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1 INTRODUCTION 

This report documents the new inventory incorporated into the Research and Development 
version of Greenhouse gases, Regulated Emissions, and Energy use in Technologies (R&D 
GREET) 2025 model for the vehicle cycle of Type C school buses and intracity transit buses. 

The transportation sector contributes significantly to the United States’ energy consumption and 
resultant emissions (EPA, 2025a). However, public transit plays an important role in mitigating 
these impacts because it consumes a relatively low amount of energy per passenger 
(Congressional Budget Office, 2022). Public transit is widely used in the United States; more 
than 500,000 school buses (EPA, 2025b) and ~75,000 service buses (American Public 
Transportation Association, 2025) operate in the nation. These are primarily internal combustion 
engine vehicles (ICEVs) powered by diesel. 

Original equipment manufacturers (OEMs) are making efforts to electrify U.S. bus fleets by 
using batteries as a propulsion system to replace internal combustion engines. Electrification can 
reduce tailpipe emissions, such as particulate matter (with a diameter ≤10 µm [PM10] and with a 
diameter ≤2.5 µm [PM2.5]) and nitrogen oxides (Jonas et al., 2025; Martinez and Samaras, 2024; 
EPA, 2025b; Wayne et al., 2009). Hence, any energy and emission impact analysis of public 
transit must consider both conventional ICEVs and upcoming electric vehicle (EV) options for 
the school and transit buses that dominate this landscape. 

To understand the detailed environmental impact profiles of ICEV and EV school and transit 
buses, it is necessary to conduct a thorough analysis covering both vehicle manufacturing and 
vehicle use stages. The current literature lacks a detailed vehicle-cycle inventory for school and 
transit buses, which makes this kind of comparison difficult. To overcome this gap, we 
developed a comprehensive vehicle-cycle model for school and transit buses in Argonne’s R&D 
GREET 2025 model. The model is flexible in handling user inputs for key assumptions, such as 
component weights and material compositions, upstream energy sources for material processing, 
and vehicle operating parameters, to understand their impacts on energy use and emissions for 
both school and transit buses. 

This report is organized as follows: Section 2 provides details on the modeling approach and 
vehicle specifications (weights and composition of different vehicle components, and vehicle 
operating parameters) for both school and transit buses. Section 3 provides details on vehicle 
assembly, disposal, and recycling (ADR) approaches for the two buses. Section 4 includes details 
about their incorporation into the R&D GREET model.  
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2 MODELING APPROACH AND VEHICLE SPECIFICATIONS 

2.1 MODELING APPROACH 

The modeling approach for both school and transit buses is similar to the previously used 
framework for agricultural tractors in R&D GREET2 (shown in the Tractor tab). Both the 
vehicle cycle and the fuel cycle are considered for both kinds of buses. 

2.2 VEHICLE SPECIFICATIONS 

School buses are available in various sizes, ranging from Class 4 to Class 8, based on their 
weight rating. This work assesses a Type C conventional school bus with 78 seats, which is 
typical of a full-size Type C school bus (Arnold, 2025). 

Intracity transit buses are also available in sizes ranging from 30 to 60 feet. This work considers 
a 40-foot transit bus because it is the most common size of this bus category. 

Two powertrain options are considered for both school and transit buses: an ICEV and a fully 
battery EV. 

2.3 TOTAL VEHICLE WEIGHT 

The vehicle weights of both school and transit buses were obtained from Argonne’s Autonomie 
model (Islam et al., 2023) and are provided in Table 1. Autonomie provides details on vehicle 
weights for various powertrains in the Class 7 school bus and the Class 8 transit bus. In this 
study, we only consider ICEV and EV powertrain options for these buses. The total vehicle 
weight for ICEVs includes the weight of lead-acid batteries, and that for EVs includes the 
weights of both lead-acid batteries and lithium-ion batteries (LIBs). Two LIBs are considered for 
EVs: LiNi0.8Mn0.1Co0.1O2 (NMC811) and LiFePO4 (LFP). 

Table 1. Total Vehicle Weight for School and Transit 
Buses, Excluding Fuels 

Bus Type ICEV (lb.) 
EV (lb.) 

NMC811 LFP 
Class 7 School Bus 19,441 21,396 22,087 
Class 8 Transit Bus 26,418 33,472 31,698 

2.4 DEFINITION OF VEHICLE COMPONENTS 

School and transit buses differ in their constituent component systems, as shown in Table 2. 
Here, we use the same definitions for these component systems as those considered in our earlier 
studies for light-duty vehicles (LDVs) (Burnham, 2012; Burnham et al., 2006). ICEVs do not 
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include traction motors and electronic controllers. We consider a direct drive system for EVs, so 
the transmission system is not included for this powertrain. 

Table 2. Presence of Vehicle Components 

Component System ICEV EV 
Body Yes Yes 
Chassis Yes Yes 
Transmission Yes No 
Powertrain Yes Yes 
Traction Motor No Yes 
Electronic Controller No Yes 
Batteries Yes Yes 
Fluids (excluding fuel) Yes Yes 

To maintain consistency in our analysis, we obtained the weights of these component systems 
from Argonne’s Autonomie model (Islam et al. 2023). However, there are differences in the 
component systems used in this study compared to those provided in Autonomie. Table 3 
provides an overview of these differences. For example, the chassis weight in Autonomie 
includes the weights of the chassis, bus body, and powertrain considered in this study. 

Table 3. Comparison of Component Systems: Autonomie vs. This Study 

Autonomie This Study 
Chassis • Chassis (includes braking systems, wheels, tires, steering system, chassis 

electrical system, suspension, driveshaft/axles, differential, and cradle)  
• Bus body 
• Powertrain (after-treatment technology) 

Powertrain (ICEV) Powertrain (ICEV) 
Transmission Transmission 
Motor Traction motor and electronic controller 
Batteries Batteries (lead acid and lithium ion) 
Fuel Tank Powertrain (fuel tank) 

We employed both bottom-up and top-down approaches to resolve the inconsistencies in the 
weights of component systems and convert Autonomie-based component weights to component 
weights for this study. The process followed in this regard is similar to that employed in earlier 
work (Iyer et al., 2021). To convert the data from Autonomie-based component systems to those 
considered in this study, we used component system definitions adapted from prior studies 
(Burnham, 2012; Burnham et al., 2006). These components and systems are listed in Tables 4 
through 10. 
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Table 4. Body System 

Subsystems Individual Parts 
Body-in-white (BIW) Primary bus structure, usually a single-body assembly to which other major 

components are attached 
Body Panels Closure panels and hang-on panels, such as the hood, roof, decklid, doors, 

quarter panels, and fenders 
Front/Rear Bumpers Impact bars, energy absorbers, and mounting hardware 
Body Hardware Miscellaneous body components, including stop arms and signs for a school bus 
Glass Front windshield, rear windshield, and door windows 
Paint E-coat, priming, base coats, and clear coats 
Exterior Trim Molding, ornaments, bumper cover, air deflectors, ground effects, side trim, 

mirror assemblies, and nameplates 
Body Sealers/Deadeners All rubber trim 
Exterior Lighting Head lamps, fog lamps, turn signals, side markers, and taillight assemblies 
Instrument Panel  Panel structure, knee bolsters and brackets, instrument cluster, exterior surface, 

console storage, glove box panels, glove box assembly and exterior, and top 
cover 

Trim and Insulation Emergency brake cover, switch panels, ashtrays, armrests, cup holders, headliner 
assemblies, overhead console assemblies, assist handles, coat hooks, small item 
overhead storage, pillar trim, sun visors, carpet, padding, insulation, and 
accessory mats 

Door Door insulation, trim assemblies, speaker grills, switch panels, and handles (door 
panels are considered as part of the body panels category) 

Seating and Restraints Seat tracks, seat frames, foam, trim, restraints, anchors, head restraints, arm rests, 
seat belts, tensioners, clips, air bags, and sensor assemblies 

Heating, Ventilation, and Air 
Conditioning (HVAC)  

Air flow system, heating system, and air conditioning system (which includes a 
condenser, fan, heater, ducting, and controls) 

Interior Electronics Wiring and controls for interior lighting, instrumentation, and power accessories 

Table 5. Powertrain System 

Subsystems Individual Parts 
Engine Unit Engine block, cylinder heads, shafts, fuel injection, engine air system, ignition 

system, manifolds, alternator, containers and pumps for the lubrication system, 
gaskets, and seals 

Engine Fuel Storage Fuel tank, tank mounting straps, tank shield, insulation, filling piping, and supply 
piping 

Powertrain Thermal Water pump, radiator, and fan 
Exhaust Catalytic converter, muffler, heat shields, and exhaust piping 
Powertrain Electrical Control wiring, sensors, switches, and processors 
Emission Control Electronics Sensors, processors, and engine emission feedback equipment 
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Table 6. Transmission System 

Powertrains Individual Parts 
ICEV Transmission 
Unit 

Uses an automated manual transmission system (includes clutch, gearbox, final drive, 
and controls) 

EV Transmission Unit Uses a direct drive system, so no transmission unit 

Table 7. Chassis System 

Subsystems Individual Parts 
Cradle Frame assembly, front rails and cross-members, cab and body brackets (the cradle 

bolts to body-in-white and supports the mounting of the engine or fuel-cell) 
Driveshaft/Axles • Propeller shaft that connects the gearbox to the differential 

• Steer and drive axles 

Differential Gear set that transmits energy from the driveshaft to the axles and allows each of the 
driving wheels to rotate at different speeds, while supplying them with an equal 
amount of torque 

Suspensions Upper and lower shock brackets, shock absorbers, springs, steering knuckle, and 
stabilizer shaft 

Braking Hub, disc, rotor, splash shield, and calipers 
Wheels and Tires Steer and drive axle wheels and tires 
Steering Steering wheel, column, joints, linkages, bushes, housings, and hydraulic-assist 

equipment 
Chassis Electrical  Signals; switches; horn wiring; and the anti-lock braking system wiring, sensors, and 

processors 

Table 8. Electric-Drive System 

Subsystems Individual Parts 
Traction Motor Electric motor used to drive the wheels 
Electronic Controller Power controller/phase inverter system that converts power between the batteries and 

motor/generators for electric drive vehicles 

Table 9. Battery System 

Powertrains Individual Parts 
ICEV Lead-acid battery to handle startup and accessory load 
EV Lead-acid battery to handle mainly startup load 

LIB for use in an electric drive system 
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Table 10. Fluid System 

Powertrains Individual Parts 
ICEV Engine oil, engine/powertrain coolant with coolant cleaner, brake fluid, windshield fluid, 

transmission fluid, power steering fluid, lubricant oils 
EV Powertrain coolant with coolant cleaner, power steering fluid, brake fluid, transmission fluid, 

windshield fluid, and lubricant oils 

Vehicle-cycle analysis is dictated by two parameters: component system weights (that drive the 
total vehicle weight) and component material composition, which together determine the bill of 
materials for the vehicle (and, in turn, its vehicle-cycle impacts). Component weights obtained 
using the bottom-up approach were scaled to their corresponding weights obtained from 
Autonomie using the top-down approach. 

For specific component systems, additional modifications were required to determine their 
respective weights. For instance: 

• The powertrain weight for EVs includes powertrain thermal and electrical components. 

• The motor weight from Autonomie is distributed across the traction motor and the 
electronic controller for R&D GREET, based on our bottom-up weight calculations. For 
the EV school bus, the percentage distribution was 91.4% for the traction motor and 8.6% 
for the electronic controller, while for the EV transit bus, the percentage distribution was 
83.0% for the traction motor and 17.0% for the electronic controller. 

Equations 1–11 provide details on the conversion process of component weights from 
Autonomie to the component weight shares used in this study in Tables 14 and 15. Table 11 
explains the variables used in Equations 1–11: 

Chassis%  =  
Chassisbu

Chassisbu + Bodybu + Powertrainbu
×

Chassistotal_auto
Total_weightauto

 (1)1 

Body%  =  
Bodybu

Chassisbu + Bodybu + Powertrainbu
×

Chassistotal_auto
Total_weightauto

 (2)2 

 
1 Powertrainbu is only included for the EV calculation. 
2 Powertrainbu is only included for the EV calculation. 
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For EVs: 

Powertrain%  =  
Powertrainbu

Chassisbu + Bodybu + Powertrainbu
×

Chassistotal_auto
Total_weightauto

 (3) 

For ICEVs: 

Powertrain%  

=  
Engineauto + Fuel_tankauto + Generatorauto + Electronic_accessoryauto + Starterauto

Total_weightauto
 

(4) 

Transmission%  

=  
Gearboxauto + Mechanicalaccessoryauto + Torquq_couplingauto + Clutchauto + Final_driveauto

Total_weightauto
 (5)3 

Traction_motor%  =  
Motorauto

Total_weightauto
× Factorbu (6) 

Electronic_controller%  =  
Motorauto

Total_weightauto
× Factorbu (7) 

Powertrainauto  
=  Engineauto + Fuel_tankauto + Generatorauto
+ Electronic_accessoryauto + Starterauto 

(8) 

Transmissionauto  
=  Gearboxauto + Mechanicalaccessoryauto + Torquq_couplingauto
+ Clutchauto + Final_driveauto 

(9) 

Chassistotal_auto  =  Chassisauto + Wheelsauto (10)4 

Total_weightauto  =  Chassisauto + Powertrainauto + Transmissionauto + Motorauto (11) 

 
3 Transmission% is only calculated for ICEVs. For EVs, this weight is added to Chassisauto. 
4 Also includes Powertrainauto and Transmissionauto for EVs. 
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Table 11. Variables Used in Equations 1–11 

Variable Description 
Total_weightauto Total weight of the vehicle provided in Autonomie 

Chassisauto Weight of chassis provided in Autonomie 
Chassistotal_auto Weight of chassis including wheels provided in Autonomie (EVs also include 

transmission and powertrain in the chassis) 
Powertrainauto Weight of powertrain obtained from Autonomie 

Transmissionauto Weight of transmission obtained from Autonomie 
Engineauto Weight of engine provided in Autonomie 

Fuel_tankauto Weight of fuel tank provided in Autonomie 
Gearboxauto Weight of gearbox provided in Autonomie 

Generatorauto Weight of generator provided in Autonomie 
Motorauto Weight of traction motor provided in Autonomie 

Electronic_accessoryauto Weight of electronic accessory provided in Autonomie 
Mechanical_accessoryauto Weight of mechanical accessory provided in Autonomie 

Starterauto Weight of starter provided in Autonomie 
Torque_couplingauto Weight of torque coupling provided in Autonomie 

Clutchauto Weight of clutch provided in Autonomie 
Wheelsauto Weight of wheels provided in Autonomie 

Final_driveauto Weight of final drive provided in Autonomie 
Chassisbu Chassis weight percentage in total vehicle weight obtained from bottom-up 

approach 
Bodybu Body weight percentage in total vehicle weight obtained from bottom-up approach 

Powertrainbu Powertrain weight percentage in total vehicle weight obtained from bottom-up 
approach for EVs only 

Chassis% Chassis weight percentage used in this study 
Body% Body weight percentage used in this study 

Transmission% Transmission weight percentage used in this study 
Traction_motor% Traction motor weight percentage used in this study 

Electronic _controller% Electronic controller weight percentage used in this study 
Powertrain% Powertrain weight percentage used in this study 

Factorbu Weight distribution percentage between traction motor and electronic controller 
obtained from bottom-up approach 

auto: refers to data obtained from Autonomie; bu: refers to data obtained from the bottom-up approach 

2.5 VEHICLE COMPONENTS: MATERIAL COMPOSITION AND WEIGHT 

In addition to component weights, the material compositions of component systems are also 
needed to analyze the vehicle cycle of any vehicle. The literature review conducted for this study 
did not identify any prior studies on the material composition of school and/or transit bus 
components. To overcome this lacuna, we relied on details obtained from the bottom-up data 
collection from multiple data sources, as provided in Tables 12 and 13. The data sources used 
include company product catalogs for major components (such as engines, transmissions, 



 

9 

HVAC, axles, suspensions, traction motors, and electronic controllers); customer quotations for 
part details; and various websites. Material compositions of both types of bus bodies are based 
on the dimensions and material information provided in reports and other information found on 
websites, and using material densities. A similar approach was employed to determine the weight 
and material composition of the chassis cradle for each bus. 

Table 12. Data Sources for School Bus Component System Weights and Material Compositions 

Component System Key References 
Bus Body 75chromeshop (2025); Amazon (2025a); B-Quiet (2025); Carolina Thomas (2016); 

Carpenter Bus Parts (2025); DTNA Parts (2025); Etsy.com (2025); IC Bus (2025a,b; 
2013a,b); MidWest Bus Parts (2025); SchoolBusFleet (2011); Tepkos (2025a,b); Thomas 
Built Buses, Inc. (2025); Thomas Built Buses, Inc. (2017); Thomas Built Buses, Inc. 
(2024) 

Chassis Amazon (2025b,c); BuyTruckWheels.com (2025); Dana (2025a,b); DonBrown (2025); 
FleetPride (2025a,b); Fort Wayne Clutch (2025); Haldex (2025a); IC Bus (2025c; 
2013a,b); Meritor Parts Xpress (2025); Mobile Climate Control Reference Manual (2025); 
SimpleTire (2025); Thomas Built Buses, Inc. (2024); TruckPro (2025) 

Powertrain Amazon (2025d); Cummins (2025a,b); Ford Motor Company (2025a,b) 
Electric-Drive 
Components 

Blue Bird (2025) 

Transmission Amazon (2025e); Copeland International (2025) 

Table 13. Data Sources for Transit Bus Component System Weights and Material Compositions 

Component System Key References 
Bus Body Bus Parts Factory (2025); Gillig (2013); Kiel-Seating (2025); Middle Market Growth 

(2017); Proterra (2021); Seattle Transit Blog (2013); Spheros (2025; The International 
Council on Clean Transportation (2021); Thermo King (2025); Vapor Bus Door System 
(2025) 

Chassis Alcoa Wheels (2025); Big Rig Chrome Shop (2025); DuraBrake (2025); Eaton Vickers 
(2025); Gillig (2013); Haldex (2025b); International CE (2025); Michelin Tires (2025); 
Middle Market Growth (2017); MR Steering Specialist (2025); Navistar International 
(2025a); United Pacific (2025); ZF Friedrichshafen AG (2025a,b) 

Powertrain American Bus, Inc. (2025); AutoZone (2025); CEN (2025); Cummins (2021, 2017); 
Dale’s Super Store (2025); Modine EV (2025); Navistar International (2025b) 

Electric-Drive 
Components 

Accelera by Cummins (2025a,b); Littelfuse (2025); Parker (2025); Vanner, Inc. (2025) 

Transmission Voith (2020) 

The weight distribution between different component systems, calculated based on the 
description in Section 2.4, is given in Tables 14 and 15. 
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Table 14. Weight Breakdown of School Bus (values in wt.%) 

Component System ICEV EV 
Body (including BIW, interior, exterior, and glass) 55.6 57.2 
Chassis 38.0 39.2 
Transmission 2.4 — 
Powertrain 4.1 0.6 
Traction Motor — 2.7 
Electronic Controller — 0.3 

Table 15. Weight Breakdown of Transit Bus (values in wt.%) 

Component System ICEV EV 
Body (including BIW, interior, exterior, and glass) 56.7 58.4 
Chassis 38.1 38.3 
Transmission 1.9 — 
Powertrain 3.4 0.8 
Traction Motor — 2.1 
Electronic Controller — 0.4 

Bus bodies and chassis are assumed to be similar between ICEV and EV powertrains for each 
bus type (school and transit buses). The material compositions of different component systems 
are provided in Tables 16 through 21. 

Table 16. Material Composition of Component Systems in ICEV School Bus 
(values in wt.%) 

Material Body Powertrain Transmission Chassis 
Steel 72.4 45.3 69.0 77.1 
Cast Iron 0.1 42.3 24.0 7.9 
Cast Aluminum 0.0 4.6 6.0 0.2 
Aluminum Sheet (Automotive) 1.0 3.3 0.0 0.0 
Aluminum Extrusion (Automotive) 0.1 1.5 0.0 0.0 
Copper/Brass/Bronze 0.5 0.1 0.0 0.9 
Rubber 3.5 0.2 0.0 12.3 
Average Plastic 10.7 1.5 0.0 1.0 
Glass 3.4 0.0 0.0 0.0 
Zinc 0.3 0.0 0.0 0.2 
Others 8.1 1.1 1.0 0.5 
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Table 17. Material Composition of Component Systems in EV School Bus (values in wt.%) 

Material Body Powertrain Chassis 
Traction 
Motor 

Electronic 
Controller 

Steel 72.4 4.2 77.4 54.0 2.7 
Stainless Steel 0.0 0.0 0.0 0.7 0.0 
Cast Iron 0.1 0.0 7.7 0.0 0.0 
Cast Aluminum 0.0 0.0 0.2 31.6 52.9 
Aluminum Sheet (Automotive) 1.0 8.4 0.0 0.0 0.0 
Aluminum Extrusion (Automotive) 0.1 18.9 0.0 0.0 0.0 
Copper/Brass/Bronze 0.5 0.0 0.8 8.6 27.1 
Magnet (Nd(Dy)FeB) 0.0 0.0 0.0 2.9 0.0 
Nickel 0.0 0.0 0.0 0.0 0.0 
Rubber 3.5 0.9 12.2 0.0 1.1 
Average Plastic 10.7 67.6 1.0 0.0 11.3 
Nylon 0.0 0.0 0.0 0.0 0.0 
PET 0.0 0.0 0.0 0.3 0.0 
Fiberglass 0.0 0.0 0.0 0.0 0.0 
Glass 3.4 0.0 0.0 0.0 0.0 
Phenolic Resin 0.0 0.0 0.0 0.1 0.0 
Enamel 0.0 0.0 0.0 0.4 0.0 
PBT 0.0 0.0 0.0 0.2 0.0 
Mica 0.0 0.0 0.0 0.0 0.0 
Silicone 0.0 0.0 0.0 0.0 0.0 
Epoxy Resin 0.0 0.0 0.0 0.8 0.0 
Methacrylate Ester Resin 0.0 0.0 0.0 0.1 0.0 
Paint/Varnish 0.0 0.0 0.0 0.3 0.0 
Zinc 0.3 0.0 0.1 0.0 1.1 
Others 8.1 0.0 0.5 0.0 3.8 

Table 18. Material Composition of School Bus, 
Aggregate of All Component Systems (values in wt.%) 

Material ICEV EV 
Steel 73.0 73.2 
Stainless Steel 0.0 0.0 
Cast Iron 5.4 3.1 
Cast Aluminum 0.4 1.1 
Aluminum Sheet (Automotive) 0.7 0.6 
Aluminum Extrusion (Automotive) 0.1 0.2 
Copper/Brass/Bronze 0.6 0.9 
Magnet (Nd(Dy)FeB) 0.0 0.1 
Nickel 0.0 0.0 
Rubber 6.6 6.8 
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Material ICEV EV 
Average Plastic 6.4 6.9 
Nylon 0.0 0.0 
PET 0.0 0.0 
Fiberglass 0.0 0.0 
Glass 1.9 1.9 
Phenolic Resin 0.0 0.0 
Enamel 0.0 0.0 
PBT 0.0 0.0 
Mica 0.0 0.0 
Silicone 0.0 0.0 
Epoxy Resin 0.0 0.0 
Methacrylate Ester Resin 0.0 0.0 
Paint/Varnish 0.0 0.0 
Zinc 0.2 0.2 
Others 4.7 4.8 

Table 19. Material Composition of Component Systems in ICEV Transit Bus (values in wt.%) 

Material Body Powertrain Transmission Chassis 
Steel 56.1 42.2 69.0 75.7 
Cast Iron 0.2 44.4 24.0 5.8 
Cast Aluminum 0.0 4.9 6.0 4.0 
Aluminum Sheet (Automotive) 5.7 4.2 0.0 0.8 
Aluminum Extrusion (Automotive) 0.0 1.6 0.0 0.0 
Copper/Brass/Bronze 1.6 0.1 0.0 0.6 
Rubber 3.7 0.0 0.0 12.2 
Average Plastic 9.6 1.7 0.0 0.7 
Glass Fiber-Reinforced Plastic 15.3 0.0 0.0 0.0 
Glass 2.2 0.0 0.0 0.0 
Zinc 0.0 0.0 0.0 0.0 
Others 5.5 1.0 1.0 0.1 
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Table 20. Material Composition of Component Systems in EV Transit Bus (values in wt.%) 

Material Body Powertrain Chassis 
Traction 
Motor 

Electronic 
Controller 

Steel 56.0 29.9 76.3 54.0 2.7 
Stainless Steel 0.0 0.0 0.0 0.7 0.0 
Cast Iron 0.2 4.8 6.0 0.0 0.0 
Cast aluminum 0.0 0.0 4.1 31.6 52.9 
Aluminum Sheet (Automotive) 5.9 40.1 0.8 0.0 0.0 
Copper/Brass/Bronze 1.7 21.5 0.1 8.6 27.1 
Magnet (Nd(Dy)FeB) 0.0 0.0 0.0 2.9 0.0 
Nickel 0.0 0.0 0.0 0.0 0.0 
Rubber 3.7 0.0 12.4 0.0 1.1 
Average Plastic 9.6 3.7 0.1 0.0 11.3 
Nylon 0.0 0.0 0.0 0.0 0.0 
PET 0.0 0.0 0.0 0.3 0.0 
Glass Fiber-Reinforced Plastic 15.3 0.0 0.0 0.0 0.0 
Fiberglass 0.0 0.0 0.0 0.0 0.0 
Glass 2.2 0.0 0.0 0.0 0.0 
Phenolic Resin 0.0 0.0 0.0 0.1 0.0 
Enamel 0.0 0.0 0.0 0.4 0.0 
PBT 0.0 0.0 0.0 0.2 0.0 
Mica 0.0 0.0 0.0 0.0 0.0 
Silicone 0.0 0.0 0.0 0.0 0.0 
Epoxy Resin 0.0 0.0 0.0 0.8 0.0 
Methacrylate Ester Resin 0.0 0.0 0.0 0.1 0.0 
Paint/Varnish 0.0 0.0 0.0 0.3 0.0 
Zinc 0.0 0.0 0.0 0.0 1.1 
Others 5.5 0.0 0.1 0.0 3.8 
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Table 21. Material Composition of Transit Bus, 
Aggregate of All Component Systems (values in wt.%) 

Material ICEV EV 
Steel 63.4 63.3 
Stainless Steel 0.0 0.0 
Cast Iron 4.3 2.5 
Cast Aluminum 1.8 2.5 
Aluminum Sheet (Automotive) 3.7 4.1 
Aluminum Extrusion (Automotive) 0.1 0.0 
Copper/Brass/Bronze 1.1 1.5 
Magnet (Nd(Dy)FeB) 0.0 0.1 
Nickel 0.0 0.0 
Rubber 6.7 6.9 
Average Plastic 5.8 5.7 
Nylon 0.0 0.0 
PET 0.0 0.0 
Glass Fiber-Reinforced Plastic 8.7 8.9 
Fiberglass 0.0 0.0 
Glass 1.3 1.3 
Phenolic Resin 0.0 0.0 
Enamel 0.0 0.0 
PBT 0.0 0.0 
Mica 0.0 0.0 
Silicone 0.0 0.0 
Epoxy Resin 0.0 0.0 
Methacrylate Ester Resin 0.0 0.0 
Paint/Varnish 0.0 0.0 
Zinc 0.0 0.0 
Others 3.2 3.3 

2.6 BATTERIES: SIZING, WEIGHT AND MATERIAL COMPOSITION 

Battery capacity for both school and transit buses was obtained from the Autonomie model, as 
reported in Islam et al. (2023). We assume that lead-acid battery requirements for school buses 
are similar to those of Class 6 pickup-and-delivery trucks, while those for transit buses are 
similar to the lead-acid battery requirements for Class 8 regional day-cab trucks (Iyer et al., 
2021). The material compositions of lead-acid batteries are taken from Burnham (2012). LIB 
weights, capacities, and material compositions are obtained by inputting battery energy/power 
capacities from Islam et. al (2023) into Argonne’s Battery Performance and Cost (BatPaC) 
model (Knehr et al., 2022). We only consider NMC811 and LFP cathode chemistries for these 
two buses. Tables 22 through 28 provide details about batteries used in school and transit buses. 
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Table 22. EV LIB Energy Requirements 
from Autonomie 

Type of Bus Energy Requirement (kWh) 
School 197.6 
Transit 491.5 

Table 23. Specific Energy of LIBs 

Type of Bus LIB Chemistry EV Battery Specific Energy (Wh/kg) 
School NMC811 173.4 

LFP 136.0 
Transit NMC811 180.3 

LFP 139.2 

Table 24. Material Composition of EV School Bus LIBs 
(values in wt.%) 

Material 
Material Composition (wt.%) 

NMC811 LFP 
Active Material 21.7 26.2 
Graphite/Carbon 15.0 13.4 
Silicon 0.0 0.0 
Binder 0.8 0.8 
Copper 14.9 13.9 
Aluminum Sheet  14.5 13.9 
LiPF6 1.2 1.3 
Ethylene Carbonate 3.3 3.7 
Dimethyl Carbonate 3.3 3.7 
Polypropylene 0.1 0.1 
Polyethylene 1.7 1.6 
Plastic (Average) 0.5 0.5 
Polyethylene Terephthalate 0.2 0.2 
Steel 12.6 11.3 
Stainless Steel 5.6 5.2 
Rubber 0.1 0.1 
Thermal Insulation 0.3 0.3 
Coolant 3.7 3.5 
Electronic Parts 0.6 0.5 
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Table 25. Material Composition of EV Transit Bus LIBs (values 
in wt.%) 

Material 
Material Composition (wt.%) 

NMC811 LFP 
Active Material 22.5 26.9 
Graphite/Carbon 15.5 13.7 
Silicon 0.0 0.0 
Binder 0.8 0.8 
Copper 15.1 14.1 
Average Aluminum Sheet (Automotive) 15.1 14.7 
Cast Aluminum 0.0 0.0 
Electrolyte: LiPF6 1.2 1.4 
Electrolyte: Ethylene Carbonate 3.4 3.8 
Electrolyte: Dimethyl Carbonate 3.4 3.8 
Plastic: Polypropylene 0.1 0.1 
Plastic: Polyethylene 1.8 1.8 
Plastic: Polymer 0.5 0.5 
Plastic: Polyethylene Terephthalate 0.3 0.3 
Steel 11.0 9.9 
Stainless Steel 5.0 4.6 
Rubber 0.1 0.0 
Thermal Insulation 0.3 0.2 
Coolant: Glycol 3.4 3.1 
Electronic Parts 0.4 0.3 

Table 26. Lead-Acid Batteries in 
Different Powertrains 

Type of Bus 
No. of Batteries 
ICEV EV 

School 2 1 
Transit 3 1 

Table 27. Material Composition of Lead-Acid 
Batteries in Buses (values in wt.%) 

Material Material Composition (wt.%) 
Polypropylene 6.1 
Lead 69.0 
Sulfuric Acid 7.9 
Fiberglass 2.1 
Water 14.1 
Others 0.8 
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Table 28. Bus Battery Weight (in lb.) 

Type of Bus Battery Type and Chemistry ICEV EV 
School Lead-acid 138 69 

LIB, NMC811 — 2,513 
LIB, LFP — 3,204 

Transit Lead-acid 207 69 
LIB, NMC811 — 6,011 
LIB, LFP — 7,784 

2.7 BATTERY REPLACEMENT AND RECYCLING 

Battery replacement values are from an earlier work on MHDVs, where Class 7 school buses are 
treated similarly to Class 6 pickup-and-delivery trucks, while Class 8 transit buses are similar to 
Class 8 day-cab trucks (Iyer et al., 2021). Details about the number of times batteries are 
replaced for each school and transit buses are provided in Table 29. 

Table 29. Battery Replacement and Recycling 

Type of Bus 
Type of Battery 

Lead-acid LIB 
School 6 0 
Transit 3 1 

2.8 REPLACEMENTS OF COMPONENTS: TIRES, FLUIDS, AND OTHERS 

The average vehicle lifetime of a school bus is usually 350,000 miles or 12 years (Kay et al., 
2011). Based on the annual mileage of 14,084 miles (Alternative Fuels Data Center, 2024), the 
operating year is the limiting factor in our calculation for the school bus. Therefore, we 
multiplied the annual miles of the school bus by its lifetime (12 years) to determine its total 
lifetime miles. Similarly, for a transit bus, vehicle lifetime is around 500,000 miles (Kay et al., 
2011). A school bus travels fewer miles on average than a transit bus (14,084 miles vs. 42,940 
miles) (Alternative Fuels Data Center, 2024). We assume that a tire will travel an average of 
50,000 miles in its lifetime (School Bus Fleet, 2022). Both school buses and transit buses use 
two front tires and four rear tires. Table 30 lists the average lifetime of these tires. 

Table 30. Lifetime of Bus Tires 

Type of Bus 
No. of Tires No. of Replacements 

Front Tires Rear Tires Front Tires Rear Tires 
School 2 4 3 3 
Transit 2 4 9 9 
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Similar to batteries, the vehicle fluid data for these two buses are similar to the corresponding 
MHDVs (i.e., Class 6 pickup-and-delivery truck for the school bus and Class 8 day-cab truck for 
the transit bus). Table 31 provides the lifetime number of fluid replacements for each bus, while 
Tables 32 and 33 provide the fluid amount for different bus powertrains. 

Table 31. Lifetime Number of Bus Fluid Replacements 

Fluid 
Type of Bus 

School Transit 
Engine Oil 9 19 
Steer Axle Lubricant 11 39 
Drive Axle Lubricant 0 1 
Inter-Axle Shaft/Driveshaft Lubricant 11 7 
Lubricant: Wheel Ends at Steer Axle 0 1 
Lubricant: Wheel Ends at Drive Axle 0 1 
Transmission 3 1 
Engine/Powertrain Coolant 1 1 
Coolant Cleaner 1 1 
Windshield Washer 52 32 

Table 32. Amount of Fluid per Use Cycle, School Bus 

Fluid 
Weight of Fluid Used (lb.) 

ICEV EV 
Engine Oil 33.7 0.0 
Steer Axle Lubricant 15.4 15.4 
Drive Axle Lubricant 12.9 12.9 
Inter-Axle Shaft/Driveshaft Lubricant 30.9 30.9 
Lubricant: Wheel Ends at Steer Axle 19.0 19.0 
Lubricant: Wheel Ends at Drive Axle 19.0 19.0 
Power Steering 0.0 0.0 
Brake 0.0 0.0 
Transmission 16.9 5.2 
Engine/Powertrain Coolant 54.1 37.1 
Coolant Cleaner 55.1 37.8 
Windshield Washer 15.9 15.9 
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Table 33. Amount of Fluid per Use Cycle, Transit Bus 

Fluid 
Weight of Fluid Used (lb.) 

ICEV EV 
Engine Oil 92.2 0.0 
Steer Axle Lubricant 15.4 15.4 
Drive Axle Lubricant 45.2 45.2 
Inter-Axle Shaft/Driveshaft Lubricant 30.9 30.9 
Lubricant: Wheel Ends at Steer Axle 19.0 19.0 
Lubricant: Wheel Ends at Drive Axle 38.0 38.0 
Power Steering 0.0 0.0 
Brake 0.0 0.0 
Transmission 14.1 2.2 
Engine/Powertrain Coolant 121.1 83.0 
Coolant Cleaner 55.1 37.8 
Windshield Washer 15.9 15.9 

2.9 LIMITATIONS 

There is no detailed inventory for both school and transit buses from a single source. Therefore, 
we employed a bottom-up approach to collect data from multiple sources, which may lead to 
some inconsistencies in this study. We also extended the datasets for energy use and emissions 
associated with vehicle fluids from MHDVs to both school and transit buses. Material 
compositions of the traction motor, batteries, electronic controller, and several other components 
are assumed to be similar to the corresponding components in LDVs and MHDVs. We assume 
plastics to be average plastic (as defined in the “Vehi_Plastics” tab of R&D GREET2), unless 
otherwise specified. Materials whose inventory is not available in R&D GREET, such as wood 
and some metals, are included in “Others.” We assume these have no contributions to energy and 
emission impacts. The weight contributions of these materials are small compared to those of 
materials covered within R&D GREET, and hence, their impacts are expected to be minimal.  
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3 VEHICLE ASSEMBLY, DISPOSAL, AND RECYCLING 

We assume that the data for vehicle ADR processes are similar to those used for LDVs and 
MHDVs in R&D GREET (Burnham, 2012; Burnham et al., 2006; Wang et al., 2024). For 
vehicle disposal and recycling, energy consumed is scaled based on the weight of the buses. We 
assume that energy use associated with lead-acid battery assembly is similar to the amounts used 
for LDVs and MHDVs (Burnham, 2012; Burnham et al., 2006; Wang et al., 2024). LIB 
assembly energy is taken from a recent update on battery assembly energy (Pandey et al., 2025). 
The details of ADR energy consumption are given in Table 34. 

Table 34. Energy Use Associated with Vehicle and Battery ADR 

Constituent Process Energy Consumed 
Paint Production 0.287 mmBtu/vehicle 
Painting 2.759 mmBtu/vehicle 
HVAC and Lighting 0.99 mmBtu/vehicle 
Heating 2.982 mmBtu/vehicle 
Material Handling 0.205 mmBtu/vehicle 
Welding 0.273 mmBtu/vehicle 
Compressed Air 0.409 mmBtu/vehicle 
Disposal/Recycling 0.00047 mmBtu/vehicle × Weighta 
Lead-acid Battery Assembly 2.300 mmBtu/lb. 
LIB Assembly (NMC811) 0.130 mmBtu/kWh 
LIB Assembly (LFP) 0.155 mmBtu/kWh 

a Weight = weight of bus, excluding fuel.  
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4 R&D GREET2 MODEL STRUCTURE EXPANSION FOR SCHOOL 
AND TRANSIT BUSES 

Two new tabs are introduced in the R&D GREET2 2025 version—"Class_7_School_Bus” and 
“Class_8_Transit_Bus”—to incorporate the respective vehicle-cycle modeling of the two buses. 
Both tabs are designed to include both vehicle- and fuel-cycle information about these buses 
(fuel-cycle information is obtained from R&D GREET1). All required inputs and assumptions 
are also included within the appropriate tabs. Each tab includes a total of 20 sections. Users have 
the option to select the LIB cathode chemistry in Section 3.1 in each tab of R&D GREET2.  



 

22 

5 ACKNOWLEDGEMENTS 

This activity was supported by the Vehicle Technologies Office (VTO), U.S. Department of 
Energy (DOE) under Contract Number DE-AC02-06CH11357. The authors would like to thank 
Brian Cunningham of VTO for his guidance and support. The authors would like to thank Michel 
Alhajjar of Argonne National Laboratory for his technical support.  



 

23 

6 REFERENCES 

75chromeshop. 2025. “Driver Seat.” Accessed March 7, 2025. 
https://www.75chromeshop.com/all-products/atlas-ii-dlx-highback-seat-black-leather-with-arm-
rests/. 

Accelera by Cummins. 2025a. “Transit Bus Inverter.” Accessed October 7, 2025. 
https://www.accelerazero.com/elfa-3. 

Accelera by Cummins. 2025b. “Transit Bus Auxiliary Inverter.” Accessed October 7, 2025. 
https://www.accelerazero.com/auxiliary-inverter-dcu-15-75. 

Alcoa Wheels. 2025. “Transit Bus Wheels.” Accessed October 7, 2025. 
https://buytruckwheels.com/products/22-5x9-00-alcoa-lvl-one. 

Alternative Fuels Data Center. 2024. “Average Annual Vehicle Miles Traveled by Major Vehicle 
Category.” Accessed October 7, 2025. https://afdc.energy.gov/data/widgets/10309. 

Amazon. 2025a. “Freightliner Side Dash Panel.” Accessed October 7, 2025. 
https://www.amazon.com/Genuine-Freightliner-Dash-Panel-A18-22178-017/dp/B09D5D2PLN. 

Amazon. 2025b. “Freightliner Steering Wheel.” Accessed October 7, 2025. 
https://www.amazon.com/Genuine-Freightliner-Steering-Wheel-A14-12612-
000/dp/B098R7C83F. 

Amazon. 2025c. “School Bus Air Conditioner Compressor.” Accessed October 7, 2025. 
https://www.amazon.com/Conditioner-Compressor-43557240-488-47240-
10057240/dp/B0DHP77KND. 

Amazon. 2025d. “School Bus Water Pump for Engine.” Accessed October 7, 2025. 
https://www.amazon.com/Coolant-3684450-3683651-4386576-compatible/dp/B0CL4DR9QB. 

Amazon. 2025e. “School Bus Transmission Cooler.” Accessed October 7, 2025. 
https://www.amazon.com/Transmission-transmission-production-protection-
performance/dp/B0CPP42NVV. 

American Bus, Inc. 2025. “Transit Bus Fuel Tank.” Accessed October 7, 2025. 
https://www.american-bus-inc.com/FTRS15100CC-54. 

American Public Transportation Association. 2025. 2025 Public Transportation Fact Book. 
Accessed October 7, 2025. https://www.apta.com/wp-content/uploads/APTA-2025-Public-
Transportation-Fact-Book.pdf. 

Arnold, L. 2025. “A Practical Guide to School Bus Types and Their Specifications.” Accessed 
October 12, 2025. https://www.infinitytransportation.net/blog/student-bus-rental-all-you-need-
to-know. 



 

24 

AutoZone. 2025. “Transit Bus Catalytic Converter.” Accessed October 7, 2025. 
https://www.autozone.com/emission-control-and-exhaust/catalytic-converter-efn/p/dorman-
direct-fit-federal-catalytic-converter-674-3101/615325_0_0. 

Big Rig Chrome Shop. 2025. “Steering Wheel.” Accessed October 7, 2025. 
https://www.bigrigchromeshop.com/20-inch-retro-bone-steering-wheel-w-3-spokes.html. 

Blue Bird. 2025. “Blue Bird Service Manual CVEV BBCV Vision Electric.” Accessed October 
7, 2025. https://vantage.blue-
bird.com/Uploads/Public/Documents/ServiceManuals/2026_BBCV_ElectricBus_SrvMnl_USan
dCanada_Vol2_10084410a.pdf. 

B-Quiet. 2025. “School Bus Deadners.” Accessed October 7, 2025. https://b-
quiet.com/blogs/resources/school-bus-conversions-sound-deadening. 

Burnham, A. 2012. Updated Vehicle Specifications in the GREET Vehicle-Cycle Model. 
Argonne National Laboratory. 

Burnham, A., M. Wang, and Y. Wu. 2006. Development and Applications of GREET 2.7—The 
Transportation Vehicle-Cycle Model. Argonne National Laboratory. 

Bus Parts Factory. 2025. “Bus Headlights.” Accessed October 7, 2025. 
http://www.buspartsfactory.com/product/original-accessories-for-bus-headlights-6122. 

BuyTruckWheels.com. 2025. “Accuride 22.5x8.25 Hub Pilot Steel Wheel 10 Hand Hole, 
10x335mm.” Accessed October 7, 2025. https://buytruckwheels.com/products/22-5x8-25-steel-
ultramount-335-accuride. 

CEN (C.E. Niehoff). 2025. “Transit Bus Heavy-Duty C850 Alternator.” Accessed October 7, 
2025. https://www.kirks.com/c-e-niehoff-c803d-and-c850-alternator/. 

Carolina Thomas. 2016. “School Bus Seat Belt.” Accessed October 7, 2025. 
https://www.carolinathomas.com/2016/03/21/carolina-thomas-with-ncdpi-to-provide-75-buses-
for-nc-seat-belt-implementation/. 

Carpenter Bus Parts. 2025. “School Bus Passenger Entry Doors.” Accessed October 7, 2025. 
https://www.carpenterbusparts.com/product/07-002-027-passenger-entry-doors-set/. 

Congressional Budget Office. 2022. “Emissions of Carbon Dioxide in the Transportation 
Sector.” Accessed October 6, 2025. https://www.cbo.gov/publication/58861#footnote-011. 

Copeland International. 2025. “Allison 2500 Series Automatic Transmission.” Accessed October 
7, 2025. https://copelandintl.com/shop/on-highway/1k-2k/allison-2500-series/. 

Cummins. 2025a. “School Bus Engine B6.7.” Accessed October 7, 2025. 
https://www.cummins.com/engines/b67-2021?v=4301&application=School%20Bus. 



 

25 

Cummins. 2025b. “Fan Clutch.” Accessed October 7, 2025. 
https://shop.cummins.com/SC/product/cummins-fan-clutch-3927312/01t4N0000048eLHQAY. 

Cummins. 2021. “Engine Control Module for Cummins L9.” Accessed October 7, 2025. 
https://www.truckpaper.com/listing/for-sale/218388607/2021-cummins-l9-ecm. 

Cummins. 2017. “L9 Engine for Transit Bus.” Accessed October 7, 2025. 
https://www.cummins.com/engines/l9-2017?v=831&page=4. 

Dale’s Super Store. 2025. “Transit Bus Muffler.” Accessed October 7, 2025. 
https://dalessuperstore.com/i-23928304-new-heavy-duty-semi-truck-muffler-51-x-5-x-5-
bluebird-buses-more-universal-fitment.html. 

Dana. 2025a. “SPL100X Universal Joint.” Accessed October 7, 2025. 
https://www.danaaftermarket.com/spl-automotive/automotive-driveshaft/universal-
joints/part/universal-joint/SPL100X. 

Dana. 2025b. “Detroit Axles.” Accessed October 7, 2025. https://dtnacontent-
dtna.prd.freightliner.com/content/dam/enterprise/documents/9166-detroit_axles_brochure-2020-
04-03.pdf. 

DonBrown. 2025. “School Bus Condenser.” Accessed October 7, 2025. 
https://donbrownbusparts.com/products/77-00274-11-cm-3-condenser. 

DTNA Parts. 2025. “School Bus Hood.” Accessed October 7, 2025. 
https://www.dtnapartscap.com/parts-categories/cab-exterior/tbb-stock-hoods-thomas-built-bus-
school-bus/. 

DuraBrake. 2025. “Transit Bus Brake.” Accessed October 7, 2025. 
https://www.durabrake.com/wp-content/uploads/2023/02/air-disc-brake-catalog.pdf. 

Eaton Vickers. 2025. “Vane Pump.” Accessed October 7, 2025. 
https://www.pmchydraulics.com/content/files/brochures/datasheets/pumps/eaton/eaton%20v10%
20and%20v20.pdf. 

EPA (U.S. Environmental Protection Agency). 2025a. “Fast Facts on Transportation Greenhouse 
Gas Emissions.” Accessed October 6, 2025. https://www.epa.gov/greenvehicles/fast-facts-
transportation-greenhouse-gas-emissions. 

EPA (U.S. Environmental Protection Agency). 2025b. “Benefits of Clean School Buses.” 
Accessed October 6, 2025. https://www.epa.gov/cleanschoolbus/benefits-clean-school-buses. 

Etsy. 2025. “School Bus Seating Chart.” Accessed October 7, 2025. 
https://www.etsy.com/listing/1662134942/school-bus-seating-chart-school-bus. 

FleetPride. 2025a. “ConMet Brake Drums.” Accessed October 7, 2025. 
https://www.fleetpride.com/parts/conmet-brake-drum-107866. 



 

26 

FleetPride. 2025b. “Accuride 22.5" x 8.25" 10-Hole Hub-Piloted Tubeless Steel Wheel.” 
Accessed October 7, 2025. https://www.fleetpride.com/parts/accuride-wheel-51487pkblk21. 

Ford Motor Company. 2025a. “School Bus Catalytic Converter.” Accessed October 7, 2025. 
https://www.ford.com/product/converter-assembly-p4000010225. 

Ford Motor Company. 2025b. “School Bus Exhaust Muffler and Pipe.” Accessed October 7, 
2025. https://www.ford.com/product/rear-muffler-and-pipe-assembly-p4000099598. 

Fort Wayne Clutch. 2025. “School Bus Driveshaft.” Accessed October 7, 2025. 
https://fortwayneclutch.com/product/spicer-spl100-series-2pc-driveshaft-100ds05003-860m-and-
100cs55003-890m-sku-spl100_860m-890m/. 

Gillig. 2013. “Gillig Savannah (Chatham) Parts Manual.” Accessed October 7, 2025. 
https://www.catchacat.org/wp-content/uploads/2013/11/RFP-2015-07-Add.-Bus-Rehab-Parts-
3.pdf. 

Haldex. 2025a. “Haldex Spring Brake.” Accessed October 7, 2025. 
https://www.haldex.com/en/na/actuators/goldseal-combination-spring-brakes/gc3030l/. 

Haldex. 2025b. “Transit Bus Brake Rotors.” Accessed October 7, 2025. 
https://www.haldex.com/globalassets/north-america/documents/air-disc-brakes/l20004.pdf. 

IC Bus. 2025a. “School Bus Stepwell.” Accessed October 7, 2025. 
https://s1partscenter.com/brands/international/ic-bus/stepwell/2218702c1. 

IC Bus. 2025b. “School Bus Passenger Seats.” Accessed October 7, 2025. 
https://s1partscenter.com/brands/international/ic-bus/foam/obic939fr. 

IC Bus. 2025c. “School Bus Heater.” Accessed October 7, 2025. 
https://s1partscenter.com/brands/international/ic-bus/heater/2206538c95. 

IC Bus. 2013a. “How It’s Made – School Bus: Part 1.” YouTube video, accessed October 7, 
2025. https://www.youtube.com/watch?v=fs037FpNgrM. 

IC Bus. 2013b. “How It’s Made – School Bus: Part 2.” YouTube video, accessed October 7, 
2025. https://www.youtube.com/watch?v=07eMP8HEa88. 

International CE. 2025. “Steering Column.” Accessed October 7, 2025. https://lkq-ht.com/shop-
parts/products-2587333c91-international-ce-steering-column-1920003. 

Islam, E. S., D. Nieto Prada, R. Vijayagopal, C. Mansour, P. Phillips, N. Kim, M. Alchahir 
Alhajjar, and A. Rousseau. 2023. Detailed Simulation Study to Evaluate Future Transportation 
Decarbonization Potential. https://doi.org/10.2172/2279172. 

Iyer, R., J. Kelly, and A. Elgowainy. 2021. Vehicle-Cycle Inventory for Medium- and Heavy-
Duty Vehicles. Argonne National Laboratory. 



 

27 

Jonas, T., B. Borlaug, M. Bruchon, and E. Wood. 2025. “Electrifying Education: Exploring the 
Electrification Potential of U.S. School Bus Fleets.” Transportation Research Part D: Transport 
and Environment 144: 104801. https://doi.org/10.1016/j.trd.2025.104801. 

Kay, M., M. Clark, C. Duffy, F. S. Lian, and M. Laube. 2011. Bus Lifecycle Cost Model for 
Federal Land Management Agencies. https://doi.org/10.21949/1503647. 

Kiel-Seating. 2025. “Transit Bus Seats.” Accessed October 7, 2025. https://kiel-seating.com/wp-
content/uploads/2020/12/KIEL_Esos_en.pdf. 

Knehr, K. W., J. J. Kubal, P. A. Nelson, and S. Ahmed. 2022. Battery Performance and Cost 
Modeling for Electric-Drive Vehicles (A Manual for BatPaC v5.0). 
https://doi.org/10.2172/1877590. 

Littelfuse. 2025. “Transit Bus Higher Voltage Power Distribution Unit.” Accessed October 7, 
2025. https://www.littelfuse.com/assetdocs/hv-pdu-datasheet?assetguid=1fbb96f3-3f6f-4560-
b3c2-7abebc51119c. 

Martinez, S. S., and C. Samaras. 2024. “Electrification of Transit Buses in the United States 
Reduces Greenhouse Gas Emissions.” Environmental Science & Technology 58: 4137. 
https://doi.org/10.1021/acs.est.2c07296. 

Meritor Parts Xpress. 2025. “Meritor Brakes.” Accessed October 7, 2025. 
https://www.meritorpartsxpress.com/webapp/wcs/stores/servlet/en/meritor-na/home. 

Michelin Tires. 2025. “Transit Bus Tires.” Accessed October 7, 2025. 
https://www.valleytirewoodland.com/tires/view/330054/michelin-x-incity-energy-z-315-80r22-
5/. 

Middle Market Growth. 2017. “Anatomy of a Proterra Bus.” Accessed October 7, 2025. 
https://middlemarketgrowth.org/anatomy-proterra-bus/. 

MidWest Bus Parts. 2025. “School Bus Seat Cushion Dimensions.” Accessed October 7, 2025. 
https://midwestbusparts.com/product/seat-cushion-foam-ic939/. 

Mobile Climate Control. 2025. Mobile Climate Control Reference Manual: School Bus 
Evaporators. Accessed October 7, 2025. 
https://www.transarctic.com/media/manufacturerdocument/manufacturer-
document/HkDPpCjLrE.pdf. 

Modine EV. 2025. “Transit Bus Powertrain Thermal.” Accessed October 7, 2025. 
https://www.modineev.com/wp-content/uploads/2022/02/Modine_EVantage_Brochure_Aug-
2022-5.pdf. 

MR Steering Specialist. 2025. “Power Steering Gearbox.” Accessed October 7, 2025. 
https://mrsteeringspecialist.com/product/trw-ross-tas852288-tas85100-power-steering-gear-box/. 



 

28 

Navistar International. 2025a. “Steering Shaft.” Accessed October 7, 2025. 
https://s1partscenter.com/brands/international/steering-gear/shaft/3819794c91. 

Navistar International. 2025b. “Transit Bus Exhaust Pipe.” Accessed October 7, 2025. 
https://buyparts.online/products/2004504c1. 

Pandey, R., R. K. Iyer, and J. C. Kelly. 2025. Updates to Energy Required in Lithium-Ion 
Battery Assembly for R&D GREET 2025. Argonne National Laboratory. 

Parker. 2025. “Transit Bus Traction Motor.” Accessed October 7, 2025. 
https://www.parker.com/content/dam/Parker-com/Literature/Electromechanical-
Europe/Literature/192_300115_GVM310_catalog.pdf. 

Proterra. 2021. “Proterra Technical Proposal RFP 21-980369.” Accessed October 7, 2025. 
https://www.psta.net/media/5719/proterra-technical-qualifications-no-price.pdf. 

SchoolBusFleet. 2022. “Rolling Right Along: A Look at School Bus Tire Offerings.” Accessed 
October 7, 2025. https://www.schoolbusfleet.com/10181257/rolling-right-along-a-look-at-
school-bus-tire-offerings. 

SchoolBusFleet. 2011. “School Bus Mirrors.” Accessed October 7, 2025. 
https://www.schoolbusfleet.com/10010182/how-to-position-and-use-bus-mirrors. 

Seattle Transit Blog. 2013. “Transit Bus Hand Rails.” Image, accessed October 7, 2025. 
https://i0.wp.com/seattletransitblog.com/wp-
content/uploads/2013/04/8616053986_08aa9e417d_c.jpg. 

SimpleTire. 2025. “School Bus Tires.” Accessed October 7, 2025. 
https://simpletire.com/paid?brand=hankook&itemId=41049&mpn=3001472&productLine=ah24
&tireSize=11-r22.5. 

Spheros. 2025. “Revo-E Global HVAC.” Accessed October 7, 2025. 
https://www.spheros.com/img/PDS_Spheros_REVO-E_Global__EN_2024-07_DOK15238-001-
USA.pdf. 

Tepkos. 2025a. “School Bus Stop Arm.” Accessed October 7, 2025. http://www.tepkos-
autoparts.com/product/school-bus-lighted-stop-sign-or-parking-plate. 

Tepkos. 2025b. “School Bus Crossing Arm.” Accessed October 7, 2025. http://www.tepkos-
autoparts.com/product/school-bus-crossing-arm-and-safety-stop-bar. 

The International Council on Clean Transportation. 2021. E-Truck Virtual Teardown Study. 
Accessed October 7, 2025. https://theicct.org/wp-content/uploads/2022/01/Final-Report-eTruck-
Virtual-Teardown-Public-Version.pdf. 

Thermo King. 2025. “Transit Bus ICEV Thermo King T-14 HVAC System.” Accessed October 
7, 2025. https://www.tkfargo.com/new-models/thermo-king-t-14-hvac-system-26246310b. 



 

29 

Thomas Built Buses, Inc. 2025. “Thomas Bus Body Rub Rail.” Accessed October 7, 2025. 
https://www.unityparts.com/c2-123-custom-bus-thomas-c2-body-rub-rail/. 

Thomas Built Buses, Inc. 2017. “Saf-T-Liner C2 Quotation.” Accessed October 7, 2025. 
https://go.boarddocs.com/tx/disd/Board.nsf/files/AQHR2H6BAB34/$file/CustomerProposal-
Dallas%20ISD(DCS%20Units)%20(2).pdf. 

Thomas Built Buses, Inc. 2024. “Saf-T-Liner C2 Dimensions.” Accessed October 7, 2025. 
https://lewisbusgroup.com/wp-content/uploads/2025/03/893729-C2-ROUTE-78-PASS-DASH-
AC-X1.jpg. 

TruckPro. 2025. “Meritor Brake Kit.” Accessed October 7, 2025. 
https://www.truckpro.com/p/meritor-kit-bk-o-h-maj-ksma2124710qp/roksma2124710qp/. 

United Pacific. 2025. “Steering Wheel Hub.” Accessed October 7, 2025. 
https://truck.upauto.com/chrome-steering-wheel-hub-for-2007-15-freightliner-88238. 

Vanner, Inc. 2025. “Transit Bus Battery Equalizer.” Accessed October 7, 2025. 
https://www.invertersupply.com/media/data/70-60.pdf. 

Vapor Bus Door System. 2025. “Transit Bus Door.” Accessed October 7, 2025. 
https://vaporricon.co.uk/download/outside-sliding-door-system/#. 

Voith. 2020. “Voith DIWA NXT Automatic Transmission.” Accessed October 7, 2025. 
https://d2euiryrvxi8z1.cloudfront.net/asset/445934742530/035e65a89f1d686dd89cd7c2fcf35dc5/
vt2369-english.pdf. 

Wang, Michael, Hao Cai, Longwen Ou, Amgad Elgowainy, Thathiana Benavides, Farhad 
Masum, Lívia Benvenutti, Ho‑Young Kwon, Xinyu Liu, Zifeng Lu, and Sandra Martinez. 
Summary of Expansions and Updates in R&D GREET® 2024 Rev. 1. Lemont, IL: Argonne 
National Laboratory, December 31, 2024. 

Wayne, S. W., J. A. Sandoval, and N. N. Clark. 2009. “Emissions Benefits from Alternative 
Fuels and Advanced Technology in the U.S. Transit Bus Fleet.” Energy & Environment 20: 497–
515. https://doi.org/10.1260/095830509788707374. 

ZF Friedrichshafen AG. 2025a. “Transit Bus Rear Axle System.” Accessed October 7, 2025. 
https://www.zf.com/products/en/cv/products_76356.html. 

ZF Friedrichshafen AG. 2025b. “Transit Bus Axles.” Accessed October 7, 2025. 
https://www.zf.com/public/org/AxleTransmissionE-
MobilityDrivelineSystemsforBusesCoaches_72599.pdf. 

 



 

 



 

 

 

 

www.anl.gov 

ARGONNE NATIONAL LABORATORY 
 U.S. Department of Energy research facility 
 Operated by the UChicago Argonne, LLC 
 Midwest’s largest federally funded R&D facility 
 Located in Lemont, IL, about 25 miles (40 km) 

southwest of Chicago, IL (USA) 
 Conducts basic and applied research 

in dozens of fields 
 Unique suite of leading-edge and rare scientific 

user facilities 

 
CONTACT 
Argonne National Laboratory  
9700 South Cass Avenue 
Lemont, IL 60439 
630-252-2000 

http://www.anl.gov/

	CONTENTS
	TABLES
	ACRONYMS AND ABBREVIATIONS
	1 INTRODUCTION
	2 MODELING APPROACH AND VEHICLE SPECIFICATIONS
	2.1 Modeling Approach
	2.2 Vehicle Specifications
	2.3 Total Vehicle Weight
	2.4 Definition of Vehicle Components
	2.5 Vehicle Components: Material Composition and Weight
	2.6 Batteries: Sizing, Weight and Material Composition
	2.7 Battery Replacement and Recycling
	2.8 Replacements of Components: Tires, Fluids, and Others
	2.9 Limitations

	3 VEHICLE ASSEMBLY, DISPOSAL, AND RECYCLING
	4 R&D GREET2 MODEL STRUCTURE EXPANSION FOR SCHOOL AND TRANSIT BUSES
	5 ACKNOWLEDGEMENTS
	6 REFERENCES

