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ABSTRACT
This Technical Note is a resource developed by World Resources Institute 
(WRI) as a reference guide for those conducting the total cost of ownership 
(TCO)1 analysis of diesel and electric school buses. The publication presents a 
landscape analysis of information related to school bus procurement, perfor-
mance, and operations, and it provides recommended default specifications 
for key calculation parameters. The recommendations, based upon publicly 
available information, will increase confidence in the results of analysis under-
taken to assess the economics of fleet electrification. 

This Technical Note outlines the scope of TCO assumptions, the methodology 
used to identify the range of data for each parameter, the assumptions used 
where data were not readily available, and the approach taken to make recom-
mendations. This Technical Note also serves to document the rationale behind 
default values used in analysis conducted by WRI using open-source total cost 
of ownership tools.2 Nonetheless, WRI recommends that analysts use more 
specific data to reflect local situations where such data are available.

MOTIVATION
Replacing traditional diesel-powered school buses with electric school buses 
(ESBs) can reduce students’ exposure to air pollution and decrease greenhouse 
gas emissions. School districts and private fleet operators around the United 
States are increasingly interested in adopting ESBs and want to understand 
what this transition will mean for their budgets. Calculating the total cost of 
ownership for ESBs, and their diesel counterparts, can be challenging because 
industry data needed to estimate input parameters for these calculations have 
not yet been tracked in a consistent, centralized, public fashion for this new 
technology, and can vary significantly across sources. 

http://doi.org/10.46830/writn.22.00024
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There is a lack of standardized data surrounding the TCO of 
ESBs—data that are imperative for school districts and other 
stakeholders interested in transitioning school bus fleets from 
traditionally diesel-powered vehicles to electric ones. This 
Technical Note helps fill the gap surrounding TCO informa-
tion and includes recommended data to enable school districts, 
policymakers, and advocates to conduct their own TCO analysis. 

While there are additional fuel options in the school bus 
market (gasoline, compressed natural gas, propane), this docu-
ment focuses only on diesel and electric technologies. Diesel is 
selected because more than 90 percent of school buses currently 
on the road are diesel-powered, making it the incumbent tech-
nology.3 Gasoline buses, which are prevalent among the Type 
A size, are less fuel-efficient than diesel buses, so information 
that allows for analysis of the diesel TCO enables assessment 
of the least-cost comparison vehicle.4 Among the alternative-
fuel school bus options, due to their increasing popularity and 
fundamental technological characteristics (e.g., an electric rather 
than internal combustion engine), ESBs differ substantially from 
other technologies and require dedicated review.5

METHODOLOGY 
The findings and recommendations in this Technical Note are 
based on a review of current literature and publicly available 
data, in addition to World Resources Institute’s (WRI’s) insights 
drawn from providing technical support to school districts inter-
ested in adopting ESBs. The review of current literature included 
recent English language articles published in international trade 
publications and academic journals, articles and reports from 
relevant trade associations, and other articles and publications by 
global research organizations, consultants, and nonprofits. The 
literature review also included collection and analysis of TCO 
assumptions used in published data sets and tools. 

These datapoints were assessed, standardized, and then incorpo-
rated into the final recommended values. The analytical process 
and considerations for each parameter category are detailed in 
the “Data Source, Collection Method, and Analysis” section 
following discussion of each parameter. This work focuses on 
TCO analysis parameters that are generally applicable across 
contexts. On the other hand, calculation parameters like electric-
ity rates, diesel prices, revenue from the sale of credits in low 
carbon fuel standard markets, and revenue from participating 
in utility programs or compensation for vehicle-to-grid services 
are context-specific, and may be quite variable, so they are 
not included here.

Source Selection Criteria 
The following criteria guided our selection of the sources used 
to build this Technical Note and further allowed us to assess the 
quality and relevance of the data sources. 

	▪ Publicly available: TCO data sources should be publicly 
accessible to ensure transparency and to allow WRI 
researchers to assess the methodologies used to collect and 
disseminate the related TCO data.

	▪ Recent: To the extent feasible, data should be the most 
recent available, be regularly updated, and have been updated 
in the past three to five years.

	▪ Specific to school buses: Data should be specific to school 
buses and school bus size types, where possible, instead of 
simply generalized data related to transit buses or other types 
of vehicles that are not school buses.

	▪ Empirical: Where possible, WRI researchers used TCO 
data sources that draw from empirical, instead of modeled, 
parameters. Although it was not possible to use empirical 
data in every case, those sources that used empirical data 
were given a higher consideration than those that did not. 

Subsequent to publication of this Technical Note, the WRI’s 
Electric School Bus Initiative plans to establish a mechanism to 
directly collect data on transactions, vehicle performance, and 
other TCO elements as part of its broader engagement with 
school districts. This effort will mitigate some of the shortcom-
ings of sources available to date, as discussed in Limitations. The 
authors are glad to provide updates on the status of this ongoing 
data collection effort upon request.

A Note on Sources Referenced
Due to the significant number of sources referenced in this 
document, Appendix A presents a mapping of these sources 
to the parameter(s) they inform. Where specific sources are 
referenced in the main body of the text, the shorthand reference 
name for the source is noted within parentheses. Additionally, 
some underlying source observations for specific parameters 
are detailed in Appendix B, with the remainder available upon 
request. Information on sources reviewed and excluded from 
value estimates is also available from the authors upon request. 
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RECOMMENDED TOTAL COST 
OF OWNERSHIP PARAMETERS
Tables 1 and 2 below present a summary of the recommended 
values to be used in TCO analyses where more fleet-specific 
values are not known. 

VEHICLE PARAMETERS
The tables and sections hereafter include a brief explanation 
of each vehicle-related TCO component; present the final 
recommended values; and provide context on the underlying 
sources, collection method, and analysis conducted to determine 
recommended values.

Table 1  |  Summary of recommended vehicle parameters 

VEHICLE TYPE TYPE A TYPE C TYPE D

Fuel type Electric Diesel Electric Diesel Electric Diesel

Expected vehicle lifetime (years) 13.5 13.5 13.5

Annual vehicle mileage (miles/year) 14,084 14,084 14,084

MSRP 2022 ($/vehicle) $271,393 $58,484 $352,012 $103,140 $378,459 $127,606

Overall fuel economy (MPGe) 39.46 10.50 22.10 6.59 25.32 6.32

MPGe city 42.00 8.90 24.00 5.50 26.90 4.50

MPGe highway 36.00 12.50 20.40 8.00 35.00 8.50

Overall maintenance and repair costs 
($/mile)a $0.24 $0.40 $0.29 $0.57 $0.31 $0.62

Maintenance and repair costs - years 
1–5 ($/mile)a $0.22 $0.38 $0.23 $0.40 $0.26 $0.41

Maintenance and repair costs - years 
5+ ($/mile)a $0.42 $0.68 $0.43 $0.71 $0.50 $0.74

Diesel exhaust fluid ($/gallon) n/a $0.03 n/a $0.03 n/a $0.03

Year 8 (2030) Battery replacement 
cost ($2022) $9,070 n/a $15,162 n/a $14,329 n/a

Liability-only cost to insure ($/year) $4,786 $6,770 $12,300

Full coverage cost to insure ($/year)b $14,812 $9,068 $22,548 $12,660 $28,088 $17,575

Notes: n/a = not relevant; MSRP = manufacturer’s suggested retail price; MPGe = miles per gallon (or equivalent); NPV = net present value. a Battery replacement is listed separately. b 

Full coverage includes liability as well as collision and comprehensive coverage, meaning that fleets select one of the two types, and costs should not be added together.

Source: WRI Authors.
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Expected Vehicle Lifetime
Expected vehicle lifetime is a key consideration in TCO 
modeling because many costs are incurred over the entire period 
of operation of the vehicle. This value represents the vehicle’s 
end of useful life as a bus, regardless of whether the vehicle 
has changed ownership in the intervening years following its 
purchase or if its components are repurposed. Each vehicle 
is expected to perform differently, but generally the expected 
lifetime for a diesel school bus is 12 to 15 years. Terrain and the 
amount of inclement weather will affect anticipated lifetimes for 
a particular vehicle or fleet. Due to their relative novelty, there 
is insufficient information on the expected lifetime of electric 
buses so it was assumed they will be in use the same number of 
years as their diesel counterparts—an assumption that is made 
for TCO analyses of light-duty electric vehicles.6 Where a more 
fleet-specific number is not known, assuming a new vehicle will 
remain in operation for 13.5 years is recommended (Table 3).

Data Source, Collection Method, and Analysis 
Robust data from the Federal Transit Administration on the 
relationship between minimum service requirements and 
observed average retirement ages across vehicle categories served 
as the basis for the lifetime estimates for diesel buses (Laver et 
al. 2007). Several informal, unvetted data sources were reviewed 
to supplement (Dynamic Specialty 2019; Metropolitan School 
2021; Zic 2019). Though there were insufficient data on the 
category that most school buses fall into (10-Year Bus), applying 
the same relationship between minimum service age and average 
retirement age observed in the other categories reinforces the 
12- to 15-year estimates identified from informal sources. 

Annual Vehicle Mileage
Expected annual mileage is a key consideration in TCO model-
ing because many costs depend on how the vehicle is operated. 
Annual vehicle mileage varies substantially across communities 
depending on population density and local policies, which deter-
mine the nature of school transportation. Where estimates for a 
specific community are not available, analysts should use 14,084 
miles per year (Table 4).

Data Source, Collection Method, and Analysis
The primary source referenced for this value is the default values 
recommended by the U.S. Environmental Protection Agency 
(U.S. EPA 2017) for calculations of Diesel Emission Reduc-

Table 2  |  Summary of recommended charging infrastructure parameters

INSTALLED STATION ENERGY (KW) 7.7 19.2 19.2 50 70 150 300+ 1,000+

Charging level Level 2 - AC Level 2 - AC Level 2 - AC DCFC DCFC DCFC n/a n/a

Ports single single dual dual dual dual n/a n/a

EVSE cost ($/charger) $2,200 $3,814 $4,678 $38,665 $54,300 $84,144 n/a n/a

Network software ($/charger/year) $454 $454 $484 $522 $522 $522 n/a n/a

Maintenance ($/charger/year) $536 $536 $536 $1,704 $1,704 $2,237 n/a n/a

Customer-side construction and 
equipment installation cost ($/station) $3,487 $6,661 $6,661 $28,009 $29,386 $60,186 $116,183 $363,527

Notes: kW = kilowatts; n/a = not relevant; AC = Alternating Current; DCFC = Direct Current Fast Charging; EVSE = electric vehicle supply equipment.

Source: WRI Authors.

Table 3  |  Recommended expected vehicle lifetime, 
diesel and electric values

EXPECTED VEHICLE LIFETIME (YEARS) 13.5

Note: This value is recommended for all size and fuel types.

Source: WRI Authors.

Table 4  |  Recommended annual vehicle mileage diesel 
and electric values

ANNUAL VEHICLE MILEAGE (MILES/YEAR) 14,084

Note: This value is recommended for all size and fuel types.

Source: WRI Authors.
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tion Act emission impacts (U.S. EPA 2017). This source is 
validated against a second average value that is calculated using 
two components: (1) the average route length established in 
a 2013 study on school bus drive cycles covering 200 vehicles 
in three geographies conducted by the National Renewable 
Energy Laboratory, and (2) typical school instructional days 
across states from the National Center for Education Statis-
tics (Duran and Walkowicz 2013; NCES n.d.). The resulting 
estimate of annual vehicle miles traveled is 13,223—this is less 
than the value recommended by the EPA but does not account 
for nonroute mileage such as trips for extracurricular activities or 
vehicle maintenance. As a result, this estimate is considered to 
align well with the EPA’s recommended value, which is in turn 
recommended here.

Manufacturer’s Suggested Retail Price
Manufacturer’s suggested retail price (MSRP) refers to the price 
at which a manufacturer recommends a vehicle be sold. A school 
bus’s MSRP includes the base price for its particular trim level, 
as well as the prices of any options, packages, or extras with 
which it is equipped. Features are typically itemized and speci-
fied as included in the base price or available at additional cost. 
Standard factory warranty and service coverage are included in 
the price. MSRP does not include any accessories or extended 
service programs sold by the dealer, nor does it usually include 
discounts or incentives. Various fees and taxes are also not 
part of the MSRP.

Due to the relative immaturity of the ESB market, experts 
anticipate real price declines driven by continued cost reductions 
for battery technology and scale-up of production.7,8,9 However, 
there is significant uncertainty about future prices due to supply 
chain issues, significant government investment, related demand 
increases, and other market conditions, so no projection of price 
trends is provided here. Table 5 presents MSRP values recom-
mended at the time of publication. 

Data Source, Collection Method, and Analysis
A sample of publicly available prices from 2022 were compiled 
by the authors through desk research across a variety of vehicle 
makes, models, and geographies, provided in Appendix B. To 
arrive at the recommended values for MSRP, the average price 
of buses in our sample were used, disaggregated by size type 
(Types A, C, and D) and fuel type (electric and diesel), with all 
prices weighted equally.

In nearly all cases, the prices in our sample are drawn from state 
contracts for school bus procurement, which allow all school 
districts in a particular state to purchase school bus models at 
the same price. When interpreting these contracts, the authors 
used the buses’ base price, meaning the minimum price avail-
able for purchasing a particular bus model. School districts 
in these states may pay higher prices depending on the types 
of additional, nonstandard features they prefer to include in 
their purchases.

Another driver of price variation among ESB models is their 
range, which results from multiple factors including the capacity 
of their batteries. Battery capacity is consistent and comparable 
across all electric bus models. This information is also publicly 
available in WRI’s “Electric School Bus U.S. Market Study 
and Buyer’s Guide” (Huntington et al. 2022). It is important to 
note that some school bus manufacturers offer two options to 
customers for a particular bus model’s battery capacity. However, 
the sources from which prices are drawn do not specify which 
battery capacity option is included in the price. As a result, for 
manufacturers offering multiple battery capacity options, we 
assume the listed price is for the lower capacity.

As shown in Figure 1 below, there is a noticeable correlation 
between ESBs’ prices and their battery capacities. The positive 
direction of this relationship plays out as would be anticipated 
and reflects that vehicles with smaller battery capacities, such 
as Type A models, tend to be priced lower than vehicles with 
larger capacities. This means that school districts requiring more 

Table 5  |  Recommended MSRP values ($/vehicle)

VEHICLE TYPE TYPE A TYPE C TYPE D

Fuel type Electric Diesel Electric Diesel Electric Diesel

Average battery capacity (kWh) 104 n/a 202 n/a 168 n/a

MSRP 2022 ($/vehicle) $271,393 $58,484 $352,012 $103,140  $378,459 $127,606

Notes: kWh = kilowatt-hour; n/a = not relevant; MSRP = manufacturer’s suggested retail price. 

Source: WRI Authors.
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range to serve longer routes should expect to see higher prices. 
However, it is noteworthy that the best-fit line suggests a bat-
tery price of $740/kilowatt-hour (kWh), which is substantially 
higher than most industry estimates.10 WRI plans to investigate 
this relationship further in future projects. It is also important 
to note that, in Table 5 above, the average battery capacity for 
Type D models is smaller than that of Type C models—this is 
the result of variation among the manufacturers contained in our 
sample, which offer varying battery capacities, and should not be 
interpreted as generally true of Type C and D ESBs.

Miles per Gallon (or Equivalent)
Fuel economy, represented by the parameter miles per gallon 
(or equivalent) (MPGe), measures how far a vehicle can travel 
using one gallon of diesel fuel, or, in the case of alternative fuel 
vehicles, its energetic equivalent. In this study, 40.3 kWh is 
used as the electric energy equivalent of one gallon of diesel.11 
A vehicle’s drive cycle, which indicates the speed of the vehicle 
in operation, has a strong effect on overall fuel consumption 
and resulting fuel economy.12 This is especially important when 
comparing internal combustion engine vehicles and electric 
vehicles because of the efficiency improvements from regenera-
tive braking technologies implemented in electric vehicles. 
School buses have a large range in their typical drive cycles due 

to the geographic, demographic, and land use characteristics 
of the districts they serve. To enable users of these data to 
more accurately model performance of specific districts, dif-
ferentiated fuel economy rates for “city” and “highway” driving 
cycles are presented. Table 6 presents the recommended fuel 
economy values.

Data Source, Collection Method, and Analysis
The values used to estimate the MPGe of diesel and electric 
school buses, respectively, were collected from 12 different 
sources, provided in Appendix B. There is no publicly available 
data set containing empirical data on the MPGe of all diesel 
and electric school bus vehicle models. Therefore, Google with 
the search term “diesel school bus miles per gallon” or “elec-
tric school bus miles per gallon equivalent” (quotation marks 
included) was used to find various sources that reported this 
information. Sources with empirical data from project evalua-
tions and other sources that report real, in-service performance 
were extremely limited and thus had to be supplemented with 
sources presenting modeled values or performance assump-
tions. For the sources that did not specify the vehicle type 
that the data corresponded to, it was assumed that the data 
were for Types C vehicles, given that this vehicle type is most 
common in the market and has been deployed at higher rates 
across the country. 

Figure 1  |  Relationship between ESB battery capacity and manufacturer’s suggested retail price

Notes: MSRP = manufacturer’s suggested retail price; kWh = kilowatt-hour.

Source: WRI Authors.
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The values gathered vary significantly across sources, as illus-
trated in Figure 2 below. Notably, the recommended MPGe for 
electric Type D vehicles is higher than that for Type C vehicles. 
This is not what might be expected and is likely a function of 
poor data quality. There is only one real-world study among 
the Type C values and no empirical data for the Type As. The 
empirical data included in the Type D value are from a study of 
transit buses (Eudy et al. 2016).

Only a few data sources presented the effect of the driving cycle 
on school bus fuel economy. Because no source was found dis-
cussing differential performance for ESBs specifically, evidence 
from the light-duty electric vehicle sector was applied, based on 
the assumption that, while the absolute values would be very dif-
ferent, the relationship between city and highway performance 
would be similar (U.S. EPA and DOE n.d. [a]). This limited set 
of data was used to calculate adjusted city and highway MPGe 
values that both met the city-to-highway ratios established and 
the weighted average fuel economies found in the literature. 

Maintenance and Repair Costs
Ongoing maintenance and repair costs are key contributors to 
school bus operating costs. As is to be expected, annual main-
tenance and repair costs escalate as vehicles sustain wear over 
their lifetimes. ESBs have fewer moving parts than diesel buses, 
which is anticipated to reduce their maintenance and repair 
costs.13 In addition to savings on replacement parts themselves, 
lower scheduled service requirements also result in labor sav-
ings. Notably, none of the data sources explicitly stated that 
midlife battery replacement for ESBs was part of the estimated 
maintenance costs. Because this is understood to be the largest 
maintenance expense for electric vehicles, this value is calculated 
separately in the following section. Table 7 presents the recom-
mended maintenance and repair cost parameters. 

Since 2014, the EPA has required that fleet operators use diesel 
exhaust fluid (DEF) to reduce the emission of nitrogen oxides 
from diesel engines.14 The mandatory fuel additive, as well as 

Table 6  |  Recommended fuel economy diesel and electric values

VEHICLE TYPE TYPE A TYPE C TYPE D

Fuel type Electric Diesel Electric Diesel Electric Diesel

Overall fuel economy (MPGe) 39.46 10.50 22.10 6.59 25.32 6.32

MPGe city 42.00 8.90 24.00 5.50 26.90 4.50

MPGe highway 36.00 12.50 20.40 8.00 23.00 8.50

Note: MPGe = miles per gallon (or equivalent). 

Source: WRI Authors.

Figure 2  |  Variation in MPGe source values 

Note: MPGe = miles per gallon (or equivalent).

Source: WRI Authors.
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labor time to check and refill the fluid, incurs an operational 
cost for diesel vehicles that analysts should also consider when 
assessing TCO. There is no need for this additive in the opera-
tion of electric engines. Table 8 presents recommended per 
gallon DEF cost parameters. 

Data Source, Collection Method, and Analysis
The data used to calculate the maintenance and repair cost 
values for diesel and electric school buses were collected from 
10 different sources (provided in Appendix B). Four of these 
sources (Burnham n.d.; Laughlin and Burnham 2014; Newton 
2021; and Roush CleanTech. n.d.) drew from real-world obser-
vations, but only two specified the number of buses that the fleet 
being described contained—Roush CleanTech (266) and New-
ton (53). For the sources that did not specify the vehicle type the 
data corresponded to, the data were assumed to represent Type 
C vehicles, given that these are the most common in the market.

Anecdotal evidence from early adopters of ESBs, as well as 
lessons from the light-duty market, both suggest that the 
maintenance and repair costs of ESBs are lower than those of 
their diesel counterparts.15,16 However, as depicted in Figure 3, 
there is significant variation in per mile maintenance and repair 
cost estimates across sources. Notably, this variation persists 
across both fuel types. Likely drivers of this variation include 
differences in climate and road conditions—for example, the 
highest diesel per mile cost included in the data is from Michi-
gan, known for snowy winters and salty roads, while the lowest 
diesel per mile cost was observed for a district in coastal Virginia 
(Burnham n.d.; Laughlin and Burnham 2014).

Another factor that may explain some of this variation is 
that data sources are rarely clear as to whether labor costs are 
included in per mile maintenance and repair values. Based on 
the few cost breakdowns identified for diesel vehicles, labor costs 
account for two-thirds of total maintenance costs. Because labor 

costs vary significantly across states and regions, the outsized 
role that labor costs play in maintenance cost estimates may be 
driving some of the variation observed across the sources.17 

The estimated maintenance and repair costs for electric and die-
sel vehicles increase by vehicle size type, as would be anticipated. 
Nonetheless, accuracy is uncertain due to poor data quality, as 
there were no real-world studies among the Type A or Type D 
values included.

Table 7  |  Recommended maintenance and repair costs

VEHICLE TYPE TYPE A TYPE C TYPE D

Fuel type Electric Diesel Electric Diesel Electric Diesel

Overall maintenance and repair costs ($/mile) $0.24 $0.40 $0.29 $0.57 $0.31 $0.62

Maintenance and repair costs - years 1–5 ($/mile) $0.22 $0.38 $0.23 $0.40 $0.26 $0.41

Maintenance and repair costs - years 5+ ($/mile) $0.42 $0.68 $0.43 $0.71 $0.50 $0.74

Note: Battery replacement costs are presented separately.

Source: WRI Authors.

Table 8  |  Recommended cost of diesel exhaust fluid 

PER GALLON COST OF DEF $0.03

Notes: This value is recommended for all size and fuel types; DEF = diesel exhaust fluid.

Source: WRI Authors.

Figure 3  |  Variation in maintenance and repair data

Source: WRI Authors.
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Given this wide range of inconsistent data, the following steps 
were taken to identify recommended values. First, the values 
from the only source (PG&E n.d. [b]) that provided costs 
differentiated by vehicle age were averaged to generate per mile 
maintenance and repair cost estimates for two periods: years 
1–5 and years 5+. In addition to the direct observations for 
electric vehicles, an observation set at 60 percent of the main-
tenance and repair costs of the comparable diesel vehicle for 
each size type was included among the set of values averaged. 
This was done to reflect the assumption that electric costs are 
40 percent–70 percent lower than diesel costs. To arrive at the 
recommended values for overall per mile maintenance costs, 
the full set of values for each vehicle type was averaged. This 
included the following: 

	▪ Weighted average of the costs estimated by vehicle age

	▪ Parts-only costs inflated to reflect the 2:1 ratio of 
labor-to-parts costs 

	▪ Addition of an observation set at 60 percent of the 
maintenance and repair costs of the comparable diesel 
vehicle for each size type 

Of the sources reviewed for maintenance cost information, only 
Burleigh (2020) explicitly stated that DEF was not included 
in either vehicle fueling or maintenance cost estimates; the 
remaining sources were unclear about whether or not DEF was 
included. Because DEF can result in substantial annual costs, a 
brief analysis was conducted that analysts can use when fleet-
specific information is not available.

Battery Replacement Cost
The lifetime of an ESB battery is largely dependent on the 
battery’s capacity, the charging infrastructure that is used to 
charge the battery, how the battery is used, and how the bus is 
driven. Some school districts, for example, might choose to use 
the ESB’s battery to provide vehicle-to-grid (V2G) services, 
which allows electricity to be stored in the bus batteries and 
later discharged onto the grid, resulting in a higher number 
of charge-discharge cycles on the battery. For the purposes 
of this Technical Note—and in alignment with many vehicle 
manufacturers’ maximum battery warranties—the ESB battery 
is estimated to require replacement after eight years. Table 9 
presents recommended cost for battery replacement in 2030 by 
size type, provided in 2022 US dollars.

Data Source, Collection Method, and Analysis
The data used to calculate the battery replacement costs for 
ESBs were collected from multiple sources. Public data pro-
vided by ESB original equipment manufacturers (OEMs) were 
used to calculate average battery capacity for each vehicle class 
(Huntington et al. 2022). These capacities are assumed to remain 
the same when the batteries are replaced in the future. Table 
10 presents average battery capacity for each electric school 
bus by size type. 

This information was then combined with 2030 cost projections 
for electric vehicle (EV) battery packs under a variety of 
scenarios from the California Energy Commission and Bloom-
bergNEF (see Appendix B). The average cost across these 
sources was $97/kWh in 2030. It is worth noting that these 

Table 9  |  Recommended battery replacement cost values

VEHICLE TYPE TYPE A TYPE C TYPE D

Year 8 (2030) battery replacement cost ($2022) $9,070 $15,162 $14,329

Source: WRI Authors.

Table 10  |  Industry average battery capacities by size type

VEHICLE TYPE TYPE A TYPE C TYPE D

Average battery capacity (kWh) 119 199 188

Note: kWh = kilowatt-hour.

Source: WRI Authors
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estimates do not account for any battery cost reductions that 
may result from policies and incentives included in the 2022 
Inflation Reduction Act. This per kilowatt-hour cost can be used 
to estimate the nominal battery replacement cost in the future 
year using the equation below:

Analysts can utilize this methodology, based on the method 
employed by the California Energy Commission in 2017, and 
adjust for a specific fleet and purchase based on the warranty 
details and any anticipated delivery, installation labor, or other 
replacement costs that are not included in the baseline estimate.

Insurance Costs
To calculate how much a school district will pay on insur-
ance premiums, insurance companies take multiple factors 
into account, including the primary use of the bus, the age of 
the vehicle, the make/model of the vehicle, and any informa-
tion related to a potential vehicle renovation. Insurance costs 
are complex and, according to discussions with school bus 

Cost in 8 years =  $97 x Replacement Battery Size (kWh)
kWh

operators, can vary significantly due to factors like deductible 
structure, market characteristics (character of local juries, repair 
costs, perceived danger), coverage, caps on payouts, and other 
considerations. 

As such, this Technical Note does not examine insurance costs 
extensively except to consider how these might differ for other-
wise comparable electric versus fossil-fueled school buses. Table 
11 presents this comparison. 

Based on this analysis, fleets that only take liability insurance 
should expect no change in their costs from moving to elec-
tric. Those that opt for more expansive coverage types should 
expect some increase to their costs due to the higher replace-
ment value of an electric bus compared to an equivalent diesel. 
Table 12 presents recommended insurance cost values by size 
and fuel type. 

Data Source, Collection Method, and Analysis
Argonne National Laboratory has undertaken the most com-
prehensive analysis to date on the question of insurance costs. 
For the purposes of this Technical Note, Argonne’s two-tiered 
approach to estimating annual insurance premiums, which 

Table 11  |  Types of insurance and cost impact of changing to electric

COVERAGE TYPE DEFINITION COST IMPACT OF ELECTRIC VS. DIESEL

Liability Covers the person, vehicle, or building harmed by the school bus if the 
vehicle crashes into them (this is required).

No difference—the cost of the damage is based on the value/impact to 
the other party, which should not differ.

Collision Pays the vehicle owner for damage to the vehicle when the vehicle is 
involved in a crash or collision.

Potentially substantial increase—insurance cost is directly proportional 
to the increased replacement value of the ESB over a diesel.

Comprehensive Covers costs for situations where the vehicle is stolen, vandalized, or 
damaged by weather, such as if a tree were to fall on it while in the lot.

Potentially substantial increase—insurance cost is directly proportional 
to increased replacement value of the ESB over a diesel.

Note: ESB = electric school bus.

Source: WRI Authors.

Table 12  |  Recommended insurance values

VEHICLE TYPE TYPE A TYPE C TYPE D

Fuel type Electric Diesel Electric Diesel Electric Diesel

Liability-only cost to insure ($/year) $4,786 $6,770 $12,300

Full coverage cost to insure ($/year) $14,812 $9,068 $22,548 $12,660 $28,088 $17,575

Note: Full coverage includes liability as well as collision and comprehensive coverage, meaning that fleets select one of the two types and costs should not be added together. 

Source: WRI Authors.
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hinges on coverage amount, is adopted.18 Because the Burnham 
(n.d.) AFLEET tool does not differentiate among school bus 
size types, this information is supplemented with informa-
tion on other medium- and heavy-duty classes and from the 
Burnham et al. (2021) comprehensive TCO publication, as well 
as from three additional sources (BI HQ n.d.; PG&E n.d. [a]; 
PG&E n.d. [b]), to produce recommended values.

CHARGING INFRASTRUCTURE 
PARAMETERS
The tables and sections hereafter include a brief explanation of 
each charging-related TCO component; present final recom-
mended values; and provide context on the underlying sources, 
collection method, and analysis conducted to determine recom-
mended values. Electric buses are considered a 1:1 replacement 
technology for their internal combustion engine predecessors. In 
contrast, charging infrastructure is an additional capital expense 
required for ESBs, whereas fueling infrastructure for incumbent 
petroleum-based fuels is generally already in place, and therefore 
should be considered a sunk cost. The costs associated with 
ongoing operation of charging infrastructure are also presented. 
Comparable operations and maintenance costs of infrastructure 
for petroleum fuels are deemed beyond the scope of this paper, 
but when fleets fuel their diesel vehicles at retail pumps, opera-
tions and maintenance costs are embedded in the per gallon sale 
price. Notably, data and analysis in this section are not limited 
to evidence drawn strictly from the school bus context because 
charging infrastructure and associated costs are relatively gener-
alizable across fleet contexts.

This section presents charging infrastructure costs as a function 
of both charger power and project scale to better reflect how 
these costs vary in real-world applications. Analysts can deter-
mine appropriate cost assumptions on a per vehicle basis for 

1:1 procurement comparisons using the combination of these 
parameters that most closely represents their project details, 
divided by the number of vehicles that are to be supplied by that 
infrastructure. 

Electric Vehicle Supply Equipment Cost
Electric vehicle supply equipment (EVSE), which is sometimes 
referred to as charger stations, points, stalls, or docks, provide 
electric power to the vehicle by charging the vehicle’s on-board 
battery. EVSE is hardware that includes electrical conductors, a 
cable to connect to the vehicle, a port or connector at the end of 
the cable, communication technology, and other related equip-
ment that delivers energy efficiently and safely to the vehicle. 
EVSE that is dual-port can plug into and charge two vehicles 
simultaneously. It is increasingly common for EVSE to have 
software embedded, referred to as “network-enabled” EVSE.19 
Due to the benefits of managed charging to ensure cost-effective 
electric consumption, only network-enabled chargers are 
included here. Most ESBs can be charged by either a high-pow-
ered Level 2 Alternating Current (AC) charging station (7 to 19 
kW, 240 volts) or a medium-powered Direct Current (DC) fast 
charging station (24 to 90 kW, 480 volts).20 Table 13 presents 
recommended values for EVSE station costs. 

Data Source, Collection Method, and Analysis
The data used to calculate the EVSE cost were collected from 
five studies, analyses, and reports from a variety of publications 
in both peer-reviewed and industry literature, as well as one 
expert interview. Five of these sources are quite recent (Ben-
nett et al. 2022; Borlaug et al. 2021; Kresge 2022; Nair et al. 
2022; Nelder and Rogers 2019), while the other is more dated 
(Smith and Castellano 2015); because the EVSE market is 
rapidly maturing, to the extent feasible, greater emphasis was 
put on the more recent data points. Five additional sources were 
reviewed and set aside due to factors such as age of study, lack 

Table 13  |  Recommended per EVSE costs for network-enabled EVSEs 

CHARGING LEVEL L2 – AC L2 – AC L2 – AC DCFC DCFC DCFC

Rated power (kW) 7.7 19.2 19.2 50 70 150

Ports single single dual dual dual dual

Cost per EVSE ($/EVSE) $2,200 $3,814 $4,678 $38,665 $54,300 $84,144

Notes: The dual-port chargers presented here can simultaneously supply two vehicles, but total power will not exceed rated wattage. These costs do not reflect costs of vehicle-to-grid 
(V2G)–capable EVSE; EVSE = electric vehicle supply equipment; kW = kilowatts; L2 = Level 2; AC = Alternating Current; DCFC = Direct Current Fast Charging.

Source: WRI Authors.
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of information on charger specifications, and inclusion of other 
cost elements like electricity and installation. When appropriate, 
values were normalized using regional price parity factors.21

Customer-Side Construction and 
Installation Costs
The scale and ambition of an electrification project will shape 
the ensuing construction and installation costs. Investments and 
upgrades are often needed on both the utility’s side of the elec-
trical meter (referred to as “utility-side”) and the customer’s side 
(“customer-side”). Costs are differentiated accordingly because 
this reflects the prevailing form of the source data; addition-
ally, this accounts for variation across utilities in approaches to 
assigning these costs. Here, customer-side construction and 
installation include the cost of materials and labor to plan, 
trench, lay conduit, fill, install bollards or wheel stops, and 
permit electrical infrastructure that supplies a charger. These 
costs are a function of many factors, including site layout, exist-
ing electrical infrastructure and panel capacity, and dynamics of 
the local labor market. Because these are site- or project-level 
costs, they are aggregated into per station costs based on the 
cumulative power of the chargers that make up the installation. 
Generally, these costs decrease on a per charger basis as the 
number of chargers in the project increases.22 Table 14 presents 
recommended values to use for the installation costs associated 
with projects of various scales. 

Data Source, Collection Method, and Analysis
The data used to calculate recommended values for customer-
side construction and installation costs were collected from four 
studies and one expert interview. Four of these sources are quite 
recent (Bennett et al.; HECO 2022, Nair et al. 2022; SDG&E 
2020), while the other is more dated (VTO 2016); because 
the industry is rapidly maturing, to the extent feasible, greater 
emphasis was put on the more recent data points. The 2020 
study by SDG&E includes data covering 4,975 ports deployed 
specifically in medium- and heavy-duty fleet contexts, deemed 
a substantial set of observations for this relatively novel indus-

try. Because some estimates are from high-cost jurisdictions, 
they have been normalized using regional price parity factors.23 
Three other sources were reviewed and set aside due to factors 
such as age of study and lack of sufficient detail. The costs are 
presented in terms of the capacity (kW) of the EVSE that is 
being installed; this is an imperfect proxy for site-specific costs, 
due to the site-specific factors noted above, but captures the cost 
efficiencies of scaling.

Utility-Side Electrical Upgrade Costs
In addition to any customer-side infrastructure that is required, 
some projects prompt the need for upgrades on the utility’s 
side of the meter. These investments might include an addi-
tional separate meter dedicated to the vehicle load, a larger 
transformer, a new electrical service, or even a new or upgraded 
feeder circuit or substation. These costs can range by an order of 
magnitude depending on local site-specific factors. Additionally, 
in many cases utilities may cover some of or all such costs under 
existing line extension allowances or make-ready infrastructure 
programs authorized by their regulators, so project implementers 
will not need to cover these costs in their project budgets.24 Due 
to the high level of variation in these costs, we do not provide 
estimates but rather recommend for reference the following 
works included in the References section: Borlaug et al. 2021; 
Horowitz 2021; Nelder and Rogers 2019; SDG&E 2020.

Electric Vehicle Supply Equipment 
Maintenance and Networking Costs
Operating costs related to charging infrastructure are included 
here because this is key information for fleet decision-makers 
to understand the full budgetary impact of an electrification 
transition. On the other hand, the costs associated with ongoing 
operation and maintenance of fueling infrastructure for petro-
leum fuels, such as hazardous waste disposal fees, environmental 
permit or review costs, insurance premiums, etc., are deemed 
beyond the scope of this paper. Still, when fleets fuel their diesel 
vehicles at retail pumps, operations and maintenance costs are 
embedded in the per gallon sale price. For this reason, analysts 

Table 14  |  Recommended customer-side construction and installation costs

STATION ENERGY INSTALLED (KW) 7.7 19.2 50 70 150 300 1,000+

Construction and equipment installation cost ($/station) $3,487 $6,661 $28,009 $29,386 $60,186 $116,183 $363,527

Notes: The unit “station” encompasses the cumulative electric vehicle supply equipment (EVSE) installed at a site or project; kW = kilowatts.

Source: WRI Authors.
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should be diligent when conducting TCO comparisons to 
ensure the components included in the cost buildup for each 
vehicle type are appropriately comparable. 

When using network-enabled EVSE, additional costs are 
typically required for maintenance and networking. Mainte-
nance costs are often covered under service agreements with 
EVSE providers and include any maintenance that needs to be 
performed on the EVSE. Similarly, networking costs are often 
covered under contracts with EVSE providers and include costs 
related to data and connectivity that enable full functionality of 
the network-enabled EVSE. Table 15 presents recommended 
values to use for the maintenance and networking costs for 
EVSE of various sizes and types.

Data Source, Collection Method, and Analysis
The data used to calculate EVSE maintenance and networking 
costs were collected from seven sources, including studies, analy-
ses, and reports in both peer-reviewed and industry literature, 
as well as information provided in one expert interview. Four 
of these sources are relatively recent (Kresge 2022; Nelder and 
Rogers 2019; PG&E n.d. [a]; VEIC 2018), while the others are 
quite stale (Snyder et al.; NYC Taxi; and Smith and Castellano 
from 2012, 2013, and 2015, respectively).

For both maintenance and networking costs, available estimates 
varied based on EVSE type—some were for Level 2 only, some 
were for DCFC only, and others did not specify EVSE type. 
Few of these estimates varied maintenance and networking 
costs for different EVSE power levels (kW). Level 2 costs are 
based on the average value of estimates that were specific to 
Level 2 EVSE, as well as estimates that did not specify EVSE 
type. In cases where network costs were not provided on a per 
charger basis but rather per site, an assumption of 10 stations 
per site was used based on guidance from an expert involved in 
the projects to generate a per charger cost estimate. Similarly, 

DCFC costs were based on the average value of estimates that 
were specific to DCFC or did not specify EVSE type. Main-
tenance costs between lower- and higher-powered DCFC are 
differentiated, likely because of the increased complexity of 
liquid-cooled cabling.

Certain values in the sources were reviewed and set aside due to 
either a lack of sufficient detail or the presence of more reliable 
estimates elsewhere in the source. In addition, Snyder et al. 
(2012) did not provide a maintenance cost estimate in dol-
lars, but instead provided an estimate as a percentage of EVSE 
costs (10 percent). In this instance, the 10 percent estimate was 
applied to the recommended EVSE costs (see section “Electric 
Vehicle Supply Equipment Maintenance and Network-
ing Costs” above).

It is also important to note that some maintenance and 
networking costs may increase with the number of EVSE 
purchased (i.e., per station costs), while others may remain the 
same regardless of the number of EVSE purchased (i.e., flat 
fees). However, the data currently available are not sufficient to 
differentiate between per station costs and flat fees.

Table 15  |  Recommended per EVSE costs for annual maintenance and networking 

CHARGING LEVEL LEVEL 2 LEVEL 2 LEVEL 2 DCFC DCFC DCFC

Rated power (kW) 7.7 19.2 19.2 50 70 150

Ports single single dual dual dual dual

Maintenance costs ($/EVSE/year) $536 $536 $536 $1,704 $1,704 $2,237 

Networking costs ($/EVSE/year) $454 $454 $484 $522 $522 $522

Notes: EVSE = electric vehicle supply equipment; DCFC = Direct Current Fast Charging; kW = kilowatts.

Source: WRI Authors.
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LIMITATIONS 
There are several limitations to the method and sources 
presented here: 

	▪ While the Electric School Bus Initiative intended to include 
as many eligible sources of information as possible, the 
methodology described here is insufficient to ensure that this 
review was comprehensive. The desktop research presented 
relies on publications, presentations, webinars, interviews, 
and similar sources of information.

	▪ TCO analysis is generally conducted before the purchase of 
a new vehicle, which is likely to be the latest model of that 
vehicle type; however, the operational parameters used in 
the analysis must draw on observations from existing models 
that are already on the road—this approach introduces an 
unavoidable aspect of approximation. 

	▪ Further, there is limited published data available for TCO 
parameters, especially data that have been collected in a 
standardized way in real-world settings. Data are particularly 
limited regarding maintenance and repair costs and 
insurance costs for school buses of all fuel and size types as 
well as the costs related to charging infrastructure. Some 
published data do not outline specific components (e.g., parts 
and/or labor) that were included in values, and, as such, it 
was difficult to find sources that had consistent information 
throughout. Relatedly, much of the published data available 
for ESBs have been created using modeling scenarios or 
tools, instead of drawing from real-world data. In other cases, 
information was collected through interviews and surveys 
with a few select school districts, rather than in a more 
systematic fashion. 

NEXT STEPS
These significant limitations are not surprising due to the small 
number of ESBs currently in operation. Capacity constraints 
and privacy concerns are other meaningful barriers that inhibit 
fleets from collecting and publicizing robust data on both 
electric and diesel vehicles. To mitigate these challenges in the 
future, WRI’s Electric School Bus Initiative plans to establish a 
mechanism to collect data on transactions, vehicle performance, 
and other TCO elements as part of its broader engagement with 
school districts. The authors are glad to provide updates on the 
status of this ongoing effort upon request. Anticipating better-
quality data and larger sample sizes in the future, the data sets 
included in this Technical Note were designed so that they can 
easily be added to in the future.
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APPENDIX A
Mapping of Reference Sources to  
Vehicle Parameters
Table A-1 maps the reference sources to the parameter(s) for which 
they were used. 

Table A-1  |  Mapping of reference sources to vehicle parameters

SOURCE YEAR NATURE OF 
OBSERVATIONS

EXPECTED 
VEHICLE 
LIFETIME

ANNUAL 
VEHICLE 
MILEAGE

MILES PER 
GALLON (OR 
EQUIVALENT)

MAINTENANCE 
AND REPAIR 
COSTS

COST OF 
BATTERY 
REPLACEMENT 

INSURANCE 
COSTS

BI HQ n.d. 50 state average X

BloombergNEF 2021 2 companies’ targets X

BloombergNEF 2020 Industry average X

Burleigh 2020 Model (Blue Bird TCO) X

Burnham et al. 2021 Model (AFLEET) X X

Burnham n.d. Model (AFLEET) X X X

CARB 2018 7 2010 or newer diesel 
buses

X

CA HVIP n.d. Model (HVIP) X X

CEC 2021 Model X

CEC 2020 Model X

CEC 2018 Model X

Dominion Energy 2022 Not listed X

Duran and 
Walkowicz

2013 1,718 route shifts, 212 
vehicles, 3 states

X

Dynamic Specialty 2019 General assumption X

Energetics 
Incorporated

2021 Up to 3 buses 
observed

X

Eudy et al. 2016 12 transit buses over 16 
months

X

Huntington et al. 2022 18 buses (7 Type A, 5 
Type C, 4 Type D)

X

Laughlin and 
Burnham

2014 Diesel fleet size 
unclear

X

Laver et al. 2007 70,000 transit buses X

Metropolitan School 2021 Presumption by 1 
school district

X

Lowell 2013 4 buses (3 diesel, 1 
hybrid)

X

NCES n.d. 50 states + DC X

Newton 2021 53 total, 23 route 
buses

X

PG&E n.d. (a) Model (PG&E TCO) X X X
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SOURCE YEAR NATURE OF 
OBSERVATIONS

EXPECTED 
VEHICLE 
LIFETIME

ANNUAL 
VEHICLE 
MILEAGE

MILES PER 
GALLON (OR 
EQUIVALENT)

MAINTENANCE 
AND REPAIR 
COSTS

COST OF 
BATTERY 
REPLACEMENT 

INSURANCE 
COSTS

PG&E n.d. (b) Model (PG&E TCO) X X X

Roush n.d. 266 bus mixed-fuel 
fleet

X

U.S. EPA 2017 Model (MOVES 2014) X

U.S. EPA and DOE n.d. (a) 5 models (selected 
from Top 10 list)

X

U.S. EPA and DOE n.d. (b) DOT General Fuel 
Economy Label

X

Zic 2019 General assumption X

Notes: MSRP sources and data presented in Appendix B.; n.d. = no date; TCO = Total cost of ownership; DOT = Department of Transportation.

Source: WRI Authors.

Mapping of Reference Sources to Charging 
Infrastructure Parameters
Table A-2 maps the reference sources to the parameter(s) for which 
they were used. 

Table A-1  |  Mapping of reference sources to vehicle parameters (Cont.)

Table A-2  |  Mapping of reference sources to charging infrastructure parameters

SOURCE YEAR ELECTRIC VEHICLE SUPPLY 
EQUIPMENT COST

CUSTOMER-SIDE CONSTRUCTION 
AND INSTALLATION COST

UTILITY-SIDE ELECTRICAL 
UPGRADE COSTS

NETWORK SOFTWARE AND 
MAINTENANCE COST

Bennett et al. 2022 X X

Borlaug et al. 2021 X X

HECO 2022 X

Horowitz 2019, updated 
2021

X

Kresge 2022 X X X

Nair et al. 2022 X X

Nelder and Rogers 2019 X X X

NYC Taxi 2013 X

PG&E n.d. (a) X

SDG&E 2020 X X

Smith and Castellano 2015 X X

Snyder et al. 2012 X

VEIC 2018 X

VTO 2016 X

Source: WRI Authors.
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APPENDIX B 
Manufacturer’s Suggested Retail Price Data 
and Sources
Table B-1 below shows prices used to inform our MSRP assumptions. 
All prices represent the 2022 purchase year and are disaggregated 
by fuel type, size type, battery capacity, MSRP per unit, state, and 

Table B-1  |   MSRP values

SOURCE FUEL TYPE SIZE TYPE BATTERY CAPACITY 
(KWH)

MSRP PER UNIT $ STATE SOURCE TYPE

NY OGS Electric Type A 88 $236,390 NY State Contract

KY DOE Electric Type A 88 $246,350 KY State Contract

KY DOE Electric Type A 88 $251,425 KY State Contract

NY OGS Electric Type A 127 $300,785 NY State Contract

NY OGS Electric Type A 127 $322,015 NY State Contract

KY DOE Electric Type C 155 $327,600 KY State Contract

NC DOA Electric Type C 155 $335,481 NC State Contract

KY DOE Electric Type C 226 $346,000 KY State Contract

NY OGS Electric Type C 210 $347,870 NY State Contract

NY OGS Electric Type C 210 $347,870 NY State Contract

KY DOE Electric Type C 226 $348,000 KY State Contract

NY OGS Electric Type C 226 $349,633 NY State Contract

NY OGS Electric Type C 210 $353,219 NY State Contract

NY OGS Electric Type C 155 $355,905 NY State Contract

NC DOA Electric Type C 226 $362,853 NC State Contract

KY DOE Electric Type C 210 $364,123 KY State Contract

NC DOA Electric Type C 210 $385,589 NC State Contract

KY DOE Electric Type D 155 $340,445 KY State Contract

NY OGS Electric Type D 155 $373,239 NY State Contract

Rembulat Electric Type D 193.5 $421,693 CA News

NY OGS Diesel Type A n/a $56,637 NY State Contract

NY OGS Diesel Type A n/a $58,245 NY State Contract

NY OGS Diesel Type A n/a $59,280 NY State Contract

NY OGS Diesel Type A n/a $59,775 NY State Contract

NC DOA Diesel Type C n/a $92,135 NC State Contract

KY DOE Diesel Type C n/a $93,495 KY State Contract

NC DOA Diesel Type C n/a $96,290 NC State Contract

KY DOE Diesel Type C n/a $97,250 KY State Contract

NC DOA Diesel Type C n/a $97,470 NC State Contract

KY DOE Diesel Type C n/a $97,850 KY State Contract

source type. Prices were drawn from these sources as of August 
2022, though available prices are likely to change over time. The table 
is sorted by fuel type, then vehicle type, then MSRP.
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SOURCE FUEL TYPE SIZE TYPE BATTERY CAPACITY 
(KWH)

MSRP PER UNIT $ STATE SOURCE TYPE

KY DOE Diesel Type C n/a $98,560 KY State Contract

KY DOE Diesel Type C n/a $100,500 KY State Contract

KY DOE Diesel Type C n/a $100,975 KY State Contract

NY OGS Diesel Type C n/a $106,484 NY State Contract

NY OGS Diesel Type C n/a $107,421 NY State Contract

NY OGS Diesel Type C n/a $107,947 NY State Contract

NY OGS Diesel Type C n/a $108,051 NY State Contract

NY OGS Diesel Type C n/a $108,870 NY State Contract

NY OGS Diesel Type C n/a $109,618 NY State Contract

NY OGS Diesel Type C n/a $110,732 NY State Contract

NY OGS Diesel Type C n/a $111,227 NY State Contract

NY OGS Diesel Type C n/a $111,646 NY State Contract

KY DOE Diesel Type D n/a $115,850 KY State Contract

NY OGS Diesel Type D n/a $125,273 NY State Contract

NY OGS Diesel Type D n/a $129,603 NY State Contract

NY OGS Diesel Type D n/a $139,696 NY State Contract

Notes: MSRP = manufacturer’s suggested retail price; kWh = kilowatt-hour; n/a = not relevant. 

Source: WRI Authors.

Table B-1  |   MSRP values (Cont.)
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Table B-2  |  Overall fuel economy

SOURCE NATURE OF OBSERVATIONS TYPE A TYPE C TYPE D

Fuel type Electric Diesel Electric Diesel Electric Diesel

Burnham n/a (model assumption) n/a n/a 24 mpge 8.2 mpg 24 mpge 8.2 mpg

CA HVIP n/a (model assumption) 1 kWh/mi 15 mpg 1.4 kWh/mi 9 1.4 kWh/mi 7

Dominion 
Energy

n/a (model assumption) n/a n/a 17 mpge 6 mpg n/a n/a

Energetics 
Incorporated

2 buses best observed vs. 
industry diesel

n/a n/a 2.54 kWh/mi 7.4 mpg n/a n/a

Energetics 
Incorporated

1–3 buses observed vs. fleet diesel n/a n/a 2.96 kWh/mi 5 mpg n/a n/a

Eudy et al. 12 transit buses over 16 months n/a n/a n/a n/a 2.15 kWh/mi n/a

PG&E n.d. (a) n/a (model assumption) n/a n/a 0.58 kWh/mi 5.5 mpg n/a n/a

PG&E n.d. (b) n/a (model assumption) 0.96 mi/kWh 6 mpg 0.68 mi/kWh 5 mpg 0.74 mi/kWh 4 mpg

Notes: n/a = not relevant; kWH/mi = kilowatt-hour/mile; mpg = miles per gallon; mpge = miles per gallon (or equivalent). 

Source: WRI Authors.

MPGe Data and Sources
Table B-2 below shows fuel economy values used to inform our 
MPGe recommendations. Values are provided in original units of 
source materials. 

Table B-3 below shows city-to-highway ratio values used to inform 
our MPGe recommendations. Values are provided in original units of 
source materials. 
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Table B-3  |  City-to-highway ratios

SOURCE NATURE OF OBSERVATIONS SIZE TYPE FUEL TYPE MPGE

CARB 1 - test track Type D Diesel 4.27/9.27

CARB 1 - test track Type D Diesel 4.67/9.03

CARB 1 - chassis dynamometer Type D Diesel 3.81/6.89

CARB 1 - chassis dynamometer Type D Diesel 4.31/8.05

Lowell 10 months in-service Type C Diesel 5.6/9.6

Lowell 10 months in-service Type C Hybrid Electric 7/11

Lowell Controlled testing Type C Diesel 5.8/7.2

Lowell Controlled testing Type C Hybrid Electric 7.1/7.5

U.S. EPA and DOE n.d. (a) EPA testing LDV: Chevrolet Electric 131/109

U.S. EPA and DOE n.d. (a) EPA testing LDV: Kia Electric 134/101

U.S. EPA and DOE n.d. (a) EPA testing LDV: Hyundai Electric 132/108

U.S. EPA and DOE n.d. (a) EPA testing LDV: Tesla (multiple models) Electric 138/126; 134/126; 129/116; 
127/117; 124/115; 118/107

U.S. EPA and DOE n.d. (a) EPA testing LDV: Lucid Motors Electric 130/132

U.S. EPA and DOE n.d. (b) EPA city/highway average 
weighting

n/a n/a 55%/45%

Notes: MPGe = miles per gallon (or equivalent); EPA = Environmental Protection Agency; LDV = light-duty vehicle; n/a = not relevant. 

Source: WRI Authors.
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Maintenance and Repair Data and Sources
Table B-4 below shows maintenance and repair values used to 
inform our recommendations. Values are provided in original units of 
source materials. 

Table B-4  |  Maintenance and repair cost values

SOURCE NATURE OF OBSERVATIONS ELECTRIC DIESEL ELECTRIC DIESEL ELECTRIC DIESEL

Fuel type Type A Type C Type D

Burleigh OEM pitch deck (model assumption) n/a n/a $0.09/mi $0.21/mi n/a n/a

Burnham n/a (Volpe DOT model) n/a n/a n/a $1.00/mi n/a n/a

Burnham Gloucester County, VA School 
District—no details on observations

n/a n/a n/a $0.50/mi n/a n/a

Burnham Michigan School Bus Officials 
Template (model assumption)

n/a n/a n/a $1.30/mi n/a n/a

Burnham et al. n/a (model assumption) 40% lower than diesel 40% lower than diesel 40% lower than diesel

CA HVIP n/a (model assumption from HDM-III 
model)

$0.12/mi $0.23/mi $0.14/mi $0.26/mi $0.16/mi $0.31/mi

CEC 2020 n/a (model assumption) in 2018 
dollars

n/a n/a $0.62/mi $0.88/mi n/a n/a

Laughlin and 
Burnham

Observed in 2010 dollars, diesel fleet 
size unclear, Alvin ISD

n/a n/a n/a $0.48/mi n/a n/a

Laughlin and 
Burnham 

Observed in 2010 dollars, diesel 
fleet size unclear, Gloucester County 
Schools

n/a n/a n/a $0.15/mi n/a n/a

Newton Observed, 53 buses represented n/a n/a 70% lower than diesel n/a n/a

PG&E n.d. (a) n/a (model assumption) n/a n/a $0.09/mi $0.21/mi n/a n/a

PG&E n.d. (b) n/a (model assumption), years 1–5 for 
7,500 annual miles

$2,215.20
$1,329.10
$1,439.90

$2,848.80 $2,325.80
$1,772.30
$1,772.30

$2,967.50 $2,436.70
$1,772.30
$1,772.30

$3,086.20

PG&E n.d. (b) n/a (model assumption), years 5+ for 
7,500 annual miles

$4,289.60
$2,573.70
$2,788.20

$5,133.50 $4,504.10
$3,431.60
$3,431.60

$5,347.40 $4,718.60
$3,431.60
$3,431.60

$5,561.20

Roush Observed, 266 school buses in 
Colorado

n/a n/a n/a $0.67/mi n/a n/a

Notes: OEM = original equipment manufacturer; n/a = not relevant; DOT = Department of Transportation; HDM = Highway Design and Maintenance; ISD = Independent School District; 
mi = miles.

Source: WRI Authors.
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2030 Battery Cost Data and Sources
Table B-5 below shows battery cost values used to inform 
our recommendations. Values are provided in original units of 
source materials.

Table B-5  |  Battery cost values

SOURCE $/KWH IN 2030

CEC 2018 IRP low 120

CEC 2018 IRP Mid 100

CEC 2018 IRP High 89

CEC 2018 IRP Aggre. 73

CEC 2021 IRP low - MHDV 125.16

CEC 2021 IRP Mid - MHDV 111.59

CEC 2021 IRP High - MHDV 112.22

BloombergNEF 2021 80

BloombergNEF 2020 58

Average across 96.55

Notes: $/kWh = dollars per kilowatt-hour; IRP = Integrated Resource Plan; MHDV = 
medium- and heavy-duty vehicle.

Source: WRI Authors.
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ENDNOTES
1.	 Total cost of ownership of a vehicle includes not only the pur-

chase and finance price of the vehicle itself, but maintenance 
costs, fuel costs, insurance, and the depreciation that happens 
over the entire life of the vehicle. 

2.	 One example is Atlas Public Policy’s Fleet Procurement Analysis 
Tool, which can be found at https://atlaspolicy.com/fleet-procure-
ment-analysis-tool/.

3.	 http://www.atlasevhub.com/materials/medium-and-heavy-duty-
vehicle-registrations-dashboard/.

4.	 https://www.fueleconomy.gov/feg/di_diesels.shtml. 

5.	 https://www.wri.org/insights/where-electric-school-buses-us.

6.	 https://www.nature.com/articles/s41598-022-14715-8.

7.	 https://www.nrel.gov/docs/fy22osti/82081.pdf. 

8.	 https://about.bnef.com/blog/battery-pack-prices-cited-below-
100-kwh-for-the-first-time-in-2020-while-market-average-sits-at-
137-kwh/.

9.	 https://ww2.arb.ca.gov/sites/default/files/2020-11/appd_hd_in-
vest_strat.pdf#page=84.

10.	 https://cleantechnica.com/2021/12/28/calstart-study-on-commer-
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11.	 https://www.eia.gov/energyexplained/units-and-calculators/
energy-conversion-calculators.php. 
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13.	 https://blogs.edf.org/climate411/files/2022/02/EDF-MDHD-Elec-
trification-v1.6_20220209.pdf. 

14.	 https://www.epa.gov/regulations-emissions-vehicles-and-en-
gines/final-rule-emergency-vehicle-rule-selective-catalytic.

15.	 https://stnonline.com/multimedia/stn-podcast-e92-conversa-
tions-at-stn-expo-reno-twin-rivers-usds-electric-school-bus-
journey/. 

16.	 https://publications.anl.gov/anlpubs/2021/05/167399.pdf.

17.	 https://www.bls.gov/opub/mlr/cwc/bls-introduces-new-employ-
er-costs-for-employee-compensation-data-for-private-industry-
workers-in-15-metropolitan-areas.pdf.

18.	 https://www.osti.gov/biblio/1780970.

19.	 https://afdc.energy.gov/files/u/publication/evse_cost_re-
port_2015.pdf. 

20.	https://www.wri.org/research/electric-school-bus-us-market-
study-and-buyers-guide-resource-school-bus-operators.

21.	 https://www.bea.gov/data/prices-inflation/regional-price-parities-
state-and-metro-area.

22.	https://www.epa.gov/system/files/documents/2022-06/elec-
clean-schl-bus-infrastructure-webinar-2022-06-22.pdf.

23.	https://www.bea.gov/data/prices-inflation/regional-price-parities-
state-and-metro-area. 

24.	https://www.raponline.org/wp-content/uploads/2020/01/rap-
lazar-chernick-marcus-lebel-electric-cost-allocation-new-era-
2020-january.pdf.
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