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Executive Summary 
 

Sustainable transportation is a topic of growing concern in urban areas due to increasing urban 

populations and the recognition of urban contributions to climate change. Motorized transport 

relies on oil for virtually all its fuel and accounts for almost half of world oil consumption (Kahn 

et. al, 2007). The United States transportation sector contributes to 28% of the production of 

greenhouse gas emissions, a large proportion of which occurs in urban areas, which produce 60% 

of the global carbon emissions (Sims et al., 2014; EPA, 2014; UN-Habitat, 2015). While public 

transportation only produces 35% of the total carbon emissions from the transportation sector 

(EPA, 2014), there is an opportunity, due to the high visibility and centralized maintenance of 

public transit, to become a leader in sustainable transportation. This includes many different 

strategies, including reducing dependency on fossil fuels through the use of alternative fuel tech-

nologies. This strategy needs to be supported by local and national government to help invest in 

alternative fuels by reducing the initial capital investments. 

 

This document provides a brief analysis of what sustainable transportation planning means and 

the opportunity for public transit, specifically city buses, which account for 40% of passenger 

miles, to serve as a visible demonstration for the development and use of alternative fuel tech-

nology (fig. 1.0). City buses were chosen as the subject for this analysis due to the high propor-

tion of passenger miles on buses in comparison to other modes of public transportation, and 

therefore, it is arguable that sustainable transportation planning for city buses effects the largest 

number of people. This analysis includes a basic comparison of current, widely used alternative 

fuels and the advantages and disadvantages for each.  
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Introduction 
 

The goal of this paper is to provide an introduction to sustainable transportation, an overview of 

how diesel as a fuel in public transit is detrimental environmentally and economically, and an 

analysis of different kinds of alternative fuels currently powering city buses across the United 

States. The paper ends by providing examples of alternative fuel implementation in other cities 

and then providing recommandations for further research on this topic.  

 

The creation and implementation of sustainable transportation options is an increasingly impor-

tant task for urban areas around the globe. This importance revolves around the fact that cities 

are home to a large proportion of the human population. Cities are growing in size every year 

and are major economic hubs. In order to ensure urban livability and productivity, cities need to 

provide affordable, accessible, environmentally-minded transportation systems. Additionally, in 

the face of climate change, urban mobility needs to be addressed more sustainably. This can be 

done by reducing the impact of transportation systems on the environment and reducing depend-

ency on fossil fuels. This is challenging due to the current state of dependence on this limited 

supply of energy. If dependence on fossil fuels and foreign producers could be reduced, urban 

contributions to climate change could also be reduced (Cinquina, 2008).  

 

Even though urban areas are only occupying 2% of the earth’s surface, they use vast amounts of 

resources and make a large contribution to climate change by producing volumes of greenhouse 

gas emissions (GHGs) (UN-Habitat, 2015). Climate change is the phenomena that is predicted to 

increase overall variability of temperature, precipitation, and wind patterns. Within cities this 

variability will increase the probability of heat waves, flooding and/or drought (Rice, 2014; EPA, 

2014).  

 

Urban areas are currently consuming 78% of the world’s resources and producing 60% of the 

global carbon dioxide emissions, one of the most common GHGs that identifed as a contributor 

to the changing climate (UN-Habitat, 2015). Currently, 54% of the world’s population lives in an 

urban area and the United Nations predicts that this number will rise to 66% by the year 2050, 
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meaning that the impact of cities is only going to increase overtime (United Nations, 2014). 

Within cities, transportation is one of the biggest producers of CO2 emissions. In 2010, the na-

tional transport sector produced 23% of the total energy-related CO2 emissions and in 2012, this 

rose to 28% (Sims et al., 2014; EPA, 2014). Since cities are large producers of GHGs, the battle 

to prevent catastrophic climate change will be won or lost in our cities (Hodson and Marvin, 

2010; Bassett and Shandas, 2010).  

 

Public transportation systems are great places for cities to develop new technologies that reduce 

environmental impacts associated with continued reliance on fossil fuels. There are to reach a 

broad range of strategies to achieve this goal including: increasing vehicle efficiency, reducing 

carbon content of fuels by switching city buses to alternative energy sources, and reducing vehi-

cle miles of travel. Public transportation can enact all of these strategies and is therefore an im-

portant part of the solution. (US DOT, 2010). Switching city buses to alternative energy sources 

can reduce GHG emissions by getting people out of their personal vehicles while additionally 

reducing overall reliance on fossil fuels (US DOT, 2010).  

 

There is a growing use of alternative fuel sources in the public transportation sector. In 2013, 

more than a third of the nation’s city buses were run on fuels other than diesel or hybrids includ-

ing: natural gas, propane, diesel-electric hybrids, biodiesel, and hydrogen (Copeland, 2013).  The 

shift to alternative fuels has environmental and economic benefits including: reduced economic 

costs through reduced fuel usage, reduced negative environmental effects, and energy independ-

ence (Copeland, 2013). This shift also has social benefits, including increasing personal mobility 

and protecting human health.  

 

The traditional fossil fuel for public transit, diesel, is expensive and detrimental to human health 

and the health of the environment. Therefore, transit agencies should be working hard to create a 

transit system that uses alternative fuels. Public transit is also a great place to show the safety and 

efficiency of alternative fuels, which will lead to a greater cultural shift away from the use of 

fossil fuels. This will further reduce infrastructure costs as the alternative fueling infrastructure is 

put in place.  
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The City of Pittsburgh has begun to create plans for mitigating and adapting to climate change. 

These plans address many environmental issues related to mitigating the local contributiong to 

global climate change. Identified in the Pittsburgh Climate Action Plan, Version 2 (2012), the 

city has historically dealt with many environmental issues, particularly concerning air quality. 

Historically a “smoky city,” the air quality has improved drastically over the past couple of dec-

ades. However...”air pollutants such as ozone, particulate matter, carbon monoxide, and nitrogen 

dioxide [continue to] contribute to respiratory disease and illness, along with other detrimental 

health effects” (Pittsburgh Climate Initiative, 2012). By striving towards a sustainable public 

transportation system, Pittsburgh can address these public health concerns. The third version of 

the Pittsburgh Climate Action Plan is anticipated to include a special chapter on transportation to 

explore how this sector can further address mitigation strategies and public health concerns.  

Sustainable Transportation 
 

Sustainable transportation is a term that has no universal definition, however a common thread 

between many definitions is the importance of integrated solutions for transportation problems. 

These solutions include: improved travel choices, economic incentives, institutional reforms, 

land use changes and technological innovation (Litman & Burwell, 2006). The definition of sus-

tainable transportation that will be used in this paper is the design and planning of systems to 

provide affordable and accessible means of transportation for everyone and promote connectivity 

while reducing environmental impacts, such as air pollution. Sustainable transportation is also 

not about removing all personal cars from the road (though that is important for reducing GHG 

emissions in cities)--it is about increasing the choices that people have to get to where they need 

to go. The “right mix” of transportation options would include a balance between driving, walk-

ing, cycling, and taking public transit (Duong, 2014). This “right mix” will privilege modes other 

than the personal car, which is an example of how sustainable transportation promotes mode 

shift.  

 

Over the past couple of decades, sustainable mobility in urban areas has come a long way, in-

cluding an increase in bus efficiency. For example, Bus Rapid Transit (BRT), a system that uses 

buses in a way that aims to combine the capacity of light rail with the flexibility and lower cost 

of a bus system (Zimmerman et al., 2003). There has also been an increase in bike-sharing pro-
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grams like Citi Bike in New York City, car-sharing like Zipcar, and car-free, pedestrian only 

streets. These planning strategies utilize the principle of human-centered design, which draws 

from a “deep and empathic understanding of user needs and experience” (Duong, 2014). This 

kind of planning shifts transportation systems from catering to personal vehicles to allowing 

room other modes of travel to be planned for.  

 

Challenges faced by transit planners and agencies include: greenhouse gas emissions (GHGs), 

reliance on fossil fuels, barriers to renewable energy, lack of or inconsistent funding, demand 

management (is transit running where there is need), commuting costs, human health, and public 

safety, just to name a few. Transportation systems are complex and dynamic and are not re-

stricted to public transportation or personal vehicles, however, for this paper we will only be fo-

cusing on public transportation, specifically city buses due to the high proportion of passenger 

miles on buses in comparison to other modes of public transportation (Fig. 1.0).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.0: Proportion of Passenger miles 

for different modes of public transportation in 2008 

(US DOT, 2010). 
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In 2005, combustion of fossil fuels in transportation sector was responsible for 31% of US CO2 

emissions--1% of which corresponds to buses, 61% personal vehicle, 20% medium and heavy-

duty trucks, 10% aircraft (Wayne et al., 2009). By encouraging mode shift and creating a public 

transit system that uses alternative fuels, there is significant potential to lower GHG emissions 

and help mitigate climate change and improve public health (Fig. 1.1). 

 

 
Figure 1.1: Comparison of pounds of CO2 per passenger mile for difference personal vehicle trips and 

different modes of public transportation, showing the potential of increased public transit use and reduced 

personal vehicle use could have on GHG emissions (US DOT, 2010). 

 

 

Current strategies for sustainable public transportation include: transit-centered development, 

demand management, traffic calming, and the use of high-efficiency vehicles. This paper is con-

cerned solely on the last strategy: high-efficiency vehicles, which is focuses on reducing the use 

of fossil fuels in public transit vehicles and increasing the use of alternative fuels.  
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Issues with Diesel & Importance of Alternative Fuels  
 
The majority of the transportation sector in the United States relies on fossil fuels as a main en-

ergy source with petroleum supplying 95% of the total energy used by world transport (Kahn et 

al., 2007). Within the United States, near 80% of city transit buses are run on diesel fuel (Public 

Transportation, 2014). Even though emissions from transit buses are small in comparison to total 

emissions by motor vehicles within the transportation sector (a large portion belonging to per-

sonal vehicles)--these bus emissions are nevertheless important because they are operating in 

heavily populated urban areas where air quality is a large concern for public health and welfare 

(Wayne et al 2009).  

 

Historically, the most commonly used fuel for public transportation has been diesel, which is the 

cheapest and crudest form of gasoline and also the most hazardous, emitting higher levels of pol-

lutants per mile than conventional gasoline (NYC DOT, 2015; Shandilya and Kumar, 2013).  

Diesel also significantly contributes to ground-level ozone formation, commonly referred to as 

smog (Cooney et al., 2013; Diesel Emission Health and Environmental Effects). The primary 

pollutants that are found in diesel exhaust include: particulate matter (PM), carbon monoxide 

(CO), nitrogen oxides (NOx), hydrocarbons, and volatile organic compounds (VOCs) (Wayne et 

al 2009). Diesel exhaust also consists of 40 other chemicals that are listed as hazardous air pol-

lutants, including the known carcinogens benzene, arsenic, and formaldehyde (Diesel Emission 

Heath and Environmental Effects).  

 

Within Pittsburgh, air pollution has been a major concern. Of these pollutants, particulate matter 

is the most threatening to public health. Particulate matter (PM) is microscopic particles that are 

suspended in the air and are usually produced through the combustion process. These suspended 

particles have adverse health effects that correlate to the degree of exposure. The more PM in the 

air people breathe, and the longer they are exposed, the more severe health risks become.  

 

R.H. White Consultants created a report from an analysis of literature from 1970 to 2012 about 

the relationship between health and air quality in Pittsburgh and concluded that exposure to pol-
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lution has resulted in adverse health effects including: premature death, exacerbation of lung and 

heart disease, and adverse birth outcomes (R.H. White Consultants, 2013, p. 26). The effects of 

this air pollution is more pronounced in urban areas due to the concentration of pollution and the 

high density of human population, which means large numbers of individuals are affected by 

poor air quality. Air quality has improved drastically since the industrial revolution and the pe-

riod after World War II. However, Pittsburgh continually surpasses the limit of pollution set by 

national air quality standards, posing continued concerns for public health. 

 

Transportation relies on oil for virtually all of its fuel. Due to this, the transportation sector faces 

a challenging future (Kahn et. al, 2007). This dependence on fossil fuels is a concern for various 

reasons. Firstly, is the finite nature of fossil fuels. Eventually easily accessible oil and coal will 

be a thing of the past, and the remaining reserves will be too difficult or costly to extract. Sec-

ondly, is the concern about the price, which goes hand in hand with the limited nature of fossil 

fuels. The cost of fuel will only rise, and this affects everyone--from people in personal vehicles, 

to those riding the bus. The third, though not necessarily the least concern about fossil fuels, is 

the environmental damage caused by their production and consumption.  

 

Transit agencies should be working to find alternatives which reduce impact for the environment 

and do not pose a threat to human health. This will help ensure that our future generations have 

continued mobility and a healthy environment (Cinquina, 2008; Greene et al., 1997).  Switching 

from diesel to an alternative fuel source has the potential to improve local air quality and conse-

quentially public health (Shandilya and Kumar, 2013).  

 

When looking to create sustainable transportation systems, it is not always realistic to instanta-

neously stop using fossil fuels due to capital and operating costs, technical challenges (Alternate 

Fuels, 2006). Therefore, transportation agencies should be always actively striving to improve 

the efficiency of their diesel fueled vehicles and reducing harmful emissions, such as particulate 

matter. Arguably, even though it will not result in an instantaneous change, proactive investment 

in these alternative technologies will make the eventual transformation of the system possible. 

While the initial investment for alternative fuels is large, the savings incurred by reduced fuel 

costs pays off over time (Copeland, 2013).   
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Alternative Fuel Analysis 
 
Not all alternative fuels are created equal. Below is an analysis based primarily on the Alterna-

tive Fuel Report created by the Federal Transit Administration (2006) and the U.S. Department 

of Energy’s fuel economy website (fueleconomy.com), with some supplemental information 

from academic and news sources. This analysis looks at common alternative fuels that are cur-

rently being used and implemented by transit agencies in urban areas nationally, including their 

environmental impacts and a basic overview of the economic aspect for each fuel. The analysis 

of environmental impacts are not limited to the tailpipe emissions of these alternative fuels, and 

instead shows a basic well-to-wheels analysis, which is a type of environmental analysis that 

seeks to quantify all environmental impacts for a fuel from its initial production through its con-

sumption. An example of the importance of well-to-wheel analysis of different modes of trans-

portation is illustrated in fig. 2.0, which shows how different environmental analysis can be if 

only looking at one aspect of transportation.  
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Figure 2.0: Example of a well-to-wheels analysis of greenhouse gas emissions from fuel production, in-

frastructure, non-operation of vehicles, and operation of vehicles for different modes of transportation 

including alternative fuel use in public transportation (US DOT, 2010). 

 

This analysis is only a basic comparison, and does not include all the options for alternative fuel. 

The analysis can and should be expanded upon in the future, especially as more alternative fuels 

begin to be adopted. Additionally, due to the early stage of development for many alternative 

fuels, it is safe to assume that not all advantages or disadvantages have been identified.  

Natural Gas 
Natural gas is an alternative fuel that has been growing in popularity with the increased supply of 

domestically produced natural gas and is widely used as an alternative fuel for bus fleets. There 

are two fuel forms of natural gas, liquidized natural gas (LNG) where the methane has been sub-

jected to extremely low temperatures, condensing it into a liquid  and compressed natural gas 

(CNG) where the methane that has been pressurized and is still in a gaseous form.  

 

There are two sources for natural gas: fossil fuels or biogas. Conventional CNG is produced from 

the many underground natural gas reserves (fossil fuel) that are in widespread production 

worldwide today. New technologies such as horizontal drilling and hydraulic fracturing - used to 

economically access unconventional gas resources - appear to have increased the supply of natu-

ral gas in a fundamental way. Renewable natural gas or biogas is a methane-based gas with simi-

lar properties to natural gas that can be used as transportation fuel. Present sources of biogas are 

mainly landfills, sewage, and animal/agricultural waste. Based on the process type, biogas can be 

divided into the following: Biogas produced by anaerobic digestion, Landfill gas collected from 

landfills (treated to remove trace contaminants), and Synthetic Natural Gas (SNG), which is a 

blend of liquidized gas with a diluent, which is most commonly compressed air. 

 

Natural gas that is harvested from underground reserves has a number of disadvantages including 

high investment costs for infrastructure (Chan 2005; see Table 1), high maintenance costs, low 

fuel economy, and continued use of non-renewable fossil fuels. Additionally, the threat of meth-

ane leaks from drilling wellheads, valves and pipelines raises concerns, as methane has a Global 

Warming Potential (relative measure of how much heat is captured by a specific GHG in the at-
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mosphere) number of 21 compared to carbon dioxide which has a number of 1. Inventories and 

emissions factors consistently underestimate actual measured methane emission across scales 

(Brandt 2014, 733). 

 
There is a larger question about how reasonable it is to switch from one fossil fuel to another. 

Often natural gas is cited as a bridge fuel, or a fuel that will hold us over until the next appropri-

ate technology presents itself. While more research needs to be done, arguably, to reach the goal 

of sustainable, renewable energy future, diligence will be required to ensure that leakage rates 

are low enough to achieve sustainability goals (Brandt 2014, 735). Investing in cleaner technolo-

gies may be the clearest way to this sustainable future.  

 

Table 1: Advantages and Disadvantages of Natural Gas (fossil fuel) as alternative fuel. Adapted from 

fueleconomy.com and FTA Alternative Fuels report (2006) 

Advantages Disadvantages 

About 94% of U.S. natural gas used is domesti-
cally produced 

Limited vehicle availability 

Roughly 20% to 45% less smog-producing pollut-
ants from tailpipe emissions 

Less readily available than gasoline and diesel 

About 5% to 9% less GHG emissions Fewer miles on a tank of fuel 

Currently less expensive than diesel Methane leaks from drilling wellheads, and valves 
and pipelines 

 requires fueling and maintenance facility modifica-
tion 

 facilities incur an additional electrical cost to 
power the compressors 

 Needs special, expensive maintenance infrastruc-

ture (Chan 2005) 

 Environmental impacts to water sources from 

natural gas drilling (NRDC) 
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Diesel-Electric  

Also known as hybrid vehicles, diesel-electric combines an internal combustion engine with 

electric propulsion system. There are two types of hybrid vehicles, series hybrids and parallel 

hybrids (Ranganathan, 2007). Series hybrids are well suited to stop-and-go transit buses, such as 

the buses that run in urban areas with short distances between stops and that operate in conges-

tion. Parallel hybrids are better suited to long distance. Diesel is the most common fuel that is 

used in hybrid buses, however, other alternative fuels, like CNG or fuel cells have been used. 

The use of hybrid-electric vehicles has grown in the past few years. In 2006, there were more 

than 900 hybrid buses that were deployed by 40 different transit agencies and in 2011 almost 9% 

of the total national public transit buses were hybrid vehicles. Currently, the Port Authority of 

Pittsburgh has 32 hybrid buses on the road. 

 

The pros of this alternative fuel outweigh the cons (Table 2). The major drawback of this fuel 

type is the large initial investment. However, this is quickly offset by the savings incurred by an 

increased fuel efficiency (APTA, 2012; Alternative Fuels, 2006). Many transit agencies are re-

placing older diesel buses with new hybrid-electric buses, which consume 15% to 40% less fuel, 

and produce 15% to 40% fewer carbon dioxide emissions (US DOT, 2010). This large initial in-

vestment can be offset by federal or state funding.  

 

Diesel-Electric buses are growing in popularity thanks to the benefits of this alternative fuel (Ta-

ble 2). By 2011, diesel-electric hybrids were operated by more than 60 agencies nationwide, ac-

counting for about 9% of the national bus fleet. This number is expected to increase; in 2011, 

hybrids accounted for about 17% of the new buses on order by transit agencies (APTA, 2012). 

 

 

Table 2: Advantages and Disadvantages of Diesel-Electric as alternative fuel. Adapted from fuelecon-

omy.com and FTA Alternative Fuels report (2006). 

Advantages Disadvantages 

May increase fuel economy by 14-48% (APTA, 
2012) 

Large initial investment for buses and maintenance 
infrastructure 

Requires minimal maintenance facility changes. Continued use of fossil fuels, unless running on 
biodiesel 



SUS Transportation: Environmental Benefits and Challenges of Alternative Fuels          April 2015 

14 

Likely reduction of brake system maintenance fre-
quency and costs. 

 

Generally lower emissions of both regulated pol-
lutants and greenhouse gases. 

 

Electric motors produce full rated torque from zero 

speed resulting in superior acceleration. 

 

Passengers and bus operators like hybrid buses – 

good for ridership and community acceptance. 

 

 
 

Electric 

Electric plug-in buses rely solely on electricity. The source of electricity varies depending on the 

location of the grid in use. For example, in the Northwestern United States, electricity from the 

grid is supplied from hydropower while much of the electricity in the Eastern United States is 

supplied from the burning of coal. The source of electricity is therefore important to identify to 

analyze the full impact. Plug-in electric buses are less common than hybrid-electric vehicles but 

have similar advantages and disadvantages. A notable drawback of electric only vehicles is that 

they are not as powerful as diesel-electric (Table 3). 
 
Table 3: Advantages and Disadvantages of electric as alternative fuel. Adapted from fueleconomy.com 
and FTA Alternative Fuels report (2006). 

Advantages Disadvantages 

Electric buses, including 
battery-electric and trolley buses powered by 
overhead 
catenary wires, have no tailpipe emissions. 

Production of electricity can come from nonre-
newable sources, like coal burning electric plants 

 
 

Biodiesel 

Biodiesel is fuel that has been created out of living or recently deceased organisms, also known 

as biomass. Ethanol from corn and sugarcane, and biodiesel from soy, rapeseed, and oil palm 

dominate the current market for biofuels, but a number of companies are moving forward ag-

gressively to develop and market a number of advanced second-generation biofuels made from 
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non-food feedstocks, such as municipal waste, algae, perennial grasses, and wood chips (Bio-

energy, 2014). 

 

Biodiesel is an expensive alternative fuel. While it has the environmental benefits of less air pol-

lutants (except nitrogen oxides) and is biodegradable, this fuel is often not suitable for public 

transit due to its lower fuel economy.  Furthermore, reliance on feedstock sources for the produc-

tion of biodiesel negates much of the environmental benefits (Table 4). 

 

Table 4: Advantages and Disadvantages of biodiesel as alternative fuel. Adapted from fueleconomy.com 

and FTA Alternative Fuels report (2006). 

Advantages Disadvantages 

Domestically produced from non-petroleum re-
newable resources 

Lower fuel economy and power 

Can be used in most diesel engines, especially 
newer ones 

Currently more expensive than diesel 

Less air pollutants (other than nitrogen oxides) Some biodiesel blends are not suitable for use in 
low temperatures 

Less GHG emissions Slight increase in nitrogen oxide emissions 

Biodegradable, Non-toxic, Safer to handle Reliance on feedstock sources for fuel develop-
ment 

 
 

Fuel Cells 

Fuel cell vehicles are powered by hydrogen, instead of batteries. A fuel cell is a device that cre-

ates electricity from a chemical reaction between a fuel source and an oxidizing agent.  Fuel cells 

differ from batteries in that they need a constant supply of fuel to sustain the initial chemical re-

action. The most common fuel type for fuel cells is hydrogen and oxygen. Hydrogen can be pro-

duced from fossil fuels, such as natural gas, or from water using electrolysis, the breaking of hy-

drogen bonds with the help of electricity or hydrolysis, the passive breaking of hydrogen bonds 

through processes similar to evaporation.  

 

Fuel cell transit vehicles have zero tailpipe emissions, which is beneficial for dense urban areas. 

However, the technology and infrastructure costs for fuel cells is currently prohibitive towards 
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large scale adoption in transit fleets. In the United States, the San Francisco Bay area (including 

Oakland) is leading the way with fuel cell transit buses. In 2011, the San Francisco Municipal 

Transit Agency deployed 12 fuel cell buses.  

 
Table 5: Advantages and Disadvantages of fuel cells as alternative fuel. Adapted from fueleconomy.com 
and FTA Alternative Fuels report (2006). 

Advantages Disadvantages 

“Zero-emissions vehicles”: Hydrogen fuel cells 
emit only water and excess (unreacted) fuel, with 
no carbon or greenhouse gas footprint at the point 
of use. **source of hydrogen can affect the overall 
total of emissions produced.  

Fuel cells require a constant amount of power, re-
quiring vehicles to include additional onboard 
electrical storage (similar to a hybrid-electric vehi-
cle) to meet peak load and optimize vehicle range 
and fuel efficiency. 

Hydrogen can be produced through multiple path-
ways, including the electrolysis of water (improv-
ing energy security and independence). 

Hydrogen storage capability is a major limiting 
factor in fuel cell development, affecting vehicle 
range and fueling infrastructure.  

Noise and vibration from the fuel cell are negligi-
ble and are produced by accessories (mainly air 
conditioning). 

Fuel cell vehicles are still in the developmental 
stage, with the latest buses costing from $1.5 M to 
$3.5 M (up to 10 times the cost of an equivalent 
diesel bus). 

 Significant investment required to develop hydro-
gen fueling infrastructure. 

 

Discussion 
 
There is growing use of alternative fuels within the public transit sector of the United States. Of 

all the current alternatives, the advantages of diesel-hybrid vehicles most outweigh the disadvan-

tages, offering the best combination of economic and environmental benefits compared to other 

alternative fuels analyzed. Diesel-hybrid buses also provide significant advantages over pure die-

sel vehicles. These benefits include reduced maintenance and operating costs, reduced air pollu-

tion, and lower GHG emissions.   

 

In comparison to diesel, all of the alternative fuels discussed here will have some degree of in-

creased capital costs, operating costs, technical challenges, and institutional issues (Alternative 

Fuels, 2006).  However, these costs are offset through reduced operation and maintenance costs 

over time, especially for diesel-electric hybrid vehicles. To further reduce the costs of these al-
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ternative technologies, public transit agencies need to be supported by their local, state and na-

tional governments. Policies, programs, and incentives have driven the leadership of public 

transportation with the development and use of alternative fuels. Maintaining and expanding 

these policies will help continue the transformation of public transit fleets to clean fuels and 

technologies (APTA, 2012).  

 

Nationally, the Federal Transit Administration (FTA) has created the Transit Investments for 

Greenhouse Gas and Energy Reduction (TIGGER) program, which is focused on supporting and 

working directly with public transportation agencies to implement strategies for reducing GHG 

emissions, promoting energy savings and sustainable technologies. Further research should be 

done to identify current federal and state programs that seek give financial support to public tran-

sit agencies that are turning away from fossil fuels to explore healthier, renewable alternatives.  

 

As new studies emerge, further analysis will be needed to explore the advantages and disadvan-

tages of different fuels and technologies. Additionally, research should be conducted to look into 

performance case studies of transit buses running on these different alternative fuels, which will 

help transit agencies make with investment decisions. 

 

Conclusions 

 
Public transit agencies need to be working towards creating sustainable transportation systems to 
insure urban livability and equity in the face of growing urban populations and climate change. 
This includes increasing public health and safety through protecting environmental conditions, as 
well as mitigating the contributions to climate change. Public transit agencies should be actively 
seeking to increase efficiency and reduce harmful emissions from their diesel fueled transit fleets 
and at same time, making steps to invest in a long term transformation to cleaner, alternative fu-
els. By striving for these two goals, transit agencies can benefit economically, promote public 
health, and reduce environmental impacts. 
 
 
 
 



SUS Transportation: Environmental Benefits and Challenges of Alternative Fuels          April 2015 

18 

References 
Alternative Fuels. (2006). Retrieved April 5, 2015, from 

http://www.fta.dot.gov/12351_4586.html  

APTA. (2012). Transit on the cutting edge of clean technology. Retrieved April 12, 2015, from  

http://www.apta.com/resources/statistics/Documents/Transit-Clean-Technology.pdf 

Bandela, N. N., & Tare, D. G. (2008). Reducing air pollution by using CNG as a vehicle fuel: A  

study from Mumbai. Environmental Quality Management, 18(2), 67-70.  

doi:10.1002/tqem.20206 

Bassett, E., & Shandas, V. (2010). Innovation and climate action planning: Perspectives from  
municipal plans. Journal of the American Planning Association, 76(4), 435-450. 

Bioenergy (Biofuels and Biomass). (2014). Retrieved April 12, 2015, from  
http://www.eesi.org/topics/bioenergy-biofuels-biomass/description  

Brandt, A. R., Heath, G. A., Kort, E. A., O'Sullivan, F., Pétron, G., Jordaan, S. M., & ... Harriss,  

R. (2014). Methane leaks from North American natural gas systems. Science (Washing 

ton), 343(6172), 733-735. doi:10.1126/science.1247045 

Chan, S. (2005). City to Buy Diesel-Electric Buses, Not Natural Gas Ones. The New York Times. 

Cinquina, A. (2008). Sustainable public urban transport systems: The case of Curitiba. Lund  

University. 

Cooney, G., Hawkins, T. R., & Marriott, J. (2013). Life Cycle Assessment of Diesel and Electric  

Public Transportation Buses. Journal Of Industrial Ecology, 17(5), 689-699. 

doi:10.1111/jiec.12024 

Copeland, L. (2013, April 25). Alternative fuels' best friend: Buses. Retrieved March 2, 2015,  

from http://www.usatoday.com/story/money/cars/2013/04/25/public-buses-alternative- 

fuels/2113825/  

Davenport, C. (2014). Study Finds Methane Leaks Negate Benefits of Natural Gas as a Fuel for  

Vehicles. The New York Times. p. 14. 

Diesel Emission Health and Environmental Effects. (n.d.). Retrieved April 3, 2015, from  

http://www.mde.maryland.gov/programs/Air/MobileSources/DieselVehicleInformation/

HealthandEnvironmentalEffects/Pages/index.aspx  

Duong, T. (2014, October 30). What if there were no need for cars in the world's biggest cities? |  



SUS Transportation: Environmental Benefits and Challenges of Alternative Fuels          April 2015 

19 

TheCityFix. Retrieved January 22, 2015, from http://thecityfix.com/blog/car-free-city-

human-centered-design-ideo-tina-duong/  

EPA. (2014). Impacts & Adaptation. Retrieved April 11, 2015, from  

http://www.epa.gov/climatechange/impacts-adaptation/  

Greenhouse Gas Emissions: Transportation Sector Emissions. (2014, January 1). Retrieved  

March 22, 2015, from 

http://www.epa.gov/climatechange/ghgemissions/sources/transportation.html  

Hekkert, M. P., Hendriks, F. H., Faaij, A. P., & Neelis, M. L. (2005). Natural gas as an alterna 

tive to crude oil in automotive fuel chains well-to-wheel analysis and transition strategy 

development. Energy Policy, 33579-594. doi:10.1016/j.enpol.2003.08.018 

Hodson, M., & Marvin, S. (2010). World Cities and Climate Change : Producing Urban Eco 
logicalSecurity. Maidenhead: McGraw-Hill Education. 

Kahn Ribeiro, S., S. Kobayashi, M. Beuthe, J. Gasca, D. Greene, D. S. Lee, Y. Muromachi, P. J.  

Newton, S. Plotkin, D. Sperling, R. Wit, P. J. Zhou, 2007: Transport and its infrastruc-

ture. In Climate Change 2007: Mitigation. Contribution of Working Group III to the 

Fourth Assessment Report of the Intergovernmental Panel on Climate Change [B. Metz, 

O.R. Davidson, P.R. Bosch, R. Dave, L.A. Meyer (eds)], Cambridge University Press, 

Cambridge, United Kingdom and New York, NY, USA. 

Litman, T., & Burwell, D. (2006). Issues in sustainable transportation. International Journal of  

Global Environmental Issues, 6(4), 331-347. 

NRDC (n.d) Unchecked Fracking Threatens Health, Water Supplies. Retrieved April 10, 2015,  

from http://www.nrdc.org/energy/gasdrilling/ 

NYC DOT (2015). Alternative fuels. Retrieved February 24, 2015, from  

http://www.nyc.gov/html/dot/downloads/pdf/alternativefuel.pdf 

Pittsburgh Climate Initiative (2012). Pittsburgh Climate Action Plan, Version 2. Accessed March  

27, 2015 from  

http://pittsburghclimate.org/wp-content/uploads/2011/12/Pittsburgh-Climate-Action-

Plan-Version-2-FINAL-Web.pdf 

Public Transportation. (2014). Retrieved April 11, 2015, from  

http://www.dieselforum.org/diesel-at-work/public-transportation  

Ranganathan, S. (2007). Hybrid Buses Costs and Benefits. EESI Accessed April 12, 2015, from  



SUS Transportation: Environmental Benefits and Challenges of Alternative Fuels          April 2015 

20 

http://www.eesi.org/files/eesi_hybrid_bus_032007.pdf 

Rice, D. (2014). Cities in U.S. will absorb the heat of climate change. (n.d.). Retrieved April 11,  

2015, from http://www.usatoday.com/story/weather/2014/05/07/climate-change-

impacts/8810849/  

R.H. White Consultants, LLC (2013) The Health Impacts of Pittsburgh Air Quality: A Review of  

the Scientific Literature, 1970–2012. Accessed from 

http://heinz.org/UserFiles/Library/HealthImpacts-AirQuality.pdf 

Shandilya, K., & Kumar, A. (2013). Particulate emissions from tailpipe during idling of public  

transit buses fueled with alternative fuels. Environmental Progress & Sustainable En-

ergy, 32(4), 1134-1142. doi:10.1002/ep.11696 

Sims R., R. Schaeffer, F. Creutzig, X. Cruz-Núñez, M. D’Agosto, D. Dimitriu, M.J. Figueroa  

Meza, L. Fulton, S. Kobayashi, O.Lah, A. McKinnon, P. Newman, M. Ouyang, J.J. 

Schauer, D. Sperling, and G. Tiwari, 2014: Transport. In: Climate Change 2014: Mitiga-

tion of Climate Change. Contribution of Working Group III to the Fifth Assessment Re-

port of the Intergovernmental Panel on Climate Change [Edenhofer, O., R. Pichs-

Madruga, Y. Sokona, E. Farahani, S. Kadner, K. Seyboth, A. Adler, I. Baum, S. Brunner, 

P. Eickemeier, B. Kriemann, J. Savolainen, S. Schlömer, C. von Stechow, T. Zwickel and 

J.C. Minx (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New 

York, NY, USA. 

United Nations Habitat. (n.d.). Climate Change. Retrieved March 1, 2015, from  

http://unhabitat.org/urban-themes/climate-change/ 

United Nations, Department of Economic and Social Affairs, Population Division (2014). 

World Urbanization Prospects: The 2014 Revision, Highlights (ST/ESA/SER.A/352). 

US DOT (2010). Public Transportation’s Role in Responding to Climate Change. U.S. Depart 

ment of Transportation Federal Transit Administration accessed February 4, 2015 from 

http://www.luminpdf.com/files/680535/PublicTransportationsRoleInRespondingToClima

teChange2010.pdf 

Wayne, W. S., Sandoval, J. A., & Clark, N. N. (2009). Emissions benefits from alternative fuels  

and advanced technology in the U.S. transit bus fleet. Energy & Environment, 20(4), 497-

515.  

Zimmerman, S., Clinger, J., Rutherford, S., Smith, R. L., Cracknell, J., & Soberman, R. (2003).  



SUS Transportation: Environmental Benefits and Challenges of Alternative Fuels          April 2015 

21 

Bus rapid transit. Transportation Research Board. 


