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Introduction 
This GHG Technical Appendix explains the methodology and assumptions for developing the estimated GHG 

emission reductions for Measures 1 and 2 of this application. The attached GHG Emission Reduction Calculations 

spreadsheet (GHGcalcs_GoTriangle.xlsx) demonstrates the specific formulas and assumptions used to determine 

the anticipated emissions reductions. “GHG 00 – Summary” (Sheet 1) provides an overview of estimated metric 

tons of CO2e avoided in 2025-2030 and 2025-2050, requested funding, and cost effectiveness. “GHG 01 – BEB” 

(Sheet 2) details the inputs, assumptions, and calculations for annual and cumulative emissions reductions 

estimated for Measure 1. “GHG 02 – PV” (Sheet 3) details the inputs, assumptions, and calculations for annual and 

cumulative emissions reductions estimated for Measure 2.    

 

1 Measure 1: Battery Electric Buses and Charging Infrastructure 

Reference Case Scenario 

To determine the estimated emissions reductions for Measure 1: Battery-Electric Buses (BEBs) and Charging 

Infrastructure, the calculations were performed based on projected “business as usual” emissions of 10 diesel 

buses operating plus diesel fuel deliveries for 10 buses.  

Sheet “GHG 01 – BEB” of the Calculations spreadsheet demonstrates projected future GHG emissions in the 

absence of this implemented measure. As seen below under Table 1B: Emissions Factors and Associated Emissions, 

estimated CO2, CH4, and N2O emissions are converted to MT CO2e/year and projected for 10 diesel-powered buses. 

GoTriangle is seeking to replace 10 diesel buses with 10 BEBs and various chargers as we work to electrify our fleet.  

1.a Tables 1A: Measure-Specific Activity Data 

Table 1A establishes the measure-specific activity data—as well as the estimate methods, tools, and assumptions 

needed to establish this measure-specific activity data—utilized to calculate annual and cumulative emissions 

reductions for 10 buses. 

GoTriangle and Nelson Road BOMF Site Data:  

• There are 2 underground diesel fuel tanks storing 20,000 gallons of diesel fuel each, for a total of 40,000 

gallons.  

• 10 diesel buses are being replaced with 10 battery-electric buses (BEBs).  

• As a regional public transit provider, GoTriangle is operational 365 days a year.  

Measure Implementation Assumptions:  

• Total miles in a year for 1 bus averaged around 28,000 post-COVID. For years 2025-2050, an assumed 20%-

50% increase has been factored into the calculation, which led to an average of 35% increased mileage. In 

total, 37,800 miles have been used to inform the calculations.  
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• The diesel fuel supplier is located in Selma, North Carolina which is 46 miles away from the Bus Operations 

and Maintenance Facility (BOMF), making a round trip of 92 miles.  

Tools Used:  

• AFLEET Tool1 was used to quantify miles per gallon for two vehicle types:  

o A transit bus with a mileage of 37,800 miles/year (28,000 miles x 35% increased mileage) amounts 

to 4.4 miles/gallon.  

o A combination short-haul truck was selected in the AFLEET Tool for the diesel fuel truck. The 

standard input for the tool reflected 65,000 miles/year, which amounts to 4.5 miles/gallon. 

 

 
 

Calculations for Diesel Consumption of Transit Buses:  

• Total miles/year per 1 bus, plus 35% projected growth = 28,000 * 1.35 = projecting 37,800 miles/year/bus 

• Total miles/year per 1 bus ÷ days/year = 37,800 ÷ 365 = 103.56 miles/day/bus 

• Total miles/day per 1 bus  ÷ miles/gallon = 103.56 ÷ 4.4 miles/gallon (per AFLEET) = 23.54 gallons/day/bus 

• Total gallons consumed per day for 10 buses = 23.54 gal/day/bus * 10 buses = 235.37 gallons/day/10 buses 

Calculations for Diesel Consumption of Delivery Trucks:  

• Total gallons consumed per day for 10 buses = 23.54 gal/day/bus * 10 buses = 235.37 gallons/day/10 buses 

• Total days for 10 buses to empty tanks = 40,000 gallons/2 tanks ÷ 235.4 gal/day/10 buses = 169.95 days  

• Number of fuel delivery trips to fuel 10 diesel buses = days in a year ÷ days for 10 buses to empty 

40,000-gallon tanks in a year = 365 days/year ÷ 169.95 days/refuel = 2.15 fuel deliveries/year 

• Total miles driven by fuel truck each year to site, to provide fuel for 10 diesel buses = 92 miles round trip 

* 2.15 deliveries per year = 198 miles roundtrip  

 

 
1
 Argonne National Lab, AFLEET Online Tool. 

https://afleet.es.anl.gov/afleet/. 
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• Total gallons consumed per year for fuel deliveries for 10 diesel buses = 198 miles/refill ÷ 4.50 miles/gallon 

(as per AFLEET for short haul truck) = 43.91 gallons/year  

• Total gallons per day for fuel deliveries of 10 diesel buses = 43.91 gallons/year ÷ 365 days = 0.12 

gallons/day for fuel deliveries 

• Total gallons of diesel per day = 235.37 gallons/day (10 diesel buses) + 0.12 gallons/day (diesel refuel 

trucks) = 235.49 gallons/day total (10 buses + fuel deliveries for 10 buses) 

 

1.b Table 1B: Emissions Factors and Associated Emissions 

GHG Reduction Estimate Assumptions: 

• As per NOFO Appendix B: Global Warming Potentials (GWPs) for GHGs, as informed by the 2013 IPCC AR5 

Fifth Assessment Report, the 100-year GWP for greenhouse gases referenced in the calculations are as 

follows:   

o Carbon dioxide (CO2) = 1   

o Methane (CH4) = 28  

o Nitrous Oxide (N2O) = 265  

• The emissions factors for each of the greenhouse gases have been informed by the Emissions Factors for 

Transport Fuel Use by GHG Protocol.2  

o As per “Table 12. CO2 Emission Factors by Fuel” below, the emission factor for US on-road diesel 

fuel is 10.15 kilograms/US gallon.  

 
 

o As per “Table 13. CH4 and N2O Emission Factors by Fuel” below, the emissions factors for US diesel 

buses are 0.01887 grams/US gallon for CH4 and 0.01776 grams/US gallon for N2O.  

 

 
2 GHG Protocol. “CO2 Emissions Factor for Transport Fuel Use”, (March 2017). 

https://ghgprotocol.org/sites/default/files/Emission_Factors_from_Cross_Sector_Tools_March_2017.xlsx 
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Calculations for Estimated Annual Emissions:  

• The emission factors are converted to unified units from grams/gallon and kilograms/gallon to metric tons 

of the respective gas/gallon of diesel: 

o CO2 = (10.15 kilograms/gallon) ÷ 1,000 kg/MT= 0.010150 MT CO2/gallon  

o CH4 = (0.01887 grams/gallon) ÷ 1,000,000 g/MT = 1.89 x 10-8 MT CH4/gallon  

o N2O = (0.01776 grams/gallon) ÷ 1,000,000 g/MT = 1.78 x 10-8 MT N2O/gallon  

• The emission rates for each gas are converted to equivalents of CO2 (CO2e) by multiplying them with their 

respective 100-year GWPs: 

o CO2 = 0.010150 MT CO2/gallon * 1 = 0.010150 MT CO2e/gallon  

o CH4 = 1.89 x 10-8 MT CH4/gallon * 28 = 5.28 x 10-7 MT CO2e/gallon  

o N2O = 1.8 x 10-8 MT N2O/gallon * 265 = 4.71 x 10-6 MT CO2e/gallon  

• As calculated in Table 1a, the total diesel fuel for 10 buses = 235.49 gallons. The emissions/day for 10 

buses is calculated as: 

o CO2 = 0.010150 MT CO2e/gallon * 235.49 gallons/day/bus = 2.390 MT CO2e/day  

o CH4 = 1.0 x 10-5 MT CO2e/gallon * 235.49 = 1.24 x 10-4 MT CO2e/day  

o N2O = 5.0 x 10-5 MT CO2e/gallon * 235.49 = 1.11 x 10-3 MT CO2e/day 

o Total = summation = 2.391433 MT CO2e/day = Total emissions per day for 10 buses 

• The emissions generated per year for 10 buses: 

o CO2 = 2.390 MT CO2e/day * 365 days/year = 872.422950 MT CO2e/year  

o CH4 = 1.24 x 10-4 MT CO2e/day * 365 days/year = 0.045414 MT CO2e/year  

o N2O = 1.11 x 10-3 MT CO2e/day * 365 days/year = 0.404529 MT CO2e/year  

o Total = summation = 872.872893 MT CO2e/year = Total emissions per year for 10 buses 

 

1.c Table 1C: Magnitude of Emissions Reductions Between Time Frames 

Measure Implementation Assumptions:  

• The BEBs are anticipated to be delivered around 2/1/2028.  

• Considering the lifespans of BEBs are 12 years,3 the useful life span of the buses will be until 2/1/2040.   

Site Emissions Avoided for 2025-2030: 

o The number of days from the delivery date (2/1/2028) through the end of 2030 (12/31/2030) is a total of 

 

 
3 NREL. “Financial analysis of battery electric transit buses”, (June 

2020) https://afdc.energy.gov/files/u/publication/financial_analysis_be_transit_buses.pdf. 
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1,064 days, which informs the emissions avoided for this time frame.  

o 1,064 days * 2.39 MT CO2e/day emissions avoided for 10 buses = 2,544.48 MT CO2e/day site emissions 

avoided from 2025-2030. 

Site Emissions Avoided for 2025-2040 (Useful BEB Life): 

o Since the useful life span of the buses is until 2/1/2040, the calculations are informed from the delivery 

date (2/1/2028) through the useful life (2/1/2040) for a total of 4,383 days. 

o 4,383 days * 2.39 MT CO2e/day emissions avoided for 10 buses = 10,481.65 MT CO2e/day site emissions 

avoided from 2025-2040. 

Site Emissions Avoided for 2025-2050 (Maintenance/BEB Battery Replacement): 

o Recognizing that maintenance and repair efforts can maintain the BEBs, the following calculations project 

emissions reduced through 2050 in full. 

o The number of days from the delivery date (2/1/2028) through the end of 2050 (12/31/2050) is a total of 

8,369 days, which informs the emissions avoided for this time frame. 

o 8,369 days * 2.39 MT CO2e/day emissions avoided for 10 buses = 20,013.90 MT CO2e/day site emissions 

avoided from 2025-2050. 

2 Measure 2: Solar Photovoltaic Canopies 

Reference Case Scenario 

To calculate the estimated emissions reductions for Measure 2: Solar Photovoltaic (PV) Canopies, the calculations 

were performed based on projected “business as usual” emissions by calculating the amount of energy that can 

be generated within the available site footprint. This onsite energy generation is assumed to offset a portion of 

the BOMF’s grid (“source”) energy consumption. 

Sheet “GHG 02 – PV” of the Calculations spreadsheet demonstrates projected future GHG emissions in the absence 

of this implemented measure. As seen below under Table 2B: Emissions Factors and Associated Emissions, 

estimated CO2, CH4, and N2O emissions (MT CO2e/year) are calculated for consumption of grid electricity.  

2.a Table 2A: Measure-Specific Activity Data 

Table 2A establishes the measure-specific activity data—as well as the estimate methods, tools, and assumptions 

needed to establish this measure-specific activity data—utilized to calculate annual and cumulative emissions 

reductions for approximately 3,278 PV panels. 

GoTriangle and Nelson Road BOMF Site Data: 

• The square footage of the space available on site for solar photovoltaics (PVs) is 59,000 SF.  

GHG Reduction Estimate Assumptions:  

• The size for each photovoltaic panel is assumed at 18 SF. 

• Total available site area  ÷ estimated panel area = 59,000 SF ÷ 18 SF/panel = 3,278 panels 

• The anticipated potential output per panel is assumed to be 250 W = 0.25 kW. 

• The total number of panels * individual panel output = 3,278 panels * 0.25 kW = 819 kW total system 

energy generation = DC system size 

Tools Used: 

• The above assumptions and calculations were used to inform the National Renewable Energy Laboratory’s 

PVWatts tool to calculate the estimated annual energy generation of 1,134,004 kWh/year. Assuming a 2% 

loss in energy per year, this was rounded down to 1,100,000 kWh/year onsite energy generation. 

• 1,100,000 kWh/year ÷ 365 days/year = 3,013.70 kWh/day ÷ 1,000 kWh/MWh = 3.0137 MWh/day onsite 

energy generation 
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2.b Table 2B: Emissions Factors and Associated Emissions 

GHG Reduction Data: 

• As per NOFO Appendix B: Global Warming Potentials (GWPs) for GHGs, as informed by the 2013 IPCC AR5 

Fifth Assessment Report, the 100-year GWP for greenhouse gases referenced in the calculations are as 

follows:   

o Carbon dioxide (CO2) = 1   

o Methane (CH4) = 28  

o Nitrous Oxide (N2O) = 265  

• The emissions factors for each of the greenhouse gases have been identified from the EPA Emission 

Factors for GHG Inventories 

• The emissions factors for each of the greenhouse gases have been informed by the Emissions Factors for 

Transport Fuel Use by GHG Protocol.4  

o As per Table 6: Electricity, the eGRID subregion is SERC Virginia/Carolina based on the location of 

the BOMF, identified with the acronym SRVC 

 The non-baseload emission factor for CO2 is 1308.8 pounds/MWh 

 The non-baseload emission factor for CH4 is 0.099 pounds/MWh 

 The non-baseload emission factor for N2O is 0.014 pounds/MWh 

 

Calculations for Estimated Annual Emissions:  

• The emissions factors are converted to unified units from pounds/MWh to metric tons (MT) of the 

respective gas/MWh: 

o CO2 = 1,308.8 lb/MWh ÷ 2,204.62 lb/MT = 0.59366 MT CO2/MWh 

o CH4 = 0.099 lb/MWh ÷ 2,204.62 lb/MT = 4.49 x 10-5 MT CH4/MWh 

o N2O = 0.014 lb/MWh ÷ 2,204.62 lb/MT = 6.35 x10-6 MT N2O/MWh 

• The emission rates for each gas are converted to equivalents of CO2 (CO2e) by multiplying them with their 

 

 
4 EPA. “Emissions Factor for Greenhouse Inventories” (September,2023) 

https://www.epa.gov/system/files/documents/2023-03/ghg_emission_factors_hub.pdf  
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respective 100-year GWPs: 

o CO2 = 0.59366 MT CO2/MWh * 1 = 0.593662 MT CO2e/MWh 

o CH4 = 0.00004491 MT CH4/MWh * 28 = 0.001257 MT CO2e/MWh 

o N2O = 0.00000635 MT N2O/MWh * 265 = 0.001683 MT CO2e/MWh 

• As calculated in Table 2a, the daily energy offset by the PVs at the BOMF is 3.01 MWh/day. The 

emissions/day to be offset by PVs is calculated as: 

o CO2 = 0.59366 MT CO2e/MWh * 3.01 MWh/day = 1.789120 MT CO2e/day 

o CH4 = 0.001257 MT CO2e/MWh * 3.01 MWh/day = 0.003789 MT CO2e/day 

o N2O = 0.001683 MT CO2e/MWh * 3.01 MWh/day = 0.005072 MT CO2e/day 

o Total = summation = 1.797980 MT CO2e/day = Total BOMF emissions avoided per day with PVs 

• The emissions avoided per year with the PVs is calculated as: 

o CO2 = 1.789120 MT CO2e/day * 365 days/year = 653.029 MT CO2e/year 

o CH4 = 0.003789 MT CO2e/day * 365 days/year = 1.383 MT CO2e/year 

o N2O = 0.005072 MT CO2e/day * 365 days/year = 1.851 MT CO2e/year 

o Total = summation = 656.263 MT CO2e/year = Total BOMF emissions avoided per year with PVs 

 

2.c Table 2C: Magnitude of Emissions Reductions Between Time Frames 

Measure Implementation Assumptions:  

• The PVs are anticipated to be delivered around 2/1/2028.  

• Considering the lifespan of the PV canopies are 33 years,5 the useful life span of the PVs will be until 

2/1/2061. Both 2030 and 2050 occur before the end of the useful life of 2061; therefore, both calculations 

account for 2030 and 2050 respectively.  

Source Emissions Avoided for 2025-2030: 

o The number of days from the delivery date (2/1/2028) through the end of 2030 (12/31/2030) is a total of 

1,064 days, which informs the emissions avoided for this time frame.  

o 1,064 days * 1.80 MT CO2e/day emissions avoided with PVs = 1,913.05 MT CO2e/day source emissions 

avoided from 2025-2030. 

Source Emissions Avoided for 2025-2050: 

o The number of days from the delivery date (2/1/2028) through the end of 2050 (12/31/2050) is a total of 

8,369 days, which informs the emissions avoided for this time frame.  

o 8,369 days * 1.80 MT CO2e/day emissions avoided with PVs = 15,047.30 MT CO2e/day source emissions 

avoided from 2025-2050. 

 

 

 
5 Forbes. “How Long Do Solar Panels Last?” (September, 2023) https://www.forbes.com/home-improvement/solar/how-long-do-solar-panels-last/ 



ESTIMATED GREENHOUSE GAS (GHG) REDUCED EMISSIONS

[#1 BEBs] GHG Reduction Measure 1: BEBs and Electric Charging Infrastructure

[#1] Systems (Site) Fuel Source

Total Tank Sizes 

(Gallons)

Gallons/Day Used for 

10 Buses

Days for 10 Buses to 

Empty Tank

Fuel Deliveries per 

Year (# Trips)

Miles from Fuel Source 

to Site (Roundtrip)

Miles/Year to Site 

to Fuel 10 Buses

Miles/Gallon 

per 1 Diesel Truck

Gallons/Year for 

Fuel Deliveries

Gallons/Day for 

Fuel Deliveries

Diesel Deliveries to Site for 10 Buses Diesel 40,000                 235.37                          169.95                              2.15                           92                                       198                               4.50                           43.91                         0.12                        

Notes

two 20,000 

gallon tanks

calculated from 

below Cell I12

operational 365 

days

 Supplier in Selma, NC 

(46 miles away) 

AFLEET Tool, 

Short-Haul Truck 

[#1] Systems (Site) Fuel Source

Number of 

Diesel Buses

Operational 

Days/Year

Miles/Year

per 1 Bus

Miles/Day

per 1 Bus

Miles/Gallon 

per 1 Bus

Gallons/Day 

per 1 Bus

Gallons/Day 

per 10 Buses

Diesel Bus Diesel 10 365                               37,800                              103.56                       4.40                                    23.54                            235.37                       

Diesel Deliveries to Site for 10 Buses (see above) 0.12                           

Notes

averaged 28,000 miles 

post-COVID; assume 

+20% to +50% growth

AFLEET Tool, 

Transit Bus

 Total Gallons/Day 

(10 buses + fuel 

deliveries): 235.49                       

Table 1B: Emissions Factors and Associated Emissions

[#1] Systems (Site) 100-Year GWP

Source of Emissions 

Factor Conversions

Gallons/Day for 

10 Buses

Emissions/Day 

for 10 Buses

(MT CO2e/day)

Emissions/Year 

for 10 Buses

(MT CO2e/year)

Carbon Dioxide CO2 1 10.150000 kilogram/gallon

On-Road Diesel Fuel (US 

region) 0.010150000 MT CO2/gallon 0.010150 MT CO2e/gallon 2.390200            872.422950        

Methane CH4 28 0.018870 gram/gallon Diesel bus (US region) 1.89E-08 MT CH4/gallon 5.28E-07 MT CO2e/gallon 1.24E-04 0.045414            

Nitrous Oxide N2O 265 0.017760 gram/gallon Diesel bus (US region) 1.78E-08 MT N2O/gallon 4.71E-06 MT CO2e/gallon 1.11E-03 0.404529            

Totals 0.010155235 2.391433            872.872893        

Notes
Source: EPA NOFO, 

Appendix B

Convert to final 

numerator

Multiply by GWP 

for CO 2 e

[#1] Systems (Site) Operational By

BEB Useful 

Lifespan (12 yr)

Days From Delivery 

to 2030 

(in 2025-2030)

MT CO2e Site Emissions 

Avoided w/10 BEBs

(2025-2030)

Days From Delivery 

to 2040 Useful Life

(in 2025-2040)

MT CO2e Site Emissions 

Avoided w/10 BEBs

(2025-2040)

Days From Delivery 

to 2050 and Replaced 

Batteries

(in 2025-2050)

MT CO2e Site 

Emissions Avoided 

w/10 BEBs

(2025-2050)

Measure #1: BEBs 2/1/2028 2/1/2040 1064 2,544.48                           4,383                         10,481.65                          8,369                            20,013.90                 

Notes
short of 2050 

(use 2040)

Reduced by BEB's 

12-year useful life

Through 2040

(useful life)

Through 2050

(replace batteries)

Through 2050

(replace batteries)

Table 1C: Magnitude of Emissions Reductions between Time Frames

SITE EMISSIONS

1,000 kg = 1 metric 

ton (MT)

1,000,000 g = 1 MT

Tables 1A: Measure-Specific Activity Data

Source: GHG Protocol Emission Factors_Transport Fuel Use

(Tables 12 and 13)

Emissions Rate

Diesel 235.49                   

Greenhouse Gas Emissions FactorEmissions Factor

ESTIMATED GREENHOUSE GAS (GHG) REDUCED EMISSIONS

[#2 PVs] GHG Reduction Measure 2: Solar Photovoltaic (PV) Canopies

[#2] Systems (Source) Fuel Source

Site Availability 

(SF) Panel Size (SF)

Approx. Number of 

Panels

Individual Panel 

Output (kW) DC System Size (kW)

Annual Energy 

Generation 

(kWh/Year)

Annual Energy 

Generation with 

Losses (kWh/Year)

Daily Energy 

Generation 

(kWh/Day)

Daily Energy 

Generation 

(MWh/Day)

Photovoltaics Solar 59,000                  18.00                             3,278 0.25                             819                                       1,134,004                1,100,000 3,013.70                     3.0137                    

Notes PVWatts

round down as 

conservative

Table 2B: Emissions Factors and Associated Emissions

[#2] Systems (Source) 100-Year GWP

Source of Emissions 

Factor Conversions

BOMF Daily 

Energy Offset by 

PVs (MWh/Day)

Emissions/Day 

for BOMF, to be 

Offset by PVs

(MT CO2e/day)

Emissions/Year 

for BOMF, to be 

Offset by PVs

(MT CO2e/year)

Carbon Dioxide CO2 1 1308.8 pounds/MWh Non-Baseload Grid 0.59366240

(metric ton) 

MT CO2/MWh 0.593662 MT CO2e/MWh 1.789120             653.029               

Methane CH4 28 0.099 pounds/MWh Non-Baseload Grid 4.49E-05 MT CH4/MWh 0.001257 MT CO2e/MWh 0.003789             1.383                    

Nitrous Oxide N2O 265 0.014 pounds/MWh Non-Baseload Grid 6.35E-06 MT N2O/MWh 0.001683 MT CO2e/MWh 0.005072             1.851                    

Totals 0.596602589 1.797980             656.263               

Notes
Source: EPA NOFO, 

Appendix B

Convert to final 

numerator

Multiply by GWP 

for CO 2 e

[#2] Systems (Source) Operational By

PV Useful 

Lifespan (33 yr)

Days From Delivery to 

2030 

(in 2025-2030)

MT CO2e Source 

Emissions Avoided w/PV 

Canopy

(2025-2030)

Days From Delivery 

to 2050

(in 2025-2050)

MT CO2e Source 

Emissions Avoided w/PV 

Canopy

(2025-2050)

Measure #2: PV Canopies for BOMF 2/1/2028 2/1/2061 1064 1,913.05                            8,369                          15,047.30                           

Notes
extends beyond 

2050 (use 2050)

PV useful life is 

beyond 2050 - OK

3.01                         

SOURCE EMISSIONS

EPA Emission Factors for GHG Inventories (Table 6: Electricity)

Table 2C: Magnitude of Emissions Reductions between Time Frames

Table 2A: Measure-Specific Activity Data

Greenhouse Gas Emissions Factor Emissions Factor Emissions Rate

eGRID: SRVC

SERC Virginia/Carolina

2,204.62 lb = 

1 MT


