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ABSTRACT

Owing to the depletion of the natural
resources, nowadays gasoline has become
costlier and its extensive usage makes them
exhaust in upcoming years. Due to the strict
environmental regulation and to minimize the
carbon foot prints, a number of alternative
fuels are considered instead of gasoline [1]. To
determine which alternative energy source is
suitable for automobiles in terms of the
existing conditions is a very important issue.
It is necessary to know the characteristics of
these energy types and evaluate their
advantages and disadvantages to make this
determination. In this study, a comparative
analysis is performed for fuels such as CNG,
hydrogen, ethanol and methanol, which could
be used as an alternative to gasoline and
diesel, and electric, hybrid and fuel cell
vehicles. According to the comparison, LPG
and CNG are best alternative fuels for
economical reasons, while electric and fuel
cell vehicles stand out as their emission
advantages. Also, hydrogen can be considered
as a key fuel due to its usage as an energy
source for both internal combustion engines
and fuel cell vehicles[2]. The economics of
production of alcohol fuels is higher[3]
eventhough it gives moderate performance
and less CO and UHC emissions[4].
KEYWORDS: CNG, Alcohol
Hydrogen, Electric Vehicles, Fuel
Electric Vehicles

Fuels,
Cell

l. INTRODUCTION

Factors such as increasing world population,
economic growth and rise of per capita energy
consumption, induce energy amount used in the
world with each passing day. This increase in
energy consumption raises two major problems;
increasing energy prices due to the limitations of
energy sources, and environmental pollution
caused by intensive energy use'’'. The transport
sector continues to account for a large share of
humanity’s total energy usage; the road transport
sector is characterised by near-total reliance on
fossil fuels. There are more than enough reasons
explaining initiation of transition from the
conventional options on the road transport sector
toward new options including increase of oil
price, the climate change problems, the
increasing restrictions on pollutant emissions,
the high dependence of road transport sector on
oil, economic impact, and geological concerns,
etc.

Global stability convincingly has never been
threatened so persistently like it is by climate
change and probably the threat is the most
critical challenge in the way of humanity in this
century .. To realize what was agreed by the
participating governments at Cancun 2010,
which was to limit the rise in global average
temperature to less than 2°C above pre-industrial
level, the total carbon dioxide volume that is
allowed to be emitted until 2050 should be
around 565-886 billion tonnes (Gt) ' '/,so that two
third of this fuel must stay in the ground to meet
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the goals of Cancun summit. Alternative fuels
currently in use and under consideration are still
carbon based. Emissions of greenhouse gases
from road vehicles remain very high on the
political agenda; concern over the impact of
vehicles on air quality remains high. As a result
of conducted researches, it is known that air
pollution in major cities in the world due to
motor vehicles reach 50% of total air pollution

In internal combustion engines, not only gasoline
or diesel is burned, but fuels like LPG, CNG,
ethanol, methanol, biodiesel and hydrogen can
be utilized as well. Regarding some engines that
are called flexible fuel engines, the mixture of
two or more fuels can be used. Some of the types
of fuels can be used in which type of engine
systems are in Table 2 below''". Due to global
climate change fears, increasing levels of carbon
dioxide in the atmosphere, and economic
considerations, there is an interest in developing
biological renewable alternatives for fossil fuels.

Table 2 - Types of engine, fuel, and fuel system.

Fuel Engine Fuel system
Gasoline sl Mono

Diesel cl Mono

LPG St Mono, bi-fuel
CNG Cl, 8l Mono, bi-fuel
Hydrogen SI, FC Mono, bi-fuel
Ethanol S1,CL FC Mono, ffv
Methanol S1,CL FC Mono, ffv
Biodiesel [ Mono, ffv

SI: spark ignition.

Cl: compression ignition

FC: fuel cell.

mono: only one type of fuel.
bi-fuel: more than one type of fuel without mixing.
ffv: fuel blends.

1. LITERATURE SURVEY

Fuel standard specifications are applied to
commercially available fuels to assure fit-for-
purpose with engine performance and engine
durability. Certification fuels (fuels used for
engine development,calibration and
certification) are typically developed to represent
commercially available fuels and for
“qualifying” engine/vehicle performance and
emissions over representative  operating
scenarios'' . The alternative energy resources
are largely environment-friendly but they need to
be evaluated on case-to-case basis for their
advantages, disadvantages and  specific
applications. A variety of alternative energy
sources are used in order to mobilize vehicles.
CNG, ethanol, methanol, biodiesel, hydrogen,
fuel cells and electricity are some of these energy
sources. Various factors are outstanding for one

Carbon monoxide (CO), hydrocarbons
(HC), nitrogen oxides (NO) and particulate
matter (PM) emissions, which are come out by
motor vehicles burning hydrocarbon fuels,
constitute serious health problems polluting the
atmosphere. Motor vehicles are responsible not
only for toxic emissions like HC, CO, NOx and
PM, but also carbon dioxide (CO2) that causes
the greenhouseeffect.
or more of these fuels are often used in different
parts of the world. The most important factor has
been the cost. In some countries however, the use
of alternative fuels is encouraged as a legal
obligation due to environmental reasons.
Although there are some positive aspects of
alternative fuels, there are also negatives. Some
of them are storage challenges and costs, high
initial purchase costs, the conversion costs, less
availability of filling stations, longer fuel filling
time and low vehicle range. Thanks to works
done to overcome these negative aspects, the
situation is much better than before, and it is a
reality that alternative fuels will be used on a
large scale over the world in the future.
Compressed natural gas (CNG)

Natural gas is a colorless, odorless gas and it is
lighter than air. Methane(CH) poses the largest
weight in the chemical composition of natural
gas. Combustion efficiency of CH4 is very high
thanks to its simple carbon structure. Vehicles
powered by natural gas, are called as NGVs
(Natural Gas Vehicle) briefly Vehicles may be
manufactured in the factory directly to operate
with natural gas. However in general, they work
with a systematic called “Bi-Fuel”, which
requires a number of modifications to the
gasoline engine, using only one fuel at a time, but
having an infrastructure of two different fuels for
engine working. By using natural gas as a vehicle
fuel, following advantages and disadvantages are
obtained

Advantages:

e Natural gas sources are spread throughout
the world, which reduces the risk fuel for
vehicles of an energy crisis

e  The consumption cost of natural gas is very
low in comparison with the other fuels.

e Natural gas is one of the least polluting
fuels. Exhaust emissions from the
combustion of natural gas are far below the
Ultra Low Emission Vehicle(ULEV)
standards. Particulate emissions emitted
from the CNG vehicles are better than diesel
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or dual fuel engines' . It becomes possible
to reduce NO emissions by 90% and CO
emissions by 25% with the use of natural
gas. Due to the low carbon content of natural
gas , COx emissions decrease by up to 25%.

Since natural gas has a high octane number,
thermal efficiency of an engine powered by
natural gas can be 10% higher than a
gasoline engine.

Compared with other fuels, combustion of
natural gas in engines gives a 30% decrease
in noise emissions.

Thanks to its simple chemical structure,
CNG establishes clean combustion in
engines. Thus, vehicle engine would be less
worn and a significant amount of
maintenance savings achieved.

Because CNG is lighter than air, it rises
instantly in the presence of any leaks. Also
due to a high ignition temperature and a
wide range of flammability, the likelihood
of any fire diminishes at an accident.

CNG has the highest knock resistance. Its
octane number is ca. 130. Natural gas is
non-toxic, odourless and non-corrosive. It is
lighter than air and is slightly soluble in
water.

Disadvantages:

e (NG has lower energy content at gaseous
phase. Because of this property, it is usually
stored as compressed at the range of 200-
250 bar pressure in vehicles. For this reason,
a CNG fuel tank takes 4-5 times more
volume requirements than a gasoline or
diesel tank in order to carry the same
amount of energy. This means again 4-5
times more weight will be on the vehicle in
the case of steel used as a tank material. If
composite CNG tanks are wused, the
problems arising from the weight (fuel
consumption, range, etc.) would decrease.
However, the use of such materials naturally
increases the cost of these tanks.

CNG filled into the tank at high pressure
extends the filling time.

In comparison with diesel fuel, a CI engine
fuelled with NG has much lower emissions of
NOx, PM, HC and also CO Under
stoichiometric and lean burn conditions CNG has
lower NOX,CO2 and NMHC emissions, but also
a little lower brake fuel conversion efficiency. At
a higher compression ratio and lean bumn
operation engine efficiency increases, while NOX

and CO: emissions decrease. In order to reduce,
Development of the CNG dual-fuel turbocharged
CI engine was performed in references'' ' and
NG was introduced into the engine cylinder in
the gaseous state through a honeycomb mixer.
The pilot ignition fuel was diesel fuel. The
following results were obtained:

1. In general, for dual fuelling the cylinder
pressure and heat release rate are lower than
for neat diesel fuelling.

2. The ignition delay is longer for dual
fuelling.

3. The greater the pilot diesel fuel dose, the
higher the pressure in the cylinder and the
higher the rate of pressure rise.

4. An increase in pilot diesel fuel extends the
lean burning limit and decreases HC and CO
emissions

5. (while NOx emissions increase), which is
generally higher than for diesel fuelling.

6. Smoke emission is considerably reduced for
dual fuelling

7. NOX emission is also reduced

8. The brake fuel conversion efficiency is a

little lower.
A CNG-fuelled engine has much lower unlimited
carcinogenic emissions in comparison with a
gasoline-fuelled engine
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Alcohol is made from renewable resources like
biomass from locally grown crops and even
waste products such as waste paper, grass and
tree trimmings etc. Alcohol fuels such as
methanol (CH,OH),ethanol (C,H,OH) have
proven to be excellent octane booster and blend
with the traditional fuels, gasoline and diesel,
and require minor engine modifications. Using
ethanol in automobiles as a fuel several
advantages and disadvantages are provided.

Some of these are given below

Advantages:

e Alcohols are the most popular additives
where they have replaced all other additives
as octane boosters in gasoline fuel
Adding alcohols such as ethanol and
methanol to gasoline allows the fuel to
combust more completely due to the
presence of oxygen, which increases the
combustion efficiency and reduces air
pollution. Besides, alcohols can be
promoted as alternative fuels in ICE since
they do not contain sulphur or complex
organic compounds

e Alcohols have higher octane number than
gasoline. A fuel with a higher octane
number can endure higher compression
ratios before engine starts knocking, thus

giving engine an ability to deliver more
power efficiently and economically
Alcohol burns cleaner than regular gasoline
and produce lesser carbon monoxide, HC
and oxides of nitrogen

Alcohol has higher heat of vaporization;
therefore, it reduces the peak temperature
inside the combustion chamber leading to
lower NOx emissions and increased engine
power

Methanol can be made out of organic
material such as biomass and municipal
waste. In the long-term, it could even be
made out of coal. The United States has 25%
of the worlds’ supply of coal, which will be
abundant for years to come.

Alcohol combustion produces higher
combustion pressures inside the combustion
chamber of the ICE due to the higher molar
products to reactants ratio, compared to
gasoline, which improves power output and
thermal efficiency of gasoline.

Increasing the compression ratio of the
engine to 12: 1 or higher increases power

and fuel efficiency by 20% and 15%
respectively.
Alcohols have better  combustion

characteristics and performance due to the
increased volumetric efficiency of alcohol
fuels, which is why methanol is a preferred
racing fuel. Acceleration time decreases
with power increase.

Ethanol raises the knock resistance of the
engine. When the ethanol amount increases
in the mixture, CO, HC and CO2 emissions
are reduced .

Through the use of methanol, CO2
emissions, which significantly influence the
greenhouse effect, decrease.

Disadvantages:

The economics of production. Unless the
cost of alcohol production from renewable
resources is made cost effective, there will be
no demand for it. These alcohols could be
produced from biomass, coal, and natural
gas.
Flame visibility of alcohol is difficult to be
detected, which might be hazardous. The
lack of visibility is due to the small number
of carbon atoms present in the alcohol. Since
there is very little carbon, there is no soot
formation to give the flame color.
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Cold storability problems. Due to their low
vapor pressure, high latent heat of
vaporization, and single boiling point,
alcohols, especially ethanol, have difficulty
meeting industry standards for starting in
cold weather. The last two of these
disadvantages, however, can easily be
solved. By the addition of a small amount of
gasoline to the alcohol mixture, a more
visible flame will be produced and the effect
of cold weather on engine storability can be
brought well within the industry standards.
Since alcohol does not evaporate as easily as
gasoline, the intake manifold had to be
redesigned to provide more heating for
evaporation

Because of the low energy density of ethanol,
more ethanol is needed to use than gasoline
to get a distance. And this also necessitates
larger and heavier fuel tanks.

HC emissions decreases with increasing the
amount of ethanol, but it increases
excessively in E90 or pure ethanol use.

Due to the certain number of ethanol is low;
its self ignition resistance is very high. And
that makes difficult to use ethanol in diesel
engines.

The use of methanol as an alternative fuel
lasts for a short time due to its non-renewable
natural resources.Because methanol has a
lower energy density (1 L of gasoline equals
1,75 L of ethanol), it requires a larger and
heavier fuel tank than that of gasoline for the

same range.
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Fig. 2. General change in volumetric efficiency (VE), torque (Tq) and brake power (BP)
for ethanol-gasoline blends (E), methanol-gasoline blends (M), etha-
nol=methanol=gasoline blends (EM) and neat gasoline (base line) in average basis.

General Change in CO, UHC and CO2 (%)

Fig. 3. General change in CO, CO; and UHC emissions for ethanol—gasoline blends (E),
methanol—gasoline blends (M), ethanol-methanol—-gasoline blends (EM) and neat
gasoline (base line) in average basis.

From Fig: 2,3'"if we aim to get less emissions
of CO and UHC and higher both volumetric
efficiency and output torque from SI engines we
should use M fuels; however, if we interested in
getting a higher output power with a bit low CO
and UHC emissions, but higher than M, we
should use E blends; to get a low moderate
emissions of CO and UHC as well as a high
moderate volumetric efficiency, torque and
power, we should use EM fuels.The lowest
boiling point of methanol, compared to ethanol
and gasoline, is another reason for providing M
with the lowest emissions (CO and
UHC),followed by EM and E, respectively. One
of the additional important reasons for the
reductions in CO and UHC emissions and, in
turn, increasing of CO2 emissions of blended
fuels are that ethanol and methanol have higher
latent heat of vaporization than that of gasoline.
The higher volumetric efficiency leads to more
access air in the combustion chamber and, in
turn, lowers CO and UHC emissions. It can be
also noticed that the volumetric efficiency of M
is higher than E.The higher volumetric efficiency
also leads to a higher output torque from engine
at using M than that E, as shown in . On the other
hand, EM provided moderate volumetric
efficiency and torque between M and E.
Furthermore, the improved antiknock behavior
(due to the addition of ethanol and methanol,
which raises the octane number) allowed a more
advanced timing that results in higher
combustion pressure and thus much higher
torque and power than those of the gasoline fuel.
Hydrogen

Hydrogen, which is the lightest element of
nature, exhibits a colorless, odorless, tasteless,
and a transparent structure .Hydrogen is used
extensively in the space program since it has the
best energyto-weight ratio of any fuel. An
improved  operation  concerning  power,
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efficiency and emissions compared to
conventionally  fuelled engines, demands
hydrogen as an alternate fuel thereby increases
the mobility. The attractiveness of hydrogen lies
in the variety of methods to produce hydrogen as
well as the long-term viability of some of
them Advantages and disadvantages of
hydrogen using in automobiles are shown
below

Advantages:
e In hydrogen fuelled engines there are no
problems such as steam  stopper,

condensation on cold surfaces, insufficient
evaporation, and poor mixing with air seen in
fossil fuel engines. Hydrogen engines
present no problems at starting even at -
253:C

e Thermal efficiency of hydrogen-fuelled
engines may be increased by 25% providing
the increase of compression ratio and
establishing a lean mixture.

e The amount of energy required to ignite the
hydrogen-air mixture is very low compared
to that of other fuels. This feature constitutes
an advantage in especially gasoline engines
assuring an easy ignition.

e Emissions could be significantly reduced by
using different percentages of hydrogen
mixed with natural gas.

Disadvantages

e Two important issues arisen from hydrogen-
fuelled engines are ignition backwards and
preignition events. The low ignition energy
of hydrogen causes these two problems.

e NOx emissions formed by high combustion
temperatures of hydrogen are higher than
that of other fuels.

e Production and storage costs of hydrogen
are very high.

e Hydrogen is an element, which is difficult to
liquefy. It passes to liquid phase at
approximately 20 K temperature and 2 bar
pressure.

e Low density and low viscosity of hydrogen
make it possible to seep out through very
small cracks or openings of the wall of the
environment.

e Hydrogen is a flammable and explosive gas.
When it mixes with air at the ratio of 4-75%
by volume, it may take fire easily.

e Hydrogen IC engine needs hardened valves
and valve seats, stronger connecting rods, a
higher voltage ignition coil, fuel injectors

designed for a gas, stronger head gasket
material, modified intake manifold, having
high temperature engine oil.

From the graphs'~ ' above it can be revealed that,
the BMEP rises as the hydrogen fraction
increases compared to pure gasoline operation.
The proper explanation for such a trend is,
hydrogen has a much wider flammable range, a
much faster flame propagation speed and a much
higher adiabatic flame temperature than those of
gasoline, which help extend the flammable range
and accelerate the combustion of gasoline—
hydrogen—air mixtures. But at 25% hydrogen
addition fraction, BMEP drops due to improper
combustion as the air content in the intake is
gradually reduced with the increase of hydrogen
fraction in the total intake gas. Brake thermal
efficiencies of the hydrogen enriched operation
are higher than those of the pure gasoline engine
operation at all engine speeds. Moreover, brake
thermal efficiency increases distinctively with
the increase of hydrogen fraction. As the
percentage of hydrogen blend increases there is
a drop in volumetric efficiency due to the density
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difference between the air and hydrogen.
Hydrogen being lighter than air displaces the air.
The volumetric efficiency is affected by the fuel
being burned in the engine. Liquid fuel takes up
very little space in the intake port and the
combustion chamber. The hydrogen fuel vapour
can take considerably more of this space, leaving
less volume for the air being pumped into the
cylinder. This causes less amount of mixture
density at the inlet of the engine in turn reduction
in volumetric efficiency.
CO level is dropped with the increase of
hydrogen energy fraction due to the enhanced
combustion caused by hydrogen addition and
abundant oxygen available for the post-oxidation
of CO emission. HC emissions decrease with the
increase of hydrogen addition fraction, the
shorter quenching distance of hydrogen than that
of gasoline is other possible reason for the
reduced HC emission. The emission of NOX is
increase with the increase of hydrogen addition
fraction,at very high temperature which occurs in
the combustion chamber of an engine, N breaks
down to monatomic N which is reactive. Other
gases such as oxygen and water vapour also
break down at high temperatures leading to the
formation of NOx.
Electric vehicles (EV)
The movement of the vehicle is provided by
electric motors in electric vehicles similar to the
fuel cell systems. The electricity, which is
transferred from an external source, is stored in
batteries (BEVs) or by a fuel cell
system(FCEVs). Both BEV and FCEV are often
regarded as the only long term complete solution
to the problem of pollution in urban areas, as well
as to the problem of CO2 emissions. Fuel cells,
which convert fuel energy into electrical energy
with electrochemical principle, are efficient,
quiet, environmentally compatible power
generation element. Advantages and
disadvantages of fuel cell and battery storage
systems are as follows

Advantages:

e Energy consumption costs of electric
vehicles are very low. These costs vary
depending on the price of electricity of the
country.

e Due to the absence of lots of moving parts,
repair and maintenance costs are low.

e  They run without noise and vibration.

e  Well to wheel efficiency of electric vehicles
rises up to 40%, while it is about 15% in
internal combustion engines.

e EVs have the ability to produce higher
torque.

e No emissions emitted to the atmosphere
during the operation of the car.

e Electricity can be obtained by renewable
methods (biomass, wind, hydro, sun, etc.).

e Thanks to the electric motors are attached
directly to the wheels, there is no need for
some parts such as gearbox, differential, and
so forth.

e The performance of fuel cells does not
decrease as time goes, and recharging of the
system is not needed.

Disadvantages:

e The biggest drawback of EVs is the storage
problem of electricity in batteries. That is
because the range of EVs is very low.

e Charge duration of battery in EVs is very
long compared to that of fossil fuel vehicles.

e Because batteries of EVs are recharged from
the mains, the environmental impact of the
electricity produced varies from country to
country.

e The initial purchase cost of EVs is high.

e Charging stations of EVs are not common.

e Silent operation of EVs poses a hazard to
pedestrians.

e Fuel cell systems are very expensive
according to internal combustion engines.
Studies continue to reduce costs reducing
the amount of platinum used mainly.

e There is a difficulty providing hydrogen that
is required for the operation of fuel cells.

when using 100% renewable energy sources to

generate electricity, the BEV is the most efficient
option, obviously also featuring zero emissions;
when using an average primary source mix in
electricity generation, or a 100% coal or natural
gas feeding, the BEV performances are much
lower, and the FCEV solutions become much
more favourable both by the point of view of
efficiency and CO emissions

I11.  DISCUSSION

A general comparison of alternative energy

sources used in automobiles is given in Table 3.

The presented table provides an overall summary

of the study. Some of the important options of

alternative energy sources are evaluated with
respect to the conventional fuels (gasoline and
diesel). The rankings are based on the cited
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literature in this work. The criteria of the
comparison of the alternative energy sources are
grouped under three main headings. Costs,
section, emissions part, the other part includes
features such as range, performance, fuel station
availability. Ratings of the alternative energy
sources for the criterions are given in four signs;
- -,-,+,++ regarding very low, low, high, very
high, respectively.

e e e R e e e e ]

Cost
++ + + ++ 4+ +

++ - - - - e+

- . + +

++ ++ ++

Fange + ++ - +
++ ++ + + +

:‘:‘ ++ ++ = +

Table 3

In terms of the costs, CNG is the most
advantages energy sources due to their first
purchase costs of the vehicle, fuel consumption
costs, and repair-maintenance costs compared to
that of the others. In this section, FCVs are the
worst option with very high costs, however.
Regarding the emissions part, FCVs and EVs
come to the fore with their environmental
friendly electric motors. Hydrogen follows
FCVs and EVS in emissions section with its NO
drawbacks. Gasoline and diesel engines are the
most negative choices regarding the other energy
sources in terms of the emissions. Alcohol fuel
blends are acceptable but their production from
renewable sources are not cost effective.
IV. CONCLUSION

Various alternative fuels are candidates for
partial or total replacement of fossil fuel for
spark ignition (SI) engines used in the transport
sector. The use of alternative energy sources in
automobiles is gaining importance with each
passing year due to the rapidly depletion of
available energy resources, the rise in fuel prices
depending on this depletion, and environmental
factors. The most important factors in the
acceptance of alternative energy sources are the
initial purchase cost of the system, the cheapness
of the fuel, station availability and filling

duration of the fuel, vehicle range and
performance, and the environmental impact. Of
all the alternate fuels listed here CNG seemed to
be best alternative fuels for economic reasons,
while electric and fuel «cell electric
vehicles(FCEVs) for their emissive advantage.
Hydrogen is considered as a key fuel due to its
usage as a energy source for IC engines and
FCEVs. CNG had undeniable advantages in
terms of exhaust CO2 emissions; for ethanol
blends the environmental performance depends
fully on the origin of the ethanol and the
sustainability and energy intensity of its
production process.
V. FUTUREWORK
From the above discussion, the use of hydrogen
or CNG as a fuel in urban vehicles is
advantageous. Both of them can be used as mono
or bi- fuels with gasoline blends. CNG is having
a greater chance to be used as mono fuel. But to
enhance the properties of CNG as a fuel we can
also use hydrogen combined CNG(HCNG). One
of the primarily concern is about hydrogen
production and storage. Thus we are looking
forward in using CNG, HCNG and hydrogen
gasoline blends in SI engines. Also with
production of hydrogen within the vehicle itself
by use of electrolysis process.
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