
Technical Appendix

GHG Reduction Estimate Method:

● Measure #1: Replace (30) diesel trucks and buses with H2 trucks and buses and eliminate

the associated GHG emissions.

○ Define the type/number/performance of the (30) diesel vehicles to be replaced.

○ Model the annual diesel consumption of the (30) diesel trucks and buses by

defining an annual duty cycle and estimating the vehicles fuel efficiency (mi/gal).

○ Calculate the annual CO2e that would be produced from diesel consumed using

the Emissions Factor provided by EPA

● Measure #2: Eliminate the transport diesel from the fuel terminal in Newell, WV to

Marion County (240 mi round trip), thereby eliminating the associated GHG emissions

from the delivery.

○ Use the estimated annual diesel fuel consumption and an assumed diesel tanker

size of 10,000 gal to calculate the number of refueling trips required per year.

○ Use the assumed fuel efficiency (mi/gal) of the fuel tanker to calculate the fuel

used in transporting diesel from the fuel terminal to Marion County.

○ Calculate the annual CO2e that would be produced from diesel consumed using

the Emissions Factor provided by EPA

● Measure #3: Sell any surplus H2 produced by the HLH2 Facility to CFS to fuel the H2

vehicles owned by CFS as part of ARCH2 to replace diesel vehicles and eliminate their

GHG emissions.

○ Use the estimated annual fuel consumption for the (30) diesel trucks to estimate

the equivalent amount of H2 that would be consumed by the replacement H2

vehicles using the assumed H2 vehicle fuel efficiency (mi/kg H2)

○ Compare the estimated annual H2 consumption to the estimated H2 annual

production from the HLH2 Facility.

○ If and to the extent the H2 fuel consumption is less than the H2 produced then

any surplus would be sold to CFS for use in CFS H2 vehicles.

○ Assume the type of vehicle that would be used by CFS to consume the H2 and

calculate the VMT that vehicle would need to travel to consume the equivalent

amount of diesel calculated using the diesel fuel efficiency (mi/gal) for that

vehicle.

○ Calculate the annual CO2e that would be produced from diesel consumed using

the Emissions Factor provided by EPA

Models/Tools Used:

● Marion County used Clean Fuel Services LLC to develop the GHG Reduction proforma

submitted as part of this application (GHG Reduction 24-04-01.xlsx)



● The contact details for the developer of this proforma are: Brian Redmond, 713-705-4591,

brian@hlaggregates.com.

Measure Implementation Assumptions:

● A schedule for the HLH2 Facility development and construction is included in this

Technical Appendix and are also discussed in Section 2.

● Measure implementation will be completed in 30 months from grant award.

● Measure lifetime will continue until the H2 vehicles are no longer in service and are not

replaced with additional H2 vehicles.

● Measure capital cost assumptions are included in this Technical Appendix and are also

discussed in Section 3.

● Measure operating cost assumptions are included in this Technical Appendix.

GHG Emission Reduction Assumptions, Scenarios, Calculations, Results:

● GHG reduction estimate assumptions are provided in this Technical Appendix and are

discussed in Section 2.

● Reference case assumptions are provided in this Technical Appendix and are discussed in

Section 2.

● Measure-specific activity data used for estimating GHG emission reductions for each

measure are provided in this Technical Appendix as discussed in Section 2

Vehicle Feet Assumptions: The fuel efficiency and emission values for the fleet of (30) existing diesel

vehicles currently used in Marion and Harrison Counties and the fuel efficiency values of the (30) new H2

vehicles that will replace them are provided in the following table (which is continued on the following

page).



Table 1: County Diesel and Hydrogen Vehicle Fleet Assumptions

Emissions Factor: As presented in Section 2, Marion and Harrison counties defined a 30 vehicle fleet mix

of the trucks and buses described in the table above that were suitable for H2 applications and provided

the economies of scale to efficiently use the H2 produced. The EPA emissions factor of 10.21 kg CO2e/gal

shown in the following table was used to convert gallons of diesel to kg CO2e.

Table 2: EPA Emissions Factors

Fuel Efficiency: Marion County estimated the fuel efficiency of each vehicle in the 30 vehicle fleet based

on the values provided below by the Federal Highway Administration (FHA) (see Table 3 below). Marion

County also consulted with the Marion County Public School Transportation Department, the

Fairmont-Marion County Transit Authority, and the White Hall Public Service District to understand the

actual fuel efficiencies of these types of vehicles given the VMT and terrain. Based on these discussions,

Marion County slightly increased the fuel efficiency for tri axle trucks and slightly decreased the fuel

efficiency for Class 8 trucks to reflect actual observed fuel efficiency values.



Though publicly available data as to the fuel efficiency of H2 trucks is limited, the US DOE has reported

that the fuel efficiency of hydrogen trucks (expressed as mi/kg H2) is between 15% - 25% higher than the

fuel efficiency of equivalent diesel trucks (expressed as mi/gal). For purposes of calculating hydrogen

consumption a 20% increase in hydrogen vehicle fuel efficiency was assumed.

FHA mi/gal HLH2mi/gal HLH2 mi/kg H2

Class 8 Heavy Haul Truck 6.0 5.0 6.0

Class 7 Tri Axle/Refuse Truck 2.8 4.0 4.8

Class 7 Service Truck 6.0 6.0 7.2

School Bus 7.0 7.0 8.4

Transit Bus 3.7 5.0 6.0

Note: DOE studies indicate that H2 vehicle fuel efficiency (expressed as mi/kg H2) is estimated

to be 120% of diesel fuel efficiency (expressed as mi/gal)

Table 3: FHA MPG Diesel Trucks and Buses

Measure #1: Elimination of VMT Using Diesel To calculate the Measure #1 GHG emissions reduction,

Marion County assumed a duty cycle for each vehicle in the fleet which included VMT/day and operating

days/month as listed in the following Table 4. This assumption was used to calculate VMT/yr and kg/yr of

CO2e for the entire fleet. Since H2 FCEVs do not emit GHGs, the entire quantity of CO2e would be

eliminated. Cumulative GHG Emissions Reduction from Measure #1 is shown in the following table.



Table 4: Measure 1 Emissions Reduction

Measure #2: Avoided VMT To calculate the Measure #2 GHG emissions reduction, Marion County

calculated the total VMT/yr for a tanker truck delivering diesel from the supply terminal in Newell, WV to

the bus/truck depots in Marion and Harrison counties. The quantity of diesel fuel delivered by the

tanker truck (gal/year) was used to calculate the number of trips taken/yr and the total VMT/yr assuming

a typical tanker size of 10,000 gal and a round trip distance of 240 miles. At an assumed fuel efficiency

of 4.9 mi/gal the tanker would have consumed 742 gal/yr of diesel fuel and generated GHG emissions of

7.57 mt/yr of CO2e. GHG Emissions Reduction from Measure #2 is shown in the following table.

Table 5: Measure 2 Emissions Reduction

Measure #3: VMT Using H2 Sold to CFS: Marion County used the following methodology to calculate

the Measure #3 GHG emissions reduction provided in Table 6 below:



● Calculate the total expected H2 production during a given year using the Energy and Mass

Balance provided in Table 7 below.

● Calculate the estimated consumption of H2 from the vehicles in the fleet, assuming the duty

cycle for the H2 vehicles remained the same as the diesel vehicles that were replaced.

● Calculate any surplus H2 by subtracting the H2 consumption from the H2 production to

● Calculate the VMT that a H2 truck owned by CFS would travel using the surplus H2.

● Calculate the equivalent amount of diesel that a truck would consume in traveling the VMT.

● Use the emission factor for diesel to calculate the GHG emissions (CO2e) that would have been

generated by the diesel truck.

● Use the procedure set for in Measure #2 above to calculate the GHG emissions that will be

avoided by not having to transport diesel from the Newell, WV terminal to Marion County.



Table 6: Measure #3 GHG Emissions Reduction

Hydrogen Production: The green H2 production facility being developed as part of the HLH2 Facility will

generate approximately 130 kg/yr of H2. This level of production is sufficient to supply the estimated 126

kg/hr of hydrogen demand from the 30 HD/MD vehicles being used by Marion and Harrison Counties.

Any surplus H2 will be sold through the adjacent CFS Depot to third party customers. The energy and

mass balance assumptions for hydrogen production are set forth in Table 1 below:

● Land required for solar development is conservatively estimated to be 8 acres/MW.

● Solar farm capacity factor is estimated to be 15.5% per the National Renewable Energy

Laboratory (NREL).

● Solar farm energy losses are assumed to be 25% (per NREL).

● Battery Energy Storage System (BESS) is 4 batteries each sized to produce 979 kw for 4 hours.

● Electrolyzer sized at a 1.25 MW to fully use available solar + battery capacity.

● Water and power from Tri State Water and FirstEnergy are available on site.



Table 7. Green Hydrogen Production Assumptions

Solar Farm + Battery Energy Storage System

Holt Renewables provided the following cost proposal for the solar farm and Battery Energy Storage

System (BESS) that will be used in the HLH2 Facility.

Hydrolyzer

Accelera, a US based subsidiary of Cummins provided the following cost proposal for the hydrolyzer

described in the Energy and Mass Balance table above.



Balance of Plant

The pricing listed above for the balance of plant, including: water supply connection, water treatment,

upgrade to existing power line, H2 gas dryer + separator, and compressor were based on vendor

discussions and market due diligence.

Land Cost

Marion County has secured the commitment of the owner of the target site to sell the site to Marion

County for the purpose of the HLH2 Facility if the CPRG implementation funds are awarded. The site is

industrial land adjacent to the CFS Depot and has no prior environmental issues. Marion County has

assumed a budget cost of $35,000 per acre which is comparable to land sales in the area. See the

following map which references Parcel A and Parcel B as the proposed location of the HLH2 Facility

located adjacent to the CFS Dept and the Hog Lick Aggregates Quarry in White Hall, WV.

Vehicle Fleet Cost: As discussed in Section 2 GHG emissions reduction measures #1, #2, and #3 will be

achieved by replacing 30 diesel fueled trucks and buses currently used in Marion and Harrison Counties

with H2 fueled vehicles. Table 7 below lists the assumed capital cost for each of the H2 vehicles that will

replace their diesel equivalent. The H2 vehicle cost estimates were based on market research and

conversations with Cummins and Hyzon - two of the leading US based companies developing HD/MD H2

vehicles. Hyzon is currently producing and selling H2 FCEVs and Cummins is developing both H2 FCEVs

and H2 ICEs with expected commercial availability in 2025. These prices are also supported by a 2022



paper by the International Council on Clean Transportation entitled “A Meta-Study of the Purchase Costs

for Zero Emission Trucks”.

Table 7: Fleet Vehicle Capital Costs

Operation and Maintenance Cost Assumptions: Fuel cost is by far the largest cost incurred in operating

a vehicle. The HLH2 Facility produces H2 fuel on-site using the solar farm, BESS and electrolyzer and

does incur the cost of purchasing hydrogen from a third party. The associated operating costs for these

systems include the following:

● Costs to monitor and clean the solar panels

● Costs to monitor the BESS and electrolyzer

● Costs for periodic maintenance of the various components.

Maintenance costs are the second highest cost in operating a vehicle. The HLH2 Facility intends to enter

into performance based vehicle purchase agreements with vehicle manufacturers that will require

specific performance factors (e.g., fuel efficiency, uptime, etc.). In addition, the HLH2 Facility will use the

H2 maintenance and service capabilities of the CFS Depot which will operate and maintain HD/MD at the

CFS Depot which is part of the DOE funded ARCH2. The ability to share H2 vehicle maintenance

equipment and personnel with the CFS Depot will provide a significant savings for the HLH2 Facility.


