














































































































































Appendix: Energy-Equivalent Fuel Production Emissions Values

72

Fuel Type Green H2 Pink H2 Blue H2 Jet A Fuel
CO2 Emissions of Production [kg 

CO2/kg fuel] 0 0.2882 0.9883 1.4044

Cost with IRA [$/kg] 2.761 2.142 1.0083 1.455,* 3.175,*
*in units of $/gal. Also, representative of a low and high cost scenario

Citations:

[1] Lazard. (2021, October). Lazard's levelized cost of hydrogen analysis, 
version 2.0 [PDF file]. Retrieved from 
https://www.lazard.com/media/erzb5rkv/lazards-levelized-cost-of-hydrogen-
analysis-version-20-vf.pdf 
[2] Idaho National Laboratory. (2016). Characterization of alternative fuel 
blends [PDF file]. Retrieved from 
https://inldigitallibrary.inl.gov/sites/sti/sti/4886652.pdf 
[3] Collodi, G., Azzaro, G., Ferrari, N., & Santos, S. (2017). Techno-economic 
Evaluation of Deploying CCS in SMR Based Merchant H2 Production with NG as 
Feedstock and Fuel. Energy Procedia, 114, 2690-2712. 
https://doi.org/10.1016/j.egypro.2017.03.1533
[4] Jing, L., El-Houjeiri, H.M., Monfort, JC. et al. Understanding variability in 
petroleum jet fuel life cycle greenhouse gas emissions to inform aviation 
decarbonization. Nat Commun 13, 7853 (2022). 
https://doi.org/10.1038/s41467-022-35392-1 
[5]

Average H2 Demand per 
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Appendix: Transportation Emissions

Transport Type Variable Units Value

Newly Constructed Pipeline (36” 
Diameter)

Pipeline capacity (flow rate) kg/s 69.541

Pipeline operating power kWh/mile 162.001

Class 8 Electric Truck “Fuel” Economy kWh/mile 2.002

Class 8 Diesel Truck
Fuel Economy km/liter 2.63

Diesel Combustion Emissions g CO2/MJ 74.003

Grid Region (corresponds to H2 Hubs) Projected 2050 Emissions [kg CO2/kWh]4

California 0.009
Washington 0.007

Colorado 0.01
Georgia 0.009
Illinois 0.008
Texas 0.009

Pennsylvania 0.009
New York 0.008

Citations:

[1] DeSantis, D., James, B. D., Houchins, C., Saur, G., & 
Lyubovsky, M. (2021). Cost of long-distance energy 
transmission by different carriers. iScience, 24(12), 
103495. https://doi.org/10.1016/j.isci.2021.103495
[2] Gordon, J., LeCroy, C., Latif, B., Ichien, D., Arora, M., 
Johnson, K., Kailas, A., Fenton, D., & Brandis, K. (2022). 
The Zero-Emission Freight Revolution: California Case 
Studies. In 35th International Electric Vehicle Symposium 
and Exhibition (EVS35), Oslo, Norway, June 11-15, 2022.
[3] Argonne National Laboratory. (n.d.). HDSAM: 
Hydrogen Demand and Supply Analysis Model. Retrieved 
from https://hdsam.es.anl.gov/index.php?content=hdsam
[4] U.S. Energy Information Administration. (n.d.). State 
energy-related carbon dioxide emissions. Retrieved from 
https://www.eia.gov/environment/emissions/state/



Appendix: Transportation Costs

Transport Type Variable Description Units Value

Newly 
Constructed 
Pipeline

CAPEX $/mile 1,380,0001

OPEX $/mile/year 138,0001

Diesel Truck CAPEX $/truck 1,065,0002

OPEX $/truck/year 89,106.422

Battery Electric 
Truck

CAPEX $/truck 1,300,0002,3

OPEX $/truck/year 67,143.572,3

time cost of charging minutes/mile 1.443

Citations:

[1] DeSantis, D., James, B. D., Houchins, C., Saur, G., & 
Lyubovsky, M. (2021). Cost of long-distance energy 
transmission by different carriers. iScience, 24(12), 
103495. https://doi.org/10.1016/j.isci.2021.103495
[2] Argonne National Laboratory. (n.d.). HDSAM: 
Hydrogen Demand and Supply Analysis Model. Retrieved 
from https://hdsam.es.anl.gov/index.php?content=hdsam
[3] Gordon, J., LeCroy, C., Latif, B., Ichien, D., Arora, M., 
Johnson, K., Kailas, A., Fenton, D., & Brandis, K. (2022). 
The Zero-Emission Freight Revolution: California Case 
Studies. In 35th International Electric Vehicle Symposium 
and Exhibition (EVS35), Oslo, Norway, June 11-15, 2022.

https://doi.org/10.1016/j.isci.2021.103495


Appendix: Storage Emissions

Grid Region (corresponds to H2 Hubs) Projected 2050 Emissions [kg CO2/kWh]2

California 0.009
Washington 0.007

Colorado 0.01
Georgia 0.009
Illinois 0.008
Texas 0.009

Pennsylvania 0.009
New York 0.008

Energy consumption per storage tank (comes from cryogenic pump): 1,375 kWh  (annual)1 Citations:

[1] Argonne National Laboratory. 
(n.d.). HDSAM: Hydrogen Demand and 
Supply Analysis Model. Retrieved from 
https://hdsam.es.anl.gov/index.php?c
ontent=hdsam
[2]U.S. Energy Information 
Administration. (n.d.). State energy-
related carbon dioxide emissions. 
Retrieved from 
https://www.eia.gov/environment/em
issions/state/

https://hdsam.es.anl.gov/index.php?content=hdsam
https://hdsam.es.anl.gov/index.php?content=hdsam


Appendix: H2 Aircraft Design & Ranges

Company Aircraft Design Propulsion 
Type

Range Notes

Universal H2 
[1]

ATR72 & De 
Havilland Canada 
Dash-8

fuel cell 
electric

>600 nm conversion 
kit

ZeroAvia [2] 9-19 seat fuel cell 
electric

300 nm by 2025

40-80 seat 1,000 nm by 2027

Airbus ZEROe 
[3]

Turboprop (<100 
seats)

hybrid 
(combustion + 
fuel cells)

1,000+ nm

Blended-Wing Body 2,000+ nm

Turbofan

H2FLY [4] “Regional Aircraft” 
(40 seats)

fuel cell 
electric

1,080+ nm

Citations:

[1] Universal Hydrogen. (2023). Product. Universal 
Hydrogen Co. Retrieved May 26, 2023, from 
https://hydrogen.aero/product/
[2] ZeroAvia. (2023). Home. ZeroAvia. Retrieved 
May 26, 2023, from https://www.zeroavia.com/
[3] Airbus. (2023). Zero-Emission Aircraft: ZEROe. 
Airbus. Retrieved May 26, 2023, from 
https://www.airbus.com/en/innovation/low-
carbon-aviation/hydrogen/zeroe
[4] H2Fly. (2023). Company. H2Fly. Retrieved May 
26, 2023, from https://www.h2fly.de/company
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Appendix: Dominant Method of Hydrogen 
Production as a Function of Preference Weights
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Appendix: Modes of Transportation 
as a Function of Preference Weights
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