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Abstract 
Accounting for 71 percent of the petroleum consumption, the U.S. transportation 
sector generates about one third of nation’s greenhouse gas (GHG) emissions. While 
public transportation is a relatively small portion of the overall transportation sector it 
is not insignificant, producing approximately 10.9 million tons of GHG emissions 
annually. Reducing energy consumption and GHG emissions of public transit 
vehicles can provide substantial cost savings and generate significant environmental 
benefits.  

The U.S. Federal Transit Administration’s (FTA) strategic vision focuses on the wide 
adoption of the innovative electric drive transit technologies as an ultimate alternative 
to traditional diesel-powered transit vehicles. To implement electric propulsion transit 
technologies, FTA developed the Electric Drive Strategic Plan (EDSP) that provides 
for a wide range of activities for the development, demonstration, and evaluation of 
the advanced electric drive technologies including propulsion systems, components, 
accessories and infrastructure. The ultimate goal of this plan is to achieve commercial 
availability of zero tailpipe emission, highly efficient and affordable transit vehicles 
by 2030, leading to drastic improvements in the energy efficiency and GHG 
emissions of the U.S. transit fleet.  

Implementing the goals of the EDSP is projected to save 4.9 billion diesel gallon 
equivalents of fuel and eliminate 98.7 thousand tons of NOx and 52.9 million tons of 
CO2 in tailpipe emissions over the period from 2010 through 2030. The 
implementation and wide adoption of electric drive transit technologies in the U.S. is 
expected to significantly reduce public transportation fuel costs and provide 
environmental benefits valued at $1.4 billion over the 20-year period.  
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1. Introduction 
The United States’ industrial strength, productivity, mobility, and high level of 
income per capita depend on the availability of affordable, accessible, and reliable 
sources of energy. While the U.S. has relatively abundant domestic sources of natural 
gas and coal, more than half of the nation’s petroleum is imported.  Instability in oil-
producing regions of the world along with new demands for energy from the 
developing countries have led to renewed national concern about the security of 
America’s energy supply.  

In addition to energy security, the issues of air quality and climate change are also 
becoming extremely relevant in the recent years. The U.S. transportation sector 
consumes almost three-quarters of the nation’s petroleum and generates about one 
third of the nation’s GHG emissions (US DOE, 2009). Therefore, national energy 
policy has focused heavily on transportation, and public transportation can play a 
vital role in reducing energy consumption and GHG emissions.  

In order to address the nation’s energy security and environmental concerns, the U.S. 
Federal Transit Administration (FTA) developed a 20-year plan that provides for the 
adoption of electric propulsion technologies on transit vehicles. The Electric Drive 
Strategic Plan (EDSP) outlines a range of activities for the development, 
demonstration and evaluation of the advanced electric drive technologies with an 
ultimate goal of achieving the commercial availability of zero-tailpipe emission, 
highly efficient and affordable bus and rail transit vehicles by 2030.   

The current paper will present the projected environmental benefits and cost savings 
associated with implementing electric drive technologies on public transit vehicles, as 
envisioned in the FTA’s EDSP, measured in constant 2010 dollars.       

2. Transportation Sector Energy Challenge 
An abundant supply of affordable petroleum during the 20-th century has fueled the 
growth of the world’s transportation system, offering Americans an incredible level 
of mobility. The demand for energy is growing globally, and competition for energy 
resources is likely to increase as developing nations achieve higher industrialization 
of their economies and with traditional energy sources becoming more scarce.  

The worldwide increase in petroleum demand is largely driven by technological and 
economic progress in Asia. In the next 20 years, China, India, and other developing 
nations in Asia are expected to experience a combined economic growth of 5.8 
percent per year, resulting in a 2.7 percent average annual increase in the region’s 
liquid fuel demand (IEA, 2007). 

According to the Energy Information Administration (EIA), 62 percent of petroleum, 
consumed by the U.S. transportation sector, is imported (EIA, 2009). Considering that 
the U.S. currently holds approximately 2 percent of global petroleum reserves (BP, 
2010), the current heavy reliance on a single, finite source of energy for 
transportation presents a challenge for the nation’s energy security.  
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Why Public Transportation 
While public transportation is a relatively small portion of the overall transportation 
sector, it plays a vital role in reducing energy consumption and greenhouse gas 
emissions. There are three widely accepted opinions on how to reduce greenhouse gas 
emissions from transportation: 1) make cars more efficient, 2) use alternative fuels 
that release less amount of greenhouse gas, and 3) provide more transportation 
options so that the Americans reduce usage of their cars for some or all of their travel 
needs. In fact, effective reduction in transportation energy consumption and emissions 
should involve all three approaches. The use of public transportation contributes to 
that goal by reducing greenhouse gas emissions and fuel consumption (by displacing 
cars on the road) without reducing mobility. By the estimate of the American Public 
Transportation Association, the use of transit saves 4.2 billion gallons of fuel and 37 
million metric tons of carbon dioxide emissions annually, while also supporting 1.7 
million jobs (Miller, 2009). Therefore, transit, while relatively a small part of the 
transportation sector, is not insignificant in terms of its impact on fuel consumption 
and emission reduction. 

Why Electric Drive 
There are several potential transportation technologies/fuels that, to a varying degree, 
may address the environmental and energy security concerns of traditional petrol-
based fuels, including compressed natural gas (CNG), hybrid-electric, electrification 
of accessories, battery-electric, hydrogen fuel cell, and others. While some 
technologies are only undergoing proof-of-concept demonstrations, others are already 
being mainstreamed by widespread adoption and enjoying economies of scale in 
production. Still, none of the alternative technologies are without drawbacks. Careful 
consideration is required while selecting the technology that can provide long-term 
solutions for the current energy and environmental challenges. 

One potential alternative technology, that is gaining popularity lately, is compressed 
natural gas (CNG). CNG transit technology provides fuel cost savings and emissions 
benefits, and can provide a viable short-term alternative to the traditional diesel buses. 
However, this technology is not without its drawbacks.  

While CNG vehicles provide significant improvement in terms of emission reduction 
over the regular diesel engines, CNG is not totally “green”. Natural gas consists 
mainly of methane, which is a greenhouse gas itself. If leaked into the atmosphere, it 
traps even more heat than CO2 does. Also, the pressurized nature of the fuel makes 
refueling process more complicated and raises safety concerns. Finally, while natural 
gas is currently relatively abundant, it is not a renewable resource and in that sense is 
not much different from the petroleum-based fuels.       

The U.S. Federal Transit Administration is considering to focus on the development 
of energy-efficient zero emissions electric drive transit systems as an ultimate 
alternative to diesel-powered public transportation vehicles, while relying on hybrid, 
CNG, and other interim technologies in the short-term. Electric drive system is a 
clean and efficient technology that has the potential to reduce energy consumption, 
decrease the dependence on foreign petroleum products, reduce air pollution and 
noise, as well as increase the popularity of public transit. 
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With a strategic approach to increasing the use of electric drive for transit, the 
industry can be positioned to take full advantage of improvements to the electrical 
grid.  “Smart grid” technologies are already being demonstrated that will allow for the 
off-peak purchase and storage of energy, two way digital communications to allow 
for the selling back of “excess” energy to the grid, and load leveling strategies.  

3. Electric Drive Strategic Plan (EDSP) 
In order to implement electric propulsion technology on transit, FTA developed the 
Electric Drive Strategic Plan (EDSP) that provides for a wide range of activities for 
the development, demonstration, validation and ongoing evaluation of the advanced 
electric drive transit technologies. The ultimate goal of this plan is to achieve 
commercial availability of zero emission, highly efficient and affordable bus and rail 
transit vehicles by 2030.  

FTA’s plan outlines specific activities and focus areas that provide for the 
introduction and improvement of advanced electric drive and related technologies to 
enable commercially viable transit vehicles with significantly higher efficiency, lower 
emissions, and superior performance. Specifically, the EDSP sets three goals: 

1. Triple fuel efficiency of 40-foot transit bus and rail transit systems 

2. Decrease transit vehicle tailpipe emissions, achieving bus-level emissions 
equivalent of at least one-half reduction in emissions from 2010 EPA heavy-duty 
engine standards 

3. Achieve superior performance of new transit vehicles. 

EDSP implementation also provides for the continued development and use of other 
advanced transit technologies, such as CNG and hybrid, as an interim solution in the 
short- to medium-term.   

4. Methodology of the Analysis 
The analysis presented in this paper compares projected GHG emissions and costs, 
associated with operating the U.S. transit fleet (both bus and rail) with and without 
the implementation of the electric drive technologies outlined in the EDSP. The 
assessment is based on the comparison between the projected transit fleet under the 
scenario of implementing electric drive technologies, and the status quo that assumes 
no implementation of the EDSP.  

“EDSP implementation” scenario estimates emissions and costs of the transit fleet 
resulting from changes in transit fleet composition, improvements in fuel efficiency, 
improvements in emission rates, changes in the cost of different types of fuels, as well 
as changes in vehicle operating costs as a result of fully implementing the goals of the 
FTA’s Electric Drive Strategic Plan. “No EDSP” scenario, used for the comparison, 
estimates emissions and costs of the fleet assuming continued historic growth of the 
nation’s transit fleet, but constant fleet composition, constant fuel efficiency, and 
constant operating costs over the entire projection period.  
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5. Benefits of Adopting Electric Drive Technologies on U.S. Transit 
Under the no-EDSP scenario, the transit fleet is assumed to grow proportionally at a 
constant annual rate over the period from 2008 through 2030, with all types of 
vehicles/systems maintaining their relative shares in the fleet. The bus fleet is 
projected to reach 88,000 vehicles by 2030, or grow by 41.4 percent, which is 
equivalent to 1.6 percent per year over the period from 2008 through 2030. The rail 
fleet is projected to grow to 24,300 cars by 2030, or grow by 26.2 percent, which is 
equivalent to 1.1 percent per year over the period from 2008 through 2030.  

Under the EDSP implementation scenario, transit fleet is expected to shift towards 
significantly higher usage of alternative-propulsion vehicle technologies. For the bus 
fleet this means higher usage of CNG, hybrid electric, battery electric, electrified 
accessories, and fuel cell vehicles with a corresponding decrease in diesel-fueled 
fleet. The largest growth is projected for fuel cell buses, battery electric vehicles, and 
buses with electrified accessories. These types of buses will grow by an average 
annual rate of 31.9 percent, 24.9 percent, and 22.8 percent, respectively, over the 
period of 2010-2030.    

For the rail fleet, implementing EDSP means expansion of rail modes with electric 
propulsion. The light rail fleet is expected to grow by 73.4 percent over the period of 
2010-2030. The commuter rail fleet will grow by 36.3 percent, and the heavy rail 
fleet will grow by 7.8 percent over the same time period, as a result of implementing 
EDSP. The share of electricity-powered commuter rail is projected to increase from 
70.0 percent to 84.4 percent over the period of 2010 through 2030 as a result of 
implementing EDSP goals.      

Figure 1 and Figure 2 present projected bus fleets under the scenarios of “No EDSP” 
and “EDSP Implementation,” respectively, over the 2010 through 2030 timeframe. 

  
Figure 1 – Projected Bus Fleet – No EDSP, 2010-2030 
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Figure 2 – Projected Bus Fleet – EDSP Implementation, 2010-2030 

Fuel Consumption 
Implementation of the EDSP provides for the adoption of advanced propulsion 
technologies that result in significant improvements in fuel consumption over the 
period of 2010 through 2030. Assuming that no significant additional efficiencies will 
be realized without implementation of the EDSP, Figure 3 shows fuel savings 
expressed in diesel gallon equivalents (DGE) over the 20-year period.   

 
Figure 3 – Transit Fleet Fuel Consumption Comparison (DGE) 
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The analysis indicates that achieving the EDSP goals is projected to save 4.9 billion 
DGE of fuel over the period from 2010 through 2030. 

Table 1 presents the projected change in the consumption of different types of fuel 
(diesel, natural gas, electricity, and hydrogen) as a result of EDSP Implementation 
over the period of 2010 through 2030.  
 

Table 1 – Change in Fleet Fuel Consumption: EDSP vs. No EDSP* 

 
* Negative numbers mean decrease in fuel consumption as a result of EDSP implementation. Positive 
numbers mean an increase in fuel consumption as a result of EDSP. 

 

The results indicate that implementing the EDSP will result in a total reduction in the 
consumption of diesel fuel by 4.6 billion gallons and in a total decrease in the 
consumption of electricity by 16.8 terawatt-hours from 2010 to 2030. Total 
consumption of natural gas and hydrogen is projected to increase by 13.7 billion 
cubic feet and 116 thousand tons, respectively, over the same time period as a result 
of achieving the goals of the EDSP.    

 
Emissions 
The implementation of the EDSP goals will influence the total amount of emissions 
from the transit fleet based on the amount of fuel consumed. The following analysis 
considers tailpipe emissions of NOx and CO2. Only diesel, natural gas, hybrid electric 
buses, and buses with electrified accessories have tailpipe emissions within the bus 
fleet. For the rail fleet, only the diesel-powered commuter rail is assumed to have 
emissions. Table 2 presents the change in GHG emissions for the entire transit fleet 
(bus and rail), as a result of implementing EDSP and reports the monetary value of 
the emission reduction over the projection period. Emission reductions are valued at 
$21 per ton of CO2 and $2,600 per ton of NOx, as suggested by the Environmental 
Protection Agency (EPA) and Energy Information Administration (EIA). 

 

Diesel 
(million gal)

Natural Gas 
(million ft3)

Electricity 
(Gwh)

Hydrogen 
(tons)

2010 -26 86 -140 212
:

2015 -97 331 -495 522
:

2020 -190 617 -847 2,399
:

2025 -322 953 -1,127 7,505
:

2030 -534 1,341 -1,299 25,296

Total: -4,641 13,705 -16,762 116,060

Year
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Table 2 – Change in Transit Fleet Emissions as a result of EDSP  

 
The analysis indicates that implementing the EDSP goals is projected to eliminate 
98.7 thousand tons of NOx and 52.9 million tons of CO2 in tailpipe emissions from 
2010 through 2030. These emission reductions are worth $1.4 billion ($1.2 billion for 
bus and $0.2 billion for rail transit). 

 
Total Cost Impact of the Electric Drive Strategic Plan  
In addition to environmental benefits, in the form of emission reduction, electric drive 
technologies also provide long-term reductions in capital and operating costs for the 
transit agencies. The current analysis considers how the implementation of electric 
drive transit technologies will affect capital, operating, and fuel costs of the transit 
fleet over the period of 2010 through 2030. The results are presented both in annual 
and cumulative terms to provide a better picture of the long-term impact of wide 
adoption of electric drive transit technologies.    

Fuel costs are calculated using long-term fuel price projections reported by Energy 
Information Administration 2011 Annual Energy Outlook (AEO-2011) (EIA, 2011). 
The future price of hydrogen for powering fuel cell vehicles is estimated using the 
methodology developed by the California Energy Commission (Bahreinian, 2009). In 
order to account for potential variability in the cost of fossil fuels, several energy 
market scenarios were considered, including the reference case, high economic 
growth, low economic growth, high oil price, low oil price, high cost of renewable 
fuels technology, and low cost of renewable fuels technology, as reported by AEO-
2011. However, only the reference case scenario is discussed in the current paper.  

The cost estimates show that implementation of the EDSP goals will result in higher 
capital and operating costs of the transit fleet (mostly for bus fleet), compared to the 
“No EDSP” scenario, until 2014. Starting in 2015, the EDSP is expected to generate 
savings in terms of operating costs, compared to the “No EDSP” scenario, and is 
projected to recover all operating cost losses from previous years by 2018 (Table 3).  

 

EDSP 
Reduction

Cumulative 
Benefit

EDSP 
Reduction

Cumulative 
Benefit

2010 2,072 2,072 281,661 281,661 $11
:

2015 4,518 20,963 1,063,789 3,986,286 $138
:

2020 5,283 46,272 2,126,049 12,332,801 $379
:

2025 5,291 72,866 3,691,104 27,379,201 $764
:

2030 5,080 98,708 6,263,688 52,987,085 $1,369

Year
NOx (tons) CO2 (tons) Emission Cost 

Savings 
(Millions of $)
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Table 3 –Total Fleet Cost Comparison: No EDSP vs. EDSP, Millions of $ 

 
In addition, fuel cost savings associated with the implementation of the EDSP goals 
in the reference case scenario are projected to fully compensate for higher operating 
costs at the early stages of the plan implementation. Overall, the implementation of 
the EDSP is expected to generate cumulative benefits in excess of $23.8 billion from 
2010 through 2030, on the basis of the comparison of bus fleet, fuel usage, and 
emissions cost associated with “No EDSP” and “EDSP Implementation” scenarios. 
Of these benefits, over $22 billion will be realized by the transit agencies in the form 
of capital, operating and fuel cost savings, with additional $1.4 billion worth of 
environmental benefits as a result of reduction in CO2 and NOx emissions.   

The comparison of total transit fleet costs associated with “No EDSP” and “EDSP 
Implementation” scenarios is presented graphically in Figure 4.  

 
Figure 4 – Total Cost Comparison 

EDSP 
Benefit

Cumulative 
Benefit

EDSP 
Benefit

Cumulative 
Benefit

EDSP 
Benefit

Cumulative 
Benefit

EDSP 
Benefit

Cumulative 
Benefit

2010 -$10 -$10 $94 $94 $11 $11 $95 $95
2011 -$11 -$21 $149 $243 $16 $28 $154 $250
2012 -$11 -$31 $195 $437 $21 $49 $205 $455
2013 -$10 -$42 $251 $688 $26 $74 $266 $721
2014 -$4 -$46 $307 $995 $30 $104 $332 $1,053
2015 $2 -$43 $370 $1,365 $34 $138 $406 $1,459
2016 $13 -$31 $441 $1,806 $38 $177 $492 $1,952
2017 $25 -$6 $519 $2,325 $43 $220 $588 $2,539
2018 $41 $36 $604 $2,930 $48 $268 $694 $3,233
2019 $63 $98 $692 $3,622 $53 $321 $807 $4,041
2020 $78 $176 $787 $4,409 $58 $379 $924 $4,964

:
2025 $248 $1,036 $1,361 $9,971 $91 $764 $1,700 $11,772

:
2030 $635 $3,298 $2,192 $19,182 $145 $1,369 $2,972 $23,849

Year
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6. Conclusions  
The intensified global competition for limited energy sources, coupled with sharp oil 
price fluctuations and high dependence of the U.S. economy on the imported 
petroleum fuels, make energy security concerns more pressing than ever. In addition, 
the climate change impacts associated with GHG emissions from the combustion of 
fossil fuels, stimulates widespread interest in the energy alternatives, especially in the 
transportation sector, and public transportation in particular.  

While there are several potential transportation technologies that, to a varying degree, 
may address the environmental and energy security concerns of traditional petrol-
based fuels, the U.S. Federal Transit Administration (FTA) is considering to focus on 
the development of energy-efficient zero emissions electric drive transit systems as an 
ultimate alternative to diesel-powered public transportation vehicles.  

FTA developed the Electric Drive Strategic Plan (EDSP) that provides for a wide 
range of activities for the development, demonstration, validation, and evaluation of 
the advanced electric drive transit technologies. The implementation of the EDSP is 
estimated to save 4.9 billion DGE of fuel and is projected to eliminate 98.7 thousand 
tons of NOx and 52.9 million tons of CO2 in tailpipe emissions over the period of 
2010 through 2030. These reductions in fuel consumption and GHG emissions are 
expected to produce substantial cost savings to the transit agencies, ranging from 
$15.9 to $30.0 billion, depending on the fuel price forecast, and generate 
environmental benefits valued at $1.4 billion over the 20-year period.      

Actions taken to realize FTA’s electric drive vision will have a meaningful impact on 
the energy future of the U.S., leading to significant environmental benefits and an 
improvement in the nation’s economic competitiveness. 
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