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Abstract

Steadily escalating gasoline prices, increased environmental conegghgoor international politics
havesparked new interests for alternatilyefueled vehiclesThere arenumerous alternativduel technologies
includinggasolinehybrids, diesels, futlectrics, as well as hydrogen and ethanol. These technologies are
changing rapidland consumers are havimtifficulty trying to decipher which type of vehiclettse most
worthy investment This study provides a simple breakdown of the pros and obttse alternative fuel
technologies as well as a statistical review of the total ownership costs of the vehitdel00,000 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 welhggnational political conflicts. The alternatives inctud
gasolinehybrids, diesels, fullectrics, 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 pnegwehicles. 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 becauseedst increase of fuel
consumption in the transportation sector. As therdand for oil increases, so hte price of oil and its
byproducts such as gasoline. Increased usage of these fossil fuels has led to the growth of greenhouse gase
and the US transportation sectarwhichrepresents about 10% of all energgnsumption A Wedge Analysis
of the U.S Transportation Secintroduces concepts of stabilization wedges to reduce the Carbon Dioxide
emission. Each wedge is an activity that creates 1GtGégrbiion reduction. It is shown that a combination of
different types of technology will result in different rates of emissieduction The combination that predicts
the most C@emission reduction consisof the use of 45% E85, 20%eetric hybrid and35% advance
gasoline and diesel. An EPA study showed that ethanol blends have reduced ozone in most states. Ethanol i
an environmental friendly fuel but it costs more than gasoline.

Hybrid and all electric vehicles are among the oldest types of autdesl#A hybrid electric vehicle is
one that has a propulsion system consisting of two or more separate power sources. All electric vehicles diffe
from hybrids in the fact that there is no internal combustion engine used to produce power. The electric
vehide 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 cometimee 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 cit
driving. On the other hand, series hybrids are more efficiemirdycity driving. The combination drivetrains

are the most efficient but are the most complex and therefore the most expensive. The drivetrains can also b
split into four different degrees of hybridization. Hybrids can be full, power assist, mild,gmphybrid. 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 cgniine 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 thecieatgff
mainly due to the higher compression ratio. Diesel engines also lack the throttling losses that gasoline engine
have. This is a large pumping loss and inefficiency of the Otto cycle. In recent times, with the advent of
turbocharging, better enginemanagement 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 exhlawsperformance, 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, oneasidrogen 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 emission
are less than conventional gasoline and it also emitg. NKkbhe HFC produces electricity by combining

hydrogen and rygen, to power an electrimotor. The HFC emits water vapor and ne.C®e Honda FCX, a
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HFC vehiclas 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 bdasieviedge level of Worcester
Polytechnic Institutestudentsbetween 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 lev
of 90 pecent. 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 gekectric hybrids and diesels with the gasoline powered vehicles
was conducted. Thisnalysis 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 céonéne 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. Tamgh the cost analysis we found that ggsctric 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 gglsctric hybrids wa lower than that of the gasoline, but that the
initial cost was also typally higher. Most diesel, gasectric, and ethanol powered vehiclako 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, havaitg@mericans to search for
better alternatives to the conventional gasoliqgowered automobils. Due to misconception, confusion, and
biasedpublic opinion, consumers have been apprehensive towards alternatives such as dieséctas
hybrids,all electric,as well afiydrogen and ethanoWith gasoline prices rising to record highs natiside,
there has been increased interesttimese vehicles. It is evident that clear and unbiased information on this
topic is difficult to come by. Through-depth research including overall lifg/cle cost, comparisons, and the
analysis of other studies on the matter, the inquiries will be ofontgince to anyone who owns or is planning
to own a passenger or sport utility vehicle. Theuteswill includdife costs, costo-benefit ratios, vehid
comparisonsand performance statistics. The analysis will be divided into three gr@@p¥icity ¢ 80 %
highway, and0%city ¢20%highway. These figures will bedsd off of these assumptions; A@00 mile life
span over a tefyear period, every vehicle will be bought new at the MBRPI y dzF I O dzNB N a { d
Price)including shipping and reaeng, they will be driven in an equivalent manner, recommended factory
service maintenance intervalgill be followed and lastlyfuel prices will be calculated from theeak pricess
of July17", 2008. The outcome of this research is to enlighten taeeagal public of the financial and

environmental concerns on the alternatives to gasoline.

Page [L



Literature Review/ Background
Oil Industry Background and History

Before the discovery of oil wells, oil was extracted from animals, vegetables andrmdalasused
mostly for lighting and heatindgNew types oftransportationvehiclesincludingall types of locomotives
consumes the highest quantity of oil. Oil wells were discovered in Pennsylvaniavivy[Bdke in 1859 that
yieldedat least 15 barrela day.TheUnited States became the nation that exported the most oil, grasping a
strong hold in economical value. After many years oéxftifaction and consumption letb the depletion of
the wells,the U.S. was forcetb import oil. The consequencésdayare brutal because now the world is
facing PealOil, a term use thaindicates that the cost of extracting and refining oil is more or equal to the
cost of oll itself. This means that for one barrel of oil extracted and refined, the process consuniesm@he
of oil, hence it is not economically viable.

Oil is known tdhavebeen used since ancient times for medical and construction purposes, but in
modern times oil has many applications, especially in energizing the transportation industry. The artebec
extremely populaand with it, fuel consumptioimas grown exponentially over the past decadsshavehe

carbon dioxide and monoxide emissiorattare of environmental concern

Oil and the U.S.

As stated before, oltas becomencreasinglymportantto the world economy due to its emplayent
to energize thdransportation industry.As the world population grows exponentially, so dties demandfor
oil. Since oil wells have depleted in the United States, it has forced the U.S. to inpugkingthem
dependent on other countries to meet the demand. To solve this prolthe U.S. has invested in alternative

technologies researclike GasolineHybrid, Full electric, Hydrogen, Ethanol, and many others.
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For the past decades, oil has become importanthe 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 2030rartsportation 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.

World Liquids Consumption by Sector,
2005-2030
Quadrillion Biu
° W Commercial
Il Electricity
3o { M@ Residential
Il Industrial

ok 229
M Transportation 27
104 206

2007 q7p 181
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-

2005 2010 2015 2020 2025 2030
Sources: 2005: Derived from Energy Information Adminis-
tration (EIA), Infamational Enargy Annual 20056 (Junie-Octobar
2007}, wab site www.oia.doo.goviea. Projections: ELA, World
Enargy Projactions Plus (2008).

FigureOl1 ¢ World Liquids Consumption by Sector, 20@2030

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

energy consumption by 2030, arising political concérns.

! Conti, John, and Glen E. Sweetnam. "International Energy Outlook 2008." DO4BE(2008)1-35,79-86.
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World Marketed Energy Consumption,

1980-2030
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Sources: History: Energy Information Administration (EIA),
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Figure02 - World Marketed Energy Consumption, 1982030

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; liquic

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

World Marketed Energy Use by Fuel

Type, 1990-2030
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Sources: History: Energy Information Administration (EIA),
International Energy Annual 2006 (June-October 2007), web
site www.gia.doe.goviiea. Projections: EIA, World Energy
Projections Plus (2008).

Figure03 ¢ World Marketed Energy Use by Fuel Type, 1992030
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Coal and renewable energy are the fastest growing energy source, with consumption increasing by 2.(
percent and 2.1 percent respectivelifhis 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 petielétsd
fuels and norpetroleum-derivedfuels, 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 fi
and liquid hydrogen.

Shown below is the projection of motor vel@awnership byOrganization for Economic @peration

and Development (OECDggion from 2005 to 2030.

Motor Vehicle Ownership in OECD
Countries, 2005, 2015, and 2030

O
o

apan 2015
W 2030

orgy Amua ( =
ov/iea. Projections: EIA

Figure04 ¢ Motor Vehicle Ownership in OECD Countries, 2005, 2015, and 2030

2 Conti , John, and Glen E. Sweetnam. "International Energy Outlook 2008." DO4BE(2008): 135,7986.

% There are three basic country groupings in @ECD: North Americ@Jnited States, Canada, and Mexi@®[ECD EuropgEuropa Austria, Begium, Czech Republic,
Denmark, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Luxembourg, the Netherlands, Norway, tRgkin8|dakia, Spain, Sweden,
Switzerland, Turkey, and the United Kingdom.); @&CD Asi@lapan, Southdfea, and Australia/New Zealand). N@ECD is divided into five separate regional
subgroups: norfOECD Europe and Eurasia, 1@EBCD Asia, Africa, Middle East, and Central and South America. Russia is represent@Ei@Ddaurope and
Eurasia; China and liadare represented in nec@ECD Asia; and Brazil is represented in Central and South America.

OECD Europguropa Austria, Belgium, Czech Republic, Denmark, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Luxehétbertards,
Norway, Poland, Portugal, Slovakia, Spain, Sweden, Switzerland, Turkey, and the United Kingd@&EERAsi@lapan, South Korea, and Australia/New Zealand).
Non-OECD is divided into five separate regional subgroupsQ@D Europe and Eurasia, 1@BCDAsia, Africa, Middle East, and Central and South America. Russia
is represented in NnoOECD Europe and Eurasia; China and India are represented@E@ID 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 tingelialiquid consumption for
transportation energy from 2005 to 2030, especially in North America. The United States accounts for 70
LISNODSY G 2F b2NIK ! YSNAOIFI QA fAldzZAR O2yadzYLWiA2y o

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

Quadrilion Btu

Figure05 ¢ Change in Liquids Consumption for Transportation by OEReDRion, 2005 to 2030
This lead to the Energy Independence and Security Act 2007 (EISA) that requilatiygiehicles to

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

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

Oil and Environmental Concerns

The transportation sector fuels are the fastesbwing sources of greenhouseggs. The EPA study,
Wedge Analysis of the U.S. Transportation Sestates:
G¢KS ! df{ GNIYaLRNIIGAZ2Y &S00 2 N-raldedigidEshbugdigas emissloiéP E
worldwide. Over the next 50 years, rising numbers and use of vehicles could swell greenhouse gas emission:

from U.S. transportation to 80% above cary it £ S@Sf 4 X ¢KSNBE I NBE GKNBS 3ISy
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greenhouse gases in the transportation sector: 1) adopting advance vehicle technologies, 2) switching to low

AINBSYyK2dza$S 31 &4 o0DI DUV FdzSft &z ¥ YR o0 NBRdAzOAY3a GSKA
A Wedge Analysisf the U.S. Transportation Sectotroduces 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 consumptidrwedge is an astity that creates 1GtC/y of carbon reduction.

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

billion tons of carbon emissiochEach wedgeepresentsan improvement irtechnology and/oproduct

efficiency, for example, 2 billiovehicles achiemg 60 mpg, improving coal plants efficienagd installing

windmills.

A global-scale stabilization triangle and the individual wedges (in green). Reproduced from Pacala,
Socolow, Science (2004), 305, 968 with labels in red added. A business as usual enussions trajectory could result n
atmospheric concentration levels 850 ppm COs or greater. Removing the enussions embodied by the stabilization
triangle would be analogous to emission pathways stabilizing below 530 ppm.
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Figure06®: Stabilization Wedges

*Hulsey, Brett. "Ethanol: A Convenient Solution to the 'Inconvenient Triiuderate Ethanol Blends Can Save Money, Reduce Pollution and Improve Mileage
(2007): 4.

®Socolow, Robert, and Stephen Pacal. ""Wedges": Early Mitigation with Familiar TecHn@664): 1.

® Mui, Simon, and Jeff Alson. "A Wedge Analysis of the U.S. Transportation Sector."-RRALRT (2007): 5.
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Another example isniFigure 61 to 2 wedgesr all 7 wedges coulepresent thenine vehicle technology

shown inFigure 7 It could also represent a combinatiofvehicle technologwith a carbon reduction

(capture)system.

Vehicle technology categones and thewr assumed fuel economy and GHG emissions relative to 2 baseline,
conventional gasoline vehicle

Vehicle .
Vehicle Technology Fuel GHG Emissions
vs. Conventional Vehicle

Advanced Gasoline Engine and Ty o/
Advanced Diesel Enguim DR i
Hybnd Electric Vehicle (Gasoline) 40% 29%
Hybrid Electric Vehicle (Diesel) 70% 35%
Optimized E85~ 4% 38 to 80%
Advanced Optimized ES5~ 30% 54 to 85%
Plug-In Hybrid Electric™ 65% 31 t0 62%
Electric 390% 31 to 94%
Fuel Cell™ 270% 21-92%

Figure07”: Vehicle Techology

In Figure 6it is projected that in 50 years the GHG emissions from the W Tgsow 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 205(
Three parametergre 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 equation

ry

W mass C

. ( Gallons \ miles traveled
E = Emissions cypon = | - ” -
. Mile Vehicle

h Joh A
v v —

Fuel Consumption Activity Carbon Content

=FxA=xC

N gallon

AN

" Mui, Simon, and Jeff Alson. "A Wedge Analysis of the U.S. Transportation Sector."-RRALPT(2007): 13.
8 Mui, Simon, and Jeflson. "A Wedge Analysis of the U.S. Transportation Sector." EfRQ72007(2007): 9.
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Diesel Background and kiory

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 Eurjpened after Rudolph Diesel in 1893,
the diesel engine was revolutionaryeomparison 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 engiegdrasontinue
to adversely affect its acceptance in America. Most of these stereotypes are from negative past experiences
FNRY GGKS SINIeé ynQad ¢KNRdAAK aidNAROG Syraairzya 02
rivaling the gasolinergine 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 thethe 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 foreatgr brake mean effective pressure and
AYONBI ASR LI2gSNI 2dzi Lddzi F2NJ I IABSY Sy3ITAyS RA&LI |
increase the amount of air available for combustion. The turbocharger also improves combustion efficiency b

AYONBLIaAAYI (GKS (dzNbdzZ SYyYOS Ay GKS O02Yo6dzairzy OKIY

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

_q1_ 1 a’ —1
Nth = 1 \(a—1)

® Robert, Bosch. "History of the diesel engiieselEngine Management Systems and Componeftts ed. 2006 p.15
Macinnes, HughturbochargersNew York: The Berkléeublishing Group, 1984.
' Nave, R.. "The Diesel Engine." 13 Dec 2008 <http://230nscagthgsu.edu/hbase/thermo/diesel.html>.
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Where

" Is thermal efficiency
Va

h is the cutoff ratio Vz (ratio between the end and start volume for the combustion phase)
Vi

r is the compression ratiovz
1 is ratio of specific heats {C,)

Diesels typically operate at a higher compression ratio than gastlia¢o the requirement of high
cylinder pressureand temperatures to ignite fuel as it is inject&dn most gasoline engines, fugladded
either at a throttle body at the intake manifold, or on modern engines, in the cylinder head (similar to diesel).
¢CKS NBlFazy ¢gKeé 3l azf hyfs cangrésiion o is@ueyoPignitiéhlo@dichitie K A
air-fuel mixture ignites before the spark plfiges. This is harmful to the engine components and can cause

damage. Therefore, the compression ratio as well as the thermal efficiency is lcavetttdt of compression

ignition engines.

Figure08: Diesel Cycle & Diagram
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V = Volume constant volume process
p = pressure

adiabatic process
Combustion Process -

Power Stroke

Heat Rejection

6
2

Compression Stroke — 1 /

Intake Stroke Exhaust Stroke

Figure09: Otto Cycle

There are several main benefits of a diesel engine over a conventional gasoline engine. As previously
mentioned, diesel engines typically haviigher compression ratig (typically 1822:1 compared to 41:1 in
most gas engines). With the higher compression ratio comes the higher thermal efficiency. Diesel engines als
have a lower specific fuel consumptiof 230-280g/kWhr compared to the 36850g/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, thdack 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 ofttwdtke 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 otdsirs. T
is called a pumping loss. The engine is attempting to pull air from the atmosphere while having a restriction ir

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

12vdeal Otto Cycle  Diagram.'ldeal Otto CycleNASA. 16 Dec 2008 <http://www.grc.nasa.gov/WWM/2Kairplane/otto. html>.
*Bosch, Robert. "Empirical values of data for calculat@wsth Automotive HandbooKkth Ed. 2007 p.509
“Bosch, Robert p.509

Page [L1



efficiency of the vehicle. Wén 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 tlegorgasily 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
LISNF2NXYIFyOS® Ly (KS elgeaérél foNsBrius 8f tiia autorAofivVE magazines Asithét thié K
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. Diegetteryear could fill a
good amount of these perceptions but most definitely not the new models.

Emissionavise, the new models have catalytic converters as well as some having urea injection. The
emissions system is typically complex and reduces @nssnmensely over previous generations. Also, the
advent of Ultra Low Sulfur Diesel (15ppm) makes for cleaner emissions as well. This provides for a much
Ot SIySNJ ayYSttAy3a S Edaddeselenyings 0se &ivadc@di(but dxperisigey imttichl)
injection, combustion, and after treatment technology to produce an impressive combination of power,

G2 NJj dzS 2 | y'RTheéSexhaust@desSnot@ante dut black like it used to either. The black smoke was
typically from the poorer emissions contrédnless 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 typilyahave 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, tf
LINAOS 2F GKS RASaSt Sy3aAaysS Aay Gldieséldnodelfard baseégasolae K
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 hasdyéed (for the Jetta

13 Jost, Kevin. "Diesel interest renewedtomotive Engineering InternationApril 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 incenti
from the government. Most diesel models come with all of the luxury features such as power windows, locks,
mirrors, etc. They should be conmea with a higher end gasoline model.

Performance diesels are typically the last engine types looked at as an option. A sure example to crus
this myth is to observe the success of the Audi RROIt won its maiden race as well as the 24 hours of
LeMans®. 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 filtdrslkswagen also launched ®Iracing cup serié
which allowed amateur racers to test the limits of a lightly modified JER& Ad campaigns such as these
help clear up the myth of diesels being slow. BMW has several high performance diesel modgiarti@nlar
Y2RSf>X GKS oonR GaLINAyda FNRY | aidlyRagatt G2 cn
MppYLIK YR | OKAS@PSE (KS Sljdzh gt £ S PAnotReFexamplyisly Figty
Powertrain Technologies whid¢tas a 1.9L diesel producing 188hp and 296tf torque™. It uses twestage

turbocharging to provide a more constant acceleration and wider powerband.

'8 Audi. "Writing MotorsportHistory.”Audi R10 TDAudi USA. 16 Dec 2008 <http://www.audiusa.com/audi/us/en2/experience/motorsport/r10.html>.
7"Meet the next generation of motorsportYYW Motorsport VW Motorsport. 16 Dec 2008
<http://lwww.vw.com/vwhype/motorsport/en/us/#/jetta_tdi_cup/welcome>

'8 Carney, Dan. "Responsible reldrners."Automotive Engineering Internationblov 2007: 68.

Y Carney, Dan

Page [L3



Figure 10: Volkswagen JetiEDI

Audi R10 TDI
Writing Motorsport History

—— ‘ -

Figure 11¢ Audi R10TD
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Aside from Motorsports, moderdiesels 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 add236ft
of torque. It holds the Guinness Book of World Records record for lowest fualrogtion across the 48
aitrasSa d py ®ylm20¥ays diing addI4SEstated the aplorsidrove 9,419 miles, exceeding
60 mpg on several legs of therecatdS 1 G A y 3 NHzy' = & LIS y R A¥WHith gropér gearmgpp O S
(such as withtie 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 amounibafue 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*skaw)about the same-80mph
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.

“\ortex, VW. "2009 Jetta TDI Clean Diesel Breaks Guinness World Record for Lowest Fuel Consumption Acros3/48 Btates29 092008 16 Dec 2008
<http://www.vwvortex.com/artman/publish/volkswagen_news/article_2508.shtml>.
ZBlueTec Clean DieseBlueTEC: The Greenest Blue Therdlescedes Benz. 16 Dec 2008 <http://microsites.mbusa.com/microsite/bluetec/index.jsp>.

Page [L5




E350 Sedan

Sedan
E-Class
$54,075
3.5L 24-valve V-6 engine
268 hp @ 6,000 rpm
0-60mph in 6.5 seconds
5
24 mpg (Highway)
17 mpg (City)
159 cu ft
2WN {rear-wheal driva)

E320 BlueTEC Sedan

Sedan
E-Class
$55,075
3.0L 24-valve V-6 diesel engine
210 hp @ 3,800 rpm
0-60mph in 6.6 seconds
5
32 mpg (Highway)
23 mpg (City)
159 cu ft
WD (rear-whasl drival

Figure 12 MercedesBenz EClass 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 HPipéfd ¢ KS ol aA 0O RS&AA3IYy A& AAYALI NI G2 G(2RIé&Qa
O2ye2dzy OllA2y gAOGK | 3L az2tAyS Sycinyg D kilbrieters (2Snilesligers @
hour in a mere 10 seconds, instead of the usu&f.8®ykrid technology was also used in diesel electric
locomotives st NI A y 3 A 3. HybKdSleatridoveicl® dechnology has been around since tife 19
century, so it may come as somewhat of a surprise to see that the first volume production hybrid ¢ckewas

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

world-wide.

2 Brasington, Leigh . "Hybrid Electric Vehicles (HE@ydta Prius15 May 2008. 16 Dec 2008 <http://www.leighb.com/hybrid.htm>.
% Brasington, Leigh . "Hybrid Electric Vehicles (HE@ydta Prius15 May 2008. 16 Dec 2008 <http://www.leighb.com/hybrtchb.
2 Daniels, RudolpHrains across the Continersecond. 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 propulsiot
system. The most commdwgpe of hybrid is a hybrid electric vehicle or HEV which includes an internal
combustion engine as well as electrical mofdr#odern hybrids can come with one of three different types
of drivetrains. They include parallel, series, and a combination df tiat parallel and series drivetrains. To
YF1S YFGGSNE AYyONBlIaiay3ate Y2NBE O2YLX AOFGiSRYE (GKSN
hybrid, power assist hybrid, mild hybrid, and plug in hybrid.

The most commonly created hybrids today use parallel drivetfaiitey utilize a conventional
internal combustion engine (ICE) as well as an electrical motor. The motor is usually placed between the
engine and transnssion 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 eleatimor/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 the
the average 12 volts found in conventional vehicles. Both the engine and electric motor aathérivheels
AY GKS LI NIttSt RNADGSUNIAY O2yFAIdzNI GA2yd { Ay OS
inefficiency of converting mechanical power to electricity and back, which makes these hylitalsffjcient
on the highway*’é0n the other hand, this setup reduces the benefits of hybrid technology in the city. This is
because the engineannotrun efficiently in stop and go traffic. The battery packs in parallel hybrids are
smaller than series because most of the work comes fifteenconventional engine. Some examples of hybrid

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

% Hybrid Vehicle DrivetrainsNation Master 2005. 09 015 2008 <http://www.nationmaster.com/encyclopedia/HybfihicleDrivetrains>.
% Hybrid Vehicle DrivetrainsNation Master
#"Hybrids Under the Hood Flybrid Center2007. 14 May 2008 <http://www.hybridcenter.org/hybrignterhow-hybrid-carswork-under-the-hood-2.html>.
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Figure 13 Parallel Drivetraifi®

Series drivetrains are the simplest hybrid configuration and are generally theatfiiegtnt types of
hybrids during city driving. The reason is because there is no mechanical connection between the engine anc
the driving wheels. The engine is only used to power the electric generator and create electricity. The engine
very costeffedive 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 reasoningisbecaise ySSRa G2 LINRPGARS LISl 1 RNA
and motor, along with the generator, add to the cost, making series hybrids more expensive than paralle
hybrids?*% There are applications where individual motors are integrated into the whélelsiag for a
simplified traction control and all wheel drive applications. The concept Volvo Recharge is experimenting witt

this type of technolog$.

ZHybrids Under the Hood."

2 Hybrids Under the Hood "

¥ Thomas, David. "Volvo ReCharg@ars.com09 11 2007. 18 08 2008
<http://lwww.cars.com/go/features/autoshows/vehicle.jsp?vehicletype=concept&autoshowyear=2008&vehicle=concept_Volvo_ReChasradoivo&model=ReC

harge>.
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Figure 14 Series Drivetraiit*

The most complicated drivetrain is one that is a combination of BO®NA S& | y R LJ NJ f f
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 driveti@ikt)low speeds,
the vehicle acts like a series hybrid. To minimize losses at higher speeds, the vehicle acts like a parallel hybr
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 morermoputing 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.

1 "Hybrids Under the Hood "
%2 "HybridsUnder the Hood "
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Figure 15 Combination Drivetraifi°

Hybrid vehicles can not only vary depending on thewetrain 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
motor, or a combination of both. This is also seen in hybrids with parallel drivetrains. Fullshgbed 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 base
off engine loads and b#ry 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 bothetigine 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 cliityed
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 isqeesting a lot of power, whether for heavy acceleration or other
large loads that neither a single power source can handle alone, it joins both boostiogetalpower

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

#Hybrids Under the Hood "
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charged. The battery applies power to both the motor and the engine. The reason for this is to use as much c
the energy the system produces in order to be fully fuel efficient.

Power assist hybrids use the engine for its mairangeof 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 caatalso 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 200¢
Honda Civic Hybrid. Gerally 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 vehiclebgeaking, 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 lybrid (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 mile
before needing to be recharged. Most people commute less than that in a day and thetteégeetypes of
hybrids require no onboard charging (under 40 miles). Within this 40 mile ramgdybrid acts likan all
electric vehicle running solemnly on battery power. After this initial 40 miles, the vehicle will act more like a
hybrid, using itgas 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 electricratefNBE f 2 6 SNX LYy Hnann3X a/stplug | NE

AY t NR dza ¥ éThelsidast twio Afwelizada mini are both examples of PHEV.

3 uAll About Plugin Hybrids (PHEVsCalCars11 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
greatergas 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 a&ss 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 negitletimbing 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 hyhbids is the automatic startup/shutdown of the engine. The engine is allowstiubdownupon
idling where unnecessary fuel consumption occurs. The startup is smooth and virtually unnoticeable.

Not only can hybrids lower your fuel costs, but it can alseeloyour federal taxes. The IRS offers tax
rebates on all cars purchased in the year 2006 onwards to the origimagrost the vehicl&®. There are strict
rules that need to be applied in order for the rebate to be valid. The amount of the rebaépendenton the

type of vehicle purchased. The rebates can range from $500 to over $3000

All ElectricBackgroundand History

All electric vehicles were amongst the earliest of automobiles. They use electric motors, batteries, and
motor controllers ingead 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 eddiriége a hybrid

cart which is fueled by gasoline and uses a battery andomitm improve efficiency an electric car is

®uAlternative Motor Vehicle Creditlhternal Revenue Servicg0 3 2006. 9 10 200$#p://www.irs.ustreas.gov/newsroondrticle/0, ,id=157632,00.html>.
% Alternative Motor Vehicle Credit."”
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powered exclusively by electricity¢ Plugin 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 fist crude electric carriage was created between the years of 1832 and 1839 by a Scottish busine
man named Robert Andersh A Frenchman, Gaston Plante, and an American, Thomas Davidson, separately
created more successful electric vehicles around #84e vehicles were the first to use naachargeable
electric cells. As time progressed, battery technology improved. This improved battery led the electric vehicle
to hold many speed and distance records before th& @éntury.

Americans began to give atttion to EV after 1895. The first commercial application of EVs took place
in New York City when a fleet of taxis was established. Ea‘PIy:Qﬁlury EV were nothing more than
electrified horseless carriages. Between the years of 1899 and 1900, Btl@litether types of vehicles
(steamand 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 oamatelesigned for the upper class. They were
easy to use and maintain. No manual cranking was necessary to &art it

& UKS mMponQas 9+ gSNB 20a2ftSiSo LG g1 a y20 dz
of again. The reasoning was basa of theconcerns abouair pollution and the OPEC oil embargo. In the
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1998. The electric vehicle were produced in small quantities and as the legislature weakened, the automaker

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

EV1 and the Toyota RawEV.

87w Electric Cars: A Definitive GuideHybrid Cars08 009 2008 <http://www.hybridcars.com/electrizr>.

%' The Early YearsElectric Cars (18901930) ."The History of Electric Vehicled8 09 2008 <http://inventors.about.com/library/weekly/aacarselectrica.htm>.
% 'The Early YearElectric Cars (18901930) ."

“°Brasington, Leigh . "Hybrid Electric Vehicles (HE@yta Prius15 May 200816 Dec 2008 <ht//www.leighb.com/hybrid.htm>.
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The GM EM was the first modern electric vehicle produced by a major car company. It was introduced
in 1996 and was only available f@i3 year/30,000 mile lease. The car wasma8senger sports car powered
by a liquidcooled alternating current motor and at first leatid batteries. The second generation, which
came out in 199%used nickel metal hydride batteries. With a top spee@®imph and a 0 to 50 time of about
7 seconds, this vehicle was quick compared to prior EVs.

I OO2NRAY3A (2 wmdppec FALY da2K2 (1AfftSR GKS 9f SO0 N
vehiclé. After the CARB ZEV mandate was taken away on24p003, GM began to taking back and
destroying all but a few of the EMs. There has been a lot of controversy about the reasoning behind it.

Starting in the year 2010, new electriehicles will begin being sold. Somewhich will be the
Chevrolet Vi and the Nissan E¥/ TheVoltwill cost between $35,006 $40,000. The Volt will be a 5 door 5
passenger vehicle similar in size to the Toyota Prius. (http://www.cheltynet/chevroletvolt-specs.htm) It
will be able to travel up to 40 miles before atlyarging needs to take place. Studies have shown that the
average American commutes less than 40 miles attlayefore no gasoline fuel has to be used. After the first
40 miles, a turbocharged thregylinder engine runs between 1,500 and 1,800 revolwdiper minute in order

to recharge the batterie$.

Figure 16: GM Chevy Volt

“IWho Killed the Electric CarRir. Chris Paine, Sony Pictures Classics.
Sony Pictures Classics, 2006, video recording

“*Robinson, Aaron. "2010 Nissan BYat and Drivet2 2008: 96.

3 Chevy Volt Compt Car 08 05 2008<http://www.chewyolt.net/>.
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"Electric cars produce no tailpipe emissions, reduce our dependency on oil, and are cheaper to perate.
Although there are no tailpipe emissions, the power plants still acglpcing 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. Gasoliie

Ethanol
Ethanol is a domesticalfvailablerenewable energy source that is producieom common crops such
as corn and sugar cane. It is the same type of alcohol found in alcoholic beverages (ethyl alcohai)oend ca

used as a biofuel fahe transportation sector.

“"Electric Cars: A Definitive Guidélybrid Cars09 09 2008 <http://wwwhybridcars.com/electricar>.
4 Electric Cars: A Definitive Guide ."
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