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Abstract 

 
Steadily escalating gasoline prices, increased environmental concerns, and poor international politics 

have sparked new interests for alternatively fueled vehicles. There are numerous alternative fuel technologies 
including gasoline-hybrids, diesels, full electrics, as well as hydrogen and ethanol. These technologies are 
changing rapidly and consumers are having difficulty trying to decipher which type of vehicle is the most 
worthy investment. This study provides a simple breakdown of the pros and cons of the alternative fuel 
technologies as well as a statistical review of the total ownership costs of the vehicle up to 100,000 miles. 
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Executive Summary 
 

The rebirth of the search for alternatively fueled vehicles has been encouraged by increased 

environmental concerns, gasoline prices, as well as international political conflicts. The alternatives include 

gasoline-hybrids, diesels, full electrics, as well as hydrogen and ethanol. This project consists of a summary of 

the different types of alternative fuel technologies, comparisons between each fuel technology and a 

conventional gasoline counterpart, and a cost analysis of the most promising vehicles.   The objective of this 

analysis is to inform the general public of the different types of alternatives to gasoline and their financial and 

environmental impact.  

The United States is forced to import oil from foreign countries because of the fast increase of fuel 

consumption in the transportation sector. As the demand for oil increases, so has the price of oil and its 

byproducts such as gasoline.  Increased usage of these fossil fuels has led to the growth of greenhouse gases 

and the U.S. transportation sector, which represents about 10% of all energy consumption. A Wedge Analysis 

of the U.S Transportation Sector introduces concepts of stabilization wedges to reduce the Carbon Dioxide 

emission. Each wedge is an activity that creates 1GtC/y of carbon reduction. It is shown that a combination of 

different types of technology will result in different rates of emission reduction. The combination that predicts 

the most CO2 emission reduction consists of the use of 45% E85,  20% electric hybrid, and 35% advance 

gasoline and diesel. An EPA study showed that ethanol blends have reduced ozone in most states. Ethanol is 

an environmental friendly fuel but it costs more than gasoline.  

Hybrid and all electric vehicles are among the oldest types of automobiles. A hybrid electric vehicle is 

one that has a propulsion system consisting of two or more separate power sources. All electric vehicles differ 

from hybrids in the fact that there is no internal combustion engine used to produce power. The electric 

vehicle runs exclusively on electricity stored in its batteries. Hybrid and all electric cars use similar technology 

to increase fuel efficiency. For instance, regenerative breaking, low drag tires, and startup/shutoff engine 
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management. Hybrid vehicles come in three different types of drivetrains; parallel, series, and a combination. 

Because of its configuration, parallel hybrids are very efficient on the highway while not as efficient during city 

driving. On the other hand, series hybrids are more efficient during city driving. The combination drivetrains 

are the most efficient but are the most complex and therefore the most expensive. The drivetrains can also be 

split into four different degrees of hybridization. Hybrids can be full, power assist, mild, or plug in hybrid. Plug 

in hybrids cross the gap between all electric and hybrid cars. The 2010 Chevy Volt acts like an electric car 

within a 40 mile range but acts like a series hybrid after this.   

Diesel powered vehicles have been around for more than a century. The engine was first designed and 

developed by Rudolf Diesel. It differs from an Otto cycle in that the air/fuel charge is ignited by means of high 

compression. An Otto cycle will use a spark to ignite the fuel. A diesel engine has a higher thermal efficiency 

mainly due to the higher compression ratio. Diesel engines also lack the throttling losses that gasoline engines 

have. This is a large pumping loss and inefficiency of the Otto cycle. In recent times, with the advent of 

turbocharging, better engine management and emissions controls, the diesel can be found in many passenger 

vehicles. However, in the United States, many misconceptions exist on the theory and operation of these 

engines. These misconceptions include unpleasant odors from the exhaust, slow performance, loud, etc. All in 

all, diesels are a powerful alternative to gasoline. 

Hydrogen is the most common element found in earth. It is produced by the electrolysis of water or 

from fossil fuel. There are two hydrogen fuel technologies, one is the hydrogen fuel cell (HFC) and the other is 

an internal combustion engine (ICE). The hydrogen ICE is a dual fuel technology vehicle that is fueled by 

gasoline as well by hydrogen and increases the vehicle efficiency. This type of vehicle is currently under 

development therefore it is not available to purchase. It is also important to know that hydrogen ICE emissions 

are less than conventional gasoline and it also emits NOX.  The HFC produces electricity by combining 

hydrogen and oxygen, to power an electric motor.  The HFC emits water vapor and no CO2. The Honda FCX, a 
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HFC vehicle, is currently being leased for $600/month. With limited hydrogen fueling station it is not an 

economically viable.  

A survey was conducted in order to obtain the opinion and basic knowledge level of Worcester 

Polytechnic Institute students between the ages of 18 and 25. The surveys were dispersed manually as well as 

electronically throughout campus. The surveys had an error percentage of 5.66 percent and a confidence level 

of 90 percent. The data was analyzed and plotted using Microsoft Excel. The mean, median, mode, and 

standard deviations were all calculated. 

 A total cost analysis between the gas-electric hybrids and diesels with the gasoline powered vehicles 

was conducted. This analysis factored in the price of fuel, initial cost of vehicle, and the vehicles fuel efficiency. 

By means of Microsoft Excel, several equations were worked out to calculate the vehicles total cost as a 

function of mileage. This analysis allows one to come to the conclusion of when a particular alternative to 

gasoline becomes equal to total cost of the gasoline counterpart. 

 In conclusion, the authors found the alternatives to gasoline to be more environmentally friendly than 

their gasoline equivalents. Through the cost analysis we found that gas-electric hybrids and diesels are longer 

termed investments. They typically required in excess of 50,000 miles in order to have a lower total cost. We 

found the cost per mile of the diesel and gas-electric hybrids was lower than that of the gasoline, but that the 

initial cost was also typically higher. Most diesel, gas-electric, and ethanol powered vehicles also have a tax-

incentive through the government which can help reduce the overall cost.  
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Introduction 

 
Increased gas prices as well as greater environmental concerns, have led many Americans to search for 

better alternatives to the conventional gasoline-powered automobiles. Due to misconception, confusion, and 

biased public opinion, consumers have been apprehensive towards alternatives such as diesel, gas-electric 

hybrids, all electric, as well as hydrogen and ethanol. With gasoline prices rising to record highs nation-wide, 

there has been increased interest in these vehicles. It is evident that clear and unbiased information on this 

topic is difficult to come by. Through in-depth research including overall life-cycle cost, comparisons, and the 

analysis of other studies on the matter, the inquiries will be of importance to anyone who owns or is planning 

to own a passenger or sport utility vehicle. The results will include life costs, cost-to-benefit ratios, vehicle 

comparisons, and performance statistics. The analysis will be divided into three groups; 20 % city ς 80 % 

highway, and 80% city ς20% highway. These figures will be based off of these assumptions; 100,000 mile life 

span over a ten-year period, every vehicle will be bought new at the MSRP όaŀƴǳŦŀŎǘǳǊŜǊΩǎ {ǳƎƎŜǎǘŜŘ wŜǘŀƛƭ 

Price) including shipping and receiving, they will be driven in an equivalent manner, recommended factory 

service maintenance intervals will be followed, and lastly, fuel prices will be calculated from the peak prices as 

of July 17th, 2008. The outcome of this research is to enlighten the general public of the financial and 

environmental concerns on the alternatives to gasoline.   
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Literature Review/ Background 

Oil Industry Background and History 

Before the discovery of oil wells, oil was extracted from animals, vegetables and coal, and was used 

mostly for lighting and heating. New types of transportation vehicles, including all types of locomotives 

consumes the highest quantity of oil. Oil wells were discovered in Pennsylvania by Edwin Drake in 1859 that 

yielded at least 15 barrels a day. The United States became the nation that exported the most oil, grasping a 

strong hold in economical value. After many years of oil extraction and consumption led to the depletion of 

the wells, the U.S. was forced to import oil. The consequences today are brutal because now the world is 

facing Peak-Oil, a term use that indicates that the cost of extracting and refining oil is more or equal to the 

cost of oil itself. This means that for one barrel of oil extracted and refined, the process consumes one barrel 

of oil, hence it is not economically viable. 

Oil is known to have been used since ancient times for medical and construction purposes, but in 

modern times oil has many applications, especially in energizing the transportation industry. The auto became 

extremely popular and with it, fuel consumption has grown exponentially over the past decades as have the 

carbon dioxide and monoxide emission that are of environmental concern. 

 

Oil and the U.S.  

As stated before, oil has become increasingly important to the world economy due to its employment 

to energize the transportation industry.  As the world population grows exponentially, so does the demand for 

oil. Since oil wells have depleted in the United States, it has forced the U.S. to import oil making them 

dependent on other countries to meet the demand. To solve this problem the U.S. has invested in alternative 

technologies research like Gasoline-Hybrid, Full electric, Hydrogen, Ethanol, and many others.  
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For the past decades, oil has become important to the world economy due to its use to energize the 

world, specially the transportation sector as stated above. It is projected that the consumption of liquid fuels 

will increase from 84 million barrels per day in 2005 to 113 million barrels in 2030. The transportation sector 

accounts for a 74 percent increase from 2005 to 2030, since the new building are design with the purpose of 

energy efficiencies and sustainability. 

 

Figure 01 ς World Liquids Consumption by Sector, 2005 ς 2030 

 

A study made by the Energy Information Administration (EIA) projects a 50 percent increase in world 

energy consumption by 2030, arising political concerns.1 

                                                 
1 Conti , John, and Glen E. Sweetnam. "International Energy Outlook 2008." DOE/EIA-0484(2008): 1-35,79-86. 
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Figure 02 - World Marketed Energy Consumption, 1980 - 2030 

 
Another study done by the EIA projects the amount of energy consumed worldwide by fuel type. It is 

expected that world oil price will remain high, the liquid fuels, are the slowest growing source of energy; liquid 

consumption increases at an average annual rate of 1.2 percent from 2005 to 2030.  

 

Figure 03 ς World Marketed Energy Use by Fuel Type, 1990 - 2030 
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Coal and renewable energy are the fastest growing energy source, with consumption increasing by 2.0 

percent and 2.1 percent respectively.2 This increase is due the government incentives for renewable energy 

and environmental concern, and as for coal, it is cheap. 

As shown above the most being consume energy source is the Liquids that includes petroleum-derived 

fuels and non-petroleum-derived fuels, such as ethanol and biodiesel, coal to liquids and gas to liquids. 

Petroleum coke, which is a solid, is included and also includes natural gas liquids, crude oil consumed as a fuel 

and liquid hydrogen.  

Shown below is the projection of motor vehicle ownership by Organization for Economic Co-operation 

and Development (OECD)3 region from 2005 to 2030.  

 

 

Figure 04 ς Motor Vehicle Ownership in OECD Countries, 2005, 2015, and 2030 

 

                                                 
2 Conti , John, and Glen E. Sweetnam. "International Energy Outlook 2008." DOE/EIA-0484(2008): 1-35,79-86. 
3 There are three basic country groupings in the OECD: North America (United States, Canada, and Mexico); OECD Europe (EuropeτAustria, Belgium, Czech Republic, 
Denmark, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Luxembourg, the Netherlands, Norway, Poland, Portugal, Slovakia, Spain, Sweden, 
Switzerland, Turkey, and the United Kingdom.); and OECD Asia (Japan, South Korea, and Australia/New Zealand). Non-OECD is divided into five separate regional 
subgroups: non-OECD Europe and Eurasia, non-OECD Asia, Africa, Middle East, and Central and South America. Russia is represented in non-OECD Europe and 
Eurasia; China and India are represented in non-OECD Asia; and Brazil is represented in Central and South America. 

 
OECD Europe (EuropeτAustria, Belgium, Czech Republic, Denmark, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Luxembourg, the Netherlands, 
Norway, Poland, Portugal, Slovakia, Spain, Sweden, Switzerland, Turkey, and the United Kingdom.); and OECD Asia (Japan, South Korea, and Australia/New Zealand). 
Non-OECD is divided into five separate regional subgroups: non-OECD Europe and Eurasia, non-OECD Asia, Africa, Middle East, and Central and South America. Russia 
is represented in non-OECD Europe and Eurasia; China and India are represented in non-OECD Asia; and Brazil is represented in Central and South America. 
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A trend is notice as the vehicle ownership increases, also does the change in liquid consumption for 

transportation energy from 2005 to 2030, especially in North America. The United States accounts for 70 

ǇŜǊŎŜƴǘ ƻŦ bƻǊǘƘ !ƳŜǊƛŎŀΩǎ ƭƛǉǳƛŘ ŎƻƴǎǳƳǇǘƛƻƴΦ 

 

Figure 05 ς Change in Liquids Consumption for Transportation by OECD Region, 2005 to 2030 

 
This lead to the Energy Independence and Security Act 2007 (EISA) that require light-duty vehicles to 

reach fuel economy of 35 miles per gallon by 2020. It is of importance to know that U.S. ethanol consumption 

grows from 4.0 billion gallons in 2005 to 24.3 billion gallons in 2030. 

 

Oil and Environmental Concerns 

The transportation sector fuels are the fastest growing sources of greenhouse gases. The EPA study, A 

Wedge Analysis of the U.S. Transportation Sector, states: 

ά¢ƘŜ ¦Φ{ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ǎŜŎǘƻǊ ǊŜǇǊŜǎŜƴǘǎ ŀǇǇǊƻȄƛƳŀǘŜƭȅ мл҈ ƻŦ ŀƭƭ ŜƴŜǊƎȅ-related greenhouse gas emissions 

worldwide. Over the next 50 years, rising numbers and use of vehicles could swell greenhouse gas emissions 

from U.S. transportation to 80% above currŜƴǘ ƭŜǾŜƭǎΧ ¢ƘŜǊŜ ŀǊŜ ǘƘǊŜŜ ƎŜƴŜǊŀƭ ŀǇǇǊƻŀŎƘŜǎ ŦƻǊ ǊŜŘǳŎƛƴƎ 
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greenhouse gases in the transportation sector: 1) adopting advance vehicle technologies, 2) switching to low 

ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ όDIDύ ŦǳŜƭǎΣ ŀƴŘ оύ ǊŜŘǳŎƛƴƎ ǾŜƘƛŎƭŜ ƳƛƭŜǎ ǘǊŀǾŜƭŜŘΦέ4 

A Wedge Analysis of the U.S. Transportation Sector introduces the concept of stabilization wedges and 

applies it to the U.S. transportation sector to illustrate the potential approaches that are capable to reduce 

both greenhouse gases and oil consumption. A wedge is an activity that creates 1GtC/y of carbon reduction. 

To reach about 550 ppm stabilization, the goal for the next 50 years is to achieve 7 wedges by avoiding 175 

billion tons of carbon emission.5 Each wedge represents an improvement in technology and/or product 

efficiency, for example, 2 billion vehicles achieving 60 mpg, improving coal plants efficiency, and installing 

windmills.  

 

Figure 06
6
: Stabilization Wedges 

 

                                                 
4 Hulsey, Brett. "Ethanol: A Convenient Solution to the 'Inconvenient Truth'." Moderate Ethanol Blends Can Save Money, Reduce Pollution and Improve Mileage 
(2007): 4. 
5 Socolow, Robert, and Stephen Pacal. ""Wedges": Early Mitigation with Familiar Technology." (2004): 1. 
6 Mui, Simon, and Jeff Alson. "A Wedge Analysis of the U.S. Transportation Sector." EPA420-R-07-007(2007): 5. 
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 Another example is, in Figure 6, 1 to 2 wedges or all 7 wedges could represent the nine vehicle technology 

shown in Figure 7. It could also represent a combination of vehicle technology with a carbon reduction 

(capture) system. 

 

Figure 07
7
: Vehicle Techology 

 
In Figure 6, it is projected that in 50 years the GHG emissions from the USTS will grow 80% (200,000 

MMT added by 2050) above current levels, due to the increase of vehicles and their use. If proper action is 

taken by the year 2050 GHG emission can be kept at constant level and even be reduced after the year 2050.  

Three parameters are taken into consideration to determine the amount of GHG emission (E) from the 

transportation sector. The vehicle fuel consumption (F), miles traveled (A) and carbon content of the fuel (C). 

This is called the EFAC equation8: 

 

 

                                                 
7 Mui, Simon, and Jeff Alson. "A Wedge Analysis of the U.S. Transportation Sector." EPA420-R-07-007(2007): 13. 
8 Mui, Simon, and Jeff Alson. "A Wedge Analysis of the U.S. Transportation Sector." EPA420-R-07-007(2007): 9. 
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Diesel Background and History 

 Despite its huge success in Europe, the Diesel engine is largely unaccepted by passenger vehicles 

buyers in the United States. It makes up for half of the sales in Europe9. Named after Rudolph Diesel in 1893, 

the diesel engine was revolutionary in comparison to the other options (including steam) at the time. It 

provided higher thermal efficiencies, thus reducing fuel consumption and increasing power output 

(comparatively). Many false stereotypes on the operation and ownership of a diesel engine however continue 

to adversely affect its acceptance in America. Most of these stereotypes are from negative past experiences 

ŦǊƻƳ ǘƘŜ ŜŀǊƭȅ улΩǎΦ ¢ƘǊƻǳƎƘ ǎǘǊƛŎǘ ŜƳƛǎǎƛƻƴǎ ŎƻƴǘǊƻƭǎ ŀƴŘ ŀŘǾŀƴŎŜŘ ŜƴƎƛƴŜ ŎƻƴǘǊƻƭ ǳƴƛǘǎΣ ǘƘŜ ŘƛŜǎŜƭ ŜƴƎƛƴŜ ƛǎ 

rivaling the gasoline engine in terms of performance. 

The engine cycle is simple. Air is drawn into the cylinder by the reduced pressure created by the 

downward moving piston, following a compression cycle, fuel is added, combustion occurs, the power stroke 

is performed and then the products of combustion are exhausted to the atmosphere. Most modern diesels 

will use an exhaust driven turbocharger to recover thermal energy from the hot combustion products and use 

it to raise the manifold pressure of the intake. This allows for a greater brake mean effective pressure and 

ƛƴŎǊŜŀǎŜŘ ǇƻǿŜǊ ƻǳǘǇǳǘ ŦƻǊ ŀ ƎƛǾŜƴ ŜƴƎƛƴŜ ŘƛǎǇƭŀŎŜƳŜƴǘΦ ά!ŘŘƛƴƎ ŀ ǘǳǊōƻŎƘŀǊƎŜǊ ǘƻ ŀ ŘƛŜǎŜƭ ŘƻŜǎ ƳƻǊŜ ǘƘŀƴ 

increase the amount of air available for combustion. The turbocharger also improves combustion efficiency by 

ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ ǘǳǊōǳƭŜƴŎŜ ƛƴ ǘƘŜ ŎƻƳōǳǎǘƛƻƴ ŎƘŀƳōŜǊΦέ10 

 

 Thermal efficiency11 in such cycles is largely determined by the compression ratio.  

 

 

                                                 
9 Robert, Bosch. "History of the diesel engine."Diesel-Engine Management Systems and Components. 4th ed. 2006 p.15 
10 MacInnes, Hugh. Turbochargers. New York: The Berkley Publishing Group, 1984. 
11 Nave, R.. "The Diesel Engine." 13 Dec 2008 <http://230nsc1.phy-astr.gsu.edu/hbase/thermo/diesel.html>. 
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Where 

t́h is thermal efficiency  

 his the cut-off ratio    (ratio between the end and start volume for the combustion phase)  

r is the compression ratio    
 ɹis ratio of specific heats (Cp/Cv) 

 

Diesels typically operate at a higher compression ratio than gasoline due to the requirement of high 

cylinder pressures and temperatures to ignite fuel as it is injected. On most gasoline engines, fuel is added 

either at a throttle body, at the intake manifold, or on modern engines, in the cylinder head (similar to diesel). 

¢ƘŜ ǊŜŀǎƻƴ ǿƘȅ ƎŀǎƻƭƛƴŜ ŜƴƎƛƴŜǎ ŎŀƴΩǘ ƘŀǾŜ ŀǎ ƘƛƎh of a compression ratio is due to pre-ignition by which the 

air-fuel mixture ignites before the spark plug fires. This is harmful to the engine components and can cause 

damage. Therefore, the compression ratio as well as the thermal efficiency is lower than that of compression 

ignition engines.   

 

Figure 08: Diesel Cycle P-V Diagram 
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12 

Figure 09: Otto Cycle 

 

There are several main benefits of a diesel engine over a conventional gasoline engine. As previously 

mentioned, diesel engines typically have a higher compression ratio13 (typically 18-22:1 compared to 9-11:1 in 

most gas engines). With the higher compression ratio comes the higher thermal efficiency. Diesel engines also 

have a lower specific fuel consumption14 of 230-280g/kWhr compared to the 300-350g/kWhr of a naturally 

aspirated gasoline powered vehicle. Other benefits of diesels are that they run at lower rpm, potentially 

increasing the longevity of the engine. Diesel fuel also has a greater energy density than that regular gasoline. 

However, the lack of throttling losses is one of the primary benefits of a diesel engine. 

One of the main benefits of diesels in city driving is the lack of a throttle plate. The amount of air (and 

consequently fuel) allowed into a gasoline engine is based off of the throttle plate. On a diesel, the air/fuel is 

controlled by adding more heat (fuel) to the combustion chamber making it speed up and want more air. 

Unfortunately, by having a throttle plate restriction, especially when idling, a large pressure drop occurs. This 

is called a pumping loss. The engine is attempting to pull air from the atmosphere while having a restriction in 

the way, therefore requiring work to be performed on the fluid. This work interaction lowers the overall fuel 

                                                 
12 "Ideal Otto Cycle p-v Diagram." Ideal Otto Cycle. NASA. 16 Dec 2008 <http://www.grc.nasa.gov/WWW/K-12/airplane/otto.html>. 
13 Bosch, Robert. "Empirical values of data for calculation."Bosch Automotive Handbook. 7th Ed. 2007 p.509 
14 Bosch, Robert p.509 
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efficiency of the vehicle. When idling, a diesel will only use what is required to keeping the engine stable (idle) 

whereas a gasoline engine has to act as an air pump (pumping from lower pressure [after throttle plate] to 

higher back to ambient assuming no backpressure). This theory can easily be seen when looking at the 

estimated mpgs of the diesels in the city vs. the gasoline model.  

Despite the benefits of a diesel engine, many people in the United States are still doubtful of their 

ǇŜǊŦƻǊƳŀƴŎŜΦ Lƴ ǘƘŜ ŀǳǘƘƻǊΩǎ ƻǇƛƴƛƻƴΣ ŀǎ ǿƛǘƘ ǘƘe general consensus of the automotive magazines, is that the 

majority of the public feels that diesels are loud, smelly, slow, and inefficient. These myths are due to false 

stereotypes and perhaps poor personal experiences with diesels in the past. Diesels of yesteryear could fill a 

good amount of these perceptions but most definitely not the new models. 

Emissions-wise, the new models have catalytic converters as well as some having urea injection. The 

emissions system is typically complex and reduces emissions immensely over previous generations. Also, the 

advent of Ultra Low Sulfur Diesel (15ppm) makes for cleaner emissions as well. This provides for a much 

ŎƭŜŀƴŜǊ ǎƳŜƭƭƛƴƎ ŜȄƘŀǳǎǘΦ ά¢ƻŘŀȅΩǎ ǇŀǎǎŜƴƎŜǊ-car diesel engines use advanced (but expensive) induction, 

injection, combustion, and after treatment technology to produce an impressive combination of power, 

ǘƻǊǉǳŜΣ ŀƴŘ ŜŦŦƛŎƛŜƴŎȅΦέ15 The exhaust does not come out black like it used to either. The black smoke was 

typically from the poorer emissions control. Unless a modern diesel is poorly tuned or the improper fuel used, 

it should not pump out black smoke. The myth of diesels being loud and obnoxious could easily be quelled if 

one was to actually hear one of the new models.  

As far as pricing, diesels typically have more features than the base model. This inherently makes the 

price of the diesel model rise over the standard gasoline model. In a comparably equipped gasoline model, the 

ǇǊƛŎŜ ƻŦ ǘƘŜ ŘƛŜǎŜƭ ŜƴƎƛƴŜ ƛǎƴΩǘ ƴŜŀǊƭȅ ŀǎ ƳǳŎƘ ŀǎ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜ ōŜǘǿŜŜƴ ǘƘe diesel model and base gasoline. 

Due to high demand by the limited diesel enthusiasts and those who know of the benefits of diesels, the first 

groups of diesels to be sold typically come with a dealer markup. This markup has been verified (for the Jetta 

                                                 
15 Jost, Kevin. "Diesel interest renewed." Automotive Engineering International April 2008: 6. 
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TDI) at $1,000 as stated by 3 different dealers in Massachusetts. This is typically offset by a $1300 tax incentive 

from the government. Most diesel models come with all of the luxury features such as power windows, locks, 

mirrors, etc. They should be compared with a higher end gasoline model. 

Performance diesels are typically the last engine types looked at as an option. A sure example to crush 

this myth is to observe the success of the Audi R10 TDI. It won its maiden race as well as the 24 hours of 

LeMans16. It also competes in the American LeMans Series (ALMS). They are remarkably quiet, the only 

significant sound being the twin turbochargers feeding the 5.5L V12 diesel engine. There is barely ever any 

black smoke due to the large diesel particulate filters. Volkswagen also launched a TDI racing cup series17 

which allowed amateur racers to test the limits of a lightly modified Jetta TDI. Ad campaigns such as these 

help clear up the myth of diesels being slow. BMW has several high performance diesel models. One particular 

ƳƻŘŜƭΣ ǘƘŜ оолŘ άǎǇǊƛƴǘǎ ŦǊƻƳ ŀ ǎǘŀƴŘǎǘƛƭƭ ǘƻ слƳǇƘ ƛƴ Ƨǳǎǘ сΦмǎΣ Ƙŀǎ ŀƴ ŜƭŜŎǘǊƻƴƛŎŀƭƭȅ ƭƛƳƛǘŜŘ ǘƻǇ ǎǇŜŜŘ ƻŦ 

мррƳǇƘ ŀƴŘ ŀŎƘƛŜǾŜǎ ǘƘŜ ŜǉǳƛǾŀƭŜƴǘ ƻŦ плƳǇƎ ƻƴ ǘƘŜ 9ǳǊƻǇŜŀƴ ŘǊƛǾƛƴƎ ŎȅŎƭŜΦέ18 Another example is by Fiat 

Powertrain Technologies which has a 1.9L diesel producing 188hp and 295lb-ft of torque19. It uses two-stage 

turbocharging to provide a more constant acceleration and wider powerband. 

 

 

 

 

 

 

 

                                                 
16 Audi. "Writing Motorsport History." Audi R10 TDI. Audi USA. 16 Dec 2008 <http://www.audiusa.com/audi/us/en2/experience/motorsport/r10.html>. 
17 "Meet the next generation of motorsport." VW Motorsport. VW Motorsport. 16 Dec 2008 

<http://www.vw.com/vwhype/motorsport/en/us/#/jetta_tdi_cup/welcome> 
18 Carney, Dan. "Responsible road-burners." Automotive Engineering International Nov 2007: 68. 
19 Carney, Dan 
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Figure 10: Volkswagen Jetta TDI 

 

Figure 11 ς Audi R10 TDI 
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Aside from Motorsports, modern diesels have come a long way in terms of performance. The fifth 

generation of the Volkswagen Jetta comes with a 2.0 liter turbocharged 4 cylinder. It has 140hp and 236ft-lbs 

of torque. It holds the Guinness Book of World Records record for lowest fuel consumption across the 48 

ǎǘŀǘŜǎ ŀǘ руΦун ƳƛƭŜǎ ǇŜǊ ƎŀƭƭƻƴΦ άIn 20 days, driving across 48 states the Taylors drove 9,419 miles, exceeding 

60 mpg on several legs of the record-ǎŜǘǘƛƴƎ ǊǳƴΣ ǎǇŜƴŘƛƴƎ ƻƴƭȅ сΦф ŎŜƴǘǎ ǇŜǊ ƳƛƭŜΦέ20 With proper gearing 

(such as with the 6 speed direct shift gearbox it comes with) , the prodigious torque easily makes up for the 

comparatively low 140hp. It is the area under the curve (power) and proper gearing that gets a car moving. 

Most diesels satisfy this by having a large amount of torque at lower engine speeds. Since diesels are slower 

speed engines than gasoline, they cannot obtain high power through high engine speeds. In any case, the 

other diesels offered by Mercedes (shown below as the E320 BlueTEC Sedan)21 show about the same 0-60mph 

as the gasoline counterparts. BMW also offers several diesel models (mostly in Europe as of this date), all of 

which are comparable to gasoline models. In the end, diesels can surely hold their own.  

                                                 
20 Vortex, VW. "2009 Jetta TDI Clean Diesel Breaks Guinness World Record for Lowest Fuel Consumption Across 48 States." VW Vortex 29 09 2008 16 Dec 2008 
<http://www.vwvortex.com/artman/publish/volkswagen_news/article_2508.shtml>. 
21 "BlueTec Clean Diesel." BlueTEC: The Greenest Blue There Is. Mercedes Benz. 16 Dec 2008 <http://microsites.mbusa.com/microsite/bluetec/index.jsp>. 
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Figure 12: Mercedes-Benz E-Class Comparison 

 
 

Hybrid Background and History 

Many believe that hybrid technology is a brand new development. The truth is that hybridized vehicles 

have been developed for over a century. The earliest hybrid vehicle design patent was filed on November 23, 

1905 by H Piper22Φ ¢ƘŜ ōŀǎƛŎ ŘŜǎƛƎƴ ƛǎ ǎƛƳƛƭŀǊ ǘƻ ǘƻŘŀȅΩǎ ƳƻŘŜǊƴ ƘȅōǊƛŘǎΦ !ƴ ŜƭŜŎǘǊƛŎ ƳƻǘƻǊ ǿŀǎ ǳǎŜŘ ƛƴ 

ŎƻƴƧǳƴŎǘƛƻƴ ǿƛǘƘ ŀ ƎŀǎƻƭƛƴŜ ŜƴƎƛƴŜ άǘƻ ƭŜǘ ǘƘŜ ǾŜƘƛŎƭŜ ŀŎŎŜƭŜǊŀǘŜ ǘƻ ŀ ǊƛǇ-roaring 40 kilometers (25 miles) per 

hour in a mere 10 seconds, instead of the usual 3023.έ Hybrid technology was also used in diesel electric 

locomotives stŀǊǘƛƴƎ ƛƴ ǘƘŜ мфнлΩǎ24.  Hybrid electric vehicle technology has been around since the 19th 

century, so it may come as somewhat of a surprise to see that the first volume production hybrid car was the 

first generation Toyota Prius. It went on sale in Japan in 1997 and has become the epitome of hybrid vehicles 

world-wide. 
                                                 
22 Brasington, Leigh . "Hybrid Electric Vehicles (HEV)." Toyota Prius. 15 May 2008. 16 Dec 2008 <http://www.leighb.com/hybrid.htm>. 
23 Brasington, Leigh . "Hybrid Electric Vehicles (HEV)." Toyota Prius. 15 May 2008. 16 Dec 2008 <http://www.leighb.com/hybrid.htm>. 
24 Daniels, Rudolph. Trains across the Continent. second. Bloomington, In: Indiana University Press, 2000. 
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The definition of a hybrid vehicle is one that uses two or more separate power sources in its propulsion 

system. The most common type of hybrid is a hybrid electric vehicle or HEV which includes an internal 

combustion engine as well as electrical motors25. Modern hybrids can come with one of three different types 

of drivetrains. They include parallel, series, and a combination of both the parallel and series drivetrains. To 

ƳŀƪŜ ƳŀǘǘŜǊǎ ƛƴŎǊŜŀǎƛƴƎƭȅ ƳƻǊŜ ŎƻƳǇƭƛŎŀǘŜŘΣ ǘƘŜǊŜ ŀǊŜ п ŘƛŦŦŜǊŜƴǘ άƭŜǾŜƭǎέ ŀ ƘȅōǊƛŘ ǾŜƘƛŎƭŜ Ŏŀƴ ōŜ ƛƴΥ Ŧǳƭƭ 

hybrid, power assist hybrid, mild hybrid, and plug in hybrid. 

The most commonly created hybrids today use parallel drivetrains26. They utilize a conventional 

internal combustion engine (ICE) as well as an electrical motor. The motor is usually placed between the 

engine and transmission of the vehicle so that the torque and speeds of the motor and engine combine. In 

most cases, the electric motor also seconds as an electric generator. This alleviates the need for separate 

alternator and conventional engine starter since the electric motor/generator can take the place of both of 

them. The energy created by the electric generator is stored in large battery packs that are higher voltage than 

the average 12 volts found in conventional vehicles. Both the engine and electric motor can drive the wheels 

ƛƴ ǘƘŜ ǇŀǊŀƭƭŜƭ ŘǊƛǾŜǘǊŀƛƴ ŎƻƴŦƛƎǳǊŀǘƛƻƴΦ {ƛƴŎŜ ǘƘŜ ŜƴƎƛƴŜ ƛǎ ŘƛǊŜŎǘƭȅ ŎƻƴƴŜŎǘŜŘ ǘƻ ǘƘŜ ǿƘŜŜƭǎΣ άƛǘ ŜƭƛƳƛƴŀǘŜǎ ǘƘŜ 

inefficiency of converting mechanical power to electricity and back, which makes these hybrids quite efficient 

on the highway.27έOn the other hand, this setup reduces the benefits of hybrid technology in the city. This is 

because the engine cannot run efficiently in stop and go traffic. The battery packs in parallel hybrids are 

smaller than series because most of the work comes from the conventional engine. Some examples of hybrid 

vehicles with parallel drive trains are the Honda Insight, Civic, and Accord.  

                                                 
25 " Hybrid Vehicle Drivetrains." Nation Master. 2005. 09 015 2008 <http://www.nationmaster.com/encyclopedia/Hybrid-Vehicle-Drivetrains>. 
26 " Hybrid Vehicle Drivetrains." Nation Master. 
27 "Hybrids Under the Hood." Hybrid Center. 2007. 14 May 2008 <http://www.hybridcenter.org/hybrid-center-how-hybrid-cars-work-under-the-hood-2.html>. 
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Figure 13 - Parallel Drivetrain
28

 

 

Series drivetrains are the simplest hybrid configuration and are generally the most efficient types of 

hybrids during city driving. The reason is because there is no mechanical connection between the engine and 

the driving wheels. The engine is only used to power the electric generator and create electricity. The engine is 

very cost-effective because it is small and can constantly run at peak efficiency. The electric generator sends 

power to both the motor and to the batteries. The battery packs in series drive trains are much larger than 

that of parallel hybrids. The reasoning is because ƛǘ ƴŜŜŘǎ ǘƻ ǇǊƻǾƛŘŜ ǇŜŀƪ ŘǊƛǾƛƴƎ ǇƻǿŜǊΦ ά¢Ƙƛǎ ƭŀǊƎŜǊ ōŀǘǘŜǊȅ 

and motor, along with the generator, add to the cost, making series hybrids more expensive than parallel 

hybrids.29έ There are applications where individual motors are integrated into the wheels allowing for a 

simplified traction control and all wheel drive applications. The concept Volvo Recharge is experimenting with 

this type of technology30.   

 

                                                 
28 "Hybrids Under the Hood."  
29 "Hybrids Under the Hood " 
30 Thomas, David. "Volvo ReCharge." Cars.com. 09 11 2007. 18 08 2008 
<http://www.cars.com/go/features/autoshows/vehicle.jsp?vehicletype=concept&autoshowyear=2008&vehicle=concept_Volvo_ReCharge&make=Volvo&model=ReC
harge>. 
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Figure 14- Series Drivetrain
31

 

 

The most complicated drivetrain is one that is a combination of both ǎŜǊƛŜǎ ŀƴŘ ǇŀǊŀƭƭŜƭ ƘȅōǊƛŘǎΦ ά¢ƘŜ 

engine can both drive the wheels directly (as in the parallel drivetrain) and be effectively disconnected from 

the wheels so that only the electric motor powers the wheels (as in the series drivetrain).32έ At low speeds, 

the vehicle acts like a series hybrid. To minimize losses at higher speeds, the vehicle acts like a parallel hybrid, 

allowing the engine to do most of the work. This system is very costly because it needs a generator, a large 

battery pack, as well as more computing power to deal with the complexity of the dual power system. This 

type of technology can be seen in the Toyota Prius as well as the Ford Escape Hybrid. 

 

 

                                                 
31 "Hybrids Under the Hood " 
32  "Hybrids Under the Hood " 
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Figure 15 - Combination Drivetrain
33

 

 
Hybrid vehicles can not only vary depending on their drivetrain styles, but also by their degree of 

hybridization. Full hybrids such as the Toyota Prius and the Ford Escape, can run using an engine, batteries and 

motor, or a combination of both. This is also seen in hybrids with parallel drivetrains. Full hybrids need a large 

battery pack as well as high computing power. The computer is necessary to oversee and control both driving 

systems. It analyses the amount of power requested by the driver and chooses the suitable combination based 

off engine loads and battery capacity. For instance, the Toyota Prius has five diverse driving modes. At idling 

the vehicle acts as an electric vehicle running completely off of battery power with the engine in the off 

position. The cruise regime on the other hand, uses both the engine and motor in unison. The computer splits 

the mechanical and electrical energy according to the power needs. For example, if the battery is in need of 

power, some of the electrical energy will be routed to the battery. The battery may also be charged if the 

engine or motor are working independently and has enough power to both sustain proper driving capability 

while directing power towards the battery. This is known as battery charge mode. The next regime is the 

power boost mode. When the driver is requesting a lot of power, whether for heavy acceleration or other 

large loads that neither a single power source can handle alone, it joins both boosting the overall power 

output. The final mode is the negative split mode where the vehicle is in cruise mode but the battery is fully 

                                                 
33 "Hybrids Under the Hood " 



Page | 21  

 

charged. The battery applies power to both the motor and the engine. The reason for this is to use as much of 

the energy the system produces in order to be fully fuel efficient.  

Power assist hybrids use the engine for its main means of power but will utilize the electrical motor for 

a torque booster. The motor is basically a very large starter motor that is located between the engine and the 

transmission. The electrical motor only operates when additional power is needed. The motor can also be 

used for quick start/stop engine management. When the vehicle is at rest, it can stop the engine and save on 

fuel. The power assist hybrid is also known as the integrated motor assist (IMA) and can be found in the 2006 

Honda Civic Hybrid. Generally power assist hybrids can only propel a car on its own at low speeds this 

particular year of Civic was able to use the electric motor to propel the vehicle at medium speeds.  

Some think of mild hybrids as not being true hybrids. The reason is because for the most part, they are 

conventional vehicles with start/ stop technology. An oversized starter motor is used to allow the engine to be 

stopped and started when the vehicle is breaking, coasting, or stopped. The motor brings the engine to an 

appropriate operating rpm before injecting any fuel. It is also capable of regenerative breaking using the 

motor to recapture otherwise lost energy.  

The final type of hybrid is the plug in hybrid (PHEV). They can charge either through a 120 volt 

electrical outlet or by the onboard gasoline engine. When fully charged, PHEV have a range of about 40 miles 

before needing to be recharged. Most people commute less than that in a day and therefore these types of 

hybrids require no onboard charging (under 40 miles). Within this 40 mile range, the hybrid acts like an all 

electric vehicle running solemnly on battery power. After this initial 40 miles, the vehicle will act more like a 

hybrid, using its gas engine in either a parallel or series configuration. With the average electricity rate at 

about 9 cents per kWh, it would cost about a dollar to charge the battery reserve. It could be even cheaper if 

the battery is charged at night when electric rates ŀǊŜ ƭƻǿŜǊΦ Lƴ нллпΣ ά/ŀƭ/ŀǊǎ ǇǊƻŘǳŎŜŘ ǘƘŜ ǿƻǊƭŘΩǎ ŦƛǊst plug-

ƛƴ tǊƛǳǎΣέ ǘƘŜ tǊƛǳǎҌ34.  The smart two as well as a mini are both examples of PHEV.  

                                                 
34 "All About Plug-In Hybrids (PHEVs)." CalCars. 11 03 2008 <http://www.calcars.org/vehicles.html>. 
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There is no doubt that hybrids are a complex piece of machinery. The technologies they use to obtain 

greater gas mileage and are state of the art. Regenerative breaking is one of the main ways that hybrids 

recapture otherwise wasted energy. While braking, the motor applies resistance to the drivetrain which in 

turn causes the vehicle to slow down. The motor acts as a generator in this state and produces electricity from 

the captured kinetic energy which is used to charge the batteries for later usage. Another technology is the 

electric motor assist. The motor is used to aid the engine when higher power is needed. Hill climbing and 

acceleration are the two main utilizations for this. This technology allows for the usage of a smaller engine 

that is still able to offer similar driving dynamics as a larger engine sized model. The last technological feature 

used in hybrids is the automatic startup/shutdown of the engine. The engine is allowed to shut down upon 

idling where unnecessary fuel consumption occurs. The startup is smooth and virtually unnoticeable.  

Not only can hybrids lower your fuel costs, but it can also lower your federal taxes. The IRS offers tax 

rebates on all cars purchased in the year 2006 onwards to the original owner of the vehicle35.  There are strict 

rules that need to be applied in order for the rebate to be valid. The amount of the rebate is dependent on the 

type of vehicle purchased. The rebates can range from $500 to over $300036. 

  

All Electric Background and History 

All electric vehicles were amongst the earliest of automobiles. They use electric motors, batteries, and 

motor controllers instead of an internal combustion engine. True electric vehicles differ from hybrid electric 

vehicles in the fact that they do not have a charge sustaining internal combustion engine. άUnlike a hybrid 

carτwhich is fueled by gasoline and uses a battery and motor to improve efficiencyτan electric car is 

                                                 
35 "Alternative Motor Vehicle Credit." Internal Revenue Service. 10 3 2006. 9 10 2008 <http://www.irs.ustreas.gov/newsroom/article/0,,id=157632,00.html>.  
36 "Alternative Motor Vehicle Credit."  
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powered exclusively by electricity.37έ  Plug-in electric hybrids also do not fit into this category even though 

they are able to act like pure battery electric vehicles (BEV) while the battery is charged.  

The first crude electric carriage was created between the years of 1832 and 1839 by a Scottish business 

man named Robert Anderson38. A Frenchman, Gaston Plante, and an American, Thomas Davidson, separately 

created more successful electric vehicles around 184239. The vehicles were the first to use non-rechargeable 

electric cells. As time progressed, battery technology improved. This improved battery led the electric vehicle 

to hold many speed and distance records before the 20th century.  

 Americans began to give attention to EV after 1895. The first commercial application of EVs took place 

in New York City when a fleet of taxis was established. Early 20th century EV were nothing more than 

electrified horseless carriages. Between the years of 1899 and 1900, EV outsold all other types of vehicles 

(steam and gasoline). There were many advantages to these early electric cars. They did not have the 

vibration, smell, or difficult transmissions of gasoline vehicles. Steam cars had startup times that could range 

close to an hour on cold days. These early vehicles were ornate and designed for the upper class. They were 

easy to use and maintain. No manual cranking was necessary to start it40.  

 .ȅ ǘƘŜ мфолΩǎΣ 9± ǿŜǊŜ ƻōǎƻƭŜǘŜΦ Lǘ ǿŀǎ ƴƻǘ ǳƴǘƛƭ ǘƘŜ слΩǎ ŀƴŘ тлΩǎ ǘƘŀǘ ŜƭŜŎǘǊƛŎ ŎŀǊǎ ǿŜǊŜ ŜǾŜƴ ǎǇƻƪŜƴ 

of again. The reasoning was because of the concerns about air pollution and the OPEC oil embargo. In the 

мффлΩǎ ǘƘŜǊŜ ǿŀǎ ƴŜǿ ƭŜƎƛǎƭŀǘǳǊŜ ǘƘŀǘ ǊŜǉǳƛǊŜŘ ŀǳǘƻƳŀƪŜǊǎ ǘƻ ǇǊƻŘǳŎŜ ȊŜǊƻ ŜƳƛǎǎƛƻƴǎ ǾŜƘƛŎƭŜǎΦ ¢he U.S. 1990 

/ƭŜŀƴ !ƛǊ !Ŏǘ !ƳŜƴŘƳŜƴǘΣ ǘƘŜ ¦Φ{Φ мффн 9ƴŜǊƎȅ tƻƭƛŎȅ !ŎǘΣ ŀƴŘ /ŀƭƛŦƻǊƴƛŀΩǎ Zero Emission Vehicle (ZEV) 

aŀƴŘŀǘŜ ǿŜǊŜ Ƨǳǎǘ ŀ ŦŜǿ ŜȄŀƳǇƭŜǎΦ  /ŀƭƛŦƻǊƴƛŀΩǎ ½9± ƳŀƴŘŀǘŜ ǊŜǉǳƛǊŜŘ н҈ ƻŦ ǾŜƘƛŎƭŜǎ ǘƻ ōŜ ½9± ōȅ ǘƘŜ ȅŜŀǊ 

1998. The electric vehicle were produced in small quantities and as the legislature weakened, the automakers 

began to stop producing them. Some examples of the EVs produced during this timeframe included the GM 

EV-1 and the Toyota Rav4 ςEV.  

                                                 
37 " Electric Cars: A Definitive Guide ." Hybrid Cars. 08 009 2008 <http://www.hybridcars.com/electric-car>. 
38 "The Early Years - Electric Cars (1890 - 1930) ." The History of Electric Vehicles. 08 09 2008 <http://inventors.about.com/library/weekly/aacarselectrica.htm>. 
39 "The Early Years - Electric Cars (1890 - 1930) ."  
40 Brasington, Leigh . "Hybrid Electric Vehicles (HEV)." Toyota Prius. 15 May 2008. 16 Dec 2008 <http://www.leighb.com/hybrid.htm>. 
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 The GM EV-1 was the first modern electric vehicle produced by a major car company. It was introduced 

in 1996 and was only available for a 3 year/30,000 mile lease. The car was a 2-passenger sports car powered 

by a liquid-cooled alternating current motor and at first lead-acid batteries. The second generation, which 

came out in 1999, used nickel metal hydride batteries. With a top speed of 80 mph and a 0 to 50 time of about 

7 seconds, this vehicle was quick compared to prior EVs.  

 !ŎŎƻǊŘƛƴƎ ǘƻ мффс ŦƛƭƳ ά²Ƙƻ ƪƛƭƭŜŘ ǘƘŜ 9ƭŜŎǘǊƛŎ /ŀǊΚέΣ Da ŀǊƎǳŜŘ ǘƘŀǘ ǘƘŜǊŜ ǿŀǎ ƴƻ ƛƴǘŜǊŜǎǘ ŦƻǊ ǘƘŜ 

vehicle41. After the CARB ZEV mandate was taken away on April 24, 2003, GM began to taking back and 

destroying all but a few of the EV-1s. There has been a lot of controversy about the reasoning behind it.  

 Starting in the year 2010, new electric vehicles will begin being sold. Some of which will be the 

Chevrolet Volt and the Nissan EV42. The Volt will cost between $35,000 ς $40,000. The Volt will be a 5 door 5 

passenger vehicle similar in size to the Toyota Prius. (http://www.chevy-volt.net/chevrolet-volt-specs.htm) It 

will be able to travel up to 40 miles before any charging needs to take place. Studies have shown that the 

average American commutes less than 40 miles a day, therefore no gasoline fuel has to be used. After the first 

40 miles, a turbocharged three-cylinder engine runs between 1,500 and 1,800 revolutions per minute in order 

to recharge the batteries43.  

 

Figure 16: GM Chevy Volt 

 

                                                 
41 Who Killed the Electric Car?.  Dir. Chris Paine, Sony Pictures Classics.  
Sony Pictures Classics, 2006, video recording.   
42 Robinson, Aaron. "2010 Nissan EV." Car and Driver 12 2008: 96. 
43 Chevy Volt Concept Car. 08 05 2008<http://www.chevy-volt.net/>. 
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"Electric cars produce no tailpipe emissions, reduce our dependency on oil, and are cheaper to operate.44έ 

Although there are no tailpipe emissions, the power plants still are producing greenhouse gases. All electric 

cars can be much more environmentally friendly if the electricity that they use comes from a power source 

such as solar or wind power.   

 

Figure 17: Electric vs. Gasoline
45

  

 

Ethanol 

Ethanol is a domestically available renewable energy source that is produced from common crops such 

as corn and sugar cane. It is the same type of alcohol found in alcoholic beverages (ethyl alcohol) and can be 

used as a biofuel for the transportation sector.  

                                                 
44 "Electric Cars: A Definitive Guide." Hybrid Cars. 09 09 2008 <http://www.hybridcars.com/electric-car>.  
45 " Electric Cars: A Definitive Guide ." 


