as wellðthe following table 

lists some categorizations for these groupings.  

Table 2: List of Modelled Vehicles and Vessels 

Sub-

Sector 

Type H2 Adoption Rate 

Category 

EMFAC202x 

 Vehicle Class 

On-Road Bus Other Buses SBUS 

On-Road Bus Other Buses OBUS 

On-Road Bus Other Buses All Other Buses 

On-Road Bus Transit Bus / Motor 

Coach 

UBUS 

On-Road Bus Transit Bus / Motor 

Coach 

Motor Coach 

On-Road HDV Class 7-8 Day Cab 

Tractor 

T7 CAIRP Class 8 

On-Road HDV Class 7-8 Day Cab 

Tractor 

T7 NNOOS Class 8 

On-Road HDV Class 7-8 Day Cab 

Tractor 

T7 NOOS Class 8 

On-Road HDV Class 7-8 Day Cab 

Tractor 

T7 Tractor Class 8 

On-Road HDV Class 8 T7 Public Class 8 

On-Road HDV Class 8 T7 Utility Class 8 

On-Road HDV Class 8 T7IS 

On-Road HDV Class 8 Drayage T7 Other Port Class 8 

On-Road HDV Class 8 Drayage T7 POAK Class 8 
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Sub-

Sector 

Type H2 Adoption Rate 

Category 

EMFAC202x 

 Vehicle Class 

On-Road HDV Class 8 Drayage T7 POLA Class 8 

On-Road HDV Class 8 Sleeper Cab 

Tractor 

T7 NNOOS Class 8 

On-Road HDV Class 8 Sleeper Cab 

Tractor 

T7 NOOS Class 8 

On-Road HDV Class 8 Sleeper Cab 

Tractor 

T7 Tractor Class 8 

On-Road HDV Class 8 Vocational T7 SWCV Class 8 

On-Road HDV Class 8 Vocational T7 Single Concrete/Transit Mix 

On-Road HDV Class 8 Vocational T7 Single Dump Class 8 

On-Road HDV Class 8 Vocational T7 Single Other Class 8 

On-Road LDV Passenger LDA 

On-Road LDV Passenger LDT1 

On-Road LDV Passenger LDT2 

On-Road LDV Passenger MDV 

On-Road MDV Class 2b-3 LHD1 

On-Road MDV Class 2b-3 LHD2 

On-Road MDV Class 4 T6 Public Class 4 

On-Road MDV Class 4 T6 CAIRP Class 4 

On-Road MDV Class 4 T6 CAIRP Class 5 

On-Road MDV Class 4 T6 Instate Other Class 4 

On-Road MDV Class 4 T6 Instate Other Class 5 

On-Road MDV Class 4 T6 OOS Class 4 

On-Road MDV Class 4 Delivery T6 Instate Delivery Class 4 

On-Road MDV Class 5 T6 Public Class 5 

On-Road MDV Class 5 T6 Utility Class 5 

On-Road MDV Class 5 T6 OOS Class 5 

On-Road MDV Class 5 Delivery T6 Instate Delivery Class 5 

On-Road MDV Class 6 T6 Public Class 6 

On-Road MDV Class 6 T6 Utility Class 6 

On-Road MDV Class 6 T6 CAIRP Class 6 

On-Road MDV Class 6 T6 Instate Other Class 6 

On-Road MDV Class 6 T6 Instate Tractor Class 6 

On-Road MDV Class 6 T6 OOS Class 6 

On-Road MDV Class 6 T6TS 

On-Road MDV Class 6 Delivery T6 Instate Delivery Class 6 



 

14 
 
 
 

Sub-

Sector 

Type H2 Adoption Rate 

Category 

EMFAC202x 

 Vehicle Class 

On-Road MDV Class 7 T6 Public Class 7 

On-Road MDV Class 7 T6 Utility Class 7 

On-Road MDV Class 7 T6 Instate Other Class 7 

On-Road MDV Class 7 T6 Instate Tractor Class 7 

On-Road MDV Class 7 Delivery T6 Instate Delivery Class 7 

On-Road MDV Class 7-8 Day Cab 

Tractor 

T6 CAIRP Class 7 

On-Road MDV Class 7-8 Day Cab 

Tractor 

T6 OOS Class 7 

On-Road MDV Motor Home MH 

Off-Road CHE Container Handling 

Equipment 

Cargo Handling Equipment - Port 

Container Handling Equipment 

Off-Road CHE Excavator Cargo Handling Equipment - Port 

Excavator 

Off-Road CHE Forklift Cargo Handling Equipment - Port Forklift 

Off-Road CHE Port Crane Cargo Handling Equipment - Port Crane 

Off-Road CHE Port Crane Cargo Handling Equipment - Port STS 

Crane 

Off-Road CHE Port HDV Cargo Handling Equipment - Port Rail 

Car Mover 

Off-Road CHE Port HDV Cargo Handling Equipment - Port 

Tractors/Loaders/Backhoes 

Off-Road CHE Port MDV Cargo Handling Equipment - Port Electric 

Pallet Jack 

Off-Road CHE Port MDV Cargo Handling Equipment - Port Lift 

Off-Road CHE Port MDV Cargo Handling Equipment - Port Other 

Off-Road CHE Port MDV Cargo Handling Equipment - Port Skid 

Steer Loaders 

Off-Road CHE RTG Crane Cargo Handling Equipment - Port RTG 

Crane 

Off-Road CHE Terminal Tractor Cargo Handling Equipment - Port AGV 

Off-Road CHE Terminal Tractor Cargo Handling Equipment - Port Tractor 

Off-Road CHE Terminal Tractor Cargo Handling Equipment - Port Truck 

Off-Road CHE Terminal Tractor Cargo Handling Equipment - Port Yard 

Truck 
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Sub-

Sector 

Type H2 Adoption Rate 

Category 

EMFAC202x 

 Vehicle Class 

Off-Road GSE A/C Tug Airport Ground Support - Misc - A/C Tug 

Wide Body 

Off-Road GSE A/C Tug Airport Ground Support - Misc - A/C Tug 

Narrow Body 

Off-Road GSE A/C Tug Airport Ground Support - A/C TugWide 

Body 

Off-Road GSE A/C Tug Airport Ground Support - A/C TugNarrow 

Body 

Off-Road GSE Cart Airport Ground Support - Misc - Air Start 

Unit 

Off-Road GSE Cart Airport Ground Support - Misc - Other 

Off-Road GSE Cart Airport Ground Support - Misc - Air 

Conditioner 

Off-Road GSE Cart Airport Ground Support - Misc - Cart 

Off-Road GSE Cart Airport Ground Support - Misc - Lav Cart 

Off-Road GSE Generator Airport Ground Support - Misc - Ground 

Power Unit 

Off-Road GSE Generator Airport Ground Support - Misc - 

Generator 

Off-Road GSE HD Truck / Tractor Airport Ground Support - Misc - Hydrant 

Truck 

Off-Road GSE HD Truck / Tractor Airport Ground Support - Misc - Catering 

Truck 

Off-Road GSE HD Truck / Tractor Airport Ground Support - Misc - Cargo 

Tractor 

Off-Road GSE LD Truck / Tractor Airport Ground Support - Misc - Sweeper 

Off-Road GSE LD Truck / Tractor Airport Ground Support - Misc - Water 

Truck 

Off-Road GSE LD Truck / Tractor Airport Ground Support - Baggage Tug 

Off-Road GSE LD Truck / Tractor Airport Ground Support - Cargo Tractor 

Off-Road GSE LD Truck / Tractor Airport Ground Support - Passenger 

Stand 

Off-Road GSE LD Truck / Tractor Airport Ground Support - Misc - Deicer 

Off-Road GSE LD Truck / Tractor Airport Ground Support - Misc - Fuel 

Truck 
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Sub-

Sector 

Type H2 Adoption Rate 

Category 

EMFAC202x 

 Vehicle Class 

Off-Road GSE Loaders / Lifts Airport Ground Support - Misc - Cargo 

Loader 

Off-Road GSE Loaders / Lifts Airport Ground Support - Misc - Belt 

Loader 

Off-Road GSE Loaders / Lifts Airport Ground Support - Misc - Lift 

Off-Road GSE Loaders / Lifts Airport Ground Support - Cargo Loader 

Off-Road GSE Loaders / Lifts Airport Ground Support - Other 

Off-Road GSE Loaders / Lifts Airport Ground Support - Misc - 

Passenger Stand 

Off-Road GSE Loaders / Lifts Airport Ground Support - Misc - Forklift 

Off-Road GSE Loaders / Lifts Airport Ground Support - Lift 

Off-Road GSE Loaders / Lifts Airport Ground Support - Forklift 

Off-Road GSE Loaders / Lifts Airport Ground Support - Belt Loader 

Off-Road GSE MD Truck / Tractor Airport Ground Support - Misc - Bobtail 

Off-Road GSE MD Truck / Tractor Airport Ground Support - Misc - Baggage 

Tug 

Off-Road GSE MD Truck / Tractor Airport Ground Support - Misc - Lav 

Truck 

Off-Road GSE MD Truck / Tractor Airport Ground Support - Bobtail 

Off-Road GSE MD Truck / Tractor Airport Ground Support - Misc - Service 

Truck 

Off-Road GSE MD Truck / Tractor Airport Ground Support - Misc - Maint. 

Truck 

Off-Road Other-

Off 

Road 

ATVs Agricultural - ATVs 

Off-Road Other-

Off 

Road 

Digging Construction and Mining - Trenchers 

Off-Road Other-

Off 

Road 

Digging Construction and Mining - Misc - 

Trenchers 

Off-Road Other-

Off 

Road 

Digging Construction and Mining - Misc - 

Excavators 
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Sub-

Sector 

Type H2 Adoption Rate 

Category 

EMFAC202x 

 Vehicle Class 

Off-Road Other-

Off 

Road 

Forklifts Agricultural - Forklifts 

Off-Road Other-

Off 

Road 

Forklifts Construction and Mining - Misc - Rough 

Terrain Forklifts 

Off-Road Other-

Off 

Road 

Forklifts Construction and Mining - Rough Terrain 

Forklifts 

Off-Road Other-

Off 

Road 

Handheld Construction and Mining - Misc - 

Concrete/Industrial Saws 

Off-Road Other-

Off 

Road 

Handheld Construction and Mining - Misc - Plate 

Compactors 

Off-Road Other-

Off 

Road 

Handheld Construction and Mining - Misc - 

Tampers/Rammers 

Off-Road Other-

Off 

Road 

Heavy Ag Agricultural - Forage & Silage Harvesters 

Off-Road Other-

Off 

Road 

Heavy Ag Agricultural - Combine Harvesters 

Off-Road Other-

Off 

Road 

Heavy Ag Agricultural - Cotton Pickers 

Off-Road Other-

Off 

Road 

Heavy Mining & 

Construction 

Construction and Mining - Rubber Tired 

Dozers 

Off-Road Other-

Off 

Road 

Heavy Mining & 

Construction 

Construction and Mining - Scrapers 

Off-Road Other-

Off 

Road 

Heavy Mining & 

Construction 

Construction and Mining - Off-Highway 

Tractors 
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Sub-

Sector 

Type H2 Adoption Rate 

Category 

EMFAC202x 

 Vehicle Class 

Off-Road Other-

Off 

Road 

Heavy Mining & 

Construction 

Construction and Mining - Misc - 

Surfacing Equipment 

Off-Road Other-

Off 

Road 

Heavy Stationary 

Equipment 

Construction and Mining - Bore/Drill Rigs 

Off-Road Other-

Off 

Road 

Heavy Stationary 

Equipment 

Construction and Mining - Cranes 

Off-Road Other-

Off 

Road 

Heavy Stationary 

Equipment 

Construction and Mining - Misc - Cranes 

Off-Road Other-

Off 

Road 

Heavy Stationary 

Equipment 

Construction and Mining - Misc - 

Bore/Drill Rigs 

Off-Road Other-

Off 

Road 

Heavy Stationary 

Equipment 

Construction and Mining - Misc - 

Crushing/Proc. Equipment 

Off-Road Other-

Off 

Road 

Light Ag Agricultural - Bale Wagons (Self 

Propelled) 

Off-Road Other-

Off 

Road 

Light Ag Agricultural - Hay Squeeze/Stack 

Retriever 

Off-Road Other-

Off 

Road 

Light Ag Agricultural - Other Harvesters 

Off-Road Other-

Off 

Road 

Light Ag Agricultural - Swathers/Windrowers/Hay 

Conditioners 

Off-Road Other-

Off 

Road 

Light Ag Agricultural - Agricultural Tractors 

Off-Road Other-

Off 

Road 

Light Ag Agricultural - Nut Harvester 
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Sub-

Sector 

Type H2 Adoption Rate 

Category 

EMFAC202x 

 Vehicle Class 

Off-Road Other-

Off 

Road 

Light Ag Agricultural - Construction Equipment 

Off-Road Other-

Off 

Road 

Light Ag Agricultural - Balers (Self Propelled) 

Off-Road Other-

Off 

Road 

Light Ag Agricultural - Sprayers/Spray Rigs 

Off-Road Other-

Off 

Road 

Light Mining & 

Construction 

Construction and Mining - Skid Steer 

Loaders 

Off-Road Other-

Off 

Road 

Light Mining & 

Construction 

Construction and Mining - Misc - Skid 

Steer Loaders 

Off-Road Other-

Off 

Road 

Light Stationary 

Equipment 

Construction and Mining - Misc - Signal 

Boards 

Off-Road Other-

Off 

Road 

Light Stationary 

Equipment 

Construction and Mining - Misc - Cement 

And Mortar Mixers 

Off-Road Other-

Off 

Road 

Medium Mining & 

Construction 

Construction and Mining - Rubber Tired 

Loaders 

Off-Road Other-

Off 

Road 

Medium Mining & 

Construction 

Construction and Mining - Crawler 

Tractors 

Off-Road Other-

Off 

Road 

Medium Mining & 

Construction 

Construction and Mining - Misc - 

Tractors/Loaders/Backhoes 

Off-Road Other-

Off 

Road 

Medium Mining & 

Construction 

Construction and Mining - Excavators 

Off-Road Other-

Off 

Road 

Medium Mining & 

Construction 

Construction and Mining - Misc - Rubber 

Tired Loaders 
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Sub-

Sector 

Type H2 Adoption Rate 

Category 

EMFAC202x 

 Vehicle Class 

Off-Road Other-

Off 

Road 

Medium Mining & 

Construction 

Construction and Mining - Misc - Other 

Off-Road Other-

Off 

Road 

Medium Mining & 

Construction 

Construction and Mining - Other 

Off-Road Other-

Off 

Road 

Medium Mining & 

Construction 

Construction and Mining - 

Tractors/Loaders/Backhoes 

Off-Road Other-

Off 

Road 

Medium Mining & 

Construction 

Construction and Mining - Misc - 

Dumpers/Tenders 

Off-Road Other-

Off 

Road 

Off Highway Trucks Construction and Mining - Off-Highway 

Trucks 

Off-Road Other-

Off 

Road 

Paving Construction and Mining - Surfacing 

Equipment 

Off-Road Other-

Off 

Road 

Paving Construction and Mining - Paving 

Equipment 

Off-Road Other-

Off 

Road 

Paving Construction and Mining - Pavers 

Off-Road Other-

Off 

Road 

Paving Construction and Mining - Graders 

Off-Road Other-

Off 

Road 

Paving Construction and Mining - Rollers 

Off-Road Other-

Off 

Road 

Paving Construction and Mining - Misc - Asphalt 

Pavers 

Off-Road Other-

Off 

Road 

Paving Construction and Mining - Misc - Rollers 
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Sub-

Sector 

Type H2 Adoption Rate 

Category 

EMFAC202x 

 Vehicle Class 

Off-Road Other-

Off 

Road 

Paving Construction and Mining - Misc - Paving 

Equipment 

Off-Road Other-

Off 

Road 

Paving Construction and Mining - Misc - Pavers 

Marine CHC Barge / Dredge - AE Commercial Harbor Craft - AE - Barge-

Bunker 

Marine CHC Barge / Dredge - AE Commercial Harbor Craft - AE - Barge-

Other 

Marine CHC Barge / Dredge - AE Commercial Harbor Craft - AE - Barge-

Towed Petrochemical 

Marine CHC Barge / Dredge - AE Commercial Harbor Craft - AE - Dredge 

Marine CHC Barge / Dredge - ME Commercial Harbor Craft - ME - Dredge 

Marine CHC Commercial Fishing 

- AE 

Commercial Harbor Craft - AE - 

Commercial Fishing 

Marine CHC Commercial Fishing 

- AE 

Commercial Harbor Craft - AE - 

Commercial Passenger Fishing 

Marine CHC Commercial Fishing 

- ME 

Commercial Harbor Craft - ME - 

Commercial Fishing 

Marine CHC Commercial Fishing 

- ME 

Commercial Harbor Craft - ME - 

Commercial Passenger Fishing 

Marine CHC Excursion - AE Commercial Harbor Craft - AE - 

Excursion 

Marine CHC Excursion - ME Commercial Harbor Craft - ME - 

Excursion 

Marine CHC Ferry - AE Commercial Harbor Craft - AE - Ferry-

Catamaran 

Marine CHC Ferry - AE Commercial Harbor Craft - AE - Ferry-

Monohull 

Marine CHC Ferry - AE Commercial Harbor Craft - AE - Ferry-

Short Run 

Marine CHC Ferry - ME Commercial Harbor Craft - ME - Ferry-

Catamaran 

Marine CHC Ferry - ME Commercial Harbor Craft - ME - Ferry-

Monohull 



 

22 
 
 
 

Sub-

Sector 

Type H2 Adoption Rate 

Category 

EMFAC202x 

 Vehicle Class 

Marine CHC Ferry - ME Commercial Harbor Craft - ME - Ferry-

Short Run 

Marine CHC Other - AE Commercial Harbor Craft - AE - 

Crew/Supply 

Marine CHC Other - AE Commercial Harbor Craft - AE - Pilot Boat 

Marine CHC Other - AE Commercial Harbor Craft - AE - Research 

Boat 

Marine CHC Other - AE Commercial Harbor Craft - AE - Work 

Boat 

Marine CHC Other - ME Commercial Harbor Craft - ME - 

Crew/Supply 

Marine CHC Other - ME Commercial Harbor Craft - ME - Pilot 

Boat 

Marine CHC Other - ME Commercial Harbor Craft - ME - 

Research Boat 

Marine CHC Other - ME Commercial Harbor Craft - ME - Work 

Boat 

Marine CHC Tugboat - AE Commercial Harbor Craft - AE - Barge-

ATB 

Marine CHC Tugboat - AE Commercial Harbor Craft - AE - Tugboat-

ATB 

Marine CHC Tugboat - AE Commercial Harbor Craft - AE - Tugboat-

Escort/Ship Assist 

Marine CHC Tugboat - AE Commercial Harbor Craft - AE - Tugboat-

Push/Tow 

Marine CHC Tugboat - ME Commercial Harbor Craft - ME - Tugboat-

ATB 

Marine CHC Tugboat - ME Commercial Harbor Craft - ME - Tugboat-

Escort/Ship Assist 

Marine CHC Tugboat - ME Commercial Harbor Craft - ME - Tugboat-

Push/Tow 

Marine OGV Auto Carrier Ocean Going Vessels - Auto Carrier 

Marine OGV Bulk Ocean Going Vessels - Bulk 

Marine OGV Bulk Ocean Going Vessels - Bulk - Heavy 

Load 
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Sub-

Sector 

Type H2 Adoption Rate 

Category 

EMFAC202x 

 Vehicle Class 

Marine OGV Bulk Ocean Going Vessels - Bulk - Self 

Discharging 

Marine OGV Container Ocean Going Vessels - Container - 1000 

Marine OGV Container Ocean Going Vessels - Container - 2000 

Marine OGV Container Ocean Going Vessels - Container - 3000 

Marine OGV Container Ocean Going Vessels - Container - 4000 

Marine OGV Container Ocean Going Vessels - Container - 5000 

Marine OGV Container Ocean Going Vessels - Container - 6000 

Marine OGV Container Ocean Going Vessels - Container - 7000 

Marine OGV Container Ocean Going Vessels - Container - 8000 

Marine OGV Container Ocean Going Vessels - Container - 9000 

Marine OGV Container Ocean Going Vessels - Container - 

10000 

Marine OGV Container Ocean Going Vessels - Container - 

11000 

Marine OGV Container Ocean Going Vessels - Container - 

12000 

Marine OGV Container Ocean Going Vessels - Container - 

13000 

Marine OGV Container Ocean Going Vessels - Container - 

14000 

Marine OGV Container Ocean Going Vessels - Container - 

15000 

Marine OGV Container Ocean Going Vessels - Container - 

16000 

Marine OGV Container Ocean Going Vessels - Container - 

17000 

Marine OGV Container Ocean Going Vessels - Container - 

19000 

Marine OGV Container Ocean Going Vessels - Container - 

20000 

Marine OGV Container Ocean Going Vessels - Container - 

23000 

Marine OGV Cruise Ocean Going Vessels - Cruise 

Marine OGV General Cargo Ocean Going Vessels - General Cargo 

Marine OGV Miscellaneous Ocean Going Vessels - Miscellaneous 
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Sub-

Sector 

Type H2 Adoption Rate 

Category 

EMFAC202x 

 Vehicle Class 

Marine OGV Reefer Reefer 

Marine OGV RoRo Ocean Going Vessels - RoRo 

Marine OGV Tanker Ocean Going Vessels - Tanker - Aframax 

Marine OGV Tanker Ocean Going Vessels - Tanker - 

Chemical 

Marine OGV Tanker Ocean Going Vessels - Tanker - 

Handysize 

Marine OGV Tanker Ocean Going Vessels - Tanker - 

Panamax 

Marine OGV Tanker Ocean Going Vessels - Tanker - 

Suezmax 

Marine OGV Tanker Ocean Going Vessels - Tanker - VLCC 

Note: H2 Adoption Rate Category reflects the application groupings that were utilized so 

that similar applications could be treated the same. The EMFAC202x Vehicle Class is 

the raw name of the vehicle application as defined by EMFAC. See EMFAC Vehicle 

Class Categorization.15 

 

There are few modifications that were made to the list of EMFAC vehicle applications: 

1. Motorcycles (MCY) were omitted from analysis.  

2. Power Take Off vehicles (PTO) were omitted from analysis.  

3. Class 8 Tractors were split out into Class 8 Day Cab Tractors and Class 8 

Sleeper Cab Tractors in the ratios defined by CARB in their 2022 Scoping Plan 

Appendix.16 

a. Ratio of 1:9 in-state registered vehicles were considered Sleeper Cabs (vs 

Day Cabs) 

b. Ratio of 8:9 out-of-state registered vehicles were considered Sleeper 

Cabs (vs Day Cabs) 

The data is available by county, so forecasts were taken by application for 2025-2045 

for the 11 counties which generally reflect SoCalGas service territory. 

 
15 https://ww2.arb.ca.gov/sites/default/files/2021-
03/emfac2021_volume_3_technical_document.pdf   
16 https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/acf22/appf.pdf   

https://ww2.arb.ca.gov/sites/default/files/2021-03/emfac2021_volume_3_technical_document.pdf
https://ww2.arb.ca.gov/sites/default/files/2021-03/emfac2021_volume_3_technical_document.pdf
https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/acf22/appf.pdf
https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/acf22/appf.pdf
https://ww2.arb.ca.gov/sites/default/files/2021-03/emfac2021_volume_3_technical_document.pdf
https://ww2.arb.ca.gov/sites/default/files/2021-03/emfac2021_volume_3_technical_document.pdf
https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/acf22/appf.pdf
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EMFAC does not forecast aircraft populations or jet fuel consumption, so these were 

modelled separately. Information on current jet fuel consumption (used as a proxy for 

what may be displaced by hydrogen fuel cell aircraft) was taken from EIA.17 Additionally, 

data was filtered to reflect flight passenger traffic through the busiest airports in 

SoCalGas service territory: Los Angeles, Burbank, Long Beach, Ontario, and Orange 

County.18  

Hydrogen Fuel Consumption Rates 

Hydrogen fuel consumption rates were determined by modelling the hydrogen 

equivalent of current diesel or gasoline consumption. The EMFAC data set was also 

utilized to pull current average diesel or gasoline fuel consumption by vehicle 

application for the vehicles in SoCalGas service territory. For this, 2019 values were 

utilized (to reflect the most recent year without COVID impacts). For most applicationsð

on-road, off-road, and marineðthe vast majority of fuel consumption is diesel, so the 

hydrogen equivalent to diesel consumption was calculated. If a vehicle listed both diesel 

and gasoline consumption, generally the diesel equivalent figures were used.  

To calculate potential hydrogen consumption rates, a conversion was calculated based 

on energy density ratios and typical engine efficiency ratios. While some of these 

figures, such as engine efficiency, may vary by application or individual vehicle, these 

broad industry averages were leveraged as representative of a typical vehicle.  

 
17 https://www.eia.gov/state/seds/data.php?incfile=/state/seds/sep_fuel/html/fuel_jf.html 
&sid=CA  
18 https://industry.visitcalifornia.com/research/passenger-traffic?a1=LAX  

https://www.eia.gov/state/seds/data.php?incfile=/state/seds/sep_fuel/html/fuel_jf.html%20&sid=CA
https://www.eia.gov/state/seds/data.php?incfile=/state/seds/sep_fuel/html/fuel_jf.html%20&sid=CA
https://industry.visitcalifornia.com/research/passenger-traffic?a1=LAX
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Table 3: Fuel Efficiency Ratios 

Metric Units Value 

BTU per kg Hydrogen19 BTU / kg H2 134,510  

BTU per gallon Gasoline20 BTU / gallon 

gasoline 

117,500  

BTU per gallon Diesel21 BTU / gallon diesel 137,500  

Polymer Electrolyte Membrane Fuel Cell 

Efficiency22 

% 50% 

Diesel Engine Efficiency23 % 50% 

Gasoline Engine Efficiency24 % 20% 

 

Finally, to account for advances in fuel cell efficiency (i.e., that fuel cells fuel economy 

will improve), a conservative assumption of 0.5% efficiency improvement per year was 

modelled. The way this is modelled yields an important implicit assumption: that vehicle 

miles travelled (VMT) is assumed to be constant by vehicle application through 2045 

(for all on-road vehicles).  

Assumptions (ZEV adoption Rates) 

To determine the theoretical ceiling for the amount of hydrogen fuel cell vehicles and 

vessels, existing legislation was considered to identify how quickly ZEVs would replace 

their ICE counterparts. Legislation generally exists for the mobility sub-sectors 

modelled.  

Importantly, it should be noted that legislation almost unanimously impacts the sales of 

new vehicles and generally does not force early retirement of vessels. Therefore, 

vehicle retirement rates are also a critical factor in determining the population forecasts 

of ZEVs in California. The following assumptions were made regarding vehicle 

retirement rates: 

 
19 https://afdc.energy.gov/fuels/properties  
20 Ibid 
21 Ibid 
22 https://www.energy.gov/eere/fuelcells/articles/fuel-cells-fact-sheet  
23 DOE Hydrogen and Fuel Cells Program Record 19006: Hydrogen Class 8 Long Haul 
Truck Targets  
24 https://www.anl.gov/article/combining-gas-and-diesel-engines-could-yield-best-of-
both-worlds  

https://afdc.energy.gov/fuels/properties
https://www.energy.gov/eere/fuelcells/articles/fuel-cells-fact-sheet
https://www.hydrogen.energy.gov/docs/hydrogenprogramlibraries/pdfs/19006_hydrogen_class8_long_haul_truck_targets.pdf?Status=Master
https://www.hydrogen.energy.gov/docs/hydrogenprogramlibraries/pdfs/19006_hydrogen_class8_long_haul_truck_targets.pdf?Status=Master
https://www.anl.gov/article/combining-gas-and-diesel-engines-could-yield-best-of-both-worlds
https://www.anl.gov/article/combining-gas-and-diesel-engines-could-yield-best-of-both-worlds
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Table 4: On-Road Vehicle Retirement Rates 

Vehicle Type Retirement Rate 

Heavy Duty Vehicles 17 years25 

Medium Duty Vehicles 17 years26 

Light Duty Vehicles 17 years27 

Buses 12 years28 

 

Table 5: Off-Road Vehicle Retirement Rates 

Vehicle Type Retirement Rate 

Ground Support Equipment 15-19 years29 

Cargo Handling Equipment 10-20 years30 

Other Off-Road Equipment 5-20 years31 32 

Marine Vessels (Commercial Harbor 

Craft) 

15 years33 

Marine Vessels (Ocean Going Vessels) n/a34 

Note: For some vehicle applications generalizations of estimates were used given lack 

of readily available data.  

 

Since legislative requirements are fixed reference points, their impacts are held 

constant across all modelled scenarios (i.e., the number of ZEVs do not change across 

 
25 CARB 2022 Scoping Plan Appendix H, Table H-1: 
https://ww2.arb.ca.gov/sites/default/files/2022-12/2022-sp-appendix-h-ab-32-ghg-
inventory-sector-modeling.pdf  
26 Ibid 
27 Ibid 
28 Ibid 
29 https://www.aviationpros.com/gse/article/21256272/state-of-the-industry  
30 https://cleanairactionplan.org/download/239/cargo-handling-equipment/5192/2021-
che-feasibility-assessment-report-final.pdf  
31 https://thompsontractor.com/blog/average-lifespan-of-common-construction-
equipment/  
32 Life Expectancy of Used Tractors | Fort Gibson, OK 
33 Commercial Harbor Craft Factsheets | California Air Resources Board 
34 Ocean Going Vessels (OGV) were modelled slightly differently to other vehicle and 
vessel types. For OGVs, a percentage of the total vessel population converting to ZEV 
was modelled instead of new vessel replacement rate considering the data available.    

https://ww2.arb.ca.gov/sites/default/files/2022-12/2022-sp-appendix-h-ab-32-ghg-inventory-sector-modeling.pdf
https://ww2.arb.ca.gov/sites/default/files/2022-12/2022-sp-appendix-h-ab-32-ghg-inventory-sector-modeling.pdf
https://www.aviationpros.com/gse/article/21256272/state-of-the-industry
https://cleanairactionplan.org/download/239/cargo-handling-equipment/5192/2021-che-feasibility-assessment-report-final.pdf
https://cleanairactionplan.org/download/239/cargo-handling-equipment/5192/2021-che-feasibility-assessment-report-final.pdf
https://thompsontractor.com/blog/average-lifespan-of-common-construction-equipment/
https://thompsontractor.com/blog/average-lifespan-of-common-construction-equipment/
https://www.mikecoopertractors.com/blog/understanding-used-tractors-life-expectancy--76319
https://ww2.arb.ca.gov/our-work/programs/commercial-harbor-craft/commercial-harbor-craft-factsheets
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the Conservative, Moderate, or Ambitious scenarios modelled, only the composition of 

the ZEVsðBEV, FCEV, or otherðvaries by modelled scenario).  

The following pieces of legislation and related decarbonization strategies below were 

modelled. 

Advanced Clean Fleets (ACF) 

On April 28, 2023, California passed the Advanced Clean Fleets regulation to help 

achieve Governor Gavin Newsomôs goal of transitioning trucks in California to using 

zero-emissions technology by 2045.35, 36  The ACF regulation states:37  

High priority and federal fleets must comply with the Model Year Schedule or may elect 

to use the optional ZEV Milestones Option to phase-in ZEVs into their fleets: 

¶ Model Year Schedule: Fleets must purchase only ZEVs beginning 2024 and, 

starting January 1, 2025, must remove internal combustion engine vehicles at the 

end of their useful life as specified in the regulation. 

¶ ZEV Milestones Option (Optional): Instead of the Model Year Schedule, fleets 

may elect to meet ZEV targets as a percentage of the total fleet starting with 

vehicle types that are most suitable for electrification.  

Since the ZEV Milestones Option is listed as optional and would often require fleet 

operators to retire vehicles earlier than they normally would, Option 1 was modelled. 

This takes the more conservative view that vehicles would generally be replaced with 

ZEVs when they would organically retire. Specifically, the AL Phase One Demand Study 

model reflects: 

¶ 100% of truck sales starting 2024 will be ZEV for ACF priority fleets.  

¶ 100% of truck sales starting 2035 will be ZEV for all fleets. 

Exponential adoption rates were modelled to ramp up to the 100% by 2035 

requirement.  

 
35 https://ww2.arb.ca.gov/resources/fact-sheets/carb-fact-sheet-2023-advanced-clean-
fleets-regulation-drayage-
truck#:~:text=On%20April%2028%2C%202023%2C%20CARB,California's%20intermod
al%20seaports%20and%20railyards  
36 https://www.gov.ca.gov/wp-content/uploads/2020/09/9.23.20-EO-N-79-20-Climate.pdf  
37 https://ww2.arb.ca.gov/our-work/programs/advanced-clean-fleets    

https://ww2.arb.ca.gov/resources/fact-sheets/carb-fact-sheet-2023-advanced-clean-fleets-regulation-drayage-truck#:~:text=On%20April%2028%2C%202023%2C%20CARB,California's%20intermodal%20seaports%20and%20railyards
https://ww2.arb.ca.gov/resources/fact-sheets/carb-fact-sheet-2023-advanced-clean-fleets-regulation-drayage-truck#:~:text=On%20April%2028%2C%202023%2C%20CARB,California's%20intermodal%20seaports%20and%20railyards
https://ww2.arb.ca.gov/resources/fact-sheets/carb-fact-sheet-2023-advanced-clean-fleets-regulation-drayage-truck#:~:text=On%20April%2028%2C%202023%2C%20CARB,California's%20intermodal%20seaports%20and%20railyards
https://ww2.arb.ca.gov/resources/fact-sheets/carb-fact-sheet-2023-advanced-clean-fleets-regulation-drayage-truck#:~:text=On%20April%2028%2C%202023%2C%20CARB,California's%20intermodal%20seaports%20and%20railyards
https://www.gov.ca.gov/wp-content/uploads/2020/09/9.23.20-EO-N-79-20-Climate.pdf
https://ww2.arb.ca.gov/our-work/programs/advanced-clean-fleets
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Since the ACF regulation applies differently to those subject to it (priority fleets) versus 

those not subject to ACF, the vehicle populations listed previously were split using 

assessment of the type of vehicle as well as CARBôs estimates for how many vehicles 

may be subject to the regulation:  

¶ 100% of drayage trucks 

¶ 67% of Class 7-8 Tractors  

¶ 52% of Class 4-8 Vocational 

¶ 12% of Class 2b-3 

Finally, ACF states that ICE vehicles should retire after 18 years or 800,000 miles. 

However, most vehicles will retire organically before they would be flagged to retire 

according to ACF (see vehicle lifespan estimates above).  

Advanced Clean Trucks (ACT) 

The Advanced Clean Trucks regulation requires OEMs of medium- and heavy-duty 

vehicles to sell ZEVs at increasing rates through 2035 and beyond. In short, by 2035, 

OEMs must sell ZEVs as a portion of total sales: 

¶ 55% of Class 2b-3 truck sales be ZEV by 2045  

¶ 75% of class 4-8 straight truck sales be ZEV by 2045 

¶ 40% of truck tractor sales be ZEV by 2045 

Since the ACF regulation effectively requires 100% of truck sales to be ZEV by 2035, 

ACTôs impacts are inherently considered in the AL Phase 1 Demand Study model 

through ACFôs modelling.  

Clean Air Action Plan (CAAP) 

The Clean Air Action Plan is not a piece of legislation, but a strategy and proposal 

developed by the Port of Los Angeles and Port of Long Beach (together, the San Pedro 

Bay Ports). CAAP effectively states that terminal operators are expected to achieve 

100% ZEV by 2030. While this is not strictly enforceable (it is not legislation), terminal 

operators have signed on and agreed to this, and so the AL Phase 1 Demand Study 

model considers these targets for all types of Cargo Handling Equipment (CHE) at the 

ports. 
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Innovative Clean Transit (ICT)  

The ICT legislation requires transit agencies to achieve net zero by 2035. Though many 

transit agencies have already committed to and have begun purchasing 100% ZEVs, 

transit agencies are required to submit their plans to achieve 100% ZEV to CARB. 

These plans are regularly revised.38  

Executive Order N-79-20 

For vehicle types not already covered by current legislation, such as for agricultural or 

construction equipment, there is no specific legislation yet. For these sub-sectors, 

guidance from EO N-79-20 was considered.39 This executive order passed in 2020 set 

some of the initial State targets ñto achieve 100 percent zero-emission from off-road 

vehicles and equipment operations in the State by 2035.ò  

As done for other sub-sectors, where current ZEV populations are 0 (or effectively 0) 

today, exponential rates were assumed for the new sale of vehicles to achieve 100% of 

vehicle sales being ZEV by 2035.  

Maritime Vessels and Aircraft 

The largest maritime legislation passed is the Clean Shipping Act of 2023, which 

requires 100% clean shipping fuels by 2040 for most vessels.40 Having passed in mid-

2023, it is still unclear how shipping operators plan to achieve this, but more regulation 

is coming in this space. In addition to the Clean Shipping Act of 2023, some more niche 

legislation has passed, such as the 2021 ZEAT Commercial Harbor Craft Regulation41 

requiring CHC to have cleaner engines and for short-run ferries and excursion vessels 

to be 100% ZEV sales starting 2025.  

Beyond these pieces of legislation, the 2022 CARB Scoping Plan42 cites in their 

scenario that ñ25% of OGVs [will] utilize hydrogen fuel cell electric technology by 2045.ò 

It also states that ñ20% of aviation fuel demand is met by electricity (batteries) or 

hydrogen (fuel cells) in 2045.ò 

 
38 https://ww2.arb.ca.gov/our-work/programs/innovative-clean-transit/ict-rollout-plans  
39 https://www.gov.ca.gov/wp-content/uploads/2020/09/9.23.20-EO-N-79-20-Climate.pdf  
40 https://www.congress.gov/bill/118th-congress/house-bill/4024/text?s=1&r=4  
41 https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2021/chc2021/chcfro.pdf  
42 https://ww2.arb.ca.gov/sites/default/files/2023-04/2022-sp.pdf  

https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2021/chc2021/chcfro.pdf
https://ww2.arb.ca.gov/sites/default/files/2023-04/2022-sp.pdf
https://ww2.arb.ca.gov/our-work/programs/innovative-clean-transit/ict-rollout-plans
https://www.gov.ca.gov/wp-content/uploads/2020/09/9.23.20-EO-N-79-20-Climate.pdf
https://www.congress.gov/bill/118th-congress/house-bill/4024/text?s=1&r=4
https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2021/chc2021/chcfro.pdf
https://ww2.arb.ca.gov/sites/default/files/2023-04/2022-sp.pdf
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Given some of the uncertainties and continually developing legislation for marine 

vessels, legislation was accounted for in the following way:  

¶ Commercial Harbor Craft (CHC): the model assumes that new vessel engine 

sales will be 100% ZEV by 2035. This means that 100% of vessel engine sales 

will convert to hydrogen fuel cell, battery, or synthetic fuel technologies.  

¶ Ocean Going Vessels (OGVs): the model makes the conservative assumption 

that by 2045, 25% of OGVs will utilize non-synthetic fuel ZE solutions by 2045. 

The Hydrogen adoption rates reflect what percent of this 25% would utilize 

hydrogen fuel cell technology. As well, itôs worth noting and reiterating that the 

model only accounts for replacing current diesel consumption by OGVs. Bunker 

fuel replacement (e.g., the main engineôs typical fuel) is not considered.  

¶ Aircraft: the model takes the 2022 CARB Scoping Plan assumptionôs estimate 

that 20% of aviation fuel demand would be non-SAF.  

Hydrogen Adoption Rates 

The scope of the AL Phase 1 Demand Study considered hydrogen fuel cell technology 

as a driver for hydrogen demand (i.e., hydrogen combustion was not considered for 

mobility applications). As such, hydrogen fuel cell technology was assessed and 

compared to various alternatives by application.  

¶ On-Road (FCEVs) ï the primary alternative considered was BEVs. 

¶ Off-Road (FCEVs) ï the primary alternative considered was BEVs. 

¶ Marine (CHC) ï the primary alternatives considered were both battery or 

hydrogen derivatives / synthetic fuels. 

¶ Marine (OGV) ï the primary alternative considered was hydrogen derivatives / 

synthetic fuels. 

¶ Aircraft ï the primary alternative considered was battery or sustainable aviation 

fuel43 

Adoption Factors 

To model how hydrogen fuel cell technology may stack up against these alternatives, 

and to determine the associated hydrogen adoption rates over time (as a % of ZEV), 4 

primary factors were considered.  

 
43 The model assumes that the majority (80%) of aviation fuel will convert so SAF, but 

that the remaining 20% should be a comparison between fuel cell and battery aircraft. 
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1. Technical Feasibilityða metric to assess the likelihood of adoption for hydrogen 

fuel cell technology against alternatives based on technical or operational factors 

such as range requirements, load requirements, duty cycle, etc. The factors vary 

across on-road, off-road, and other sub-sector applications.  

2. Commercial Availabilityða metric reflecting if and when FCEV technology is 

commercially available. This factor is quantified using TCO cost valuesðless fuel 

costsðbased on Argonne National Labôs (ANLôs) BEAN model.  

3. Business Readinessða metric that accelerates or decelerates adoption rates 

based on business factors. For example, an industry with companies setting 

near-term zero emissions targets may choose to accelerate adoption of ZEVs.  

4. Policy & Regulationða metric that accelerates or decelerates adoption rates 

based on potential changes in existing legislation. For example, as of the time of 

writing, the DOEôs recently announced Demand-side Support Mechanism could 

be an accelerator for hydrogen FCEV adoption.44  

Each of these factors constituted unique evaluation by vehicle application grouping. To 

model associated H2 adoption rates (as a % of ZEV adoption rates), variables for the 4 

factors were multiplied: 

ὙὝȟὅȟὄȟὖ Ὕz ὅȟ z ὄȟ ὖzȟ 

Ὑ = H2 Adoption Rate [0, 1] 

Ὕ = Technology Feasibility [0, 1]  

ὅ = Commercial Availability [0.05, 1.5] 

ὄ = Business Readiness [0.8, 1.2] 

ὖ = Policy & Regulation [0.8, 1.2] 

ὸ = time value for evaluation: 2025, 2030, 2035, 2040, 2045 (e.g., each factor listed is 

evaluated at each time period indicated) 

ί = scenario (low, medium, high) 

The resultant hydrogen adoption rates, represented as values between 0% and 100%, 

were a proportion of zero emission technology. For example, if the hydrogen adoption 

 
44 https://oced-exchange.energy.gov/Default.aspx#FoaId8e15135b-a033-47ca-9c7a-
ebf2e5771a41  

https://oced-exchange.energy.gov/Default.aspx#FoaId8e15135b-a033-47ca-9c7a-ebf2e5771a41
https://oced-exchange.energy.gov/Default.aspx#FoaId8e15135b-a033-47ca-9c7a-ebf2e5771a41
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fuel cell rate of 20% is calculated for a certain on-road vehicle type, then this would 

mean that 80% adoption is covered by battery electric vehicles.  

The hydrogen adoption rate factors were generally evaluated as follows: 

Table 6: High-Level definition of H2 Adoption Rate Factors (Mobility) 

Factor Conservative Moderate Ambitious 

Policy & 

Legislation  

Only existing legislation considered  Existing legislation 

+additional potential 

legislation 2025 

onwards (ŷ10% H2 

adoption) 

Commercial 

Readiness  

Conservative timeline 

to achieve cost parity 

with decarbonization 

alternatives 

Moderate timeline to 

achieve cost parity 

with 

decarbonization 

alternatives  

Ambitious timeline 

to achieve cost 

parity with 

decarbonization 

alternatives  

Assessed by modelling TCO (without fuel cost) for on-road using 

ANLôs BEAN model, and market research for non-on-road 

applications.45 

Technical 

Feasibility  

Evaluated per vehicle application group but held constant across 

scenarios. 

Business 

Readiness  

Conservative 

assessment of market 

readiness to adopt 

hydrogen vehicles  

Moderate 

assessment of 

market readiness to 

adopt hydrogen 

vehicles (ŷ10% H2 

adoption 2035-) 

Ambitious 

assessment of 

market readiness to 

adopt hydrogen 

vehicles (ŷ20% H2 

adoption in 2030; 

ŷ10% in 2035-) 

 

Technical Feasibility 

Technology feasibility is evaluated on a series of factors Ὢ. The list of factors varies by 

sub-sector (on-road, off-road, marine, aviation).  

 
45 https://vms.taps.anl.gov/tools/  

https://vms.taps.anl.gov/tools/bean/
https://vms.taps.anl.gov/tools/
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Ὕ
В Ὢ

ὲ
 

Each factor is evaluated as Very Low (0%), Low (25%), Medium (50%), High (75%), or 

Very High (100%) to indicate likelihood of H2 adoption based on that factor alone. 

Values for each factor are averaged to determine the net likelihood of H2 adoption, Ὕ,  

based on Technical and Operational characteristics alone (n = number of factors).  

The metrics evaluated were unique to each sub-sector group: 

¶ On-Road applications were evaluated on the metrics of range requirement, load 

requirement, duty cycle requirement, and fueling requirements.  

¶ Cargo Handling Equipment applications were evaluated on the metrics of load 

requirements, duty cycle requirements, proven viability of EV technologies, 

sufficient space & time for charging/fueling, and infrastructure challenges for 

electrification.  

¶ Ground Support Equipment applications were evaluated on the metrics of load 

requirements, duty cycle requirements, centralization of fueling operations, and 

infrastructure challenges for electrification.  

¶ Other off-road equipment applications were evaluated on the metrics of load 

requirements, infrastructure challenges for electrification, and duty cycle 

requirements. 

¶ Commercial Harbor Craft applications were evaluated on the metrics of weight 

and size impact of H2 vs alternatives (if structural changes would be needed on 

ships), and operational shift requirements (how long vessels tend to be working 

and away from port). 

¶ Ocean Going Vessel applications were evaluated on the metrics of weight and 

size impact of H2 vs alternatives (if structural changes would be needed on 

ships), and operational shift requirements (how long vessels tend to be working 

and away from port). 

¶ Aircraft were evaluated on the metrics of weight and size impact of H2 vs 

alternatives (if airplane design changes would be needed), and operational shift 

requirements (how long aircraft would need to fly before refueling/recharging). 

For Example, Ὕ     for Class 8 Sleeper Cab Tractors is evaluated as: 

Ὢ ὙὥὲὫὩ ὙὩήόὭὶὩάὩὲὸὠὩὶώ ὌὭὫὬ ρππϷ 

Ὢ ὒέὥὨ ὙὩήόὶὭὩάὩὲὸὌὭὫὬ χυϷ 
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Ὢ Ὀόὸώ ὅώὧὰὩ ὙὩήόὭὶὩάὩὲὸὌὭὫὬ χυϷ 

Ὢ ὊόὩὰὭὲὫ ὙὩήόὭὶὩάὩὲὸίὌὭὫὬ χυϷ 

Ὕȟ       

В Ὢ

ὲ
ψρϷ 

The evaluation of on-road vehicles considered some of the following research and 

analysis: 

¶ Range requirements ï Current diesel semis reportedly have a maximum range 

of approximately 2,000 miles, which is well beyond the capabilities of all BEV and 

FCEV options except for FCEV trucks with liquid hydrogen fuel storage. This 

statistic will be a challenge for FCEVs and BEVs to address, however federal 

hours of service rules allow a driver to drive for a maximum of 8 hours before 

stopping for a break, which would equate to 600 miles of driving at a relatively 

fast 75 MPH.46 The range of diesel semis would allow drivers to avoid multiple 

fuel stops, but if sufficient infrastructure was available a much lower range could 

be acceptable. 

¶ Load requirements ï The expected mass impact for current battery technology 

was evaluated: Battery cells currently have a specific energy of approximately 

250 Wh/kg. BEV trucks with this technology will have a cargo/mass tradeoff 

above approximately 450 miles of range relative to diesel trucks, while 

compressed hydrogen would have much lower sensitivity and liquid hydrogen 

would be superior to diesel for all vehicle ranges. However, if battery energy 

density improves to 400 Wh/kg, this tradeoff does not occur until approximately 

750 miles of range relative to diesel. No current commercial battery achieves an 

energy density this high, but various battery companies have announced that 

they have achieved battery densities this high or higher in prototype cells.47, 48, 49, 

50 Although it will take considerable development efforts to bring these 

 
46 https://www.federalregister.gov/documents/2020/06/01/2020-11469/hours-of-service-
of-drivers  
47 https://cleantechnica.com/2020/08/25/tesla-air-elon-musk-hints-tesla-could-mass-

produce-400-wh-kg-batteries-in-3-4-years/ 
48 https://cleantechnica.com/2022/07/24/svolt-energy-readies-solid-state-battery-with-

400-wh-kg-energy-density-for-production/ 
49 https://www.electrive.com/2023/03/30/amprius-achieves-battery-energy-density-of-

500-wh-kg/ 
50 https://www.batterytechonline.com/battery-news/catl-s-aerospace-ready-battery-has-

energy-density-to-500-wh-kg  

https://www.federalregister.gov/documents/2020/06/01/2020-11469/hours-of-service-of-drivers
https://www.federalregister.gov/documents/2020/06/01/2020-11469/hours-of-service-of-drivers
https://cleantechnica.com/2020/08/25/tesla-air-elon-musk-hints-tesla-could-mass-produce-400-wh-kg-batteries-in-3-4-years/
https://cleantechnica.com/2020/08/25/tesla-air-elon-musk-hints-tesla-could-mass-produce-400-wh-kg-batteries-in-3-4-years/
https://cleantechnica.com/2022/07/24/svolt-energy-readies-solid-state-battery-with-400-wh-kg-energy-density-for-production/
https://cleantechnica.com/2022/07/24/svolt-energy-readies-solid-state-battery-with-400-wh-kg-energy-density-for-production/
https://www.electrive.com/2023/03/30/amprius-achieves-battery-energy-density-of-500-wh-kg/
https://www.electrive.com/2023/03/30/amprius-achieves-battery-energy-density-of-500-wh-kg/
https://www.batterytechonline.com/battery-news/catl-s-aerospace-ready-battery-has-energy-density-to-500-wh-kg
https://www.batterytechonline.com/battery-news/catl-s-aerospace-ready-battery-has-energy-density-to-500-wh-kg
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technologies to production, if these efforts were successful, they could make 

BEV semis as competitive as compressed hydrogen FCVs.   

¶ Duty cycle requirements ï Another challenge for zero emissions trucks is 

refueling time. This is most important for trucks that operate with high duty cycles 

(2 or 3 eight-hour shifts per day). Although standards for recharging and refueling 

heavy duty BEV and FCEV semis have not been developed yet, it is likely that 

fueling times for both compressed and liquid hydrogen FCEVs can be made 

comparable to diesel, given that this has been achieved for light-duty 

applications. This will be effectively impossible for BEV semis since this would 

require very high-power levels. 

¶ Fueling requirements ï There are 2 factors of fueling requirements considered 

to assess the viability of BEV vs FCEVs: centralization of fueling operations, and 

difficulty in building fueling/charging infrastructure. Some considerations are as 

follows: 

¶ Building ubiquitous retail fueling stations akin to gas or diesel stations today 

will be a challenge for both technologies (to maintain customer expectations). 

This issue would be less prevalent with MDV and HDF fleets which operate 

more often with back-to-base operations. The notable exception here is long-

haul tractors which refuel in highly distributed locations. For long-haul, high-

power charging would be needed (up to 4.5 MW per charger for long-haul), 

which would require significant upgrades to electrical capacity; the steep load 

peaks would be difficult to manage too.  

¶ Hydrogen is primarily delivered to fueling stations today as a compressed gas 

(via tube trailers) for the LDV. Liquid hydrogen delivery being pursued for 

higher-volume/heavier-duty fueling stations (even for gaseous fueling) due to 

energy density advantages.51 

¶ Electricity must be used in real time, coordinating the direct use of electricity 

with a desired generation source may be difficult. Energy storage solutions 

(like batteries) at charging stations can help to address this mismatch but 

would be expensive. Hydrogen meanwhile would not have this real-time 

electricity production/offtake mismatch issue.  

¶ Compressed hydrogen fueling stations require significantly more space than 

conventional (diesel) stations for compressors and other equipment, and 

significant electric power capacity is required to run compressors.52 

 
51 https://www.nrel.gov/docs/fy22osti/83036.pdf 
52 https://nacfe.org/wp-content/uploads/2023/04/H2-NACFE-2023-Report-FINAL.pdf  

https://www.nrel.gov/docs/fy22osti/83036.pdf
https://nacfe.org/wp-content/uploads/2023/04/H2-NACFE-2023-Report-FINAL.pdf
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Evaluation for off-road vehicles, marine vessels, and aircraft was based on comparable 

logic and methodology. Where less information was available, high-level estimates were 

made based on industry reports and interviews.  

Commercial Availability 

On-Road  

Data and Assumptions 

Commercial availability, ὅȟ , is evaluated by application, by scenario ί over time, ὸ. 

Values for ὅȟ were developed by leveraging TCO analysis done by Argonne National 

Labsô (ANL) BEAN model.53 The defaulted values from BEAN were leveraged except for 

3 exceptions: 

Exception 1: Fuel Cell Costs 

Fuel Cell costs were increased vs the default values in the ANL BEAN model as they 

were intentionally set by ANL to reflect price parity of diesel engines. For comparison, 

the DOEôs target values are also shown.  

Table 7: Fuel cell costs used in TCO analysis vs ANL defaults and DOE target. 

Transit, Box Medium 6 

($/kw) 

2025 2030 2050 

ANL (High) 126 70 50 

ANL (Mid) 126 90 65 

ANL (Low) 126 110 80 

DOE (MDV) 177 157  

Values Used (High) 231 128 92 

Values Used (Low) 651 361 257 

 

HDV/Day Cab Sleeper 

($/kw) 

2025 2030 2050 

ANL (High) 130 80 60 

ANL (Mid) 136 97 73 

ANL (Low) 142 113 85 

DOE (HDV) 145 107 60 

 
53 ANL BEAN Model: https://vms.taps.anl.gov/tools/  

https://vms.taps.anl.gov/tools/
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Values Used (High) 238 146 110 

Values Used (Low) 671 412 309 

 

Exception 2: H2 Storage Costs 

Hydrogen storage tanks on vehicles are improving but continue to carry significant cost 

vs diesel or gasoline alternatives. Cost estimates for these storage tanks were updated 

and modelled reflecting the below assumptions: 

Table 8: Hydrogen storage costs used in TCO analysis vs ANL defaults (Variable) 

Hydrogen storage 

variable costs $/kg 

2025 2030 2050 

ANL (High) 274 247 219 

ANL (Mid) 289 260 233 

ANL (Low) 301 274 247 

Values Used (all 

scenarios) 

495 424 377 

 

Table 9: Hydrogen storage costs used in TCO analysis vs ANL defaults (Fixed) 

Hydrogen storage 

fixed costs $/kg 

2025 2030 2050 

ANL (High) 3,366 3,029 2,693 

ANL (Mid) 3,534 3,198 2,861 

ANL (Low) 3,703 3,366 3,029 

Values Used (all 

scenarios) 

5,790 5,211 4,632 

 

Exception 2: Battery Costs 

Batteries are one of the main cost components in battery electric vehicles (BEVs), the 

primary foreseeable ZEV alternative for FCEV technology. Battery costs were updated 

as follows: 
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Table 10: Battery costs used in TCO analysis vs ANL defaults. 

Battery costs 

($/kWh) 

2025 2030 2050 

ANL (High) 95 75 60 

ANL (Mid) 112 88 65 

ANL (Low) 128 100 70 

Values Used (all 

scenarios) 

79 63 50 

 

TCO Curve Development and Analysis  

With the above changes, the BEAN model was leveraged to generate TCO cost curves 

for each on-road vehicle class. These cost curves were leveraged to determine how 

commercially viable certain technologies would be against alternatives.  

First, the BEAN model was used to gather data across the following metrics:  

¶ Years: 2025, 2030, 2035, and 2050 

¶ Vehicle cost characteristics: Vehicle, Financing, Fuel, Insurance, Operation, Tax 

& Fees, M&R (repairs).  

¶ Applications: LonghaulSleeper 8, RegionalDayCab 8, DrayageDayCab 8, 

TransitHeavy 8, BoxMedium 6, Small SUV 

¶ Fuel Type: ICE, BEV, FCEV 

Fuel costs were omitted from the model, but all other values were utilized to determine 

lifetime total costs of ownership (TCO). For where there are gaps in data, linear 

approximations were made: costs between data in years provided were calculated 

linearly; costs for vehicle classes were calculated linearly (e.g., Class 7 costs were an 

average of Class 8 and Class 6 costs). ANLôs BEAN model only provides data for on-

road applications. 

Second, once annual costs were derived by vehicle application group, for ICE, BEVs, 

and FCEVs, the following definitions were adopted to determine values of  ὅȟȡ 

¶ Far From Parity = when Ὕὅὕ  >20% more expensive than Ὕὅὕ  

¶ Close to Parity = when  Ὕὅὕ  is between 10% and 20% more expensive than 

Ὕὅὕ  

¶ At Parity = when  Ὕὅὕ  is within 10% of Ὕὅὕ  



 

40 
 
 
 

¶ Cheaper = when  Ὕὅὕ  is between 10% and 20% cheaper than Ὕὅὕ  

¶ Much Cheaper = when  Ὕὅὕ  is >20% cheaper than Ὕὅὕ  

Note: FCEV alternatives for TCO comparison consist of ICE and BEVs through 2035 

(FCEV is compared against whichever alternative is the lowest cost that year), but only 

BEVs after 2035 (due to ACF and associated legislation). 

Since the cost curves are shown over time, values for ὅȟ are determined at each time 

period ὸ (2025, 2030, 2035, 2040, 2045) across each scenario ί (Low, Mid, High), by 

application. One example, for the Class 8 Sleeper Cab Tractor application is listed 

below:  

Table 11: Example TCO Outputs for Modelling (Class 8 Sleeper Cab Tractor) 

Class 8 Sleeper Cab Tractor 

TCO Evaluation 

2025 2030 2035 2040 2045 

Low Scenario Far from 

Parity 

Far from 

Parity 

Close to 

Parity 

Close to 

Parity 

At Parity 

High Scenario Close to 

Parity 

At Parity At Parity At Parity At Parity 

Note: values for the Moderate scenario were taken as the mid-point between the 

Conservative and Ambitious scenarios. 

 

Third, the adoption rate factors were applied at each time interval to determine the 

multiplier effect of the Commercial Availability ὅȟ variable:  

Table 12: Definition of Commercial Availability Values (TCO Parity Value 

Assumptions) 

Evaluation Value 

Far from Parity 5% 

Close to Parity 50% 

At parity 100% 

Cheaper 125% 

Much Cheaper 150% 

Note: no outputs from the ANL BEAN model showed FCEVs ever achieving >10% cost 

advantage over alternatives, so the ñCheaperò and ñMuch Cheaperò scenarios were 

never achieved. 
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Off-Road (including Marine and Aviation) 

For non-on-road applications, fewer models exist, but there is a decent amount of 3rd 

party research which was leveraged to determine the denotation of far from parity, close 

to parity, or at parity for these applications. Where no data was available, best estimates 

were made, or cost assumptions were based on comparable on-road values where 

possible, generally with a 5+ year lag in evaluations. This assumption was made as a 

reflection of the number of OEMs announcing production of off-road fuel cell vehicles 

being generally behind that of on-road vehicles (similar to how legislation for off-road 

applications is lagging that of on-road applications). Also, many off-road applications 

may be more viable options for engine swaps, where the combustion engine in a vehicle 

may be swapped out with a fuel cell, but the rest of the vehicle remains unchanged. 

This could be a particularly attractive option for some applications where most of a 

vehicle's costs are not the engine (such as a large crane).  

Select references for off-road TCO evaluations include those from the EPA,54 DOE,55 

and ANL.56   

Business Readiness 

Business Readiness is a multiplying factor used to reflect the impact of companies or 

firms accelerating (or decelerating) their adoption of FCEV technology. For example, 

many global organizations have set Net Zero targets and will likely be early adopters of 

FCEV or BEV technology. If they adopt primarily FCEV technology, this will accelerate 

H2 adoption.  

Table 13: Definition of Business Readiness Values 

Evaluation Value 

Laggard 80% 

Delayed 90% 

Market 

Driven 

100% 

Fast Follower 110% 

Early Adopter 120% 

 
54 https://nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=P1015AQX.pdf  
55 https://www.hydrogen.energy.gov/pdfs/review23/ta065_ahluwalia_2023_o.pdf  
56 https://www.energy.gov/sites/default/files/2021-12/922-9-mission-innovation-ANL.pdf  

https://nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=P1015AQX.pdf
https://www.hydrogen.energy.gov/pdfs/review23/ta065_ahluwalia_2023_o.pdf
https://www.energy.gov/sites/default/files/2021-12/922-9-mission-innovation-ANL.pdf
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There are many companies with Net Zero Targets, and many have signed up and 

publicized these policies, such as with Net Zero Tracker.57 Since assumptions were 

conducted at the vehicle application level, evaluations were not an explicit 

representation of individual company commitments, but rather a representation of how 

fleet operators may act. 

In the Low scenario, all evaluations across all time periods across all applications were 

evaluated as Market Driven, meaning the multiplier would be 100% and that H2 

adoption rates would not be impacted by business readiness. For Medium and High 

scenarios standard evaluation were used across most applications reflected in Table 

14, below. 

Table 14: Standard Evaluations of Business Readiness Across Scenarios 

Scenario 2025 2030 2035 2040 2045 

Low 

Scenario 

Market 

Driven 

Market 

Driven 

Market 

Driven 

Market 

Driven 

Market 

Driven 

Medium Market 

Driven 

Fast 

Follower 

Fast 

Follower 

Fast 

Follower 

Fast 

Follower 

High 

Scenario 

Market 

Driven 

Early 

Adopter 

Fast 

Follower 

Fast 

Follower 

Fast 

Follower 

 

Policy & Regulation  

While policy and regulation considerations are already factored into the model through 

the ZEV adoption rates and existing legislation (see Mobility - Assumptions section), an 

additional factor was added to consider potential changes in legislation. Similar to 

Business Readiness, the Policy & Regulation driver was defined as follows: 

 
57 https://zerotracker.net/  

https://zerotracker.net/
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Table 15: Definition of Policy & Regulation Driver Values 

Evaluation Value 

Significantly Delayed 

Legislation  

80% 

Delayed Legislation 90% 

Existing Legislation 100% 

Some H2 Legislation 110% 

Significant H2 Legislation 120% 

 

Itôs important to reiterate that this additional factor differs from existing legislation, in that 

existing legislation has already been taken into account in the model to inform the % of 

ZEV sales, and this additional factor affects the % of FCEV sales out of the ZEV sales. 

In the Conservative and Moderate scenarios, this model driver effectively has no impact 

on H2 adoption rates as only existing legislation is reflected (the multiplier value is 

100%). For the Ambitious scenario, the possible impact of potential additional legislation 

is reflected across the entire modelled time period.  

Table 16: Standard Evaluations of Policy & Regulation Variable Across Scenarios 

Scenario 2025 2030 2035 2040 2045 

Low 

Scenario 

Existing 

Leg. 

Existing 

Leg. 

Existing 

Leg. 

Existing 

Leg. 

Existing 

Leg. 

Medium Existing 

Leg. 

Existing 

Leg. 

Existing 

Leg. 

Existing 

Leg. 

Existing 

Leg. 

High 

Scenario 

Some H2 

Leg. 

Some H2 

Leg. 

Some H2 

Leg. 

Some H2 

Leg. 

Some H2 

Leg. 

 

Hydrogen Adoption Rates Utilized 

From the above assessments, hydrogen adoption rates (vs alternatives) of new vehicle 

sales were developed by application group from 2025-2045, by scenario. All vehicles in 

the same application group (as defined above) were assumed to have the same 

adoption rates. 
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Figure 3: Hydrogen Adoption Rates of New Vehicle Sales Utilized (2045 Values) 

 






















































































































