
Towson University: GREEN FLEET FORWARD 

 

ENVS 491 
Senior Seminar 

Fall 2009 

 

 
Rachel Brauer Kevin Kelly 
David Bullis Ryan McDonald 
Devin Byrne John Pond III 

Amanda Deering Malinda Ross 
Lisa Duckett Bryce Selby 

Don Griswold Alice Stearns 
Timothy Herndon Elizabeth Sylvia 

David Hinson Michelle Townsel 
Mary Howard Gary Wilkins 

Joshua Johnson  



1 

 

  
 

Table of Contents 

Acknowledgements 3 

Forward 4 

 
INTRODUCTION  

 

5 

 
CURRENT STATE OF THE FLEET   

 

6 

 
POLICIES R



2 

 

Wind Power 53 

Solar Power 54 

Concentration Solar Power 54 

Photovoltaic Cells 55 

Nuclear Power 56 

Alternative Electric Fuels�² A Summary 58 

 
CHALLENGES FOR THE TU FLEET  

 

58 

 
THE PLAN  

 

60 

Short Term Recommendations 60 

Driver Education Programs 

 





4 

 

Forward  
The Environmental Science and Studies (ESS) Senior Seminar class is taken by students who are 

completing their academic major and getting ready to graduate.  The course consists of a semester long 

project.  The course objective is for the students to bring to the project the knowledge, skills and abilities 
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INTRODUCTION  
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2008 that sets the goals and timetables for achieving legislative implementation (MDCCC 2008),   

Maryland expects to reach the goals set forth by the GHG Reduction Act (Maryland 2009a). 

Towson University is doing its part to help the Nation and the State gain fossil fuel independence 

and reduce GHG emissions.  In 2007, �7�8�¶�V���S�U�H�V�L�G�H�Q�W����Dr. Robert L. Caret, signed the American College 

& University Presidents�¶���&�O�L�P�D�W�H Commitment (ACUPCC) pledging Towson University to carbon 

neutrality by 2050.  The ACUPCC focus is not just on organizing colleges and universities in reducing 

GHG emissions, but also to encourage research and edT

1Jcation about environmental issues and solutions 

(ACUPCC 2009).   In accordance with the provisions of ACUPCC, Towson University commissioned a 

Greenhouse Gas Inventory conducted by ARAMARK Higher EdJcation during the 2007/2008 years. In 

October, 2009 Towson University released its Carbon Action Plan (CAP), required by ACUPCC, to set 

the guidelines by which the campus will reach carbon neutrality (ACUPCC 2009).   

�7�K�H���U�H�V�X�O�W�V���R�I���7�8�¶�V GHG inventory indicated that 28% of campus carbon emissions were from 

transportation; of this, 3% was prodT

1JcedT

1 by the University Fleet.  In spite of this small percentage, we 

were asked by TU�¶�V���)�O�H�H�W���0�D�Q�D�J�H�P�H�Q�W���W�R���H�[�S�O�R�U�H���D�Q�G���H�Y�D�O�X�D�W�H��ways in which the Fleet can be improved 

in terms of its overall efficiency. While the Fleet is not a major source of GHG, overall reduction will 

help bring the University towards its carbon neutral goal. 

We present our findings in the following document.  It is obvious that the task of GHG reduction 

�E�\���W�K�H���)�O�H�H�W���L�V���Q�R�W���W�U�L�Y�L�D�O���R�U���V�L�P�S�O�H���W�R���U�H�V�R�O�Y�H�������,�W���D�S�S�H�D�U�V���W�R���X�V���W�K�D�W���P�X�F�K���R�I���W�K�H���)�O�H�H�W�¶�V���D�E�L�O�L�W�\���W�R���U�H�G�X�F�H���L�W�V��

carbon footprint will depend on technologies and policies that are still under development. 

 

CURRENT STATE OF THE FLEET  
 

Harry Hughes, Physical Plant Director for Towson University, requested that a ten-year plan be 

�G�H�Y�H�O�R�S�H�G���W�R���I�D�F�L�O�L�W�D�W�H���7�R�Z�V�R�Q���8�Q�L�Y�H�U�V�L�W�\�¶�V���)�O�H�H�W���W�U�D�Q�V�L�W�L�R�Q���W�R���D���Jreen fleet. The fleet can be broken down 

into five sub-fleets: Police vehicles, Transportation vehicles (buses mostly for on-campus use), Fleet 

vehicles (sedans and vans mostly for off-campus use), Maintenance vehicles, and Landscape vehicles.  

Within these various sub-fleets there are about 70 different models of vehicles, allocated among 
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approximately 40 different departments (Table 1).  Mr. Hughes supplied general information about the 

current state of the Fleet, and a tentative budget that ultimately limits options.  

�7�K�H���G�D�W�D���D�Q�G���L�Q�I�R�U�P�D�W�L�R�Q���X�V�H�G���W�R���D�Q�D�O�\�]�H���7�R�Z�V�R�Q���8�Q�L�Y�H�U�V�L�W�\�¶�V���)�O�H�H�W���Z�H�U�H���J�D�W�K�H�U�H�G���I�U�R�P���W�K�H��

Towson University Fleet Roster for 2009, obtained with the assistance of Mr. Hughes. Vehicle age and 

total mileage data were used to determine the average annual miles per Fleet vehicle. The roster also 

provided corresponding model types that allowed us to infer proportionality of usage among vehicle types 

in each department.  
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and total mileage. This relatively low mileage might reflect the restricted on-campus use of some of the 

vehicles. 

In order to address the needs and wants, both practically and economically, T�R�Z�V�R�Q���8�Q�L�Y�H�U�V�L�W�\�¶�V 

Fleet must remain within the constraints of a budget. We were asked to work within a ten-year plan that 

includes a budget to be used toward redesigning only the Maintenance, Landscape, and Fleet vehicles in 

Towson University�¶�V���)�O�H�H�W����The base budget we were given to work with for the purpose of the project 

was not to exceed $100,000 for the year 2010, with a potential 2-4% budget increase following 2010. We 

were also allowed to consider an additional $80,000 over the ten-year period which is available for 

modification of vehicles, and $75,000 with a 1-3% annual increase which is available for vehicle and 

infrastructure maintenance. 

Regulations governing the purchasing and replacing of vehicles are outlined in the State of 

Maryland Policies and Procedures for Vehicle Fleet Management manual of 2005. This document is 

based on the Federal Energy Policy Act of 1992 (EPAct of 1992) that describes what agencies are 

involved in vehicle purchasing, the parameters that must be met for a vehicle to be replaced, and the state 

fueling locations and requirements. This document dictates Towso�Q���8�Q�L�Y�H�U�V�L�W�\�¶�V���)�O�H�H�W���F�R�P�S�R�V�L�W�L�R�Q�����V�L�Q�F�H��

vehicle purchasing and replacing must be done in accordance with �P�D�Q�X�D�O�¶�V requirements. 

Table 1: The components of the Towson University's Fleet vehicle that we were asked to examine.   

Sub-fleet # Vehicles Mean Year Mean Mileage 

Fleet/Pool 20+ 2004 40,979 

Maintenance* 
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purchased, provides guidelines and determines procedures for vehicle replacement.  �,�Q���D�G�G�L�W�L�R�Q�����³�7�K�H��

White B�R�R�N�´���J�R�Y�H�U�Q�V���Z�K�H�U�H���Y�H�K�L�F�O�H�V��should be refueled and which fuel type(s) are to be used.  The main 

goal of the EPAct of 1992 was to �L�P�S�U�R�Y�H���W�K�H���Q�D�W�L�R�Q�¶�V���H�Q�H�U�J�\���H�I�I�L�F�L�H�Q�F�\���D�Q�G���G�H�F�U�H�D�V�H���L�W�V���G�H�S�H�Q�G�H�Q�F�H���R�Q��

foreign fuels (EPAct 1992). 

 

Acquisition and Replacement of Towson University Vehicles 

The Department of Budget and Management (DBM) develops specifications for each class of 

vehicles that an agency of the state might wish to purchase during a given year (DBM 2005).  These 

specifications are then sent to the Board of Public Works for approval (DBM 2005).  Upon approval, the 

Department of General Services (DGS) receives bids from dealers for vehicles that fill the specification 

requirements, and then vehicles are purchased through the most competitive bidder (Ruley 2009). All 

vehicles purchased by Towson University must be purchased through the state contracts negotiated by 

DGS, unless there are no vehicles under contract which are capable of fulfilling the U�Q�L�Y�H�U�V�L�W�\�¶�V���Q�H�H�G�V������

All vehicle purchases must be approved by DBM (Ruley 2009). 

According to the Policies and Procedures for Vehicle Fleet Management (DBM 2005), a vehicle 

may only be replaced if it meets one of these requirements: 

 Must have at least 100,000 miles. 

 Must be at least ten years old and 
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not possible to obtain fuel from the state, the cheapest available fuel should be purchased and accurately 

reported through �0�D�U�\�O�D�Q�G�¶�V���R�Q�O�L�Q�H���I�O�H�H�W���L�Q�I�R�U�P�D�W�L�R�Q���V�\�V�W�H�P�����:�H�E�)�O�H�H�W�0�D�V�W�H�U (DBM 2005). Fuel may be 

purchased in bulk through DGS contracts if it is reported through WebFleetMaster. Alternative fuels 

should be used whenever possible if driving a dual-fuel or flex-fuel vehicle (FFV) (DBM 2005).  

Alternative fuels are defined by the EPAct of 1992 as:  

mixtures containing 85 percent or more (or such other percentage, but not less than 70 percent, 

as determined by the Secretary, by rule, to provide for requirements relating to cold start, 

safety, or vehicle functions) by volume of methanol, denatured ethanol, and other alcohols with 

gasoline or other fuels; natural gas; liquefied petroleum gas; hydrogen; coal-derived liquid 

fuels; fuels (other than alcohol) derived from biological materials; electricity (including 

electricity from solar energy); and any other fuel the Secretary determines, by rule, is 

substantially not petroleum and would yield substantial energy security benefits and substantial 

environmental benefits�«�� 
 

�³�7�K�H���:�K�L�W�H���%�R�R�N�´ lists Baltimore County as an area in which vehicles can access central fueling 

stations, or a covered area.  At least 75% of the time, vehicles from covered areas are expected to be 

refueled at a state refueling station (EPAct 1992). Currently, there are 13 statewide refueling stations 

located within Maryland which provide 85% ethanol (E85) and gasoline (DGS 2008) but none of these is 

close to campus.  The closest station is only 10 miles away but is in the middle of Baltimore City; it 

would be inefficient to expect University vehicles to travel through this congested area to fill up when 

there is a central fueling station next to campus which we can use.  Unfortunately the only gasoline the 

local station offers is E10 gasoline.  
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fleet vehicles that are annually purchased by any state agency that owns at least 50 light duty vehicles that 

are non-excluded and operates at least 20 of these vehicles in a covered area must comply with the 

Alternative Fuel Vehicle (AFV) requirements (DBM 2005).   In order to be considered an AFV, a vehicle 

must either be a dedicated AFV or a dual-fuel vehicle.  A dedicated AFV is identified as a vehicle that 

runs solely on an alternative fuel. A dual-fuel vehicle is classified as a vehicle that is capable of running 

on either an alternative fuel or petroleum based fuel (EPAct 1992). 

The 75% AFV requirement does not stand alone in evaluation purchase options. The EPAct of 

1992 also requires that vehicles which are capable of having the greatest emission reduction per dollar 

spent should be considered in evaluating purchase options (EPAct 1992). Conversions can only be made 

to existing fleet vehicles if the conversions do not void the 
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Should a fleet apply for and receive an alternative compliance waiver, a covered fleet must meet 

the respective petroleum reduction requirements that are established by the waiver (EPAct 2005). Failure 

to meet the requirements of the waiver will result in a revocation of the waiver and potential fines for the 

cover
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inefficiency (DOE 2008a). Much of the energy from the fuel mixture is lost as heat (DOE 2008a). 

Likewise, the environmental cost associated with combustion engines is sometimes overlooked. 

Combustion engines utilize fossil fuels which releases greenhouse gases (GHG) and other toxic gases that 

are harmful to the environment. The polluting nature, dwindling fuel reserves, and lower comparative 

efficiency of internal combustion engines may limit their usefulness as an engine type in the future. 

 

The Four Stroke Cycle 

The basic four stroke cycle of an internal combustion engine is comprised of four steps, or strokes: 

An intake stroke, a compression stroke, a combustion stroke, and an exhaust stroke (Brain 2000a).  The 
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injected directly into the cylinder, where it immediately ignites (Ristinen and Kraushaar 2006).  The 

higher compression of a diesel engine enables it to be roughly 5% more efficient than a gasoline engine in 

converting chemical energy into mechanical energy 
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$30,000 (Electropaedia 2009).  Lithium-ion batteries outperform lead-acid and NiMH systems in energy 

density, cycle life and quick charge time, but are a relatively new technology, making them prohibitively 

expensive.  Although the perfect battery may not yet exist, it is predicted that the rising demand of 

cheaper and better performing battery technology for portable electronic devices, hybrids, and electric 

cars will rapidly propel research and reduce costs in the near future (Electropaedia 2009).   

 
 

Hybrid Vehicles 

Hybrid vehicles combine the technology of the electric motor and the internal combustion engine. 

However, the electric motor in a hybrid vehicle is a bit 

different from the all electric vehicle. In this case there 

is also a generator in the vehicle, like the one shown in 

Figure 2. The generator transfers energy from the 

battery to the motor or vice versa (DOE 2009b). When 

braking, the generator converts mechanical energy into 
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Fuel Cells  

Fuel cells are a novel concept in power generation; they are neither a battery nor a combustion 

system. They are their own unique form of power generation. Fuel cells may differ in the types of fuel 

combinations they use, but the way they work is generally very similar. An individual fuel cell consists of 

an electrolyte sandwiched between an anode and a cathode (DOE 2008a). Bi-polar plates cover the 

outside of the anode and cathode, serving as gas distributors and curr
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carbonate, and solid oxide fuel cells are all used as either a solid or liquid electrolyte and are mainly used 

for stationary power generators (DOE 2009d). 

 

Viability of Fuel Cells: 
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of regular gasoline. This 13% margin clearly indicates that some engines are better designed to burn E85 

than others.  

To better understand the discrepancy in mileage of different engines burning E85, one must 

understand that energy density is not the only characteristic that determines a fuel�¶s ability to power an 

automo�E�L�O�H�������$���I�X�H�O�¶�V���R�F�W�D�Q�H���U�D�W�L�Q�J���G�H�W�H�U�P�L�Q�H�V���W�K�H���W�H�P�S�H�U�D�W�X�U�H���D�W���Z�K�L�F�K���L�W���Z�L�O�O���L�J�Q�L�W�H�����W�K�H���K�L�J�K�H�U���W�K�H��

octane rating, the higher the ignition temperature.  Higher octane fuels are required in high compression 

sport engines; these high compression engines would cause low octane fuels to ignite prematurely 

�E�H�F�D�X�V�H���R�I���W�K�H���H�[�W�U�H�P�H�O�\���K�L�J�K���S�U�H�V�V�X�U�H�V���W�K�D�W���D�U�H���F�R�Q�W�D�L�Q�H�G���Z�L�W�K�L�Q���W�K�H���H�Q�J�L�Q�H�¶�V���F�\�O�L�Q�G�H�U�V�����5�R�E�H�U�W�V����������������������

Regular gasoline has an octane rating of 84, compared to the 101-105 rating of E85 (Roberts 2008). 

The high octane rating of E85 allows this fuel to be used in a higher compression engine; such an 

engine can increase the efficiency of converting chemical energy to mechanical energy (Roberts 2008).  

Therefore, with a higher octane fuel a smaller, high compression engine could replace a larger standard 

engine with no noticeable loss of power.  Unlike regular gasoline, E85 has the ability to burn more 

efficiently in higher compression engines, potentially making up for its relatively low energy density.  

These attributes are summed up in Table 2. 

Table 2
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Thus, a dedicated E�������Y�H�K�L�F�O�H���Z�R�X�O�G���E�H���I�D�U���P�R�U�H���H�I�I�L�F�L�H�Q�W�������+�R�Z�H�Y�H�U�����L�W���L�V���W�K�H���G�H�P�D�Q�G���I�R�U���W�K�H���µ�I�O�H�[�L�E�O�H�¶��

nature of the FFV that reduces its efficiency.  

High compression engines are 
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DFVs may appeal to the consumer who is interested in running their vehicle on a cleaner 

alternative fuel source without being range-limited due to a lack of alternative fuel refilling stations.  

Likewise, fleet managers interested in extending the life of their vehicles may find certain DFVs 

attractive.  For instance, multiple dual-fuel conversion companies claim that the lower combustion 

temperature and low level of contaminants in propane can lead to increased engine life (CNGInterstate 

2009, Yugo-Tech N.D.).  

 

FUEL SOURCES: PETROLEUM BASED FUELS 
 
Crude petroleum is the raw material from which fossil fuels are derived.  This petroleum is often trapped 

in layers of impermeable rock, and is accessed through drilling the rock and pumping it out (Ophardt 

2003).  Once the oil has been collected, different 

petroleum based substances are separated by fractional 

distillation, which essentially heats the oil to the separation 
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rising.  The convenience factor allows gasoline to maintain its stronghold as top transportation fuel, as 

widespread infrastructure and fueling stations have been available for decades. 

The fluctuation in gasoline price per gallon can be attributed to the dynamics of supply and 

demand.  Some sectors of American culture have had a renewed attraction to public transportation and 

reliance on personal mobility (walking and/or biking) which has shown a negligible reduction on the 

demand for gasoline (Root 1996).  Unless a new, more reliable source of fuel becomes readily accessible 

to the public, there is little expectation for gasoline to show a significant drop in price (CBO 2008).  Since 

gasoline is the primary fuel source in automobiles, this causes additional costs on the transportation 

sector. 

The production processes and the vehicular combustion of gasoline emit harmful carbon 

emissions and other GHGs (methane, nitrous oxide, hydrofluorocarbons) (EPA 2005a, EPA
 
2009a,).  

Studies suggest that our climate change crisis has been directly linked to the rising output and 

accumulation of carbon dioxide (CO2) in the atmosphere (IPCC 2005, UCSD 2002), suggesting that 

gasoline and other petroleum-based fuels contribute significantly to this escalating climate issue.  This is 

an issue especially for the transportation sector, which is the second highest CO2 producing sector, and the 

single largest consumer of petroleum (see Figure 4) (EPA 2009a).  

 

Figure 4: Emissions from fossil fuels consumed by various sectors (EPA 200
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In 2008 alone, the United States consumed an estimated 137.8 billion gallons of gasoline, the 

equivalent of approximately 377,534,246 gallons consumed per day (Naidenko 2009).  According to 

rough calculations, that would mean Americans contribute around 3,349,696.14 metric tons of CO2 

emissions per day (EPA 2005a). As a result, the EPA has taken initiative to decrease CO2 emissions, 

which includes an increased focus on areas with the worst smog and pollution levels (EPA 2009b).   A 

1995 amendment to the Clean Air Act requires such problematic localities (including Baltimore) to 

implement the use of reformulated gasoline (EPA 2009b).  Reformulated gasoline contains oxygen-rich 

chemicals for cleaner burning (Gustafson 2008).  The Maryland Clean Car Act of 2007 will also help curb 

CO2 �H�P�L�V�V�L�R�Q�V�����D�V���0�D�U�\�O�D�Q�G���Z�L�O�O���E�H���D�G�R�S�W�L�Q�J���&�D�O�L�I�R�U�Q�L�D�¶�V���V�W�U�L�F�W�H�U���H�P�L�V�V�L�R�Q�V���V�W�D�Q�G�D�U�G�V���V�W�D�U�W�L�Q�J���L�Q������������

(MDOE 2009).  However, these are short-term solutions to a larger problem. 

Gasoline is still the most widely available transportation fuel, and comparatively cheap relative to 

renewable sources of energy.  Although U.S. crude oil production is expected to increase from 2009 to 

2010 for the first time since 1991, the price at the pump is also expected to rise (EIA 2009d). This will 

likely cause increased interest in hybrid vehicles, and even conservative estimates are predicting hybrid 
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to optimize ignition (DOE 2003).  This major improvement resulted in a more complete burning of the 

fuel; more power delivered, lowered emissions, and increased fuel economy (DOE 2003).  

Both gasoline and non-vegetable diesel are petroleum-based fossil fuels, with their own inherent 

strengths and weaknesses.  As a fuel, diesel is a more complex material, containing more carbon atoms, 

making it a heavier, denser fuel than gasoline (DOE 2009f).  Diesel and gasoline also differ in that diesel 

has a higher boiling point and freezing point than gasoline (DOE 2009f).   Arguably, the most important 

difference between gasoline and diesel fuels in regards to their functionality in engines is the combustion 

ratio at which they explode.  Diesel fuel will self-ignite when it reaches a certain level of compression, 

eliminating the need for the spark needed in gasoline engines (DOE 2009f).  Diesel also has a higher 

energy density than gasoline, containing about 155 MJ/gallon, compared with 132 MJ/gallon (Brain 

2000c). It is important to note that in a modern diese
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is in high demand in countries with rapidly developing infrastructure, like China and the U.S.  In addition, 

diesel engines are substantially more powerful than gasoline, and generally about 30-35% more fuel 

efficient (FuelEconomy.gov 2009d).   

The other costs associated with diesel fuels are the environmental impacts of its use and the 

comparative cost of engine maintenance.  Environmentally, diesel has its ups and downs. Diesel releases 

more CO2 per gallon of fuel consumed than gasoline (22.2 lbs/gal in diesel versus 19.4 lbs/gal in 

gasoline) (EPA 2005b). Therefore, although more CO2 is released per gallon, the increased mileage 

efficiency of diesel results in less CO2 released per mile traveled (EPA 2005c).  
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Compressed Natural Gas/Liquid Natural Gas as a Fuel 

Natural gas is not a single pure material; it is a mixture of gases and can be comprised of up to 

90% methane (NaturalGas.org 2004a). The remaining portion of the gas is made up of many other 

hydrocarbons, including propane and butane. The geological conditions surrounding the formation of 

natural gas are very similar to that of oil. Over tens of thousands of years, decaying organic matter is 

squeezed beneath E�D�U�W�K�¶�V���V�X�U�I�D�F�H�����7�K�H���K�H�D�W��from inside Earth, along with the pressure from its surface, 

breaks down the carbons to form natural gas or oil. Natural gas and oil can form at the same location. The 

varying temperatures and pressures determine whether oil or natural gas is to be formed. The natural gas 

�L�V���W�U�D�S�S�H�G���X�Q�G�H�U�J�U�R�X�Q�G���E�\���D�Q���L�P�S�H�U�P�H�D�E�O�H���U�R�F�N���O�D�\�H�U�����W�K�X�V���³�F�D�S�S�L�Q�J�´���W�K�H���R�L�O���U�H�V�H�U�Y�R�L�U�����7�K�H���J�D�V���L�V���W�K�H�Q��

recovered from the earth by simply drilling through the impermeable rock layer and collecting it as it 

escapes through the fissure in the rock (NaturalGas.org 2004a).  

Natural gas was first used to heat homes in Britain in 1785 (Naturalgas.org 2004b).  It was not 

until the 1920s that a pipeline structure was first considered for the U.S. There was a boom in natural gas 

infrastructure throughout the 1960s because of an increase in building technology during and after World 

War II (Naturalgas.org 2004b). Natural gas was first e



30 

 

make it easier to extract the gas (NGVA 2006). There are numerous pipelines that carry natural gas all 

over the country (EIA 2009b
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infrastructure is already in place, CNG as a vehicle fuel is a very good alternative to conventional 

gasoline and diesel. 

Filling stations for natural gas (both CNG and LNG) are very similar to conventional gasoline 

stations.  The driver can just pull up to the station, connect the nozzle to the filling cap and refuel 

���,�$�1�*�9�������������������)�U�R�P���W�K�H���F�R�Q�V�X�P�H�U�¶s perspective, CNG is currently not a viable option.  Currently, a 

citizen cannot pull up to a gas station in the area and fill up their car with natural gas.  Home fueling units 

are available, but this limits the range of the vehicle since it must return home to fuel (Consumer Energy 

Center 2009). These household units ti�H���L�Q�W�R���W�K�H���K�R�P�H�¶�V��natural gas line used for heating and cooking, 

and compress it to be pumped into a vehicle. But even if a CNG fueled vehicle is still a good choice, 

another problem arises; the CNG Honda Civic is the only one vehicle available to consumers that runs on 

natural gas (DOE 2009g). Currently, this car is only available to California residents because the state has 

CNG infrastructure available to the public. 

The current overall lack of infrastructure and vehicle availability makes the future for natural gas 

as a vehicle fuel bleak. At this point and time, it seems unlikely that it will become the next fuel for 

America. It seems natural gas will be only used by commercial and public transportation as a cleaner 

�³�T�X�L�F�N���I�L�[�´���V�R�O�X�W�L�R�Q���W�R��the overuse of gasoline. However, if public demand grows leading to an increase 

in infrastructure, natural gas could prove to be a viable short term alternative.  

 

Propane as a Fuel: 

Propane, a by-product of oil refining and natural gas production, is a very economical and clean 
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campus could be converted. This would increase the engine life, lower repair costs, and drastically lower 

harmful emissions. 

 

FUEL SOURCE: BIOMASS FUELS 

Corn-based Ethanol (Starch Ethanol)  

All resources have a price, and corn-based ethanol is no exception. As a component of the most 

popular alternative fuel in the U.S., ethanol blended fuel is expensive in comparison to traditional 

gasoline. Assuming that corn prices are around $2.00 per bushel, E85 corn-based ethanol costs $1.00-1.06 

(2005 dollars) per gallon to produce, compared to an average conventional gasoline price of $2.27 per 

gallon in 2005 (EIA 2007). Moreover, the farmers who are producing ethanol cannot afford to burn it to 

make it; therefore, energy from petroleum is not saved because it is used during the production of corn to 

produce ethanol (Segelken 2001).  A liter of E85 has an energy equivalency of 0.80 liters of gasoline 
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Agricultural land used for corn production erodes land surfaces faster than it can repair itself; 

therefore, soil erosion is a harmful byproduct of the production of corn-based ethanol, causing an increase 

in nutrient and sediment pollution in waterways (National Academies 2007).  Excess nutrient and 

sediment pollution from agricultural run-off can also lead to anoxic and anaerobic aquatic conditions, 

disrupting ecosystem interactions (Rayloff 2004).  

In terms of total energy required and environmental costs of corn-based ethanol, it takes 70% 

more energy to produce ethanol from corn than is actually derived from burning the ethanol produced; 

thus, the overall energy input is greater than the energy output, leaving a net energy loss (Segelken 2001). 

The burning of coal, oil, and natural gas to harvest and distill corn would also contribute to air pollution 

(Knufken 2009).    

 

Cellulosic Ethanol 

Cellulosic ethanol is a type of biofuel derived from the fermentation of lignocellulosic material 

from plant matter.  In most cases, highly productive plants such as switchgrass, Panicum virgatum, and 

Miscanthus giganteus, are selected for the production of cellulosic ethanol; however, wood chips and 

lawn clippings are also popular materials to use (DOE 2009i).  Producing cellulosic ethanol costs about 

$1.80 per gallon gasoline equivalent (GGE) compared to E85 corn-based ethanol, which was produced in 

2005 for about $1.00 per GGE (Energy and Climate 2009, EIA 2007). This alternative fuel will retail for 

$2.70 per GGE (Energy and Climate 2009). These prices have been adjusted to reflect the gasoline 

equivalent since one gallon of ethanol contains approximately two-thirds of the energy of a gallon of 

gasoline (EIA 2007).    

Lignocellulosic materials such as switchgrass are much more efficient than corn in terms of the 

amount of energy that is returned per hectare (Biello 2008). A scientist working for the USDA 

agricultural research service reported that yields from switchgrass fields would deliver an average of 13.1 

megajoules (MJ) of energy from ethanol for every 1 MJ of energy from petroleum consumed in the 

production and harvesting (Biello 2008).  
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Figure 5 shows retail fuel prices for gasoline and many alternative fuels over the past nine years. 

From the graph we see that corn based ethanol, in the form of E85, comes close to matching gasoline 

prices between December 2003 and April 2004, but never dropped below the 
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gas made up of carbon monoxide (CO), CO2, and hydrogen (DOE 2009i). The gas is then fermented using 

either a catalytic reactor or a microorganism bacterium �Z�K�L�F�K���³�L�Q�J�H�V�W�V�´���R�U���³�F�R�Q�V�X�P�H�V�´���J�D�V�H�V���W�R���S�U�R�G�X�F�H��

ethanol and water (DOE 2009i). 

The difficulty with cellulosic ethanol lies in the breaking down of the lignocellulosic materials 

into sugars (BlueFire Ethanol 2009).  Lignocellulosic material is very resistant to decomposition and the 

extraction of the sugars may be challenging, which may lead to a longer processing time (BlueFire 

Ethanol 2009). More recently, however, concentrated acid hydrolysis technology is being used to convert 

cellulosic waste material to ethanol which will help speed up the production process while helping cities 

manage landfill waste (BlueFire Ethanol 2009).  BlueFire, a company on the leading edge of this 
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Cellulosic refineries can als
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based ethanol (E100) (76,000 BTU/gallon) (Gevo, Inc. 2009).  Vehicles running on green gasoline will be 

more powerful than those that run on E85, a current issue with flex fuel vehicles. Green gasoline has 

significantly lower GHG emissions than conventional gasoline: 15,000 grams (g) CO2/million BTU of 

fuel and 98,000 g CO2/million BTU of fuel respectively (Gevo, Inc. 2009).  Since green gasoline is 

derived from plant materials it is important to note that CO2 is removed from the atmosphere as the plant 

is growing which will further impact calculated emissions. 

It is important to note that the relatively new development of green gasoline means that the costs 

of production and distribution, once the technology is established, are not known.  Gevo Inc. predicts that 

the production cost of green gasoline is expected to be slightly more expensive ($/gallon) than ethanol but 

less expensive than conventional gasoline (Gevo Inc.2009). 

Not only can green gasoline be used in automotive vehicles, but studies suggest that it may also 

be used as an alternative to conventional jet fuels (Gevo, Inc. 2009).  While experimenting with 

production and utilization of biomass hydrocarbons, Gevo Inc. has successfully synthesized and tested a 

jet fuel blend-stock (Gevo, Inc. 2009).  This is a major advancement because most alternative fuels have 

not been found to be as powerful as conventional fuels (Ebert 2008). Since jets require high energy output 

from their fuel, the fact that green gasoline has the ability to be used as a jet fuel shows that it has as much 

power as conventional gasoline. Using green gasoline instead of jet fuel could have significant 
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Increasing the use of biodiesel has now become the better environmental and economical decision 

in some states.  North Dakota uses about 165 million gallons of diesel fuel per year. Of those 165 million 

gallons, about 85 million gallons are used for farm equipment in crop production. In 2001, about 2.1 

million acres of soybeans were produced in North Dakota, with an average yield of about 33 bushels per 

acre (Hofman 2003).  Soybeans contain about 18% oil and the average oil production could be around 49 

gallons per acre (Hofman 2003).  If this oil were converted to biodiesel, more than 100 million gallons of 

fuel could be �S�U�R�G�X�F�H�G���S�H�U���\�H�D�U�������������R�I���W�K�H���V�W�D�W�H�¶�V total consumption (Hofman 2003).  Soybean based 

diesel fuel could be used to fuel all farm equipment in the state of North Dakota.  Other oil crops grown in 

the state could be used to produce additional fuel.  For every BTU of energy used to produce the soybean 

crop and process the oil, about 3.3 BTUs are produced as fuel (Hofman 2003). 
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electricity to run the motor of the car (EIA 2008).  In this case, the vehicle is effectively an electric 

vehicle with hydrogen as the source of electricity.   Alternatively, hydrogen gas can be used to fuel an 

internal combustion engine. As a fuel, hydrogen has many advantages for the environment when 

compared to other non-renewable fuels. 

Hydrogen gas can be obtained from a variety of different hydrogen containing compounds. As the 

smallest and lightest element, once hydrogen gas is formed, it rises up into the atmosphere, leaving almost 

no pure hydrogen gas on Earth (EIA 2008).  The environmental costs associated with the production of 

hydrogen gas vary, depending on the extraction source of the gas.  In the most common method of 

extracting hydrogen gas, hydrogen containing compounds such as coal, petroleum or natural gas are put 
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go through a circuit around the membrane, which in turn creates the electricity (DOE 2009j). Oxygen 

(from the air) enters through the opposite side of the fuel cell, where it passes through a cathode creating 

oxygen ions (DOE 2009j). These oxygen ions react with the hydrogen ions to create water vapor and heat 

(EIA 2008). The water vapor leaves the car through the exhaust (Larminie 2003). 

In an internal combustion engine run by hydrogen fuel, either hydrogen gas or liquid is fueled to 

�W�K�H���H�Q�J�L�Q�H�����2�Q�F�H���W�K�H���K�\�G�U�R�J�H�Q���H�Q�W�H�U�V���W�K�H���H�Q�J�L�Q�H�¶�V���F�\�O�L�Q�G�H�U�����L�W���L�V���L�J�Q�L�W�H�G���D�Q�G���J�R�H�V���W�K�U�R�X�J�K���D���F�R�P�E�X�V�W�L�R�Q��

reaction with oxygen (DOE 2001). Hydrogen has a low ignition energy, or high range of flammability
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lowering the cost of hydrogen gas to $2.00-$3.00/gge by 2015, making it competitive with gasoline 

(CaFCP 2009).  

All things considered, the future of hydrogen as a fuel source appears viable. It has the potential 

to be both clean and renewable, two characteristics that make it very attractive for everyone. Although the 

technology is not presently advanced, it is likely that the use of this fuel will only grow with time.  

 
Electricity  

Electric vehicles (EV), which qualify as an alternative fuel under EPAct, have a lot of potential as 

an alternative fuel vehicle (EPAct 1992).  �$�O�W�K�R�X�J�K���(�9�¶�V���D�U�H���R�I�W�H�Q���W�L�W�O�H�G���³�]�H�U�R���H�P�L�V�V�L�R�Q���Y�H�K�L�F�O�H�V���´���D��

majority of the electricity that would power these vehicles in the Baltimore region is derived from coal 

�S�R�Z�H�U���S�O�D�Q�W�V�����(�O�H�F�W�U�L�F�L�W�\���Z�R�X�O�G���K�D�Y�H���W�R���F�R�P�H���I�U�R�P���U�H�Q�H�Z�D�E�O�H���U�H�V�R�X�U�F�H�V���I�R�U���L�W���W�R���E�H���D���W�U�X�H���³�]�H�U�R���H�P�L�V�V�L�R�Q�´��

alternative.  �,�Q���R�U�G�H�U���W�R���P�D�N�H���(�9�¶�V���D���Y�L�D�E�O�H���D�O�W�H�U�Q�D�W�L�Y�H���W�R���J�D�V�R�O�L�Q�H���H�Q�J�L�Q�H�V�����D���F�K�D�Q�J�H���L�Q���L�Q�I�U�D�V�W�U�X�F�W�X�U�H��

would be necessary to support a transition from gasoline to electric fueled vehicles. �(�9�¶�V��in their current 

state are not able to compete with their gasoline competitors due to their limited range and the long charge 

times. Depending on the type of battery found in the EV, a full recharge may take anywhere from four to 

eight hours (CA ARB 2003).  Because an �(�9�¶�V��battery must be recharged or replaced upon running out of 

energy, the main concern with electric vehicles is related to problems of where and how to charge the 

vehicles.  

�(�9�¶�V��can be charged at any home outlet, but due to their limited range, public charging stations or 

drive through battery exchange stations would also be necessary for EVs to be a viable and reliable form 

of transportation.  In only a few minutes time, public charging stations could provide EVs with a 

substantial amount of additional range, depen(s )9(t)-4(oeG)9(p187.94 Tm

[
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installation of each public charging station (MGE 2009).  The research will make sure that the technology 

�L�V���³�V�D�I�H�����U�H�O�L�D�E�O�H�����D�I�I�R�U�G�D�E�O�H���D�Q�G���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�O�\���U�H�V�S�R�Q�V�L�E�O�H�´�����0�*�(������������������ 

With a battery exchange station, on the other hand, a mechanical arm would go under the vehicle 

and switch out the old battery for a new, fully charged battery (Greenemeier 2009).  It is estimated that a 

battery exchange station would cost approximately $500,000 to build.  Additional costs would be 

involved in housing for all of the batteries, the batteries themselves, and the recharging of used batteries 

that would be needed to fit every make and model of electric vehicle (Vlasic 2009).  Optimally, batteries 

would be owned and leased by exchange companies.  A service like this would effectively spread the cost 

�R�I���W�K�H���E�D�W�W�H�U�\���R�X�W���R�Y�H�U���W�K�H���Y�H�K�L�F�O�H�¶�V���O�L�I�H�W�L�P�H�����U�D�W�K�H�U���W�K�D�Q forcing the consumer to purchase the battery up 

front. Currently, it is unclear who will end up paying for the new infrastructure, which is a main hurdle 

for the transition toward any alternative fuel source (Greenemeier 2009).   

To fully understand the differences in efficiency between a gasoline engine and an electric car, 

one must consider the efficiency with which chemical energy is converted into useful work; in this case, 

the turning of the �F�D�U�¶�V���Z�K�H�H�O�V�������$�O�W�K�R�X�J�K���J�D�V�R�O�L�Q�H���K�D�V���D���U�H�O�D�W�L�Y�H�O�\���K�L�J�K���H�Q�H�U�J�\���G�H�Q�V�L�W�\�����L�Q�W�H�U�Q�D�O��

combustion engines are quite inefficient at converting the chemical energy of the fuel into work.  Even in 

modern combustion engines, energy losses from heat, friction, and idling result in conversion efficiencies 

of roughly 15% (FuelEconomy.gov 2009b).  That is to say, of the 33.70 KWh (kilowatt hours) of 

available energy stored within one gallon of regular gasoline, only 5.06 KWh are transferred to the wheels 

(FuelEconomy.gov
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Whether or not EV technology is mature enough for large scale production is debatable.  The 

typical primary family car in America is expected to have both the capability to travel long distances and 

to refuel quickly. Therefore, most current �H�O�H�F�W�U�L�F���Y�H�K�L�F�O�H�V���Z�L�O�O���Q�R�W���µ�V�D�W�L�V�I�\�¶���D���W�\�S�L�F�D�O���$�P�H�U�L�F�D�Q���I�D�P�L�O�\������

However, the couple hundred mile limited range of an EV built with currently available technology could 

satisfy the demands of a university fleet.  Batteries remain prohibitively expensive for auto manufacturers, 

but some of these costs would be recovered by the consumer through reduced energy rates vs. gasoline 

costs (Table 3).  Additionally, the e�O�H�F�W�U�L�F���P�R�W�R�U�¶�V���P�L�Q�L�P�D�O���P�D�L�Q�W�H�Q�D�Q�F�H���F�R�V�W�V���Z�K�H�Q���F�R�P�S�D�U�H�G���W�R���D��

gasoline engine would further enhance savings.  However, presently no auto manufacturer is willing to 

produce �(�9�¶�V��on a large enough scale to make their purchase price remotely competitive with gasoline 

fueled autos.  

 
The Electric Vehicle Paradigm 

Electricity can be generated by a range of different fuels, most of which emit carbon dioxide; 

Figure 7 displays the most significant sources of electricity production in the US.  Much like hydrogen 

vehicles, because EVs do not have measurable emissions themselves, it might appear as if they have no 

direct impact on the composition of the atmosphere.  The environmental impact of the vehicle�¶�V use 

ultimately depends on the impact of the source of electricity, and therefore, when selecting a power 

source for an EV, it may seem logical to choose one of the options with the fewest carbon dioxide 

emissions associated with it.  However, there are certain logistical and environmental issues that are 

involved that may complicate such a decision.  Renewable fuel sources are very appealing due to their 

lack of emissions (EIA 2009e).  However, there are other environmental impacts that need to be explored 

before a choice is made (EIA 2009e).  Environmental impacts come in a variety of forms; some, such as 

greenhouse gas emissions, are more direct, while others come in the form of reduction of ecosystem 
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services, which are very hard to evaluate economically and therefore are included in the economic 

equations (EIA 2009e).
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Mercury, arsenic, lead, cadmium and trace amounts of uranium are also emitted by coal power 

plants (UoCS 2009b). A coal plant generates an average of 170 tons of mercury each year.  

Comparatively, 1/70
th
 of a teaspoon of mercury in a 25 acre lake is enough to make fish unsafe to eat 

(UoCS 2009b). The average coal power plant also produces 225 pounds of arsenic which can travel vast 

distances through the air before depositing in nearby ponds and streams (UoCS 2009b). The EPA has set 

the standard for arsenic in drinking water at 10 parts per billion to protect humans from cancer (EPA 

2006). 

Extraction and Transportation: Mountain top removal strips 60 percent of US coal from the surface 

(UoCS 2009c). The process of mountain top removal involves soils from mountain tops being removed to 

uncover coal.  The subsequent waste soils are then dumped into the valleys below, literally filling the 

valleys and streams to the brim (McQuaid 2009). The EPA estimates that an area the size of Delaware 

will have been deforested and 1,200 miles of stream destroyed by 2013 due to mountaintop removal in the 

Appalachian Mountains (McQuaid 2009). 

 After extraction, the coal must then be transported to the power plants. Locomotive transportation 

of coal is responsible for nearly 1 million tons of nitrogen oxide and 52,000 tons of particulates each year 

(UoCS 2009c). Coal is typically stored at power plants in uncovered piles, allowing lung-irritating 

particulates to be blown onto nearby houses and lawns (UoCS 2009c). In addition, runoff from coal 

storage leads to acid leaching in waterways surrounding coal power plants (Cook & Fritz 2002). Acid 

leaching is detrimental to streams because it changes the water chemistry by increasing aluminum 

concentrations to levels where aluminum becomes toxic to stream biota (Likens 2007).   

 
Hydropower 

Hydropower is the most commonly used renewable energy source in the world (SPE 2009). It is 

responsible for producing 6% o�I���W�K�H���Z�R�U�O�G�¶�V���H�Q�H�U�J�\.  In the US, hydropower is the single largest source of 

electricity from a renewable energy source (SPE 2009). Hydropower is electrical power generated 
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through the movement of water (SPE 2009). It is captured from waterfalls, river currents, and waterways 

(SPE 2009). In hydro-electric dams, water is directed through a pipe (penstock), where the force and 

pressure exerted by the water pushes the blades of a turbine, spinning a generator (EIA 2009g). The 

electricity from the generator may then be transmitted through long distance power lines for public use in 

distant areas (EIA 2009g). Other methods of harnessing hydropower include the use of the force of river 

currents (water diverted to canals or pipes), tidal fences (vertical axis underwater turbines), and waves 

(focusin
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New innovations for harnessing the energy of moving water are mainly focused on tidal energy and 

hydroelectric dams with lower environmental impacts (EIA 2009g).    

 
 
Wind Power 
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Solar Power 

Solar power currently accounts for less than 1% of the electricity produced in the US (Galbraith 

2009).  The two major methods of generating electricity through solar power are concentrating solar 

power (DOE 2008e) and photovoltaic cells ���3�9�&�¶�V�� (DOE 2006). Currently, the cost of electricity from 

solar power is expensive, with electric from �3�9�&�¶�V��costing four times as much as electricity generated 

from coal (Galbraith 2009).  

Concentrating Solar Power:  The concentrating solar power method of producing electricity uses mirrors 

to reflect sunlight onto a central receiver (see figure 8) (DOE 2008e). These receivers then turn the light 

energy into heat which can be used to produce steam or run a heat engine to drive generators (DOE 

2008e).  Once steam is produced, the system is similar to any system that uses energy to produce steam. 

Concentrating solar power systems can be affected by a lack of sunlight but can be combined with 

thermal storage systems to remain productive during cloudy days (DOE 2008f). This reliance on the sun 

makes the southwestern United States and other sunbelt areas worldwide attractive locations to place 

concentrating solar power systems, where they are able to achieve �V�R�P�H���R�I���W�K�H���Z�R�U�O�G�¶�V���K�L�J�K�H�V�W solar-to-

electric efficiencies (DOE 2008f). 

 

Figure 8: Concentrating solar power systems using reflectors to concentrate solar energy onto a receiver. This 
energy is then used to turn liquid into steam which drives a generator for creating electricity (DOE 2008g).  
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Proper management of concentrating solar power systems is necessary in order to minimize their 

environmental impact.  The concentrated rays of sunlight can kill birds and insects if they fly in the path 

of the concentrated rays found between the mirrors and the receiver (EIA 2009i). Some of the fluids used 

to transfer heat are potentially hazardous to the environment and require proper disposal (EIA 2009i). 

Additionally, concentrating solar power systems require two times the amount of water as a coal or 

nuclear plant (Glennon 2009). Concentrating solar power systems are most effective in southwestern 

states where water is scarce and the surrounding habitats are sensitive to the little amounts of water 

�D�Y�D�L�O�D�E�O�H�����W�K�L�V���D�P�S�O�L�I�L�H�V���W�K�H���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���H�I�I�H�F�W�V���R�I���V�R�O�D�U���S�R�Z�H�U���V�\�V�W�H�P�V�¶���X�V�H���R�I���Z�D�W�H�U�����*�O�H�Q�Q�R�Q����������������

The amount of water used could be reduced by 80-90% by using air-cooling techniques.  However, this 

process would reduce the thermal efficiency of the systems (Glennon 2009). 

Photovoltaic Cells (PVCs):  �3�9�&�¶�V��use the sun to excite electrons into a direct current flow (see figure 9) 

(FSEC 2007a).  Because the electrical grid uses an alternating current, electricity from photovoltaic arrays 

must be passed through a power inverter in order to be used on a grid (FSEC 2007b).  Much like 

concentrating solar power systems, the functionality of �3�9�&�¶�V��depends on the availability of solar rays. In 

order to remain useful overnight or during cloudy conditions, batteries are usually used with photovoltaic 

arrays that store extra energy produced during the day for use during these adverse conditions (FSEC 

2007c). 

 

Figure 9: Sunlight excites electrons in a photovoltaic cell to create a current (FSEC 2007a). 
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�3�9�&�¶�V��use almost no water, giving them an environmental advantage over concentrating solar 

power systems (Glennon 2009).  However, solvents, alcohols, and other toxic materials are used in the 

manufacturing process of photovoltaic cells, producing small amounts of waste materials (EIA 2009i).  

�3�9�&�¶�V��require 8-12 square meters of surface area per kilowatt when installed in the most efficient array, 

making surface area availability a limiting factor for �3�9�&�¶�V (FSEC 2007d).  

 

Nuclear Power 

Nuclear energy is produced through the nuclear fission, or splitting, of an atom to produce steam 

from heat (Alternate Energy Sources N.D,.U.S. NRC 2009).   Uranium is a viable choice for fuel because 

it is a heavier atom, making it easier to split (U.S. NRC 2009).  Uranium is commonly found in rocks and 

is mined in the western US and many other locations around the world (EIA 2009j).  Approximately one-

fifth of the electricity in the US is generated from nuclear power and most of that uranium is imported 

(EIA 2009j).  The type of uranium that is used in the fission process is U-235 and is relatively rare, with 

an estimated global supply to meet the world�¶s demands for approximately eighty years (EIA 2009j; 

WNA 2009b).  The total cost of producing nuclear electricity from nuclear power is half a cent per 

kilowatt hour (WNA 2009c).  Unfortunately, the estimated eighty year time frame of U-235 
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been well researched and has a life cycle that can be full circle if the fuel is reprocessed (see 
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Likewise, because nuclear power produces a marginal amount of CO2, it could also be used to create 

electricity to charge batteries for electric cars (Silverman 2008).   

 

Alternative Electric Fuels �± A Summary 

Rule et al. (2009) conducted a lifecycle CO2 analysis of alternative energy sources in order to 

compare the emissions of geothermal, hydroelectric, tidal, and wind energy.  Lifecycle CO2 emissions are 

expressed in grams CO2/kWh and include energy from construction, regular maintenance and 

decommissioning of the plant.  Production of concrete for hydroelectric dams, for example, can require 

enormous amounts of energy.  At 1.8g CO2/kWh, tidal generation proved to have the lowest CO2 

emissions, followed by wind power at 3.0g CO2/kWh (Rule et al.t2009).  Hydroelectric plants were found 

to have 4.6g CO2 and geothermal, 5.6g CO2/kWh.  When compared to energy derived from coal, which 

emits roughly 1,100g CO2/kWh, the emissions from each of these alternative energy sources are 

negligible (EIA 2009f). 

In terms of available electricity sources, the Energy Information Administration (EIA) publishes 

�W�K�H���³�(�O�H�F�W�U�L�F���3�R�Z�H�U���0�R�Q�W�K�O�\���´�����,�Q���W�K�L�V���G�R�F�X�P�H�Q�W����the EIA reports their most recent energy data including 

preliminary sets of figures that are not complete yet.  Also included are the price and usage trends.  This 

publication could be a very useful tool when purchasing and/or using electric vehicles by providing the 

most up-to-date electricity data because it gives the fleet manager an up to date status report on many 
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University vehicles purchased must be environmentally friendly, but they also must remain economically 

feasible. H
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Driver Education Programs:  Fuel-smart educational programs and their promise of increased 

sustainability are quickly becoming a more prevalent aspect of fleet management.  Studies show drivers 

who are more aware of strategies that can increase their fuel efficiency save about 20-30% on gas 

(Sustainable Community Enterprises 2009).  Estimated cost savings come to about $500 per driver 

(Sustainable Community Enterprises 2009).   Fleets that have incorporated educational courses have 

reported that the implementation of fuel-efficient driving technique programs reduce wear on vehicles 

(Sustainable Community Enterprises 2009).  Although this type of educational program appears costly, 

long-term gains such as improved safety, reduced maintenance needs, and reduced gas expenses make 

them worthwhile.  Collaborating with local fleet operations, such as Baltimore County, might provide for 

an effective exchange of information, ideas, past successes, and future plans.  Robert Majewski (2009), 

from Baltimore County Office of Budget and Finance, Vehicles Operations and Maintenance, presented 

to us the components of a newly incorporated fuel-smart education program recently adopted by the 

County.  Some of these fuel-smart ideas and our findings relative to the anticipated savings from these 

actions include:  

 Avoid idling vehicles for extended time periods �± studies have shown that idling vehicles 

for an hour consumes the equivalent of a gallon of gas (LiveViewGPS 2009) 

 Reduce speeds �± drivers could save up to 14% on gas expenses simply by lowering their 

speeds (LiveViewGPS 2009) 

 Avoid rapid starts and stops  

 Route Optimization �± reducing the miles driven by a fraction can accumulate savings on 

gas expense and increase net profits (LiveViewGPS 2009) 

 Minimize weight and heavy loads in vehicles 

 
Maximize Fuel Efficiency:  By reducing a �Y�H�K�L�F�O�H�¶�V���Z�H�L�J�K�W���E�\��������, fuel efficiency may increase by 4-

8% and reduce the amount of strain on the engine (InterAcademy Council 2009).  Vehicles get more 

miles per gallon of gasoline without added weight producing drag (InterAcademy Council 2009). 

Replacing heavy cargo structures with lighter-weight materials will lighten a vehicle load. For example, 

the Dodge Sprinter vehicles in Towson University�¶�V���P�D�L�Q�W�H�Q�D�Q�F�H���)leet carry heavy workbenches; these 
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structures could be replaced with lighter materials.  Some light-weight materials include high-strength 

steel, aluminum, magnesium and fiber-reinforced plastics (InterAcademy Council 2009).  

Installing devices such as an Auto Meter will allow drivers to directly monitor their fuel and 

driving performance.  The Auto Meter is a relatively recent product designed for the average driver 

seeking to reduce gas consumption and related expenses (Work Truck 2009).  The meter is a visual, 

quantitative gauge that measures fuel economy based on driving style (Work Truck 2009).  It is a 

relatively easy system to install with straightforward gauges to read (Work Truck 2009).  The meter (see 

Figure 11) displays both a real-time fuel consumption (miles per gallon) gauge and a color-coded eco-

graph, coded in red, yellow, and green (green being most fuel efficient) (Work Truck 2009).  Reported 

claims of a 37% savings on fuel expense with a heightened awareness in personal fuel economy have 

been made (Work Truck 2009). 

  

General and Proactive Maintenance and Measures:  General maintenance considerations for better fuel 

efficiency include routine tire checks (i.e., pressure and tread-wear), oil changes, no-leak fuel system, and 

�U�R�X�W�L�Q�H���H�Q�J�L�Q�H���F�D�U�H�������7�K�H���D�L�U���S�U�H�V�V�X�U�H���L�Q���D���W�L�U�H���L�V���F�U�X�F�L�D�O���W�R���D���Y�H�K�L�F�O�H�¶�V���I�X�H�O���S�H�U�I�R�U�P�D�Q�F�H�����%�X�\�L�Q�J�$�G�Y�L�F�H��
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of 0.3% per accurate pounds per square inch (psi) for each vehicle to be closer to its optimal tire pressure 

(USDE 2009).  Routine oil changes can directly affect the need for and frequency of routine engine care 

(AA1Car 2009). Oil loses its viscosity over extended use which results in oil sludge and potential engine-

damage (AA1Car 2009).  However, the interval between needed oil changes is variable depending on the 

oil type, fuel type, driving style, distance, and frequency of vehicle use. 

An energy-efficient vehicle-to-task assignment program would help establish a more synchronous 

fleet operation.  Having large, heavy-powered vehicles assigned only for heavy-duty loads, or carpooling 

to maintenance tasks at common locations will reduce fuel consumption, vehicle emissions, and traffic.  

Also, rotating vehicle usage within the Fleet can increase vehicle life expectancy.  Simple, non-labor 

intensive tasks (i.e. routine building inspections) should avoid the use of a larger, heavy-duty vehicle 

when a smaller, four-cylinder vehicle would be adequate.  

  
Long Term Recommendations  

Over the course of the next decade vehicle technologies will continue to improve, fuel options are 

going to increase, and changes in policy will occur. The ability of the Towson University Fleet to become 

more sustainable and efficient over the long run must rely upon these technological advancements, and 

how these advancements and potential policy changes shape the vehicle and fuel markets. 

 

Diesel and Biodiesel:  Diesel and biodiesel are currently the most viable alternative fuel sources on the 

market.  Their current availability in the automobile industry, accessibility to the public sector, and their 

environmental benefit (cleaner more efficient burning), make them our top choice for moving Towson 

University�¶�V���)�O�H�H�W���W�R�Z�D�U�G���D���J�U�H�H�Q�H�U���I�X�W�X�U�H������Biodiesel is a clean burning alternative fuel to petroleum 

based diesel fuel (PC. Bio. 2009).  Although slight modifications may be necessary for a vehicle to be 

able to operate on biodiesel, as mentioned earlier, we believe the benefits outweigh the costs when the 

switch is made to this fuel.  
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Biodiesel can be purchased through DGS contracts and fuel tanks could be kept on campus to 

refill Fleet vehicles.  Many of the heavy duty campus vehicles may not be traveling great distances, so 

having a filling station on campus would decrease fuel usage. If a vehicle were off campus and running 

out of biodiesel, it would still have the ability to be refilled with ULSD to make it back to campus; diesel 

engines have the capability to run on both petroleum based diesel and biodiesel (NBB 2009a). As 

biodiesel becomes more accessible, there is a possibility that surrounding counties may follow and install 

the biodiesel-pumping infrastructure at their filling stations.  Having biodiesel pumps available off 

campus will increase the range of campus vehicles that run on biodiesel fuel. 

 

Electric Vehicles:  Future solutions also lie in electric vehicles.  There are several advantages of electric 

vehicles that will meet the needs of the Fleet and reduce heavy-duty vehicular traffic on campus.  First, 

electric vehicles have no direct measurable emissions, which would be a major asset to the campus and 

the environment (Fuller 2009).  Although fuels are still being burned in plants in order to power the grid, 

there is greater efficiency in large-scale plant-production of energy versus energy production at an 

individual level from car engines (Nichols and Akers 2009).    Electric vehicles will minimize the number 

of point source polluters and make the transition to alternatively powered plants more environmentally 

effective.  Second, electric vehicles tend to be lighter and smaller than their fossil fuel powered 

A third benefit of electric vehicles is the ready-to-

charge.  It may not be necessary to install charging stations on campus if Fleet vehicles draw their power 
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A few e�O�H�F�W�U�L�F���Y�H�K�L�F�O�H�V���K�D�Y�H���E�H�H�Q���V�X�F�F�H�V�V�I�X�O�O�\���X�V�H�G���E�\���7�R�Z�V�R�Q���8�Q�L�Y�H�U�V�L�W�\�¶�V���)�O�H�H�W�����R�Q���D���W�U�L�D�O���E�D�V�L�V����

for on-campus activities only.  Future advancements in technology could potentially allow for electric 
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the alternative fuel vehicle purchase requirements. As a result, Towson University can not apply to meet 

the vehicle purchase standards through the alternative compliance option unless the University of 

Maryland Fleet agency chooses to use this method. However, if the alternative compliance option were to 

be made available to Towson University it may be able to benefit the University and their Fleet. 

The Alternative Compliance option is based on reducing petroleum usage rather than purchasing 

alternatively fueled vehicles (EPAct 2005). This petroleum reduction can be based on a number of 

different methods and factors, one of which is the use of biodiesel blends that are above the requirements 

of state law (DOE 2009l). In the state of Maryland this would include biodiesel blends of at least B5 

(DOE 2009m). Towson University would also be able to purchase and use hybrid vehicles for their Fleet 

if the alternative compliance were to become an option. Credit for petroleum reduction can also be 

obtained by the use of alternative fuels in vehicles that are considered to be exempt by the EPAct of 1992 

(DOE 2009m). This would allow the entire Towson University Fleet to ensure that the current EPAct 

standards are met. However, until the State adopts the alternative compliance method in their version of 

the EPAct of 1992 standards, the University must continue to purchase 75 percent alternatively fueled 

vehicles each year (DBM 2005). 

There are other options that still exist in terms of meeting the standard compliance. The most 

efficient and beneficial to the University would be the use of a biodiesel blend of B20. The use of B20 is 

still covered by most manufacturer warranties (NBB 2009b) and is the minimum blend required to obtain 

credits for compliance (DOE 2009m). For older vehicles in the Fleet that are out of warranty, it may be 
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