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Abstract 

Improving the air quality for schoolchildren riding aboard public school buses in 

Montgomery County, Maryland, has been the goal of this project from the outset. As the 

school district mulled whether to transition its all-diesel school bus fleet to electric, this 

research strove to provide policymakers with the analysis necessary to make informed 

decisions for the betterment of public air quality and children’s health. Balancing the 

health needs of an immediate community and the long-lasting consequences of a 

changing climate is an issue policymakers are expected to face in their efforts to mitigate 

climate change. This thesis offers a microlevel look at a Maryland school bus fleet in the 

beginning stages of replacing its all-diesel bus fleet with electric buses. 

The Alternative Fuel Life Cycle Environmental and Economic Transportation 

(AFLEET) tool was used to calculate the emissions of the diesel bus fleet and projected 

change in emissions as the diesel fleet transitions to an electric school bus fleet. Marginal 

damages were calculated using the Air Pollution Emission Experiments and Policy 

(APEEP) analysis tool for NOx, SO2, PM2.5, and VOC. Additionally, CO2 marginal 

damages were calculated using federal and Maryland Social Costs of Carbon.  

The analysis showed that the do-nothing option, that is, replacing aging diesel 

buses with new diesel buses, would continue to contribute upwards of $275,500 in social 

costs just from a year’s worth of schoolyard bus engine idling; another $793,000 in social 

costs can be attributed to the annual driving of the buses. The proposed 10- and 15-year 
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plans of replacing diesel buses with electric was projected to reduce marginal damages 

significantly. The 10-year plan came with a 38.2% reduction in emissions-based social 

costs from driving the bus and the 15-year plan came with a 46.3% reduction. In the case 

of 30 minutes per trip of idling, the phasing out of diesel was similar for both the 10- and 

15-year plans, about a 38% reduction. The electric buses, however, revealed significant 

social costs also, although not ones that directly impact Montgomery County 

schoolchildren. The results varied widely, depending on whether calculating for a 

minimal renewable energy scenario or the more progressive one touted by policymakers. 

In the best-case scenario, and following Maryland renewable energy mandates, social 

costs for the energy needed to power the electric school bus fleet in the 10-year plan 

would amount to $56.6 million; in the worst case, with the state unable to purchase 

renewable energy credits to meet its mandate, its social cost under the 15-year plan was 

projected to be $129.9 million.  

 Results revealed a potential conundrum for policymakers. Electric school 

buses do, indeed, remove ground-level pollutants from the community, sparing 

schoolchildren from exposure. But a fossil fuel heavy electric grid increases the social 

costs exponentially, forcing greenhouse gases and other pollutants into other 

communities. The consequences for the world-at-large could be much more dire if the 

county and state don’t move aggressively to transform the fossil fuel-heavy energy grid 

into one that is generated primarily by renewable energy sources. Simply put, the move to 

electrify the transportation sector is not sustainable without a clean energy grid. 
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Chapter I 

Introduction 

These are unusual times. In response to the 2020-2021 pandemic caused by the 

widespread coronavirus, COVID-19, the yellow school bus, a mainstay fixture 

throughout America’s roadways, sits idle. School buildings have either shut down 

completely or have shuffled students in-class time to just a couple of days a week to 

reduce the potential for exposure. In usual times, American schoolchildren are 

extraordinarily exposed to toxic diesel fumes as they commute to and from school, and 

during occasional field trips aboard a school bus. Previous research has shown that 

elemental carbon, in the form of fine particulate matter (PM2.5) to be highly biopersistent 

(Steiner, Bisig, Petri-Fink, & Rothen-Rutishauser, 2016).    

One way diesel exhaust harms human health is through the blood stream. Once 

diesel exhaust is inhaled, it enters the body’s vascular system in the form of particles and 

gases. The circulatory system then transports these toxins through the blood to the heart, 

liver, kidneys, bone marrow, nervous system, and skin. This could result in long-term 

system effects such as cardiovascular diseases, stroke, cancer, and premature aging. 

Because if the inherent nature of elemental carbon, the toxins released by diesel fumes, 

including metals, can become lodged in human lungs, leading to long-term health effects, 

including asthma, chronic obstructive pulmonary disease (COPD), and lung cancer 

(Steiner et al., 2016). Numerous studies have found a link between cancer and diesel 

exhaust, which contains carcinogens nitrogen dioxide (NO2) and sulfur dioxide (SO2).  
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Research Significance and Objectives 

This research provides perspective toward a necessary component of American 

rural, suburban, and urban infrastructure. Buses are critical to transporting children to 

school, providing access to education even in the most rural areas. Montgomery County, 

Md., where this study takes place, is heavily suburban, and in some areas, urban, with 

tens of thousands of students exposed to bus fumes every day, pandemic home learning 

aside.  This main significance of this research is to provide policymakers and 

decisionmakers a valuable tool in determining the most sustainable means to transporting 

schoolchildren, while creating the least amount of harm to children and the environment. 

This research analyzes the environmental and potential health exposures of diesel 

bus fumes when compared to the emerging electric school bus technology being 

considered by the school district. The primary focus is the social costs involved in the 

emissions from diesel buses and the electric grid powering the next generation of school 

buses. The bus fleet analyzed in this research is operated by the Montgomery County 

School District in Maryland, the 14th largest school district in the United States. 

My research objectives were: 

• To quantify the level of emissions schoolchildren are exposed to from school bus 

exhaust fumes or from the environmental impacts from charging an electric bus. 

• To analyze the social costs of each bus alternative. 

• To inform policymakers on making quantifiable best choices when determining 

transportation options for American schoolchildren. 

• To develop a guidepost that other school districts might follow as diesel fleets age 

and need to be replaced. 
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Background 

Diesel emissions are present during students’ ride to and from school, along with 

any field trips they might take on a school bus. The inherent function of a standard diesel 

engine causes toxic fumes to be drawn into the microenvironment of a school bus cabin 

during operation. The engine can be responsible for a fair share of in-cabin pollutants 

stemming from the crankcase ventilation system, which is designed to remove gases and 

evaporated engine oil. Leakage of these fuel and engine gases can end up in the passenger 

cabin, exposing children to the pollutants.   

Children’s Health Effects of Exposure to Diesel Fumes 

In a study of 275 schoolchildren aged 6 to 12 years in the Seattle-Tacoma, 

Washington area, lung function improved among children who were riding diesel-

powered school buses once ultra-low sulfur diesel was used to fuel their buses. In 

addition, lower levels of PM2.5 were found inside the bus cabin during children’s 

commute after buses were retrofitted with emission-reducing tail pipes (Adar et al., 

2015). An earlier study found that a school bus’s cabin is susceptible to emission toxin 

contamination by following another bus or from its own self-pollution (Sabin et al., 

2005).  

Children’s exposure to the particulates present in diesel fumes can negatively 

impact lung growth and cause asthma or other airway diseases caused by airborne 

pollution (Pattison & Shea, 2007; Lin, Zhang, & Diaz-Sanchez, 2007). In addition, diesel 

emissions contain known carcinogens (Steiner, et al. 2016) and have been classified as a 

group 1 carcinogen. Diesel emissions have been shown to cause lung cancer in humans, 

and there is limited evidence it might also cause bladder cancer (IARC, 2012). Repeated 
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exposure to CO has been shown to affect not only children’s health, but also students’ 

educational outcomes, as pollution-related illnesses cause increased absences from the 

classroom (Currie, Neidell, & Schmieder, 2009). 

Many diesel engines have been retrofitted to reduce children’s exposure to diesel 

fumes, but lower amounts are still being emitted into the environment. Picture, if you 

will, the end of a school day. The bell rings, students grab their backpacks and pour 

outside. The children who ride the bus wind their way through the line of buses idling 

their engines, the exhaust pipes near ground level, spewing fumes into the air. The 

children, breathing in the toxic air, climb aboard their buses to head home for the day. As 

the bus caravans off the school lot, closely following other buses, more fumes enter the 

cab. Unless windows are opened, the children and bus driver inhale the trapped fumes. At 

the end of their bus ride, the children disembark and wait on the curb to cross the street, 

breathing in more exhaust as the bus pulls away.  

Electric Schoolbuses 

For many passengers, electric buses are green, clean machines. Considering 

electric buses have no emissions coming from a tailpipe, the assumption is 

understandable. And for urban dwellers concerned with cleaner city air, they might be 

right, but not without some caveats. For instance, although EV buses have been shown to 

have a lower GWP than propane buses, they also cannot carry as much weight. This 

consideration might be important for high passenger count bus routes, though younger 

children’s lighter weight might allow for more flexibility on the issue (Tong, Jaramillo, & 

Azevedo, 2015).  When comparing the life cycles impacts of internal combustion engines 

to electric vehicles, the electric alternative does contribute least to smog formation, or 
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photochemical oxidation formation potential (POFP), with a reduction of 22% to 33% 

when compared to the ICEVs during both vehicles’ use phase (Hawkins, Singh, Majeau-

Bettez, & Stromman, 2013).  

LCA of School Buses with Different Power Options  

Life cycle assessment (LCA) is a tool that allows the practitioner to assess the 

impact a product or system has from its inception to when it is discarded or no longer 

functioning. Commonly referred to as cradle-to-grave, LCA provides an overarching 

view of a product’s environmental impacts. Life cycle impact assessment (LCIA) 

requires two steps: classification and characterization. The first step, classification, 

requires the practitioner to assign inventory flows to impact categories (Ryberg, Vieira, 

Zgola, Bare, & Rosenbaum, 2014). Take a diesel bus, for example, as illustrated in Figure 

1. One such inventory flow might be the extraction of raw materials for the production of 

diesel fuel for the bus’s use phase. 

A recent comprehensive LCA went beyond tailpipe emissions and considered the 

fuel sources needed to power electric, natural gas and diesel buses, among others. 

Unsurprisingly, electric buses were revealed to have no emissions for three out of four 

pollutants, and the PM emissions stemmed from tires and braking during use. Electric 

buses did measure significantly higher in SO2 due to the U.S. energy infrastructure’s 

dependency on coal and natural gas. The study found electric to also use a considerable 

amount of water because of the energy structures’ reliance on nuclear power and coal, 

which both are dependent upon water. However, when comparing electric buses to the 

other primary fuels, diesel and compressed natural gas, electric fares better than either in 

CO, NOx, and PM10 (Ercan & Tatari, 2015) (Figure 2).  
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Figure 1. Basic vehicle life cycle model.  

Life cycle model begins with the extraction of raw material, includes the production of 
fuel and use of the vehicle, and ends with the disposal of the vehicle at the end of its life 
(Vaughan, Faghri, & Li, 2017). 

One could argue that should the American energy infrastructure continue to 

evolve toward renewable energy sources, the environmental impacts of electric buses 

would be further decreased. Evaluating the overall relative health benefits of electric 

school buses requires examining the energy mix in the power grid. 
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Figure 2. Pollutants over a bus's lifetime. 

Diesel and electric lifetime emissions. Focus on this study is on tailpipe and 
infrastructure, purple and green, respectively (Ercan & Tatari, 2015). 

Maryland Renewable Energy Standard 

Maryland’s electricity grid is currently supported by 11% renewable energy; the 

primary sources of electricity generation are natural gas-fired (1,777 thousand MWh), 

nuclear (1,299 thousand MWh), and coal-fired (898 thousand MWh) (U.S. EIA, 2020). In 

2019, the state increased its Renewable Energy Portfolio Standard, setting a goal of 

drawing 25% of electricity for retail purposes (homes, businesses) by 2020. It further 

established a 2030 goal of 50% renewable energy, including 14.5% from solar and 1,200 

MW from offshore wind (Sadzinski, 2019). Maryland’s sole nuclear power plant, Calvert 
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Cliffs, provides 34% of the state’s energy needs. The plant’s two reactors were 

commissioned in the mid 1970s; its renewed licenses expire in the mid-2030s (U.S.NRC, 

2020). 

Maryland’s current governor, Larry Hogan, has expressed support for a 100% 

renewable energy standard by 2040 (Dance, 2019). During the previous Trump 

Administration, efforts were made to reverse advances toward a renewable power grid, 

with more emphasis put on fossil fuel-based power, especially oil, natural gas, and coal. 

The Biden Administration has re-entered the United States into the Paris climate accords, 

which reestablishes the U.S.’s intent to move away from fossil fuels and focus more on 

renewable energy. President Joseph Biden also re-established a working group that 

focuses on the social costs of greenhouse gases (Kavi, 2021). 

The School Bus Fleet of Montgomery County 

The Montgomery County School District (MCPS), the largest in Maryland, is no 

exception to relying heavily on diesel buses. As of 2020, the fleet numbered 1,447 diesel-

powered buses used to transport 103,000 students to more than 200 schools throughout 

the county on a daily basis, including special schools in neighboring Virginia and 

Washington, D.C. In a single day, these buses travel 112,000 miles; in the 2016-2017 

school year, nearly 20.3 million miles were traveled (Fisher & Ewald, 2020)(MCPS, 

2020). The boundaries of school bus pickups, with the exception of special needs 

students, are as follows: elementary school – 1 mile; middle school – 1.5 miles; high 

school – 2 miles (MCPS, 2019). 

The student body attending the Montgomery County school system is diverse. As 

of the 2018-2019 school year, the student body was made up primarily of 32% 
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Hispanic/Latino, 28% White, 21% Black, and 14% Asian, with 35% of students 

participating in a free and reduced-price meals program (MCPS, 2018). In regard to 

children’s health, the prevalence of asthma for Black children under the age of 18 is 2.5 

times higher than that of Hispanic, Asian, and White children in the same age group, at 

14.3% Black, 8% Hispanic, 3.9% Asian, and 5.6% White; moreover, the hospital 

admissions rate for asthma of Black children ages 2 to 17 was 216.5 per 100,000 for 

asthma, compared to 41.9 per 100,000 for White children. The death rate from asthma for 

Black children ages 0-17 was 9.2 per 100,000, compared to 1.3 per 100,000 for White 

children (HHS, 2021). 

Before the pandemic, the Maryland Legislature was considering two bills that 

would require the state’s school districts or their contractors to buy electric school 

vehicles beginning in 2024 or 2027, respectively. These bills did not restrict the 

continued use of diesel buses until they age out of the system. One of the bills passed the 

Maryland House of Delegates, but was adjourned sine die (Maryland State Legislature, 

2020), meaning it has been adjourned indefinitely by the Maryland State Senate. It should 

be noted that the governor stated he would not sign any new legislation that would 

increase Maryland state expenditures not related to the pandemic response (Wood & 

Broadwater, 2020) (Maryland State Legislature, 2020). 

One of the bills would have required school districts to replace aged-out diesel 

school buses with electric ones beginning in 2024. A common concern among the state’s 

school districts was not only the increased cost of an electric bus over a diesel one – an 

estimated $340,000 vs. $90,000 – but infrastructure retrofitting costs, land purchases for 

charging stations, and more bus drivers and a larger fleet to account for electric buses’ 
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shorter mileage range. Montgomery County estimates the proposed bill would cost its 

school district an additional $4 million per year, assuming 120 buses are replaced 

annually and are financed over six years. The county has also expressed concern that 

because electric buses are a newer technology, supply might not be able to meet demand 

(Fraser-Hidalgo et al., 2020).  

For comparison’s sake, the Maryland Transit Authority (MTA) owns and operates 

775 public transit buses that are either 40-ft long or the extra-long 65-ft long variety. The 

state’s general assembly had considered a bill that would have required the purchase of 

electric buses beginning in 2023, estimating that it would cost the state about $20.6 

million to buy 70 new electric buses annually. 

Costs of Replacing Diesel Buses 

Replacing diesel school buses is a costly endeavor for school districts, leading to 

bus fleets around the country averaging 16.2 years for large buses and 14.6 years for 

small buses (McMahon, 2017). In Montgomery County, the bus fleet averages 15 years 

(Fisher & Ewald, 2020). A diesel bus costs $50,000 less than a natural gas bus, and a 

hybrid electric diesel bus costs an additional $25,000 over the former (Clean Energy 

Fuels, 2020). 

In 2019, MCPS was awarded a state grant of $349,000 to purchase a new electric 

bus and a battery charger. Other counties were also awarded funds to make similar 

purchases; neighboring Frederick County was also granted funds to purchase 22 propane-

powered buses (Apperson, 2019). Under state of Maryland regulations, the first item in a 

section titled Routing and Operating Procedures, states the “prime consideration is the 

safety of riders” (Md. Code of Regulations State Board of Ed. §13, 1975). Obviously, at 
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the time of the code’s writing, the harmful effects of diesel fumes were not yet 

understood. It can be assumed the code was alluding to the immediate physical safety of 

the buses’ passengers; however, as ongoing research continues to uncover diesel’s 

harmful effects to those who inhale its fumes, the long-term “safety of riders” should 

perhaps also be considered by policymakers. However, in April 2020, Maryland 

Governor Larry Hogan instituted a spending freeze and moratorium on all nonessential 

programs in response to the ongoing COVID-19 pandemic. It is unclear when or if these 

transportation funding programs will be reinstated.  

Table 1 compares the estimated difference in cost of a diesel bus to an electric 

bus. In the case of a standard 40-ft bus, a similar length to the average school bus, the 

state expects to pay nearly $400,000 more for a single bus and the necessary battery 

charging equipment (Korman et al., 2020). That bill, too, is adjourned sine die (Maryland 

State Legislature, 2020). 

Table 1. Maryland cost estimates of diesel vs. electric buses. 
 

 
 
 

In the meantime, school buses have been parked as classes have been suspended 

and students have been ordered to stay at home through at least spring 2021, as of this 
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writing (Maryland State Department of Education, 2020). Some students in kindergarten 

through third grade have returned to school as of March 15, but others remain in virtual 

classrooms.  

Before the pandemic, few initiatives had been undertaken to alleviate the amount 

of fumes emitted by MCPS school buses as part of daily practice. Maryland initiated a 

voluntary anti-idling program to encourage buses and other vehicles waiting in school 

yards to shut down their engines while waiting. Of the 1,300 schools in the MCPS school 

system, only six schools – one middle school and five elementary schools – have set up a 

vehicle idling policy (Maryland Department of the Environment, 2020).  

At the Montgomery County School District, the average school bus is driven 

19,000 miles annually. On a daily basis, the buses are in service an average of seven 

hours per day, Monday through Friday (Fisher & Ewald, 2020). Determining the best bus 

alternative for transporting children to and from school is more than a matter of the 

financial cost of replacement, or the immediate environmental effects.  

A broader analysis of major environmental impacts needs to be weighed with the long-

term human health impacts as a cost-benefit analysis. In this study, the primary goal is to 

accentuate schoolchildren’s daily exposure to toxic emissions via ground level tailpipes, 

brakes, and tire wear. Emissions from a tailpipe or a braking bus will affect still-

developing children’s bodies more acutely than a coal plant miles away that supplies the 

electricity to run an electric school bus.   
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Research Questions, Hypotheses and Specific Aims 

My research addressed the following questions and hypotheses:  

Which bus alternative is the least harmful for long-term children’s pollutant 

exposure during its use phase? 

H1: An electric school bus will be the least harmful to children during its use 

phase. 

Which bus alternative is revealed to have the most positive cost-benefit when 

considering children’s mortality and health factors in the use phase and the environmental 

impacts during the entire life cycles? 

H2: Electric buses are a beneficial alternative to replace diesel-powered buses, but 

until battery technology is updated, propane powered buses are the best option when 

considering children’s health and the environmental impacts. 

To test these hypotheses, I quantified the environmental impacts of electric and 

diesel buses during their use phase (transporting students to and from school) and during 

idling while awaiting student boarding, along with the impacts on charging electric 

school buses. 
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Chapter II 

Methods 

The primary focus of this study was to quantify the impacts that shifting to an all-

electric school bus fleet will have on children’s health through the use of marginal 

damages.  A comparative analysis of the use phase found in Life Cycle Impact 

Assessments (LCIA) on the school bus fleet was conducted using AFLEET (Alternative 

Fuel Life-Cycle Environmental and Economic Transportation Tool), with a consideration 

of the current and planned source make-up of the region’s electric grid. The 

environmental impact of an electric school bus was compared to that of a diesel engine 

school bus. Although not within the scope of this study, a comparison of well-to-wheel 

impacts by the bus options is recommended due to concerns that electric fuel batteries are 

more harmful to the environment from the mining and manufacturing of fuel cell 

batteries, such as lithium-ion batteries, which is an energy-intensive process.   

The analysis of potential harm to children’s health as it relates to school bus 

transportation required the creation of a model that analyzed the amount of potential 

exposure children have while riding a school bus on an annual basis (diesel vs. electric) 

or being exposed to idling bus exhaust. A cost-benefit analysis considered social costs of 

the most common pollutants emitted by diesel buses, the marginal damages of which 

impact children’s mortality.  
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AFLEET 

Greenhouse gases, air pollutant emissions, and diesel fuel use were calculated 

using the AFLEET Tool, available through the U.S. Department of Energy’s Clean Cities 

Program. AFLEET characterizes a school bus as a heavy-duty vehicle that has a capacity 

of 15 or more people used to transport students to school. Inputs included bus fleet size, 

fuel makeup of the fleet, miles traveled annually, average miles per gallon, and average 

cost per bus. Data specific to MCPS were inputted into AFLEET’s background data in 

the Excel spreadsheet. Much of the data provided in AFLEET remained the same; 

however, school district provided information (i.e., average costs of buying a diesel or 

EV bus) was changed in the background data section to more accurately reflect the bus 

fleet.  

The school bus emission modelling system information was based on the EPA’s 

Motor Vehicle Emission Simulator (MOVES) (Burnham, 2019).  Sources of emissions 

included in MOVES (and therefore, AFLEET) include tailpipe, brakes, and tire wear 

(EPA, 2020). By design, AFLEET only accounts for the vehicle operation stage when 

calculating air pollutants (Burnham, 2019). The MCPS provided data included in the 

AFLEET model consisted of 1,447 diesel-fueled buses in its current fleet. This study 

assumed all buses are used during the school year when school is in session. Tire and 

brake wear is largely reflected in PM10 and PM2.5, although AFLEET does not itemize 

the sources of individual pollutants. 

The pre-pandemic student passenger count was used as the baseline for the 10-

year and 15-year scenario Excel tables that forecast the number of diesel busses in the 

fleet. The assumed decrease in students riding the school buses was determined by 
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dividing the baseline (103,000) by 10 or 15 and substracting from the previous year, until 

zero students were riding a diesel bus (Table 2). To illustrate, if the baseline is b,  

𝑏𝑏 − �
𝑏𝑏

12�
= 𝑏𝑏2, 𝑡𝑡ℎ𝑒𝑒𝑒𝑒 𝑏𝑏2 − �

𝑏𝑏
15�

= 𝑏𝑏3,𝑎𝑎𝑎𝑎𝑎𝑎 𝑠𝑠𝑠𝑠 𝑜𝑜𝑜𝑜. 

Table 2. Assumed student passenger count aboard diesel buses for the 10- and 15-year 
scenarios. 

 

AFLEET Data Inputs 

Calculations derived from the On-Road Fleet Footprint Calculator were analyzed 

to determine the level of air pollutant emissions estimated from MCPS’s use of diesel 

school buses during the course of a traditional school year. In addition, the Electric 

Vehicle Charging Calculator and the Idle Reduction Calculator were used to determine 
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the GHG and air pollutant benefits of switching to an EV charging system and the 

reduction of emissions through a reduction in engine idling, respectively.   

The number of charging stations at each depot was determined by MCPS’s stated 

preference in DC fast charging infrastructure, the hours a bus is away from its depot 

(Fisher & Ewald, 2020) and the 3 hours needed to fully charge a bus that can run 120 

miles (Thomas manufactured buses). In general, most MCPS buses leave their depot at 6 

am, returning at 9:30 am. Those buses then depart again at 1:30 pm and return to the 

depot by 5 pm. This allows for four (4) charging time slots: One midmorning between 

9:30 am and 1:30 pm, and 3 between the hours of 5 pm and 6 am. In AFLEET Inputs, 

“high” usage was selected. An assumed annual replacement of 144 and 96 diesel buses 

for electric buses over 10 and 15 years, respectively, was reflected in the charging input, 

amounting to a total of 1,447 buses (Table 2).  

The diesel in-use emissions multiplier was selected in the Input Sheet under 

Petroleum Use, GHGs and Air Pollutant Calculation Options (Appendix 1). This is to 

account for higher emissions for actual vehicle operation rather than laboratory 

certification results. The only change to the footprint output was a doubling of NOx 

emissions when diesel in-use emissions was selected. This is due to emissions entering 

the bus cabin through the engine crankcase vent, a common occurrence with diesel 

vehicles. This is the primary source of NOx, and is a precursor to PM2.5 entering the 

cabin (Clean Air Task Force, 2005). 

Financial assumptions, such as loan terms, were not considered, and I assumed 

that the school district would be purchasing the buses outright. At the time of this writing, 

MCPS was actively reviewing Requests for Proposals (RFP) to have an outside vendor 
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manage the district’s transition as a turnkey operation to convert to an all-electric fleet 

within 10 years. 

Electrical Grid 

When determining the makeup of Maryland’s electrical grid, several factors had 

to be considered. The state has a renewable energy requirement of 30.5% by the year 

2020; however, when reviewing Maryland’s actual energy generation, it only generates a 

fraction of its electricity from renewable sources. To make up for its lack in electrical 

generation, and to meet mandated renewable energy goals, renewable energy is 

purchased from neighboring states. 

Maryland’s primary sources of electricity generation are natural gas and nuclear 

power (Figure 3). The state buys renewable energy credits, which includes a solar carve-

out, to make up the difference and meet the state’s renewable energy portfolio goals. By 

2030, the renewable energy requirement increases to 50%.  

  

Figure 3. Maryland net electricity generation. 

The generation is as follows (in MWh): Natual gas-fired, 1,329; Coal-fired, 465; 
Nuclear, 1,290; Renewables, 181. Data current as of Aug. 2020. (U.S.EIA, 2020). 
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In building the AFLEET models, to best reflect the electrical grid that would be 

powering the school buses, I chose to customize the electric source mix, in addition 

running the scenarios following the regional electrical generation model set up by 

AFLEET, which has the Maryland area generating just 5% in renewable energy. By 

customizing the electricity source, I could input forecasted electricity generation based on 

state requirements, and adjust the generation of coal, natural gas, and nuclear power. By 

2030 – the end of our 10-year model – Maryland has mandated that 50% of its electricity 

come from renewable sources. The 10- and 15-year models have been built to reflect that 

future requirement, with a natural progression from 25% to 50% from 2020 to 2030. 

Taking into account the governor’s progressive call for 100% renewable energy by 2040, 

I have adjusted the 15-year plan accordingly. In order to reach a 30.5% threshold for 

renewable energy for 2020, I reduced the other primary sources of electricity (natural gas, 

coal, and nuclear) by 26.5% across the board. In doing so, I assumed the electric grid as 

of 2021 will be as follows: natural gas, 29%; coal, 10%; and nuclear power, 30%. The 

following formula computed the reduction, with a, b, and c representing natural gas, coal, 

and nuclear power, respectively, and the percentage point reduction as x:  

(𝑎𝑎 ∗ 𝑥𝑥) − 𝑎𝑎 

I followed this by calculating the corresponding increase in renewable energy by 

adding the sums of a, b, c to the baseline renewable energy of 181 MWh (from 2020): 

(𝑎𝑎 ∗ 𝑥𝑥) + (𝑏𝑏 ∗ 𝑥𝑥) + (𝑐𝑐 ∗ 𝑥𝑥) + 181  

The tables detailing the composition of the assumed electrical grids are in 

Appendix 2.  Considering that Maryland generates only a fraction of its renewable 

energy, and the growing demand for energy and electric vehicles, a baseline energy 
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model of 5% renewable energy was also built, to reflect the social costs of GHG 

emissions and other pollutants if Maryland is no longer able to buy renewable energy 

credits to offset its fossil fuel and nuclear energy generation.  

Social Cost of Emissions 

The social cost analysis was performed to determine whether the increased costs 

of an electric bus are offset by the benefits of no-emission travel for school children, or if 

the benefits are negligible and maintaining the status quo of a diesel-powered fleet is the 

ideal path forward. All totals have been calculated for net present value, with a social 

discount rate of 3%. 

Marginal Damages 

In Holland, Mansur, Muller and Yates (2016), marginal damages are described as 

the estimated dispersion of pollutants across a county, in this case, Montgomery County. 

The Air Pollution Emission Experiments and Policy analysis tool, or APEEP, is an 

integrated assessment model that allows for the calculation of marginal damages of the 

following exhaust emissions: NOx, PM2.5, SO2, and VOCs. In the study, marginal 

damages were calculated for electric and gasoline-powered passenger cars, but not 

vehicles running on diesel fuel (Holland et al., 2016). They found that although electric 

vehicles have relatively no emissions at the point of operation, its wider, or global 

impacts, depended on the electric grid mix. Their research revealed that 91% of the 

emissions caused by powering an electric car – power plants, for instance – were 

exported to other states, whereas a gasoline powered car exports just 19% of its emissions 

to other states, through such factors as the wind blowing pollutants away into other 
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counties. Because diesel and gasoline-fueled cars operate in similar manners, I assumed 

gasoline and diesel point-of-use emission exports are the same.  

The calculations do not consider the emissions caused from producing fuel or 

manufacturing vehicles (Holland et al., 2016). For this research, I assumed that many of 

the components of an electric school bus are the same as a diesel-powered one; for 

instance, the body, frame, interior seats, brakes, and wheels, are comparable or identical 

to each other. An obvious caveat is the manufacturing of batteries large enough to power 

electric school buses, which do have negative environmental benefits, and deserve to be 

mentioned. Considering that battery technology continues to evolve, as is renewable 

energy and fossil fuel production, it was outside the scope of this study. 

Ground-level marginal damages were calculated using data specific to 

Montgomery County. This allowed for the marginal damages of SO2, NOx, VOC, and 

PM2.5 to be calculated to better understand the effects of local ground-level emissions 

(Holland et al., 2016). The marginal damages were in year 2000 dollars, converted using 

the Bureau of Labor Statistics inflation calculator, from January 2000 to November 2020 

(BLS, 2020) (Table 3). 

In addition, the diesel bus emissions from the two scenarios were converted from 

lbs. to short tons using the formula, 𝑙𝑙𝑙𝑙/2000 . In the case of carbon, the short tons were 

converted to metric tons to comply with the social cost of carbon being used in this study.  

Calculating Social Cost of CO2  

Carbon dioxide (CO2) is the primary pollutant that makes up GHG emissions, 

comprising of 81% (EPA, 2020). Calculating the Social Cost of Carbon (SC- CO) was a  
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 Table 3. Pollutants' marginal damages per ton. 

 
FIPS is the county-specific code for Montgomery County, Md. The BLS calculator was 
used to determine the current dollar worth of the pollutants’ marginal damages at the 
ground level. Marginal damage data sourced from Holland et al., 2016. Bureau of Labor 
Statistics Inflation Calculator used to determine 2020 dollars. 

tricky venture, since the calculation is mired in political influences pulling to either 

increase or lessen the debated cost-of-damage caused by this formidable greenhouse gas. 

The value can vary significantly depending on the model used. 

Initially, this study undertook an updated version of the Dynamic Integrated 

Climate-Economy (DICE) model by Haensel et al., 2020 to account for the SC-CO since 

CO2 is not factored into the APEEP model. The Haensel version of the DICE model used 

the higher pathway of 2ºC climate mitigation to calculate SC-CO and placed a higher 

emphasis on future generations (such as the schoolchildren of this study, and beyond) by 

using a lower social discount rate, which it established through a survey of 173 experts on 

discounting parameters. The median expert view set the SC-CO at $101 in 2020. In 

addition, this model meets the UN Climate Paris Agreement temperature targets of 2o 

Celsius by 2100 (Haensel et al., 2020). This is more than a dozen times higher than the 

SC-CO established under the previous Trump Administration, which set the SC-CO at 
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$7, a reduction from a previous estimate and considered politically controversial 

(Nuccitelli, 2020; Templeton, 2020).  

One of the first actions of the Biden Administration was to form an Interagency 

Working Group on the Social Cost of Greenhouse Gases. The SC-CO, and other 

pollutants would take into account global damages, including human health (Biden, 

2021). The administration also rejoined the Paris climate accord. An interim SC-CO was 

released by the working group in late February 2021, following the values established in 

2016 by a previous interagency working group, adjusted for inflation (Table 4) 

(Interagency Working Group on Social Cost of Greenhouse Gases, 2021).  

The State of Maryland follows a more progressive SC-CO, valuing a ton of 

carbon at $110, following standards previously established by the U.S. EPA (Maryland 

Dept. of Natural Resources, 2021). Considering the buses operate in Maryland, the $110 

per ton of carbon value was also included in this study as the primary value used. 

Table 4. Social Cost of CO2 

 Discount Rate 
Emissions 
Year 

5% Avg. 3% Avg. 2.5% Avg. 

2020 14 51 76 
2025 17 56 83 
2030 19 62 89 
2035 22 67 96 
2040 25 73 103 
2045 28 79 110 
2050 32 85 116 

 
The values are in 2020 U.S. dollars per metric ton and allow for three scenarios via the 
discount rate. It is unclear, and therefore assumed, that these values also follow the 
higher climate mitigation standard of 2ºC. The expanded table for all years in this 
study’s research can be reviewed in Appendix 5. Source: (Interagency Working Group on 
Social Cost of Greenhouse Gases, 2021). 
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Greater emphasis is now being placed on the 1.5ºC warming mitigation threshold 

to contain the worst effects of climate change on the planet; as such, an additional second 

SC-CO was sought to better understand the impacts a conversion to an all-electric bus 

fleet would have; however, such a value is not readily available. 

To calculate the amount of CO2 stemming from school bus emissions for the two 

scenarios, I first compiled the GHG data from the AFLEET model. Because CO2 

comprises 81% of GHG emissions, I then calculated  𝑥𝑥 ∗ 81, x being GHG. As 

demonstrated in Table 5, this allowed me to later calculate the Social Cost of CO2 (SC-

CO2) using the aforementioned values. 

Table 5. Results of GHG to CO2 calculation for 10- and 15-year plans. 

 
Ten- (l) and 15-year scenarios. Year 1 is the baseline for both scenarios. 
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Social Cost of a Diesel School Bus 

Estimating the social cost of a diesel-powered school bus followed a multistep 

process of compiling emission data, converting it from pounds to short tons, calculating 

the marginal damages per each pollutant, and calculating NPV (Appendices 3-5). The 

same process was performed to calculate the annual DC charging output for energy use 

and emissions benefits scenarios (Table 6).  The corresponding tables are in Appendix 3. 

Table 6. Annual charging output of GHG for 10- and 15-year plans. 

 
Final column in each table shows the amount of CO2 in short tons.  
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Social Costs of Bus Emissions 

The pollutants assessed for their marginal damages were NOx, PM2.5, VOC, and 

SO2, using APEEP data. Although APEEP also allows for a physical accounting of 

ammonia (NH3), it is not regulated and did not factor into the AFLEET results, and 

therefore was not considered in this study.  

The two primary categories of social costs from bus emissions considered were 

the bus in motion as it transports children to and from school, and the bus idling in the 

school parking lot with its engines running. As a reminder, APEEP does not provide a 

social cost of carbon, and as such, CO2 is calculated using another methodology. 

Social Cost of Riding a Diesel Bus 

Children represent a sizeable portion of Montgomery County’s population at 

23.1% of the estimated 1.05 million people residing in the county (U.S. Census Bureau, 

2019). Of those, 103,000 children ride the bus to school when distance learning in not in 

effect (Fisher & Ewald, 2020). To calculate the potential social cost from riding a school 

bus (SCd), it was first necessary to calculate the percentage of children riding the school 

bus against the general population: 

𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑏𝑏𝑏𝑏𝑏𝑏
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

 

This allows for the establishment of the baseline of 10% (0.098) of the county’s 

population riding the school bus under normal circumstances. Bus drivers were not 

considered in this study. For simplicity’s sake, the baseline was used to reduce the 

number of children exposed to diesel bus emissions as the buses are replaced with electric 

ones (Table 7). 
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The social cost of a diesel bus (SCd) was calculated by multiplying pollutants (P) 

and the individual marginal damages (MDp), then dividing by the percentage of students 

exposed (KidsBaseline): 

𝑆𝑆𝑆𝑆𝑆𝑆 = (𝑃𝑃 ∗ 𝑀𝑀𝑀𝑀𝑀𝑀) ∗ 𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾 

The individual calculations for each pollutant, per year, were then summed 

together to result in an annual social cost of emissions per child. The calculations were 

performed for both scenarios, with the first year being the baseline (Table 7). 

Table 7. Potential share of emission exposure to children. 
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Social Cost of Bus Idling  

When children walk through the school bus loading zone to board their buses 

home, they are exposed to, on average, 30 minutes of emissions from waiting buses 

idling with their engines’ running. Reasons to idle might be attributed to heating and 

cooling desires, keeping the engine warm, and operator habit.  

In the Idle Reduction Inputs section of AFLEET, the proposed electric bus fleet 

was compared to the currently operating bus fleet. Annual conventional idling hours were 

estimated at one hour per school day in the afternoon, reflecting common assumptions of 

school bus drivers practice and state and federal efforts to reduce idling (Anderson & 

Glencross, 2009). Maryland requires a minimum of 180 school days, so the per vehicle 

annual idling hours was set at 180 hours. Alternative scenarios were also calculated for 

10 and 20 minutes per trip, or 20 and 40 minutes per day, equaling 60 and 120 hours per 

bus annually of idling emissions, respectively.  

The AFLEET model assumed the bus is idling for 30 minutes. In this study, I 

assumed a child boarding the bus is exposed to those emissions by walking to the bus, 

boarding, and any safety procedures, so a third of the calculated emissions. 

The social cost for an idling bus (SCi) was calculated by multiplying the pollutant 

(P) by the ground-level marginal damage per pollutant (MDp). This assumes that bus-

riding children are exposed the full 30 minutes of a bus idling: 

𝑆𝑆𝑆𝑆𝑆𝑆 = 𝑃𝑃 ∗ 𝑀𝑀𝑀𝑀𝑀𝑀 

Baseline Social Costs 

To determine the baseline social cost of NOx, PM2.5, VOC, SO2, and CO2 for both 

models, the total social costs (as calculated above) were multiplied by 10- and 15-
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scenario years (SY), respectively, to determine the ground-level marginal damages in 

Montgomery County, should the status quo of a diesel bus fleet hold (Table 8): 

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 = ($𝑁𝑁𝑁𝑁𝑁𝑁 + $𝑃𝑃𝑃𝑃25 + $𝑉𝑉𝑉𝑉𝑉𝑉 + $𝑆𝑆𝑆𝑆2 + $𝐶𝐶𝐶𝐶2) ∗ 𝑆𝑆𝑆𝑆 

Table 8. Social cost baseline for all diesel school bus fleet, both scenarios. 

SC-NOx SC-PM2.5 SC-VOC SC-SO2 SC-CO2 SC-Total 

$372,086 $299,152 $133,167 $85 $8,074 $792,663 

The annual marginal damages of ground-level emissions for the all-diesel fleet. The 
social cost of CO2 was calculated using Maryland’s established SC-CO2 value of $110 
per ton. All other pollutants calculated using APEEP. In 2020$. 

To compare the baseline scenarios against the 10- and 15-year scenarios, the 

percentage difference between the scenarios’ total social costs and the baseline was 

calculated: 

(𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 − 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵)/𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 

Social Cost of Electric Generation 

It would be disingenuous to perform a comparative study between diesel and 

electric school buses without the consideration of the electricity needed to power a 

potential future fleet of electric school buses. Although the emissions from power plants 

would not be at ground-level, directly where children walk and play, they would 

contribute to the burden of greenhouse gas emissions on the Earth’s climate and 

disproportionately affect populations in rural areas (Holland et al., 2016). The pollutant 

data is based on the inputs I provided to the AFLEET model. AFLEET does not break 

down pollutants for electricity generation, only the benefits (Burnham, 2019); therefore, 
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it was necessary to calculate the total marginal damages for local pollutants within the 

ReliabilityFirst (RFC) electricity region, of which Maryland is a part. APEEP provided 

marginal damages per kWh for 24 hours in nine electricity regions (Table 9) (Holland et 

al., 2016).  

Table 9. Average marginal damages for kWh in a 24-hour period. 
 

 
 
The marginal damages for SO2, NOx, and PM2.5 are from the AP2 model for 2011 and 
are specific to the electricity region of which Maryland belongs. The CO2 marginal 
damages follow the AP2 model but adjusted to reflect the SC-CO2 values establisted by 
the state of Maryland (Holland et al., 2016).  

To calculate the pollution created by electricity generation, the annual electricity 

(e) generation was subtracted from the portion of renewable energy (r) applicable to that 

year and multiplied by the total marginal damages (md), adjusted for inflation (2020$). 

Social cost of Electricity = (e-(e*r))*md 

The results were then converted from 2000 dollars to 2020 dollars using the BLS 

Inflation Calculator. The total social costs were calculated for net present value using a 

social discount rate of 3%. 
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Net Present Value 

In determining the discount rate for calculating the scenarios’ net present values 

(NPV), I first had to choose which categorization of NPV would most succinctly capture 

the goal of this thesis. A strictly financial analysis of NPV would not be appropriate; 

instead, evaluating the scenarios by way of a social-welfare-equivalent consumption 

discount rate takes into account the damages caused by the bus fleet’s emissions. I 

selected the discount rate of 3% for the scenarios. 

Multiple Linear Regression 

Multiple linear regression was performed to determine the statistical significance 

of the on-the-road models (Appendix 6). The dependent variable was the PM2.5 emissions 

for the scenarios’ time span, and the independent variables were the number of electric 

vehicles in the fleet, petroleum use, and electricity dispensed. The 10- and 15-year 

models had R Square values of 0.997 and 0.998, respectively. It should be noted that in 

the 10-year model, an error while running the regression in Excel required removing the 

number of diesel buses as an independent variable, although this was not an issue in the 

15-year model. For consistency’s sake, that variable was removed from both models and 

re-run, removing the error. Both models were found to be statistically significant with 

most variables having a p-value of <0.05. In the 10-year model, however, the dependent 

variable and one independent variable, “petroleum use,” were found to have p-values of 

0.160 and 0.166, respectively, making those variables insignificant. This was not the case 

in the 15-year scenario, with petroleum use having a p-value of 0.005.  
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Chapter III 

Results 

The variations between the 10- and 15-year simulations varied in the time and 

amount of pollutants schoolchildren would be exposed to throughout the time it took to 

replace the diesel buses with electric ones. Analysis of the diesel bus fleet revealed 

several ongoing GHG and emission concerns through the fleet’s remaining lifetime. 

Based on the inputs discussed before, the forecasted air pollutants to be released over the 

next 15 years amounts are not insignificant.  

Driving Emissions  

After having computed the emissions data in AFLEET for the two scenarios, the 

social costs were calculated to determine the amount of potential emissions the county’s 

school bus fleet was emitting on an annual basis. Figures 4 & 5 illustrate the declining 

rate of potential emissions as the 10- and 15-year scenarios progress. The decrease in 

pollutant exposure follows an expected downward slope, with the final years having no 

pollutant exposure from riding a school bus. NOx is the predominant pollutant found in 

the bus emissions and has the potential to convert into PM2.5, which is also a primary 

component of the bus emission pollutant profile. Calculating the amount of NOx that 

could potentially convert into PM2.5 is difficult, due to the limited research on roadside 

emissions (Hogan & Barnard, UNK). 
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Figure 4. Decrease in potential pollutants from bus emissions. 10-year plan. 

 

Figure 5. Decrease in potential pollutants from bus emissions. 15-year plan. 

In Figures 4 and 5, a decrease in on-road emission pollutants from this study’s assumed 
10- and 15-year scenarios of converting MCPS’ bus fleet from diesel to electric. 
Emission results from MCPS fleet data, author assumptions, and the AFLEET tool. The 
tables for the above charts can be found in Appendix 3. 
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Social Cost of Diesel Bus Emissions 

In Tables 10 & 11, the pollutants’ social costs are calculated on an annual basis 

for the general population. As mentioned before, school bus riding children represent 

about 10% of the county’s population. If the school district decides to maintain the status 

quo, it can expect its diesel bus fleet to contribute about $793,000 per year in marginal 

damages while on the road. Should the county follow the 10-year plan, the total marginal 

damages would amount to about $4.3 million, calculated with an NPV social discount 

rate of 3%; the 15-year plan would amount to $5.2 million total. 

Table 10. Pollutant social costs calculated on an annual basis with a yearly decrease in 
diesel buses over a 10-year time span. 
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Table 11. Pollutant social costs calculated on an annual basis with a yearly decrease in 
diesel buses over a 15-year time span. 

 
 

Baseline Social Cost  

The social cost for the two scenarios can be better understood with a comparison 

to the baseline scenarios (Table 12). The baselines were calculated by multiplying the 

year 1 baseline with either 10 or 15, giving the two scenarios their respective baselines 

for social cost through their length of time (Figure 6). The baseline scenarios were 

calculated with the net present value social discount rate of 3%. 
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Table 12. Baseline social cost of pollutants for 1-, 10- and 15-year scenarios. 

Baseline of one year 10 years 15 years 

$792,663 $6,964,419 $9,746,636 
 
 
 

 

Figure 6. Baseline scenario comparison. 

Comparison of the social cost over 10 and 15 years, should the diesel bus fleet remain 
unchanged. In 2020$ and NPV social discount rate of 3%. 

When comparing the two scenarios to their respective baselines, it is clear that the 

10-year scenario has the greatest effect on lowering the social cost (Figure 7). The 15-

year scenario increases the social costs by 39.95% and prolongs exposure by five years. 

However, the 15-year scenario has a greater percentage decrease from its baseline while 

the scenario plays out, as opposed to the 10-year scenario (Table 15). 
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Figure 7. On-the-road baseline. 

Visual representation of the differences between the two scenarios of diesel buses being 
phased out (blue) and the 10- and 15-year baselines (yellow). 

Table 13. On-the-road baseline and diesel phase-out comparisons. 
  TOTAL SC % DIFFERENCE 

10 YEAR Baseline $6,964,419.33 -38.19% 

 Scenario A $4,305,033.73  

    

15 YEAR Baseline $9,746,636.44 -46.27% 

 Scenario B $5,236,697.95 
 

 

Comparison of emission pollutant social costs between maintaining a diesel-only fleet 
and the 10-year and 15-year diesel phase-out scenarios. 
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Electric Bus Charging Output 

Supporting a fleet of electric school buses becomes less beneficial on a global 

scale when running a non-progressive electrical grid model. In this case, renewable 

energy generation and use was projected to remain at 5%. This nearly doubled the social 

costs from electricity generation in both the 10- and 15-year scenarios, from $56.6M to 

$99.4M in the 10-year scenario, and from $65.6M to $129.9M in the 15-year scenario, as 

seen in Tables 14-17. There is, however, a significant disparity between the social costs 

from electrical generation and those from diesel bus emissions that needs to be addressed 

and will be discussed in the following chapter. 

Table 14. Social cost from electricity generation in 10-year scenario. 

 
Assuming Maryland follows its mandated path to 50% renewable energy by 2030, the 
estimated marginal damages related to electricity generation to power the electric school 
buses, under the 10-year scenario. The marginal damages for regional electricity 
generation consider the social costs of CO2 (Maryland SC-CO), and  SO2, NOx, and 
PM2.5 (Holland et al., 2016). The total marginal damages, calculated for NPV, is 
highlighted in yellow. 
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Table 15. Social cost from electricity generation with minimal renewable energy. 10-year 
scenario. 

 
The above adjusted annual kWh needed for an electric bus fleet, assuming Maryland does 
not increase renewable energy generation within the state, under the 10-year scenario. 
The marginal damages for regional electricity generation consider the social costs of 
CO2 (Maryland SC-CO), and  SO2, NOx, and PM2.5 (Holland et al., 2016). The total 
marginal damages, calculated for NPV, is highlighted in yellow. 

Table 16. Social cost from electricity generation in 15-year scenario. 

 
Assuming Maryland follows its mandated path to 100% renewable energy by 2040, the 
estimated marginal damages related to electricity generation to power the electric school 
buses, under the 15-year scenario. The marginal damages for regional electricity 
generation consider the social costs of CO2 (Maryland SC-CO), and  SO2, NOx, and 
PM2.5 (Holland et al., 2016). The total marginal damages, calculated for NPV, is 
highlighted in yellow. 
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Table 17. Social cost from electricity generation with minimal renewable energy. 15-year 
scenario. 

 
The above adjusted annual kWh needed for an electric bus fleet following the 15-year 
scenario, assuming Maryland does not increase renewable energy generation within the 
state. The marginal damages for regional electricity generation consider the social costs 
of CO2 (Maryland SC-CO), and  SO2, NOx, and PM2.5 (Holland et al., 2016). The total 
marginal damages, calculated for NPV, is highlighted in yellow. 

Social Cost of Idling 

The idling baseline was calculated following the same method as the on-the-road 

baseline. The total social costs were lower than the on-the-road, but it is important to note 

that children are directly exposed to idling fumes. CO2 has the greatest influence on 

marginal damages, but PM2.5 is the second most significant pollutant, which has more 

potential to cause immediate damage to children’s developing lungs (Table 18).  

Table 18. Social costs for a bus idling for 30 minutes per trip. Baseline for both scenarios. 

Idle time SC-NOx SC-PM25 SC-VOC SC-SO2 SC-CO2 Total-SC 
10 $1,844 $6,507 $2,135 $788 $72,836 $84,100 
20 $3,689 $13,017 $4,270 $1,574 $146,165 $168,715 
30 $5,533 $19,524 $6,405 $2,362 $241,675 $275,499 

The individual pollutant marginal damages for the first year, or status quo, diesel bus 
fleet. The full Excel spreadsheet tables are available in Appendix 5. 
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Tables 19-21 demonstrate the baseline social costs of all pollutants for one year 

and the total annual “baseline” social cost of pollutants for the two scenarios, if electric 

buses were not adopted, idle reduction policies were not adopted, and the diesel bus fleet 

remained in service. 

Table 19. Idling scenario baselines. 

Baseline Idling (1 year) 10 years 15 years 
$255,725.28 $2,246,830.16 $3,144,416.75 

Baseline idling demonstrates the social costs should idlying remain at 30 minutes per trip 
(1 hour per day) during the school year with an all-diesel school bus fleet. Totals are 
calculated using the net present value and a social discount rate of 3%. 

Table 20. Total social cost of an idling diesel school bus. 10-year scenario (2020$). 

Idle time SC-NOx SC-PM25 SC-VOC SC-SO2 SC-CO2 Totals 
10 $9,340 $32,959 $10,813 $3,987 $369,876 $426,974 
20 $18,680 $65,919 $21,625 $7,972 $740,237 $854,434 
30 $20,020 $98,878 $32,438 $11,960 $1,223,949 $1,395,245 

Total marginal damages of the 10-year scenario if the remaining diesel buses were 
permitted to continue idling until they were replaced with electric buses. All totasl have 
been calculated for net present value with a social discount rate of 3%. 

Table 21. Total social cost of an idling diesel school bus. 15-year scenario (2020$) 

Idle time SC-NOx SC-PM25 SC-VOC SC-SO2 SC-CO2 Totals 
10 $12,973 $45,779 $15,019 $5,537 $1,028,169 $1,107,477 
20 $25,946 $91,558 $30,037 $11,074 $1,028,169 $1,186,784 
30 $38,919 $137,337 $45,056 $16,612 $1,700,034 $1,937,957 

Total marginal damages of the 15-year scenario if the remaining diesel buses were 
permitted to continue idling until they were replaced with electric buses. All totals have 
been calculated for net present value with a social discount rate of 3%. 



 

42 

The above tables illustrate not only the amount of damage a school bus idling for 

just 10 to 30 minutes in a parking lot over the course of a 180-day school yard could 

level, but how quickly the damages increase the longer the idle time. 

In Figure 8, the yellow denotes the status quo, if the school district does not phase 

out diesel buses. The blue represents the social costs if electric buses are phased into the 

fleet following the 10- or 15-year scenarios. In Table 22, the percentage differences of the 

social cost of pollutants between the two scenarios and the 10- and 15-year baselines. 

 

Figure 8. Baseline comparisons comparing 30 minutes of idling per trip. 

Table 22. Baseline idling comparisons 

  Total Social Cost % difference 
10 Year Baseline $2,246,830 -37.90% 
 Scenario A $1,395,245  
    
15 year Baseline $3,144,417 -38.37% 
 Scenario B $1,937,957  

This table represents the 30 minute per trip idling reduction scenarios. All totals have 
been calculated for net present value with a social discount rate of 3%. 
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The percentage difference between the two scenarios and their respective 

baselines are similar, though the 15-year plan does take longer to mitigate pollutant 

exposure. The 15-year scenario has the potential to expose some children to idling 

emissions from the time they start pre-K or Kindergarten through graduation from high 

school, if they ride the bus throughout their time as Montgomery County Schools 

students. 

Uncertainty on just how long a school bus driver might idle led to the creation of 

separate scenarios that calculated the amount of pollutants are emitted during that 

timeframe. The Poisson distribution was selected to determine the likelihood of a bus 

idling during the predetermined timeframe range of 60 to 180 hours per year (10 to 30 

minutes per trip, twice daily) (Table 23). The Poisson distribution formula I used in Excel 

is as follows: 

= 𝑃𝑃𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜.𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷(𝑥𝑥,𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚, 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐)  

Table 23. Poisson distribution for idle reduction scenarios. 

 Probability Formulas 
 0.51980954 =poisson.dist(180,180,true)-poisson.dist(60,180,true) 
 0.999999869 =poisson.dist(180,120,true)-poisson.dist(60,120,true) 
 0.465737528 =poisson.dist(180,60,true)-poisson.dist(60,60,true) 
Total 1.985546932  

 

The probability that buses will idle for 20 minutes per trip (40 minutes per day, or 

120 hours per year) is the most likely scenario, given the cumulative probability is 

99.99999%. The other two scenarios are less likely: the 30 minute per trip idling is 

slightly more probable (52%) versus idling for 10 minutes per trip (46.6%).  
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Chapter IV 

Discussion 

The ongoing COVID-19 pandemic has left school buses parked as children 

attended class virtually since March 2020. MCPS was expected to start a phased 

reopening plan in February 2021 (Peetz, 2020), and the youngest elementary students 

returned March 15. Access to school buses, the ability to observe idling behavior, and 

visiting the five bus depots was restricted during this time.   

This study was a hybrid of factual data provided by MCPS, such as fleet age and 

size, number of students, along with assumptions made by the author based on either 

conversation with MCPS or public documents, such as battery usage preference as listed 

in MCPS’s RFP. Because some EV technologies are not yet in use, or haven’t been 

invented, it was impossible to predetermine with absolute certainty the costs and benefits 

of transitioning the fleet to all electric. Future research specific to child morbidity as it 

relates to pollution exposure is needed to fully understand the harm caused by diesel 

emissions. The marginal damages calculated were general in terms of human adult life, 

not specific to children. 

Electricity Generation 

Despite Maryland’s self-imposed renewable energy mandate of 100% by 2040, 

the state actually generates only a fraction of renewable energy. As more entities pursue 

electric vehicles for federal or commercial use (along with growing consumer demand), 

the demand on the electrical grid will continue to grow. Aggressive projects will be 
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required for Maryland and Montgomery County to keep up with demand and meet 

renewable energy goals. At some point, buying renewable energy credits from 

neighboring states will no longer be a viable option as those states begin investing in their 

own electric vehicle programs.  

Montgomery County only generates 7.6 MW of solar power (OES, 2021), for 

instance, and the Montgomery County Council recently pared down allowing solar farms 

to be built on 1,800 acres within the county’s 93,000-acre agriculture preserve due to 

objections from farmers and preservationists. Instead of allowing solar projects to be built 

in a fraction (2%) of agricultural land, solar projects are now further stymied by 

additional requirements, including the quality of soil (Tan, 2021). In a letter to the 

council, the Coalition for Community Solar Access decried the council’s decision, 

expressing concern that the requirements will not only prevent proper project siting for 

solar energy generation, but push solar developers away from pursuing solar projects in 

the county (Elder & Murray, 2021). 

The county’s actions were shortsighted and the solar already being generated is a 

far cry from what is needed, not only for the electric school bus transition, but other 

electric vehicles currently on the county’s wishlist, including electrifying its public buses. 

In order to meet the county’s goal of reducing greenhouse gas emissions by 80% by 

2027, more compromise will be needed between groups to move the county and its green 

initiatives forward for the betterment of society. 

Disparities in Marginal Damages 

The spread between the calculated social costs of diesel and electric buses is wide, and it 

is the electric buses that carry the brunt of marginal damages. In both the 10- and 15-year 
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scenarios (Table 24), and when comparing to the bus fleet remaining all-diesel, the social 

costs from charging the batteries of electric buses are several times that of the current bus 

fleet. To understand social costs, it is important to realize that social costs don’t represent 

any actual exchange of money; rather it is the cost the government is willing to take on 

from harm caused by these pollutants.  

Table 24. Social costs scenario comparisons. 

Scenario Baseline diesel Diesel bus 
emissions 

Electric bus 
mid-level RE 

Electric bus 
low-level RE 

10 Year $7,554,235 $4,304,276 $56,580,447 $99,441,354 
15 Year $10,264,841 $5,236,697 $65,612,458 $129,924,116 

The social costs for an all-diesel fleet (baseline), a diesel fleet in transition to electric, 
and the social costs of a fleet transitioning to electric over the two time periods. It is 
important to note that the diesel fleet’s social costs affect the community in which it 
operates, and at ground-level; the electric fleet affects communities outside of where it 
operates with GHG and other pollutants emitted from smokestacks.  

One thing is clear: To tackle climate change, a sustainable, clean energy grid is 

necessary. In the case of the electric school bus fleet, although the children would no 

longer be exposed to toxic tailpipe emissions, and even with an energy grid comprised of 

50% renewable energy, the global social costs from an electric fleet far exceed that of a 

diesel fleet. Coal and natural gas emissions are the obvious villains in the pursuit of a 

predominantly electric transportation sector, until energy infrastructure components such 

as vehicle-to-grid battery storage and on-site renewable energy production solutions 

become more dominant in the energy landscape. 

An ethical argument could be made that the ground-level emissions the school 

district aims to mitigate, and its associated marginal damages, cannot be compared to the 

greenhouse gases created by coal and natural gas power plants used to fuel the electric 
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buses. One community is spared the negative health effects of its own transportation 

needs, and other communities are forced to take up the burden. For this, we must ask, is 

our children’s health more important than that of the children living in rural communities 

near power plant smokestacks? And this is why, as policymakers develop plans to 

electrify buses, a policy of sustainability parity needs to be invoked. For every electric 

bus that is added to the fleet, its energy demands should be met with 100% renewables.  

Policy 

As this thesis research came to its conclusion, the Montgomery County School 

District announced its first order of 326 electric school buses through a public-private 

partnership. The first electric buses are expected to be delivered over the next four years 

(MCPS, 2021). This is welcome news to proponents of electric vehicles and clean air 

advocates. In a news article highlighting the electric bus initiative the school district is 

pursuing, an additional carrot to the emerging electric fleet was announced: The buses 

would be used to store electricity, offsetting energy demands during peak hours and hot 

summer months when school is not in session and buses are parked (Mufson & Kaplan, 

2021). Adding to the push for electric vehicles are the National Ambient Air Quality 

Standards that encourage lowering in-state emissions, in effect encouraging policymakers 

to export emissions to other states. This is important to note, because although Maryland 

has set ambitious renewable energy standards, it is not producing the majority of its 

renewable energy in the state, but rather importing it from elsewhere. Maryland 

consumes five times more energy than it produces (U.S. EIA, 2020), and adding a large 

fleet of EV school buses will only add to that burden. This necessitates a proactive 

approach by the school district in seeking solutions to power its fleet using renewable 
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energy sources, such as installing solar panels and incorporating vehicle-to-grid (V2G) 

technology into the buses and the depots’ infrastructure. 

Transitioning a large school bus fleet such as Montgomery County’s is expected 

to take several years due to a number of factors: school district and state funding 

capabilities, political will, electric bus availability, and the burden on the electrical grid, 

among others. The initial order of 326 Thomas-built buses falls between the 10- and 15-

year replacement scenarios I created, which lends credibility to the school district’s push 

to replace its entire diesel fleet within the span of a decade, give or take a couple years. 

The school district entered into a four-year contract with Massachusetts-based company, 

Highland Electric Transportation, to assist in the transition. According to a school district 

press release, the initial 25 electric buses will be based at the Bethesda bus depot (MCPS, 

2021), which services five low-poverty high schools and their feeder schools. Students at 

these schools are predominately White and Asian whose families are higher income 

(Bonner-Tompkins, 2014).  

The reasoning behind the decision to launch the electric bus fleet from a wealthy 

section of Montgomery County is unknown, but at the beginning of my research, a MCPS 

transportation employee informed me that the electric buses would be spread among all 

five of the bus depots, and not just one, from the outset. A special effort should be made 

by administrators to target schools for electric bus adoption during the early stages where 

the student body has a high proportion of Black children. Statistics show us that Black 

children already have a higher incidence of asthma and the disease’s related hospital 

visits and death than their Asian, Hispanic, and White peers.  
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Idle Reduction 

Perhaps the policy change with the quickest and most widespread results would 

be a ban on idling in all school parking lots. This would have the greatest positive impact 

on all children from the start of the school district’s electric fleet changeover, who no 

longer would be exposed to unnecessary emissions while on school grounds. The state 

has a voluntary idle reduction program, however only a handful of schools have signed 

on. By requiring buses be shut off while waiting in school parking lots or pickup areas, 

and empowering school administrators to enforce the idle reduction mandate, children’s 

exposure to lung-damaging PM2.5 would significantly decline.  

Recommendations 

Further study is needed on the health impacts of busing children to school, 

particularly aboard a diesel bus. Proponents of diesel buses will argue that most of the 

problematic emissions have been mitigated through new technology, but zero emission 

diesel buses do not exist. A full Health Impact Assessment (HIA) that weighs socio-

economic and environmental factors, along with risk mitigation, should be considered. 

The HIA should be completed to further our understanding of this popular mode of 

transportation for children. This would be of particular use for other underfunded school 

districts that would struggle financially with transitioning away from the diesel standard 

bearers of yesterday to better promote their need for clean student transport, either 

through grants or convincing the public for a need to support an electric bus and 

infrastructure through increased taxes. In addition, performing a rapid Social Impact 

Assessment (rSIA) would provide perspective to policymakers on where to initially 

deploy electric buses, with a focus on marginalized communities that are already exposed 
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to a disproportionate amount of emissions due to a number of factors, such as urban 

neighborhoods with heavy traffic.  An rSIA would allow policymakers to analyze the 

intersectional disparities many marginalized students already encounter in their daily 

lives and assist the school district in alleviating their portion of it. 

Conclusions 

As this thesis comes to its conclusion, hope abounds that not only is the pandemic 

of 2020-2021 coming to an end, but that significant efforts will be made to transform and 

rebuild the United States’ transportation and energy infrastructure for a fossil fuel-free 

future, one that promises generations-to-come a zero-carbon future. One plan, not yet 

written into legislation, would provide $45 billion in funding to states and municipalities 

for electric vehicle charging infrastructure. Another $17 billion would provide grants for 

redesigning factories that once built internal combustion engine cars to instead build 

electric vehicles (Grandoni, 2019). And a reimagined Cash-for-Clunkers program to 

entice drivers of poor gas mileage vehicles to trade them in for an electric car (Edelstein, 

2020). Legislation harkening back to former U.S. President Franklin D. Roosevelt’s New 

Deal, such as the proposed Green New Deal, or Biden’s proposed green infrastructure 

plans, offer a roadmap, and perhaps incentivize states, counties, and municipalities to 

create their own clean infrastructure plan.   

Discovering the potential benefits and obstacles of an electric fleet, as it pertains 

to schoolchildren’s health is an ongoing issue, and more research needs to be done to 

fully understand the problem. And although Montgomery County is in the beginning 

stages of replacing its diesel fleet with electric buses, there are many more school 

districts that are not. Knowing the impact of continued exposure to diesel fumes is 
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important for children’s caregivers and policymakers, alike. It is also important to take 

early proactive measures, such as idle reduction, that are relatively easy to put into place, 

and focus early phases of electric fleet deployment in marginalized communities. Finally, 

when it comes to the energy grid, promoting renewable energy hand-in-hand with electric 

transportation projects is important to make an electric fleet not only green, but 

sustainable. 
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Appendix 1 

AFLEET Baseline Inputs 

The following are inputs to the AFLEET model, as described in an earlier section.  

Table 25. Location input. 

 
 

 

Table 26. Fleet, mileage, and purchase data per MCPS.  

 
This is the baseline data from which the 10- and 15-year scenarios diverge. 

Table 27. Electricity mix.  

 
Custom "user mix" as described in an earlier section. 
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Nicole---most of these are tables, not figures—reformat as I have done the first page, 

with titles above, and renumbered in sequence.  Change “before” to 6pt on the titles so 

can be cut and pasted above the tables and single spaced. 

 

Table 28. User mix. 

 
This is the baseline electricity mix from which the 10- and 15-year scenarios diverge. 
Altered in the Background Data section of AFLEET. 

Table 29. Selections for bus operation. 

 
Selection of (1) well-to-wheels petroleum use, GHGs, and bus operation air pollutants. 
The diesel in-use emissions multiplier was selection. Low NOx does not apply to school 
buses, so selected “No.” 
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Table 30. Idle reduction inputs. 

 
Idle reduction inputs for diesel bus fleet. Baseline for the model before the 10- and 15-
year models diverge. 

Table 31. Electric bus charging inputs. 

 
Baseline data for all diesel fleet. Note no electric vehicles for baseline. 

Table 32. First 10 inputs of fleet's 1,447 school buses. 

 
This is the baseline from which the 10- and 15-year models diverge and all buses 
inputted were categorized as diesel. Footprint-onroad section of AFLEET. 
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Table 33. Well-to-wheels petroleum use and GHGs per bus. 

 
Baseline data results. The production phase was not considered for this study. Footprint-
onroad section of AFLEET. 

Table 34. Bus operation air pollutants results per bus. 

 
Baseline model for diesel bus fleet. Footprint-onroad section of AFLEET. 
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Table 35. Electric bus charging inputs. 
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Appendix 2 

Electricity Mix 

The following tables and charts show the assumed electricity grid mix from 2020 

to 2036. The mix remains the same for both scenarios (10-year vs 15-year plans).  

Table 36. Baseline for assumed electricity mix. 

 
Note: Petroleum was not considered due to its low output, and in corresponding tables, 
hydrolectric and nonhydroelectric were combined under “renewable” for simplicity 
(EIA, 2020). 
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Table 37. Fossil fuel and nuclear power generation reduction. 

 
For the scenarios designed to show fossil fuel demands on a progressive renewable 
energy electrical grid portfolio, fossil fuels were reduced by the above percentages to 
correspond with state-mandated renewable energy requirements for 2030 and 2040. 
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Table 38. Results of calculations of assumed electricity mix. 

 

 
The results of calculating for fossil fuel reductions to meet renewable energy goals for 
Maryland’s electrical grid portfolio. Only renewable energy increases in MWh to meet 
state electricity demands; all other fuel sources decrease.  
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Figure 9. Illustrations of the changing energy portfolio following the assumed progressive 
fossil fuel and nuclear energy reductions, 2023-2026. 
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Figure 10. Illustrations of the changing energy portfolio following the assumed 
progressive fossil fuel and nuclear energy reductions, 2027-2032. 
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Figure 11. Illustrations of the changing energy portfolio following the assumed 
progressive fossil fuel and nuclear energy reductions, 2033-2036. 
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Appendix 3 

AFLEET 10-year Plan Outputs 

The following are outputs for the 10-year scenario from calculations using 

AFLEET emission outputs based on the inputs described in Appendix 1. 

 

Table 39. Results from Footprint-Onroad in AFLEET.  

 
 

Table 40. Results from Charging Output in AFLEET. 
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Table 41. Results from Charging Output in AFLEET. 

 
 

Table 42. Results from Idle Reduction in AFLEET. 
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Table 43. Results from Idle Reduction in AFLEET. 
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Appendix 4 

AFLEET 15-year Plan Outputs 

The following are outputs for the 15-year scenario from calculations using 

AFLEET emisson outputs based on the inputs described in Appendix 1. 

Table 44. Results from Footprint-Onroad in AFLEET. 
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Table 45. Results from Charging Output in AFLEET. 

 
 
 
Table 46. Results from Idle Reduction in AFLEET. 
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Table 47. Results from fewer buses idling during diesel phase-out. 
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Appendix 5 

Social Cost of Emissions Data 

Table 48. Expanded SC-CO values in 2020$. 

 
Federal and Maryland social cost of CO2, per metric ton. Federal figures are interim 
values and final social costs are expected in February 2022. Sources: (Interagency 
Working Group on Social Cost of Greenhouse Gases, 2021; Maryland Dept. of Natural 
Resources, 2021) 
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Table 49. Comparison of social cost of pollutants based on use phase. 

 
The above categories are based on the social costs calculated previously for the 10-year 
scenario. 
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Table 50. Comparison of social cost of pollutants based on use phase. 

 
The above categories are based on the social costs calculated previously for the 15-year 
scenario. 

 

 

 

 

 



 

72 

Table 51. Social costs of a diesel school bus idling for 10 and 20 minutes, respectively. 10-
year scenario. 
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Table 52. Social costs of a diesel school bus idling. 10-year scenario. 

 
 
Table 53. Expanded SC-CO2 for idling for 30 minutes. 10-year scenario. 
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Table 54. Social costs of a diesel school bus idling for 10 and 20 minutes, respectively. 
15-year scenario. 
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Table 55. Social costs of a diesel school bus idling for 30 minutes. 15-year scenario. 

 
 
 
Table 56. Expanded social cost of CO2 for 30 minutes in the 15-year scenario. 
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Appendix 6  

Multiple Linear Regression 

Table 57. Statistical analysis of 10-year plan. 
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Table 58. Statistical analysis of 15-year plan. 



 

 78 

References 

Adar, S., D'Souza, J., Sheppard, L., Kaufman, J., Hallstrand, T., Davey, M., . . .& Liu, S. 
(2015). Adopting clean fuels and technologies on school buses: pollution and 
health impacts in children. American Journal of Respiratory and Critical Care 
Medicine, 191, 1413-1421. 

Anderson, Y., & Glencross, C. (2009). School Bus Idling Reduction: Project Report & 
Implementation Guide for Oklahoma School Districts . OK: Association of 
Central Oklahoma Governments. 

Apperson, J. (2019). Department of the Environment funds electric and alternative fuel 
school buses under Volkswagen settlement. Retrieved from Maryland Department 
of the Environment: https://news.maryland.gov/mde/2019/09/26/department-of-
the-environment-funds-electric-and-alternative-fuel-school-buses-under-
volkswagen-settlement/ 

Biden, J. (2021). Executive Order on Protecting Public Health and the Environment and 
Restoring Science to Tackle the Climate Crisis. Retrieved from The White House: 
https://www.whitehouse.gov/briefing-room/presidential-
actions/2021/01/20/executive-order-protecting-public-health-and-environment-
and-restoring-science-to-tackle-climate-crisis/ 

BLS. (2020). CPI Inflation Calculator. Retrieved from U.S. Bureau of Labor Statistics: 
https://www.bls.gov/data/inflation_calculator.htm 

Bonner-Tompkins, E. (2014). Performance of Montgomery County Public Schools’ High 
Schools – A FY 2014 Update. Rockville: Office of Legislative Oversite. 

Burnham, A. (2019). User Guide for AFLEET Tool 2019. Argonne National Laboratory. 

Clean Air Task Force. (2005). Clean Air Task Force Investigations of School Bus Engine 
Crankcase Emissions and Controls. Clean Air Task Force. 

Clean Energy Fuels. (2020). Natural Gas Buses – A Cost, Operational and 
Environmental Alternative . Retrieved from Clean Energy Fuels: 
https://www.cleanenergyfuels.com/blog/clean-energy-natural-gas-fuels-canadian-
transportation-fleets 

Currie, J., Neidell, M., & Schmieder, J. (2009). Air pollution and infant health: Lessons 
from New Jersey. Journal of Health Economics, 28, 688-703. 



 

79 

Dance, S. (2019, May 22). Maryland bill mandating 50% renewable energy by 2030 to 
become law, but without Gov. Larry Hogan's signature. The Baltimore Sun. 

EBI. (2020). Natural Gas Buses. Retrieved from EBI: 
https://ebigaznaturel.com/en/vehicles/natural-gas-buses/ 

Edelstein, S. (2020). Biden plan would broaden EV tax credit, include Cash for Clunkers 
reboot. Retrieved from Green Car Reports: 
https://www.greencarreports.com/news/1128888_biden-plan-would-broaden-ev-
tax-credit-include-cash-for-clunkers-reboot 

Elder, L., & Murray, D. (2021). Letter to Montgomery County Councilmembers. 
Rockville: Coalition for Community Solar Access. 

EPA. (2020). Greenhouse Gas Emissions. Retrieved from U.S. Environmental Protection 
Agency: https://www.epa.gov/ghgemissions/overview-greenhouse-gases 

EPA. (2020). MOVES and Other Mobile Source Emissions Models. Retrieved from U.S. 
Environmental Protection Agency: https://www.epa.gov/moves 

Ercan, T., & Tatari, O. (2015). A hybrid life cycle assessment of public transportation 
buses with alternative fuel options. The International Journal of Life Cycle 
Assessment, 20, 1213-1231. 

Fisher, J. S., & Ewald, C. (2020, August). Montgomery County School Bus Fleet. (N. 
Lucht, Interviewer) 

Fraser-Hidalgo, D., & et al. (2020). H.B. 1451: School Bus Purchasing – Zero–Emission 
Vehicle – Requirement. Maryland General Assembly. Annapolis: Maryland 
Department of Legislative Services. 

Grandoni, D. (2019, October 25). The Energy 202: Schumer vows to take 63 million gas-
powered cars off the road as part of climate plan. Retrieved from The 
Washington Post: https://www.washingtonpost.com/news/powerpost/paloma/the-
energy-202/2019/10/25/the-energy-202-schumer-vows-to-take-63-million-gas-
powered-cars-off-the-road-as-part-of-climate-plan/5db1d0cc88e0fa5ad928da5b/ 

Haensel, M., Drupp, M., Johansson, D., Nesje, F., Azar, C., Freeman, M., . . . Sterner, T. 
(2020). Climate economics support for the UN climate targets. Nature Climate 
Change, 10, 781-789. 

Hawkins, T., Singh, B., Majeau-Bettez, G., & Hammer Stromman, A. (2013). 
Comparative environmental life cycle assessment of conventional and electric 
vehicles. Journal of Industrial Ecology, 17, 53-64. 

HHS. (2021). Asthma and African Americans. Retrieved from U.S. Department of Health 
and Human Services Office of Minority Health: 
https://minorityhealth.hhs.gov/omh/browse.aspx?lvl=4&lvlid=15 



 

80 

Hogan, W., & Barnard, W. (UNK). Evaluating the Contribution of PM2.5 Precursor 
Gases and Re-entrained Road Emissions to Mobile Source PM2.5 Particulate 
Matter Emissions. Research Triangle Park: Federal Highway Administration. 

Holland, S., Mansur, E., Muller, N., & Yates, A. (2016). Are There Environmental 
Benefits from Driving Electric Vehicles? The Importance of Local Factors. 
American Economic Review, 106, 3700-3729. 

IARC. (2012). IARC: Diesel Engine Exhaust Carcinogenic. Retrieved March 2020, from 
World Health Organization: https://www.iarc.fr/wp-
content/uploads/2018/07/pr213_E.pdf 

Interagency Working Group on Social Cost of Greenhouse Gases. (2021). Technical 
Support Document: Social Cost of Carbon, Methane, and Nitrous Oxide Interim 
Estimates under Executive Order 13990. Washington, D.C.: U.S. Government. 

Kavi, A. (2021, January 21). What the President’s 17 Executive Actions Aim to End, 
Establish and Restore. The New York Times, p. 20. 

Korman, M., & et al. (2020). House Bill 432: Electric Bus Transition Act. Annapolis: 
Maryland Department of Legislative Services. 

Lin, E., Zhang, L., & Diaz-Sanchez, D. (2007). Children demonstrate diminished 
antioxidant defenses against diesel exhaust particles. The Journal of Allergy and 
Clinical Immunology, 119, S236. 

Maryland Department of the Environment. (2020). Honor Roll: School Idle Reduction. 
Retrieved from Idle Free MD: 
https://mde.maryland.gov/programs/Air/MobileSources/idlefreeMD/Documents/
HONOR%20ROLL.pdf 

Maryland Dept. of Natural Resources. (2021). Maryland Genuine Progress Indicator. 
Retrieved from Maryland Department of Natural Resources: 
https://dnr.maryland.gov/mdgpi/Pages/cop.aspx 

Maryland State Department of Education. (2020). Maryland State Department of 
Education. Retrieved from State of Maryland: 
http://www.marylandpublicschools.org/Pages/default.aspx 

Maryland State Legislature. (2020). Maryland Transit Administration – Conversion to 
Zero–Emission Buses (Zero–Emission Bus Transition Act). HB432. 

Maryland State Legislature. (2020). Zero-Emission Electric School Vehicles - 
Inspections. HB1481. Annapolis, MD. 

McMahon, T. (2017). Maintenance Survey. Torrence: School Bus Fleet. 



 

81 

MCPS. (2018). Montgomery County Public Schools: At A Glance. Retrieved from 
Montgomery County Public Schools: www.montgomeryschoolsmd.org 

MCPS. (2021). MCPS Replacing 326 Diesel School Buses with Electric School Buses 
Over Next Four Years. Retrieved from Montgomery County Public Schools: 
https://www.montgomeryschoolsmd.org/press/index.aspx?pagetype=showrelease
&id=10547&type=&startYear=&pageNumber=&mode= 

Montgomery County. (2020). Microgrids. Retrieved from Office of Energy and 
Sustainability: https://www.montgomerycountymd.gov/DGS-
OES/Microgrids.html 

Mufson, S., & Kaplan, S. (2021, February 24). A lesson in electric school buses: 
Montgomery County school board seals deal to get 300 of the buses. Retrieved 
from The Washington Post: https://www.washingtonpost.com/climate-
solutions/2021/02/24/climate-solutions-electric-schoolbuses/ 

Muller, N. (2013). Using index numbers for deflation in environmental accounting. 
Environment and Development Economics, 19, 466-486. 

Nuccitelli, D. (2020). The Trump EPA is vastly underestimating the cost of carbon 
dioxide pollution to society, new research finds. Retrieved from Yale Climate 
Connections: https://yaleclimateconnections.org/2020/07/trump-epa-vastly-
underestimating-the-cost-of-carbon-dioxide-pollution-to-society-new-research-
finds/ 

OES. (2021). Project Status and Details. Retrieved from Montgomery County Office of 
Energy and Sustainability: https://www.montgomerycountymd.gov/DGS-
OES/SolarProjects.html 

Pattison, F., & Shea, K. (2007). A collaborative model for children's environmental 
health policy: the North Carolina School Children's Health Act of 2006 . Duke 
Environmental Law & Policy Forum, 233+. 

Peetz, C. (2020, December 15). UPDATED: MCPS reopening plan approved with new 
phasing schedule, delayed return. Retrieved from Bethesda Beat: 
https://bethesdamagazine.com/bethesda-beat/schools/mcps-reopening-plan-
approved-with-new-phasing-schedule-delayed-return/ 

Ryberg, M., Vieira, M., Zgola, M., Bare, J., & Rosenbaum, R. (2014). Updated US and 
Canadian normalization factors for TRACI 2.1. Clean Technologies and 
Environmental Policy, 16, 329-339. 

Sabin, L., & et al. (2005). Analysis of real-time variables affecting children’s exposure to 
diesel-related pollutants during school bus commutes in Los Angeles. 
Atmospheric Environment, 39, 5243-5254. 



 

82 

Sadzinski, B. (2019). Power Plant Research Program Study of the Maryland Renewable 
Energy Portfolio Standard. Retrieved from Maryland Department of Natural 
Resources: https://dnr.maryland.gov/pprp/Documents/RPS-Study-PPRAC-
06122019.pdf 

Steiner, S., Bisig, C., Petri-Fink, A., & Rothen-Rutishauser, B. (2016). Diesel exhaust: 
current knowledge of adverse effects and underlying cellular mechanisms. 
Archives of Toxicology, 90, 1541-1553. 

Tan, R. (2021, February 23). Montgomery County approves limited solar development in 
agricultural reserve. Retrieved from The Washington Post: 
https://www.washingtonpost.com/local/md-politics/montgomery-solar-
vote/2021/02/22/1d309dc8-7535-11eb-948d-19472e683521_story.html 

Templeton, M. (2020, July 7). Fighting With Trump Over The Real ‘Social Cost Of 
Carbon’. Retrieved from Forbes: 
https://www.forbes.com/sites/ucenergy/2020/07/07/environmentalists-are-not-
alone-in-fighting-against-president-trumps-environmental-roll-
backs/?sh=301c666f602f 

Tong, F., Jaramillo, P., & Azevedo, I. (2015). Comparison of life cycle greenhouse gases 
from natural gas pathways for medium and heavy-duty vehicles. Environmental 
Science & Technology, 49, 7123-7133. 

U.S. Census Bureau. (2019). QuickFacts: Montgomery County, Maryland. Retrieved 
from United States Census Bureau: 
https://www.census.gov/quickfacts/fact/table/montgomerycountymaryland/PST04
5219 

U.S. EIA. (2020, June). Maryland. Retrieved from U.S. Energy Information 
Administration: https://www.eia.gov/state/?sid=MD#tabs-4 

U.S. EIA. (2020). Maryland: State Profile and Energy Estimates. Retrieved from U.S. 
Energy Information Administration: https://www.eia.gov/state/?sid=MD 

U.S.NRC. (2020). Calvert Cliffs Nuclear Power Plant, Unit 1. Retrieved from United 
States Nuclear Regulatory Commission: https://www.nrc.gov/info-
finder/reactors/calv1.html 

U.S.NRC. (2020). Calvert Cliffs Nuclear Power Plant, Unit 2. Retrieved from United 
States Nuclear Regulatory Commission: https://www.nrc.gov/info-
finder/reactors/calv2.html 

Vaughan, M., Faghri, A., & Li, M. (2017). An interactive expert system based decision 
making model for the management of transit system alternate fuel vehicle assets. 
Intelligent Information Management, 09, 1-20. 



 

83 

Wood, P., & Broadwater, L. (2020, April 10). Maryland Gov. Hogan announces state 
budget freeze as coronavirus hammers economy, officials eye $2.8B revenue loss. 
Retrieved from The Baltimore Sun: 
https://www.baltimoresun.com/coronavirus/bs-md-hogan-friday-20200410-
pvcgdpkbivemhhc6gtqyjaox2m-story.html 

 

 

 

 

 

 


	The Yellow School Bus and Kids’ Health: A Social Cost-Benefit Analysis
	Abstract
	Dedication
	Acknowledgments
	Table of Contents
	List of Tables
	List of Figures
	Chapter I Introduction
	Research Significance and Objectives
	Background
	Children’s Health Effects of Exposure to Diesel Fumes

	Electric Schoolbuses
	LCA of School Buses with Different Power Options
	Maryland Renewable Energy Standard

	The School Bus Fleet of Montgomery County
	Costs of Replacing Diesel Buses

	Research Questions, Hypotheses and Specific Aims

	Chapter II Methods
	AFLEET
	AFLEET Data Inputs
	Electrical Grid
	Social Cost of Emissions
	Marginal Damages
	Calculating Social Cost of CO2
	Social Cost of a Diesel School Bus
	Social Costs of Bus Emissions
	Social Cost of Riding a Diesel Bus

	Social Cost of Bus Idling
	Baseline Social Costs
	Social Cost of Electric Generation
	Net Present Value
	Multiple Linear Regression


	Chapter III Results
	Driving Emissions
	Social Cost of Diesel Bus Emissions
	Baseline Social Cost
	Electric Bus Charging Output
	Social Cost of Idling


	Chapter IV Discussion
	Electricity Generation
	Disparities in Marginal Damages
	Policy
	Idle Reduction

	Recommendations
	Conclusions

	Appendix 1 AFLEET Baseline Inputs
	Appendix 2 Electricity Mix
	Appendix 3 AFLEET 10-year Plan Outputs
	Appendix 4 AFLEET 15-year Plan Outputs
	Appendix 5 Social Cost of Emissions Data
	Appendix 6  Multiple Linear Regression
	References

