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ABSTRACT 

With an increase in greenhouse gas emissions and the ever-imminent concern of depleting fuel 

sources around the world, the need for a renewable source of fuel has become a highly 

warranted interest. With Australia currently importing approximately 91% of its fuel source, it 

is estimated by 2030 Australia will have no indigenous fuel refinery capacity. To prevent the 

need to import 100% of Australiaôs fuel source, gasoline ethanol blended fuels have been 

considered as an alternative. Ethanol is a renewable source of fuel, as it can be made from 

agricultural crops within the country. The Australian Fuel Standards Quality Act of 2000 has 

limited the commercial production of gasoline and ethanol blended fuels (also known as 

gasohol), to 10% ethanol and 90% gasoline blend or better known as E10. This is because 

gasohol has the capability to corrode an internal combustion engine (ICE) internally. However, 

since the Australian Government produces and commercially sells E10 at fuel stations 

throughout the country there must be beneficial effects of gasohol. 

The benefits of gasohol have been stated to involve a major reduction in exhaust emissions 

such as nitrogen oxide ὔὕ , hydro carbon Ὄὅ, and carbon monoxide ὅὕ. However, it 

has not been stated whether gasohol presents any performance benefits when used to counteract 

possible corrosion in current ICEs, especially at higher ethanol blends. For the ability to use 

higher ethanol blended fuels, modifications to the current ICE is required.  

This thesis looks to investigate the performance aspects of using gasohol in relation to torque 

and fuel consumption and whether the performance aspects and emission reduction are worth 

the need to modify current ICE for future vehicle developments. Literature regarding this topic 

was analysed and discussed. Predictions on physical testing based upon literature were made 

for a 6 cylinder Barra engine using E5, E10, E15, and E20 to obtain results relating to the torque 

and fuel consumption with in a real world operating ICE. The data is to be compared to a 

benchmark base result using unleaded 91fuel.   
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SYMBOLS AND ABBREVIATIONS 

AFR  - Air Fuel Ratio 

AWS  - All Wheel Drive 

bTDC  - before Top Dead Centre 

BHP  - Brake Horsepower 

CO  - Carbon Monoxide 

╒╞   - Carbon Dioxide 

╒╗╞╗ - Ethanol 

CR  - Compression Ratio 

EBP  - Ethanol Blended Petrol 

ECU  - Engine Control Unit 

EGT  - Exhaust Gas Temperature 

EPA  - Environmental Protection Agency 

FFS  - Flex Fuel Sensor 

FFV  - Flex Fuel Vehicle 

GHG   - Green House Gas 

HC  - Hydro Carbon 

ICE  - Internal Combustion Engine 

MON  - Motor Octane Number 

NA  - Naturally Aspirated  

NSW  - New South Wales 

NT  - Northern Territory  

PULP  - Premium Unleaded Petrol 

RACQ  - Royal Automobile Club of Queensland 
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RON  - Research Octane Number 

RPM  - Revolutions per Minute 

RULP  - Regular Unleaded Petrol 

SI   -  Spark Ignition  

TDC  - Top Dead Centre 

ULP  - Unleaded Petrol 

VVT   -  Variable Valve Timing 

WOT  - Wide Open Throttle 
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1.0 INTRODUCTION  

The internal combustion engine (ICE), has grown in popularity since the introduction of the 

Ford Model T in 1908. Over a period of 100 years, the ICE has evolved a lot introducing 6 

stroke, and varying engine shapes other than an in-line engine. An in-line engine constitutes 

the number of cylinders in the car in a straight-line fitment, as shown in Figure 1 below of a 4 

cylinder in line engine. Other shapes include the V-shape, with a common engine known as a 

V6, meaning it constitutes 6 cylinders in a V-shaped format as shown in Figure 2.  

 

 

 

 

Figure 1: Inline 4-cylinder engine (unknown) 
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Despite the constant evolution of the ICE throughout the years, one thing which is critical for 

the operation of an ICE has not changed much over the years. Every ICE requires an energy 

source to allow operation in the form of fuel. The most abundant sources of fuel available 100 

years ago and currently are petroleum (a.k.a. gasoline) and diesel oil. However, as this thesis 

only considers spark ignition (SI) engines and petroleum is the primary fuel source for such an 

engine, only petroleum will be analysed and talked about. SI engines involve the use of a spark 

plug inside the cylinders within an engine. The spark plug emits a spark when the cylinder (also 

known as the combustion chamber) is filled with a mixture of air and fuel. This spark ignites 

the air fuel mixture to cause a combustion reaction to transform chemical energy within the air 

fuel mixture into mechanical energy which can be used by the engine for operation. To ensure 

that the ICE operates to its maximum efficiency capability, specific air fuel ratios of 14.7:1 

must be present in the combustion chamber during ignition to completely utilise the fuel being 

injected. Air-fuel ratio (AFR) is a ratio regarding the volume of air per volume of fuel injected 

per cycle of engine operation, this value is generally appropriated to be 14.7:1 (air: fuel). 

Prior to use of petroleum, the use of batteries was growing in popularity as an energy source. 

This prospect would have resulted in a very high efficiency engine. Batteries are estimated to 

be 99% efficient, whereas in comparison, the ICE only has an energy conversion efficiency of 

25-30% (Battery University 2016). Majority of the energy converted in an engine is lost as 

heat, this explains the high temperatures experienced at the engine bay after the engine has 

been in operation. Despite the greater energy conversion efficiency, and no emissions, the 

Figure 2: V shaped 6-cylinder (V6) engine (unknown) 
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ability to easily access liquid hydrocarbon fuel (petroleum) with the desired traits required to 

be used as an energy source for an ICE eliminated the use of batteries. Gasoline is a blend of 

organic compounds including heptane and octane, plus additional additives to improve cold 

start capabilities and knock resistance. For a period extending 50 years, tetraethyl lead was 

added to gasoline to provide more resistance to self-ignition (Abrams 2013). Although octane 

presents this characteristic, it is only prominent later in the crude oil distillation process which 

directly results in a more expensive process which at the time was not ideal or desired. 

However, the lead component of tetraethyl lead has the capability of damaging catalytic 

converters and in 1970 it was removed from gasoline to produce what is now sold as unleaded 

gasoline at varying octane ratings to improve knock resistance and preventing self-ignition. 

With increasing industrial and technological advancements in motorization capabilities, the 

demand for fossil fuel based petroleum fuels are ever rising (Agarwal 2007, p. 233). The world 

is slowly moving towards a crisis of petroleum depletion and environmental degradation 

(Agarwal 2007, p. 233). Petroleum based fuels are obtained from finite reserves found in 

specific regions around the world. Due to over use and the increasing demand for fuel sources, 

the finite reverses are getting ever closer to complete consumption. Since only specific regions 

around the world have petroleum reserves, there are many countries which are close to running 

out of having available petroleum for commercial use. One of these countries happens to be 

Australia. Australia is leaning closer to running out of energy reserves in the form of petroleum 

(BAA 2016) and due to foreign exchange difficulties involving the import of crude petroleum, 

the anxiety of completely running out of fuel is growing larger. This has resulted in a crisis 

which demands the need to obtain a renewable source of fuel that can be produced within the 

country. A renewable source of fuel will allow for the continual use of and development of 

new industrial and motorisation technological advancements as well as having local energy 

reserves and prevent environmental degradation. 

The shift to alternative fuels which provides sustainable development, efficiency, 

environmental conservation and energy conservation (Agarwal 2007, p. 233) have become 

even more prominent. Fuels of ñbioò origin can provide the benefits of the alternative fuels 

required. Most greenhouse gas (GHG) release is through gasoline and diesel engines (Agarwal 

2007, p. 233), with the continual increase in the worldôs population, there is a growing rate of 

vehicle need and use commercially, industrially and privately. Having more gasoline powered 

engines running on the road with the same work standard of óeveryday businessô, inherently 

directly correlates to increase in GHG emissions.  
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Bio-fuels are looked as a feasible solution to the current worldwide petroleum shortage and 

environmental sustainability issue. Alcohols such as methanol and ethanol can be used as fuel 

sources and are often used as additives in fuel. Ethanol based petroleum fuel has already been 

established as a commercial product and is sold in two variations of E10 (90% gasoline and 

10% ethanol) and E85 (15% gasoline and 85% ethanol). The push towards use of ethanol (or 

ethyl-alcohol) as opposed to methanol (or methyl-alcohol) as a fuel additive is because ethanol 

can be fermented and distilled from bio-mass of crops and feedstock (RFA 2016), thus making 

it a renewable source of fuel. Blended gasoline and ethanol fuels are energy resources which 

are largely environmentally friendly in terms of lowered emissions primarily due to cleaner 

and more complete burn while in the engineôs combustion chamber. This benefit alone of 

reduced emissions with a possibility of increased torque output has resulted in research to 

eventually develop into using 100% ethanol as a fuel source in internal combustion engines. 

Further development of internal combustion engines is required to accommodate 100% ethanol 

fuel; this is due to issues involving corrosion within the chamber during fuel injection after 

every cycle. 

1.1 Project Scope 

The aim of this thesis is to investigate the effect of gasoline and ethanol blended fuels at 5%, 

10%, 15% and 20% concentration values on the torque output, fuel consumption, and exhaust 

gas temperature (EGT) in a spark ignition (SI) ICE. The testing of these parameters were to be 

done on a Ford Falcon óBarra 182ô in-line 6-cylinder 4L naturally aspirated engine provided 

by Charles Darwin University. A baseline set of data was also to be obtained using 91 unleaded 

fuel for comparison. 

1.2 Objectives 

The thesis will be able to achieve its aim by completing the following objectives: 

¶ Obtaining base data on torque output and fuel consumption using 91 unleaded fuel. 

¶ Investigating the effect of gasoline ethanol blend fuels of 5%, 10%, 15%, and 20% on 

the torque output in a naturally aspirated SI ICE 

¶ Determining the fuel consumption of each blended fuel during testing, and investigating 

whether there is higher fuel consumption for blended fuels when compared to 91 

unleaded.  
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Additional information that can be obtained from testing that could present relevance to further 

expanding and achieving the thesis aim would be to: 

¶ Obtain EGTôs as an additional data set to determine whether there is a change in flame 

propagation for burning of fuel when using blended fuels as compared to 91 unleaded. 

¶ Investigate the likeliness and the ability of higher ethanol blended fuels greater than 

10%, to be able to be utilised in a naturally aspirated engine without any significant 

changes to the IC engine design. 
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2.0 L ITERAT URE REVIEW  

To determine the effects of gasoline and ethanol blended fuels (also known as gasohol) in an 

ICE, there have been many practical experiments conducted and analysed. The analysis has 

detailed many variables which can be modified and reconfigured to obtain varying results, 

these variables include variable valve timing (VVT), ignition timing, and compression ratio 

(CR). The literature review covers a wide variety of scenarios that can be tested for within an 

ICE using gasohol blended fuels. This review will focus on three major components that will 

be examined in depth throughout the literature review. These components include the 

experimental setup and procedures, the effect of varying ethanol content fuels on torque, fuel 

consumption and a general overview into the impact of emissions and the comparison of these 

components to the standard of 91 unleaded fuel. The literature review will also consider 

regulations and standards related to use and manufacture of gasohol in Australia and countries 

that use gasohol frequently. The literature analyses these components in a variety of engine 

contexts. The literature review for this thesis will focus only on the impact and application of 

gasoline ethanol blended fuels in a SI engine in a real-world setting. 

2.1 Use of Ethanol as an Additive 

Ethanol ὅὌὕὌ is a source of energy produced from starch/sugar based feedstocks of 

agricultural crops (RFA 2016). The ability to produce ethanol from agricultural crops makes it 

a renewable source of energy for continual future use. This limits the need for excavation and 

drilling at both onshore and offshore locations around the world. Ethanol has both positives 

and negatives when being considered as a fuel source in an ICE. Ethanol is a pure substance 

containing an oxygen atom, therefore it can be stated that ethanol can be observed as a partially 

oxidised hydrocarbon (Pikunas et al. 2003). This is important as it presents an additional source 

of oxygen in the combustion chamber, therefore allowing for a much more complete burn when 

combustion occurs and makes the ethanol blended fuel a leaner source of fuel. Like ethanol, a 

substance called methyl-tertiary-butyl-ether (MTBE) is a chemical compound obtained 

through the reaction of methanol and isobutylene (EPA 2016). MTBE was used as a gasoline 

additive to oxygenate the fuel. It was used as a replacement for lead to improve the octane 

rating of fuels. MTBE is a volatile, flammable and colourless liquid able to dissolve very easily 

in water (EPA 2016). This can make its way into ground water, which is a primary source of 

drinking water for many people around the world. The inhalation of MTBE can result in 

cancerous or other adverse health effects (EPA 2016). The presence of MTBE in ground water 

makes it undrinkable and thus severely affects potable water sources. 
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The ethanol used in gasohol is of the same composition as the ethanol used to make alcoholic 

drinks. The percentage used is the only difference as very rarely you see an alcoholic drink 

with 85% ethanol content. Many mistake ethanol with methanol, stating that they are both 

alcohols and hence must have similar characteristics and uses. Methanol (ὅὌὕὌ is also 

known as methyl-alcohol or wood alcohol (McGuigan 2016). It obtained the name ñwood 

alcoholò, as it was produced primarily as a by-product of the destructive distillation of wood. 

Although it has a very similar distinctive odour to ethanol, it is highly toxic and cannot be 

consumed unlike ethanol (drinking alcohol). 

Ethanol is completely miscible in water, while gasoline is an immiscible substance. This can 

lead to the blended fuel to possibly contain water (Pikunas et al. 2003). Currently, ICEôs are 

manufactured using aluminium alloys (Nguyen 2005). This is because in the past, engines were 

manufactured using cast iron alloy, however due to the increase in engine parts and additional 

changes to the modern ICE to reduce weight whilst keeping the characteristics of cast iron 

alloy, the change to aluminium alloy was made. ICEôs are manufactured to contain high 

strength, high elastic modulus, abrasion resistance, and corrosion resistance, however high 

strength is generally concerned with diesel engines which involve high compression ratios of 

approximately 17:1 when compared to gasoline engines which only accommodate a 

compression ratio yielding a value of 10:1 (Engine block n.d.). As mentioned before, ethanol 

is miscible and therefore contains water. If left in place where there is a chance of a major 

temperature change, it is possible for phase separation of the gasohol to occur. 

2.1.1 Gasohol Phase Separation Occurrence and Impact 

Phase separation is a process that occurs when gasoline blended with ethanol encounters any 

volume of water. As ethanol is a miscible substance, when in contact with water it is likely to 

absorb some or all the water, whether it be in the form of liquid or vapour in air (humidity) 

(Phase separation 2009). When the saturation point of gasohol is reached, the water will no 

longer be able to be absorbed by the ethanol and a phase separation is likely to occur. Phase 

separation is the process by which the contents of the gasohol are separated into two distinct 

layers. Sometimes a third layer can form from humidity (Phase separation 2009). The saturation 

point of gasohol is dependent on the percentage blend that is used. E10 at ρυЈὅ has an 

approximate saturation point of 0.5% water to fuel volume (Jain n.d.). During phase separation, 

the denser liquid (generally the ethanol water mix) settles at the bottom and the remaining 

gasoline is left at the top, as shown in Figure 3 below. A secondary case can also occur. When 

water seeps into the fuel tank, it will be denser than the gasohol mixture and sink to the bottom. 
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As it passes through, a fraction of ethanol will be picked up and settle at the bottom of the tank. 

Over time this will result in more ethanol to be sucked into the ethanol water mixture. At this 

stage, the layer is referred to as partial phase separation. Partial phase separation occurs before 

the saturation point of the gasohol is reached (Jain n.d.). 

 

Phase separation can occur in the fuel tank, the transport tank in which the gasohol is 

transported from factory to fuel stations, and the storage tank in which the gasohol is stored 

once at the fuel station. The transport tank regularly is mixed during the transport process as 

the truck moves through traffic and around turns and corners. The storage tank at the fuel 

station is kept stationary underground and as such the gasohol cannot be mixed simply by the 

movement of the liquid during transport. To remove the water layer formed from phase 

separation inside the storage tank, the fuel nozzle has a filtration system inbuilt to remove the 

water from the remaining fuel. These filters are disposable. The filter removes water by quickly 

constricting once water is detected, this directly results in a slow flow of fuel out of the nozzle. 

Generally, when there is slow flow of fuel detected it is a sign of water filtration (Jain n.d.). 

However, filters do not work instantaneously and take one to two minutes to completely close. 

Within this closing time frame it is possible for contaminated (i.e. phase separation) to pass 

through. Although fuel filters reduce the damage potential, they do not completely eliminate 

the chance of phase separation occurrence (Jain n.d.).  

 2.2 Modifications Needed to Run Gasohol 

Since 2001 all manufactured cars run using an engine control unit (ECU). ECUôs use electronic 

software and mapping to conduct four tasks. Firstly, the ECU controls the air fuel mixture in 

Figure 3: Example of phase separation layers, (Ethanol statement n.d.) 
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the combustion chamber (Tracy 2013). It does this by adjusting the amount of fuel injected into 

the chamber to reach the standardised value of 14.7:1 used in all commercial vehicles. Secondly 

the ECU controls the idle speed of the engine (Tracy 2013). For example, when it is waiting in 

traffic. Thirdly, the ECU is responsible for the ignition timing of the engine (Tracy 2013). The 

ignition timing is a critical operation of ensuring that the engine is running to its best possible 

efficiency. Ignition timing is a method used specifically for spark ignition engines to prevent 

pre ignition of the air-fuel mixture in the combustion chamber. Ignition timing has two methods 

that can be utilised to set up the time when the spark plug in the engine will fire relative to the 

movement of the piston. The primarily used method is to advance the timing, also known as 

ignition advance.  

Ignition advance is the process of setting the required degree of rotation at which the piston is 

at during its cycle (Scott n.d.), shown in Figure 4 below.  

 

 

 

 

 

 

 

 

 

 

 

 

The timing is set to a specific number of degrees before top dead centre (bTDC) of the piston 

movement to allow the spark to initiate an ignition process of the air fuel mixture (Scott n.d.). 

Ignition advance is generally used to ensure that at the time the piston reaches top dead centre 

(TDC) all of the A/F mixture has combusted and there is the maximum possible amount of 

Figure 4: Diagram of ignition advance (racing stude bakers 2010) 
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pressure from the exhaust gas left due to the combustion of the A/F mixture to push down 

against the piston to help it reach bottom dead centre (BDC), thus creating power. Ignition 

advance can be setup with various methods such as mechanically (also called centrifugal 

advance), vacuum advance, and computer generated advance. Centrifugal advance uses spring 

loaded weights, centrifugal force, and lever actions to rotate the distributor cam against the 

distributor shaft rotation (Integrated publishing n.d.). A distributor is a device found in an 

ignition system of an ICE. The distributor system has several jobs. However, the main job is to 

distribute high voltage from the ignition coils to the spark plugs in the correct firing order. This 

phenomenon occurs using a cap and a rotor. The ignition coil is connected to the rotor, with 

the rotor designed to spin inside the cap. As the rotor spins it moves past a series of contacts. 

Each contact is connected to a cylinder as per the car (i.e. four cylinders means four contact 

points). Now, as the tip of the rotor passes each contact point, a high voltage arc is created 

across the small gap between the rotor and the contact point. This spark then continues down 

the spark plug wire to the spark plug in the appropriate cylinder. A spark can then be formed 

in the cylinder to initiate combustion. Figure 5 shows the distributor system setup, (Nice 2001) 

 

 

 

 

 

 

 

 

 

 

 

 

Centrifugal advance adjusts the ignition timing of the car in relation to engine speed. An image 

of the centrifugal advance setup is shown below in Figure 6.  

Figure 5: Distributor system set up, (Nice 2001) 
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Vacuum advance is an ignition advance method which only works when engine load is low at 

part open throttle. At part open throttle, the vacuum port from the carburettor (fuel injection 

system), or throttle body is uncovered and the port is exposed to an engine vacuum. The 

vacuum pulls the diaphragm outward against spring force, this results in the distributor plate 

which is linked to the diaphragm to rotate against the distributor shaft and spark timing is 

advanced (Integrated publishing n.d.). Setup of vacuum advance timing is shown below in 

Figure 7. 

 

 

 

 

 

 

Figure 6: Centrifugal advance setup, (unknown) 
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For vehicles containing an ECU, ignition advance is computer generated. Use of an ECU 

allows the ignition timing of the engine to be changed during operation of the vehicle using 

various sensors to check operating conditions in the engine and adjust the timing as per the 

operation of the engine. As the RPM of the engine increases the advance timing also increases, 

if the engine experiences a heavy load then the advance timing decreases. 

As mentioned before, advance timing is generally conducted to prevent pre-ignition of the 

combustion process in the cylinder and minimises the chances of pinging and spark knocking 

from occurring. Pre-ignition occurs due to high spark advance or low octane gas, and result in 

ñknockingò which is a pinging sound heard coming from the engine during acceleration or 

increased loads (Scott n.d.). A diagram of pre-ignition inside of a combustion chamber is shown 

in Figure 8. 

 

 

 

 

 

 

 

Figure 7: Vacuum advance setup, (Stern n.d.)  
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Fourthly the ECU in some applications controls valve timing. Valve timing is the precise 

opening and closing of the inlet and exhaust valves to improve combustion efficiency. Diagram 

of valve timing is shown below in Figure 9. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Diagram comparing normal ignition and pre-ignition in a combustion chamber of an SI engine, 

(unknonw) 

Figure 9: Valve timing showing precise opening and closing of exhaust and inlet valves with 

valve overlap, (unknown) 
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Gasohol is a high-octane fuel, with an octane rating of 95 and greater. Octane rating is the 

measure of a fuelôs ability to resist spark knock. There are two types of octane ratings, research 

octane rating (RON) and motor octane rating (MON). RON is the most common type of octane 

rating used worldwide. RON is determined by using the fuel in a test engine with a variable 

compression ratio under controlled conditions at 600 RPM (Dabelstein et al 2007). MON is 

determined using the fuel in a similar test engine to that used in RON testing, instead the engine 

speed is set at 900 RPM. Unlike RON testing MON testing uses a pre-heated fuel mixture with 

variable ignition timing. This is done to further stress the fuelôs knock resistance (Dabelstein 

et al 2007). The higher the octane, the greater the resistance and less likely that pre-ignition 

and knocking will occur (Stolark 2015). Having a higher-octane rating means that the 

combustion efficiency of the engine will also increase as it is less likely for the A/F mixture to 

pre-ignite and therefore a more complete burn can occur. As gasohol has an oxygen atom in 

the ethanol, the AFR of the gasohol mixture is a lot higher than the conventional 14.7:1 

obtained from the mixture of gasoline and air. To ensure that the engine runs efficiently to the 

conventional AFR, the ECU needs to adjust the fuel injection and possibly valve timing to 

adjust the fuel injection and air intake to reach an AFR of 14.7:1. 

2.2.1 Ethanol Conversion Kit 

To ensure that the ECU can adjust the air intake and fuel injection to efficiently operate on 

gasohol, the use of an ethanol conversion unit is necessary. An ethanol conversion kit is a bi-

fuel manager which uses micro-processors to adapt the ECU to the fuel system requirements 

for the gasohol (Flex fuel kits 2014). The ethanol conversion kit is a programmable electronic 

management system which connects to the ECU to receive information regarding the fuel 

system and generates an adjustment to the system inputs (flex fuel kits 2014). The ethanol 

conversion kit can be installed in all cars containing an ECU to allow the car to use gasohol 

without being designed for it. An image of the ethanol conversion kit is shown in Figure 10 

below (flex fuel kits 2014). 
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2.2.2 Flex Fuel Vehicles 

A flex fuel vehicle (FFV) is an ordinary ICE vehicle with the ability to operate on any mixture 

of fuel from 91 unleaded to commercially available E85 blends, with the possibility to be able 

to operate on 100% pure ethanol (Castro 2014). The flex fuel vehicle does this by using a flex 

fuel sensor (FFS). A prime example is the Haltech Flex Fuel Sensor. A FFS is a device that 

measures the ethanol content in a carôs fuel system, by detecting the oxygen content in the 

exhaust gas. The monitor is generally installed between the fuel pressure regulator and the fuel 

tank shown in Figure 11 below (Haltech n.d.), where it can monitor ethanol content of the fuel 

returning to the tank (Haltech n.d.). The information regarding the ethanol content can then be 

directed to the carôs ECU. The ECU then applies fuel, ignition and boost corrections to enable 

the best possible power that can be produced form the ethanol content available. This system 

allows the use of any gasohol mixture (from 0 to 100% ethanol content) without the need to 

retune or use a laptop. 

 

 

 

Figure 10: Ethanol conversion kit (flex fuel kits 2014) 
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FFVôs despite employing an ethanol compatible fuel system such as the FFS and powertrain 

calibration are identical in composition and operation to conventional ICEôs. Meaning that 

maintenance, operation, and purchase considerations when owning a FFV donôt differ to the 

process of cars currently available. However, it has been stated that the fuel economy of an 

FFV car is lower when running on gasohol with an ethanol content higher than that of E10 

(AFDC 2016). FFVôs have been produced since the 1980s, and are distinguishable by either a 

tag stating that they are a FFV or by a yellow fuel tank cap on vehicles made from 2008 and 

above. As mentioned before, an aftermarket FFS can be used to convert a conventional ICE 

vehicle into an FFV. Figure 12 below (Haltech n.d.) details the haltech aftermarket FFS that 

can be attached to a car to convert it into a FFV. 

Figure 11: Diagram of Flex Fuel Sensor setup, (Haltech n.d.) 
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2.2.3 Prevention of Corrosion 

By Australian law, all gasohol manufacturers and suppliers are required to include corrosion 

inhibitors as an additive in ethanol blended fuels. Corrosion inhibitors supress the corrosive 

properties of fuel, thus preventing the corrosion/rusting of fuel tanks and other fuel components 

within the engine (BAA 2016). Materials such as copper, brass, and aluminium are especially 

subjected to corrosion. The use of fluorocarbon rubber as a replacement for the above-

mentioned materials is advised to reduce the chances of corrosion within the engine and fuel 

system (Wu et al 2004). 

2.2 Commercial use of Gasohol 

The commercial use and production of gasohol has increased immensely over the past few 

years. Slowly many countries are heading towards complete dependence on ethanol blended 

fuels as their primary fuel source. This demand for reduction in pure 100% gasoline use and 

shift towards a mixture is leading many experimentations and developments of gasohol blends 

with an ethanol content higher than the globally recognised safe values of 10%. Countries such 

as the Unites States of America, Thailand, and Brazil are all slowly shifting towards and in 

some cases, have already adapted the use of ethanol blends of 20% and higher. Australia is still 

hesitant on the use of gasohol blends with an ethanol content higher than 10% due to the 

previously mentioned dangers that can occur with the use of alcohol as a fuel. Primarily, the 

inability for cars older than 2001 and lack of an ECU to be able to use gasohol is a major 

component for the hesitancy, as well as the lack of confidence in production of flex fuels having 

financial benefits. In an interview with the Royal Automobile Club of Queensland (RACQ), 

the technical services manager stated that ñThere is a real concern that if a driver doesnôt 

experience immediate and severe reactions é from using ethanol blends higher than the 

Figure 12: Haltech aftermarket FFS, (Haltech n.d.) 
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standardised E10, the lower pricing will appear attractive and they will take the risk and keep 

using itò (Hinchliffe 2010), thus raising concern that vehicles that are not built for the use of 

higher blends of ethanol could in the long run face severe damage due to continual use. This 

raises the issue of unaware individuals using higher blend gasohol fuels in cars not correctly 

modified for gasohol higher than E10, and their lack of knowledge of dangers involved. 

2.2.1 Australia 

The Australian government regulates the production and sale of gasohol to certain 

specifications defined in the Fuel Quality Information Standard (ethanol) Determination 2003. 

These specifications are required to be met by the suppliers of ethanol blends and fuel stations 

which sell gasohol. Under section 12A of the Fuel Quality Standards Act 2000, it is an offence 

to not comply with the standards. As per Australian legislation, ethanol blended fuels are 

defined as any fuel source containing more than 1% ethanol, however is limited to a maximum 

of 10% ethanol in gasoline (BAA 2016). The two most common commercial ethanol fuels 

available in Australia are E10 and E85. However, as this thesis does not consider E85 as an 

option for testing, only E10 will be discussed. The Australian specifications for E10 can be 

found in Appendix 1.  The Australian Government capped the maximum ethanol content in 

fuel to 10%, as research performed on cars using ethanol blends of 20% or higher could result 

in engine problems in vehicles older than 2001 (DoE n.d.). This is primarily due to many older 

cars not equipped with ECU for fuel injection, instead majority will utilise a carburettor. As 

ethanol blends need to be monitored and the fuel injection needs to be adjusted to account for 

the extra oxygen content, a carburettor which is a mechanical form of fuel injection cannot be 

used to adjust the injection to obtain the conventional 14.7 AFR. Currently there are over 600 

service stations across Australia which supply E10 (BAA 2016). 

Over the past six years in New South Wales (NSW) alone, E10 sales have increased strongly 

while simultaneously the sales of unleaded petrol (ULP) have declined. Ethanol accounted for 

3.6% of petrol sales in 2011, of a market share of 36%. However, this was still lower than the 

6% mandate set for NSW major fuel sellers by the Biofuels Act 2007 (IPART 2012). Figure 13 

below (IPART 2012) details monthly fuel sales from 2006 to 2011. The major fuels compared 

are premium unleaded petrol (PULP), regular unleaded petrol (RULP), and ethanol blended 

petrol (EBP). 
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The above graph shows that although there was a spike in EBP sales in over the mid 2010 to 

2011 period, the purchase of EBP by consumers is beginning to decline. On average, it is shown 

that consumers prefer to use PULP over EBP, thus reducing EBP sales to lower than the 6% 

mandate set by the government. 

Currently, there is enough supply of ethanol to meet the current demand of ethanol in NSW if 

the demand in other states remains the same. Supply demand graph is shown in Figure 14 

below. As the Northern Territory (NT) demand for EBP is very low, where in 2010 the NT 

used no EBP for transportation fuel, shown in Table 1 below (IPART 2012). 

 

Figure 13: Monthly fuel sales in NSW over 2006-2011 period, (IPART 2012) 

Figure 14: Potential ethanol supply and demand from 2012 to 2016 period, (IPART 2012) 
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2.2.2 Brazil 

Brazil is one of the global leaders in alternative fuel use for cars and other vehicles. More than 

60% of the 36 million vehicles in Brazil run on ethanol or ethanol flex fuel systems (Smith 

2015). Since 2002 the commercial ethanol blend sold in Brazil fuel stations is 20% -25% 

ethanol. Yang and Trindade state that no engine modification is required with a 20% mixture 

(Ludwig 1983) despite evidence leading to believe that alcohol and alcohol-rich gasoline have 

corrosive effects on some engine parts. Primarily, the ethanol in Brazil is produced from sugar 

cane, with a production value of 18 billion litres in the 2006 -2007 season, of which only 3.5 

billion litres were exported (La Rovere et al. 2011) while the remaining were used in Brazil 

itself. Currently Brazil is undergoing the production of a new form of ethanol called ethanol 

2.0. In a statement Antonio Stuchi said that the second generation of ethanol is looking to boost 

the efficiency of the system without the need to expand the current cultivated area. It is 

estimated that there is capacity for 11 million gallons (approximately 41.6 million litres), 

however only 3.6 million gallons (13.6 million litres) were produced in 2015 (Smith 2015). 

2.2.3 USA 

Ethanol blended gasoline use has grown drastically in the U.S. over a period of 13 years. In 

2001 approximately 1.7 billion gallons (6.4 billion litres) of gasohol were used. After 13 years, 

this amount increased to 13.4 billion gallons (50.7 billion litres) (DoE n.d.). Majority of U.S. 

pumps dispense gasohol with an ethanol content of 10% (E10). However, since 2011, the 

environmental protection agency (EPA) has allowed the sales of E15 in cars of model year 

2001 and above (DoE n.d.). However, all fuel pumps whom choose to sell E15 must have a 

clearly labelled sign stating the ethanol content and the requirements to use E15. 

 

 

Table 1: Road transport fuel consumption by fuel type and state/territory (tonnes/year), (Smit 2014) 
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2.2.4 Thailand 

Gasohol has been in the Thai market since 2001, and is being significantly promoted to increase 

public use and dependence. E10 is relatively more popular as majority of cars thus far have 

only been modified to be able to use E10 safely. However, recently newer cars are in 

development to allow the use of E20 (Joanne 2008). There are predominantly two forms of 

gasohol for sale in Thailand. These two forms are gasohol 91 and gasohol 95. The only 

difference between the two is that gasohol 91 uses 91 octane gasoline, while gasohol 95 uses 

95 octane gasoline. 95 gasohol is significantly more popular than gasohol 91 (Joanne 2008).  

2.3 Gasoline vs Gasohol 

Ethanol has many benefits included when used as a fuel source for cars, with a latent heat value 

3-5 times higher than that of gasoline, the temperature of the intake manifold is reduced further 

and thus volumetric efficiency of the engine is increased (Pikunas, A et al 2003). The latent 

heat of vaporisation is the energy that must be added to a substance to transform a quantity of 

the substance into a gas. The latent heat of ethanol at ρφЈὅ is σωφ  (ωςρ , latent heat of 

gasoline at ρφЈὅ is ρυπ  στω  (Walsh carlines n.d.). The latent heat of ethanol blended 

gasoline fuel will change as per the ethanol content of the fuel. With a higher ethanol content, 

the latent heat of gasohol will be closer to that of ethanol and with a lower content, will be 

closer to that of gasoline. As the ethanol content of gasohol will never be 0%, the latent heat 

of vaporisation of gasohol will always be higher than gasoline, therefore a colder intake 

temperature can be achieved. In a research report conducted by Roman M. Balabin et al ethanol 

was blended into two different gasoline fuels, the difference was related to the octane number, 

density, benzene content, and water content in the added ethanol. The details of the two 

gasoline fuels are shown in Table 2 below (Balabin et al 2006). 
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The research was conducted using the above gasoline fuels, with different ethanol contents 

ranging from 0% to 20% ethanol. The results of the research are shown in the graph in Figure 

15 below (Balabin et al 2006). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15: Enthalpy of vaporisation of ethanol - gasoline mixture versus ethanol 

concentration (Balabin. et al 2006) 

Table 2: Properties of the unleaded gasoline used in the development of gasohol in the research paper conducted by Roman M. 

Balabin et al. (Balabin et al 2006) 
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The above results showed that line A (gasoline A) had a higher enthalpy of vaporisation (also 

known as the latent heat of vaporisation) than line B (gasoline B). This could be due to the 

presence of 4%vol water content in the added ethanol compared to a value of <0.5%vol for line 

B. It is also observed that as the ethanol content of the gasohol mixture increases the enthalpy 

of vaporisation also increases, leading back to the previous statement that as the ethanol content 

increases the enthalpy of vaporisation of the mixture tends more towards ethanol. This is also 

proven by the linear trend that was observed from the research data, stating that it is somewhat 

a proportional change. 

The heating value of ethanol is lower than that of gasoline, it is approximated that 1.6 times 

more ethanol is required to produce the same amount of energy as gasoline. As the analysis is 

only concerned with when the fuel mixture is injected into the combustion chamber in vapour 

form, generally the lower heating value is used. The lower heating value of gasoline ranges 

from τρψφψ ττρωτ, and the lower heating value of ethanol is ςφχτω. Like enthalpy of 

vaporisation of gasohol, the heating value of gasohol will tend towards ethanol as a higher 

ethanol content is present in the mixture. However, unlike enthalpy of vaporisation, the lower 

heating value of gasohol will decrease. Despite producing lower energy, the stoichiometric 

AFR of ethanol is also lower than gasoline. This is due to ethanol having an oxygen atom in its 

chemical composition therefore having a lower AFR there is less air required to for complete 

combustion of the gasohol mixture.  

2.3.1 Experimental Analysis on Effect of Gasohol in SI Engines 

A research study carried out by Alvydas Pikunas et al, tested a 1994 Toyota corolla, to 

determine the power output and specific fuel consumption of the engine using gasohol 

compared to gasoline. The specifications of the engine are shown in Table 3 (Pikunas et al 

2003). Five measurements were taken and averaged to account for the pulsed characteristics of 

the engine, accounting for any outliers in the data set. 
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The properties of the fuels used in testing are shown in Table 4 below (Pikunas, A et al 2003). 

The testing was carried out under wide open throttle (WOT), WOT is when the engines throttle 

body is completely opened, at revolutions per minute (RPM) /engine speed values of 1500, 

2500, 3500, 4500, 5500, and 6500 (Pikunas et al 2003). 

The results showed that due to a lower heating value and hence a lower intake temperature, and 

a lower AFR, the combustion in the cylinder is more complete and hence there is an increase 

in the engine power. Figure 16 shows the comparison between E10 and gasoline over the RPM 

range stated above. Palmer (1986) conducted an experiment using various blends of ethanol 

gasoline fuels in an engine test. His results indicated that 10% ethanol addition increases the 

engines power output by 5%, and the octane number is increased by 5% for every 10% addition 

of ethanol (Pikunas et al 2003). 

Table 3: Technical characteristics of the Toyota corolla engine used for testing. (Pikunas et al 2003) 

Table 4: Properties of fuels used in testing (Pikunas et al 2003) 
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The graph above details the difference in engine power when using E10 compared to gasoline. 

As there is an increase in the engine speed (increase in RPM), the power output of the engine 

also increases slightly. Palmer (1986) stated that at its peak, using E10 will cause an increase 

of 5% in power. As mentioned above having an additional oxygen atom to react with the fuel 

in the combustion chamber will present a much cleaner and complete combustion of the air ï 

fuel mixture. This is enough to produce more power than gasoline which has one less oxygen 

atom to react with and therefore a less complete burn can occur. Although this might not be 

incomplete combustion entirely where soot is produced, by not completely burning all the air 

ï fuel mixture in the chamber and leaving a slight bit of excess remaining can result in reduction 

of the actual power produced compared to what is theorised. 

In the testing, Pikunas et al (2003) also obtained information regarding fuel consumption of 

the engine when using gasoline and E10. The results indicated that when using E10 there was 

a slight increase in fuel consumption by 1-2 % compared to using gasoline. Now the increase 

in fuel consumption is expected as the heating value of ethanol is much lower than that of 

gasoline, similarly the heating value of an ethanol ï gasoline blended fuel will also be lower 

than that of gasoline. As mentioned before a larger ethanol content will result in the heating 

Figure 16: The effect of 10% ethanol addition on an engine's power output. (Pikunas et al 2003) 
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value to tend towards that of 100% ethanol. Figure 17 below details the difference in fuel 

consumption when using E10 compared to gasoline. 

 

Pikunas et al (2003) found that when the engineôs power and revolutions are small when using 

E10 the amount of carbon monoxide (CO) is only 15% less when compared to conventional 

gasoline, however with increasing RPM the reduction in CO emissions increases to 30%. This 

is shown in Figure 18 below. 

 

 

 

 

 

 

 

 

Figure 17: Effect of 10% ethanol addition on fuel consumption (Pikunas et al 2003) 
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As the emissions of CO reduce, the emissions of carbon dioxide (ὅὕ  will increase. From the 

information obtained in Pikunas et al (2003) research there is an estimated increase of 3% at 

small engine power and RPM, with an increase of 6% at higher RPM. The results obtained by 

Pikunas et al (2003) are shown in Figure 19 below. 

Figure 19: CO2 emissions when using e10 compared to gasoline (Pikunas et al 2003) 

Figure 18: CO emissions when using E10 compared to gasoline. (Pikunas et al 2003) 
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Hydro carbons (HC) unlike CO and ὅὕ increases with higher load on the engine (i.e. at higher 

RPM). From the results of Pikunas et al (2003) it was observed that at a RPM speed lower than 

6000, the HC emissions were less when using E10 compared to conventional gasoline, however 

RPM higher than 6000 and the HC emissions were higher when using E10 than gasoline. This 

is shown in Figure 20 below (Pikunas et al 2003). 

Another experiment on gasohol as a fuel supply was conducted by Wu et al (2004) regarding 

óthe influence of air fuel ratios on engine performance and emissions of an SI engine using 

ethanol gasoline blended fuelsô. The experiment consisted of four major systems, the engine 

system, power measurement system, exhaust system, and the injection system. The engine 

system was a 4-cylinder, 8 valve commercial engine called New Sentra GA16DE. The engine 

is a 1.6 litre multi point injection gasoline engine with dual overhead camshaft and a 9.5:1 

compression ratio. An eddy current dynamometer (FE60-100-150 series) was used to measure 

the engine output power. A UREX-5000-4T gas analyser was used to measure the CO, ὅὕ 

and HC emissions. The gas analyser was pre-calibrated for the appropriate use in the 

experiment, with the data being measured online, using a software setup made specifically for 

the gas analyser. 

The experimental conditions of the research involved two engine speeds of 3000 and 4000, and 

six throttle valve openings of 0%, 20%, 40%, 60%, 80%, and 100%. The fuels which were used 

Figure 20: HC emissions when using E10 compared to conventional gasoline. (Pikunas et al 2003) 
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for the analysis were E0, E5, E10, E20, and E30. Appendix 2 details the properties of each of 

the fuels used. 

Wu et al (2004) found that in regards to torque output when comparing the various fuels used, 

as the ethanol content of the fuel increased, the torque output would also slightly increase. This 

increase in torque output was especially prevalent in the lower throttle opening values of 20% 

and 40% at 3000 and 4000 RPM. However, as the throttle openings got wider (increased in 

value from 20% to 100%) the trend of torque output variation due to ethanol content is less 

clear. As this thesis is only concerned with WOT (throttle at 100% opening) only the data for 

100% throttle opening will be analysed. Figures 21 and 22 below show the results of the 

experiment at WOT for 3000 and 4000 RPM. 

 

 

 

 

 

Figure 21: Torque output at 3000 RPM and WOT for various AFR, (Wu et al 2004) 










































































