
 

 

 

Abstract—The past few decades has seen the world look to 

alternative sources of energy due to environmental pollution and the 

massive depletion of the earth’s fossil fuel reserve, the major source 

of energy to man especially in the transport sector the second largest 

consumer of energy after the industrial sector. This quest has seen 

various fuel developments and testing done in the automotive 

industry primarily to displace gasoline and diesel. Biofuels are said to 

have the potential to succeed conventional transport fuels. This paper 

reviews the viability of biomethane and bioethanol as eco-friendly 

substitute fuels in passenger cars. 
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I. INTRODUCTION 

HE world is stimulated and utterly dependent on energy. 

Since the 19
th

 century, a large percentage of man’s energy 

need have been sourced from fossil fuels [1]. These 

hydrocarbons formed from the decay of biomass over 

centuries have been extensively tapped to generate heat, light, 

power and propulsion to make habitation of the earth more 

convenient [2]. Exploration, production and utilization of 

these fuels, mainly oil, coal and natural gas have helped 

catalyze development but with a cost which is their negative 

impact on the ecosystem [1]. These fuels and their derivatives 

when extracted and burnt to produce energy, spill to 

contaminate the earth or produce gases and particles which 

contribute to green house effect, acid rain and ozone depletion. 

The undesirable products of combustion may include carbon 

dioxide (CO2), carbon monoxide (CO), sulphur oxides (SOX), 

nitrous oxides (NOX), hydrocarbons HC, volatile organic 

compounds (VOC) and particulate matter (PM) [3]. 

According to Hubbert’s theory, fossil fuels are finite 

resources and the world is certainly at or close to the peak 

production of these resources after which there is or would be 

a state of terminal decline. There are projections of 

unavailability of these resources in some parts of the world in 

the next 50 years [3]. Major concerns on global warming, 

atmospheric pollution, energy security/sustainability and 

 
Temitope O. Kukoyi is a Master Student with the Mechanical Engineeriing 

Science, University of Johannesburg, Auckland Park Kingsway Campus, 

Johannesburg 2006 South Africa. 
Edison Muzenda is a visiting Professor of Chemical Engineering at the 

University of Johannesburg, Department of Chemical Engineering, Faculty of 

Engineering and the Built Environment, P.O. Box 17011, 2028, Johannesburg, 
South Africa . 

Able Mashamba3 is a senior lecturer with The Department of  Mechanical 

Engineering Technology, Faculty of Engineering and the Built Environment, 
University of Johannesburg. 

unstable oil prices have been raised within the past few 

decades hence the need for alternative sources of energy [4]. 

The transport sector; the second highest fossil fuel consumer 

after the industrial sector consumes a third of the world’s 

energy reserve, its conventional fuels are petrol and diesel 

derived from the fractional distillation of crude oil [5]. 60% of 

the total crude oil consumed per day is employed to power 

different modes of transportation, 98% of the energy 

consumed in this sector comes from fossil fuel as is evident in 

figure 1 and 2. The transport sector is also expected to be the 

fastest oil consuming sector in 2030 with the number of cars 

projected to hit 1.25 billion from the 700 million currently 

plying our roads [5], [6]. This sector is not only plagued with 

insatiable fuel demand that can’t keep up with the rate of 

production but also with skyrocketing fuel price and also 

accounts for an enormous percentage of green house gas 

(GHG) emissions [7]. The transport sector has recently turn to 

natural gas as a substitute which performs fairly well and its 

combustion having lesser adverse effects on the ecosystem but 

it still being a fossil fuel means more research is being done to 

find the perfect cost effective, sustainable and environmentally 

friendly alternative fuel [8]. Solar energy, electricity, p series, 

propane, hydrogen, ammonia, steam and different biofuels like 

biodiesel, ethanol, bio-dimethyl ether and biogas receive 

enormous attention all over the world as viable replacement 

fuels [9], [10]. Hydrogen is seen as a futuristic fuel, electricity 

and solar powered vehicles are still being intensively 

researched to make it cost effective and acceptable but this 

paper would dwell on biofuels, biomethane and bioethanol as 

they are about the cheapest and most environmental friendly 

fuels on the energy market and perform efficiently in vehicle 

engines [9]. Though  both biofuels have been employed in 

diesel and gasoline applications most of the reference in this 

review would be directed at passenger car engines, hence 

emphasis would be placed more on them as substitutes for 

gasoline which is more popular in “light vehicles” with 

occasional comparison to diesel fuel and its applications. 

 

  Fig. 1 World energy consumption by sector, 2012 (EIA Data) 
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Fig. 2 World energy consumption, 2013 (EIA, Data) 

II.  ALTERNATIVE FUEL 

Alternative fuels are energy housing substances other than 

petroleum. For a fuel to be a viable replacement for petroleum, 

it must satisfy the following criteria: 

 Sustainability – readily available, long lasting 

 Performance – octane and cetane ratings, energy 

content per unit volume 

 Economical – lower or competitive price when 

compared with conventional fuels, life time cost, 

maintenance cost. 

 Safety – safe storage, toxicity,  

 Environmental issues – carbon content, volatility, 

overall GHG emissions, contributions to pollutants. 

In summary for an alternative fuel to replace petrol and 

diesel in the transport sector, it must have cost 

competitiveness and infrastructural availability which makes 

the fuel attractive and marketable. It must be easily procured 

from renewable sources and perform similarly or better than 

conventional fuels in internal combustion engines (ICE). Ease 

of integration into already existing fossil fuel infrastructure 

would be an added advantage as it would reduce the overall 

cost of the fuel [9]. 

III. BIOMETHANE 

Biomethane is another highly researched alternative fuel, 

also called “green gas”, it is the derivative of scrubbed and 

upgraded biogas. As the name implies, it is made up of 

primarily methane (90 – 99% CH4) after removal of the 

undesired constituents from the biogas and then compressed 

for use in vehicle applications [11]. Biogas, a first generation 

biofuel, is generated from the anaerobic decomposition of 

diverse organic material which may include energy crops, 

farm related wastes (manure, feed and harvest waste), sewage 

sludge, industrial waste, household waste and from other 

sources like landfills. It may also be created naturally from 

sewage streams, swamps and landfills or in controlled 

environments in an anaerobic digester (AD). The 

decomposition process is similar to what happens in the 

digestive tract of a ruminant animal. Microbes acts on organic 

matter to produce a gas rich in methane (CH4) with quantities 

of carbon dioxide, water and other trace gases. The quantity of 

methane produced is between (40%-75%) depending on if the 

biogas was produced from natural decomposition or from a 

controlled process [12], [13].  

 

A. Biomethane production 

Anaerobic digestion is a process which has been in existence 

for centuries with records of it dating back to early Persia and 

by Marco Polo in China over 2000 years ago. The process has 

been developed in recent years not only to produce biogas but 

also aid effective waste management. The first AD plant 

commenced operation in 1859 at Bombay, India [14]. The 

digestion of organic matter to produce biogas, a clean, 

renewable and sustainable energy source involves bacteria 

which thrive in mesophilic (25 – 40°C) and thermophilic (50 – 

65°C) conditions. The phases involved in process include 

hydrolysis, acidogenesis, acetogenesis and methanisation; 

these processes involve breakdown of complex matter into 

methane and other gases that make up biogas. If the system is 

well balanced the processes are synchronized. The methane 

production efficiency of AD systems may be improved by 

mixing the substrates and optimizing other process conditions 

like the pH, carbon to nitrogen ratio, loading rate and retention 

time etc. [15]. Biogas has been extensively used to generate 

light, heat and power through boilers, combined heat and 

power, vehicle propulsion and recently fuel cells. 

    In vehicle application, there is the need to rid the biogas of 

all impurities except flammable methane (biomethane) which 

currently can be purified through; 

 Physical and chemical absorption ( using organic 

solvents) 

 Pressure swing adsorption (using materials like activated 

carbon) 

 High pressure membrane separation 

 Cryogenic upgrading (at elevated pressures) 

CO2, O2, N2, H20, siloxanes, halogenated hydrocarbons are 

removed as they affect the vehicle engine’s performance or 

damage it [16], [17]. Biomethane is also injected into gas grids 

as evident in many European nations because of its similarities 

with fossil fuel natural gas and employed in all natural gas 

applications. In vehicle use biomethane is bottled in cylinders 

for use. Compressed biogas and compressed natural gas 

(CNG) have similar methane content and are often referred to 

as (CNG) in literature. Comparisons have been drawn in their 

performances at constant speed internal combustion engines. 

These experiments reported similar engine performances in 

terms of brake power output, specific gas consumption, 

thermal efficiency, fuel economy and emissions [12], [17]. 

B. Biomethane storage 

As is the case with other gaseous fuels, biomethane is stored 

by compressing into pressure tanks to aid handling, 

transportation and increase pressure levels which is required to 

overcome resistance gas flow [18]. The pressure tanks may be 

made from steel, aluminum and recently composite materials 

for their strength to weight ratio. They are fitted with safety 

devices like rupture disks and pressure relief valves. 

Compression which is done at 200 – 250 bars also helps to 

improve the energy density of the gas. However, the amount 

of energy available in the compressed gas is still less than 

what is available in equal volume of liquid fuels like petrol 

and diesel [13], [18]. This energy disadvantage could be 

reduced by cryogenic cooling which liquefies the gas at a 

temperature of (-162°C) before being forced into high pressure 
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storage cylinders [11]. The shorter driving ranges experienced 

with gas vehicles could be improved by fuelling the same 

vehicles with biomethane in liquid form. CNG range 

limitation is pegged to be at 4:1 volume disadvantage and 

liquefied natural gas (LNG) is at 1.3:1 volume disadvantage 

when compared to petrol. In the same vein LNG has a similar 

energy density to ethanol better than that of liquid methanol 

but still lower than that of diesel 1.7:1 [11], [19], [20].  

    Development in CNG storage technology has seen the use 

of adsorption to increase the volume of the gas that could be 

compressed into the pressure tank. This is called adsorbed 

natural gas (ANG). The system makes use of sponge-like 

materials (eg activated carbon) whose pores soak up or allow 

gas entry; which to a large extent increases the storage 

capacity of the tank by lowering the storage pressure and 

increasing the volume of gaseous fuel that would have been 

stored in the same container. This system tends to improve 

driving ranges and if well developed would reduce the 

bulkiness associated with multiple cylinders on-board vehicles 

[21].  

C. Biomethane in vehicles 

    Biomethane can be used as a renewable fuel in all natural 

gas applications. The transport sector has utilized natural gas 

for a while as an alternative fuel with unstable price and 

inadequate supply plaguing the oil sector. Recent trends have 

seen biomethane’s development and production boost the 

supply of natural gas with some countries adopting its direct 

use as a vehicle fuel or injection into their natural gas grids in 

many sectors, transport inclusive [5, 9, 17]. Natural gas and 

biomethane most times referred to as (CNG) are chemically 

interchangeable with their difference being their source (fossil 

fuel or renewable organic sources) [22]. CNG vehicles have 

seen a surge in production and acceptance in recent years with 

a record of about 14.8 million vehicles in 2014 from 3 million 

vehicles in 2003 [7]. Sweden is very much ahead of most 

countries in biomethane’s use in the transport sector with a 

large percentage of their public vehicle fleets being CNG 

powered and much of this success is attributed to the 

government’s push for energy sustainability, motivating the 

production of biomethane to be injected into their natural gas 

grid. 50% of Sweden’s annual biogas production is converted 

to biomethane to power their vehicles [23].  

    Biomethane is burnt as fuel in internal combustion engines 

(ICE) with little or no modification required on conventional 

spark and compression ignition engines. Alterations may be 

done to their fuel systems to accommodate the gaseous fuel as 

compared to the regular liquid fuel systems; the basic ICE 

would burn CNG to produce the desired energy to propel a 

vehicle [24].The vehicle system is such that the storage tank 

often mounted in the trunk of the vehicle discharges the fuel at 

high pressures (200 bar) through fuel lines (steel tubes) to a 

pressure reducer allowing a pressure drop to about 3-7 bars 

before entry into the engine through the air intake or gas 

injectors. Air is drawn into the combustion chamber which 

mixes with the fuel injected then allowed to self-ignite (Dual-

fuel systems) or burnt with the aid of spark plugs (Bi-fuel or 

dedicated systems). The combusted air-fuel mixture expands 

to produce the desired rotational force to propel the vehicle 

[20].  

    Some desirable characteristics of biomethane that 

encourages its use as a vehicle fuel includes its Wobbe index, 

atomization and motor octane number. When the Wobbe 

number is kept constant for CNG, there is no noticeable 

change in air-fuel ratio, laminar velocity (which affects 

ignition timing) and the knock resistance when compared with 

conventional fossil fuels [12], [25]. The Wobbe number is the 

main indicator of interchangeability of fuel gases and similar 

Wobbe number signify that gaseous fuels could be substituted 

for a given pressure and valve setting [17]. Biomethane being 

a gaseous fuel is completely homogenous with air and doesn’t 

need to be atomized before combustion like liquid fuels [22]. 

This results in improved burning in the combustion chambers 

which would improve efficiency in dedicated engines and 

yields lesser hydrocarbon and carbon monoxide pollutions. 

Cold-start-fuel-enrichment is also not required as fuel is 

already in its vapour state which is a major source of CO 

pollutions in cars [26].  

    Finally the high motor octane number means engines can 

attain high compression ratios and efficiencies with little 

susceptibility to knock. However due to the low volumetric 

density of the fuel, CNG vehicles have shorter driving ranges  

than liquid fossil fuels systems with liquefying the biomethane 

(LNG)  being an alternative to improve the driving ranges or 

increasing the number of storage tanks that houses the gas 

which would cause a weight penalty on the overall system 

[17], [27]. CNG also requires a longer duration to combust 

due to its low burning density which causes a reduction in 

engine performance and working efficiency in modified spark 

and combustion ignition engines, this could however be 

remedied though spark advance, increasing compression 

ratios, increasing intake temperature or creating a high-

turbulence combustion chamber. Performance might also be 

improved in dedicated engine designed to optimize the 

positive burning characteristics of the fuel gas or blending 

CNG with additives like hydrogen to better its combustive 

properties [9], [20]. 

    CNG vehicles may be a dedicated, bi-fuel or dual fuel 

system. A dedicated system makes use of only CNG as fuel to 

provide motive force. The system is designed to accommodate 

the chemical properties of CNG to deliver better outputs as 

they have single tanks dedicated to just CNG, giving room for 

more cargo capacity and cleaner emission. The bi-fuel system 

uses petrol and gasoline alternatively and offers the flexibility 

of a gasoline engine with the low cost of CNG. In dual fuel 

systems diesel introduced as the pilot fuel due to its lower 

auto-ignition temperature, then diesel and CNG are 

simultaneously burnt. These systems have been reported to 

give reasonable fuel economy [20]. 

IV. BIOETHANOL 

    Bioethanol or ethanol also commonly called ethyl alcohol is 

a sustainable and renewable alcohol based fuel manufactured 

from the fermentation of sugar. The product of the 

fermentation is then distilled to rid it of water, it is called 

anhydrous ethanol. Bioethanol is generated from food crops or 

cellulosic biomass and their derivatives which contain 

appreciable amount of sugar or materials that can be converted 

into sugar like sugar beet, sugar cane, corn, cassava, potato, 

7th International Conference on Latest Trends in Engineering & Technology (ICLTET'2015) Nov. 26-27, 2015 Irene, Pretoria (South Africa)

http://dx.doi.org/10.15242/IIE.E1115054 193



 

 

sunflower, sorghum, switch grass, wheat, wood, straw, barley, 

paper etc [9]. Fermentation of starch to produce ethanol is 

primarily a first generation technology proven and developed 

over the years and is used to produce the major percentage of 

the world’s ethanol but recently a second generation 

technology which involves hydrolysis of lingo cellulosic 

materials and industrial waste has also been employed. The  

process is expensive and is not really accepted for commercial 

production of ethanol. The fermentation process is aided by 

yeast which yields ethanol with CO2, acids, glycerol and a few 

other products. The ethanol initially produced is aqueous 

having about 15% ethanol. The solution’s purity is raised by 

distillation [9], [28]. The equation below shows the 

fermentation process. 
 

                                (1) 
 

A. Bioethanol Production  

    The dry milling process accounts for 75% of current total 

ethanol production and is relatively less complex and cheaper 

than the wet milling option. The entire feedstock is grounded 

by hammer mills to a powdery substance referred to as a meal. 

The meal is made into slurry (a homogeneous mixture with 

water), alpha-amylase (aids liquefaction) is added to the 

mixture while the pH of the system is controlled with 

ammonia.  The meal is passed through cookers to raise the 

temperature of the system initially to high temperatures of 

between 120°C to 150°C then held at a lower temperature of 

95°C. Liquefaction reduces the bacteria levels ahead of 

fermentation. The mash is then cooled, gluco-amylase is 

added which converts the liquefied starch to dextrose 

(saccarification). The sugars are then fermented to ethanol and 

carbon dioxide, the metamorphosis completed by yeast. The 

fermentation process takes about 48 hours and is enhanced by 

agitation and continuous cooling. The product at this point 

“beer” contains a small percentage of ethanol with non-

fermentable solids and water which is pumped into distillation 

columns where ethanol (96% strength) is separated from the 

residue. The alcohol is dehydrated with a molecular sieve to 

produce anhydrous ethanol. The final process of ethanol 

production as fuel is denaturing where (2-5%) of products like 

gasoline is added to render it unfit for recreational 

consumption. This is done to differentiate it from an alcoholic 

beverage whose production is heavily taxed across the world 

[9], [29]. 

    The wet milling process is very similar to the dry milling 

process with the major difference being the processes before 

fermentation. The grains are initially soaked in water and 

sulphuric acid for 24 to 48 hours (steeping). Steeping aids the 

disintegration of the grains to different components which 

allows the production of other products apart from ethanol. 

Grinders, crushers, separators are used after steeping to 

produce corn gem, fiber, gluten and starch components. Starch 

produced may be dried for consumption (corn syrup, modified  

corn starch, animal feed) and even fertilizers (vinasse) [29]. 

    Cellulosic ethanol production involves pre-treatment, 

hydrolysis, fermentation and ethanol recovery and is currently 

not an economical process. Pre-treatment allows the 

hemicelluloses part of the biomass to be broken into simple 

sugars and cellulose hydrolysis allowing the cellulose 

component to be degraded into glucose for fermentation. 

Alternatively heat and chemicals can be used to disintegrate 

biomass into syngas and reassembled to ethanol [9], [29]. 
 

B. Ethanol as a transport fuel 

     Its use over the past few decades has been motivated by the 

availability of renewable feedstock and its relatively lower 

production cost when compared to conventional fuels. 

Depending on the production method used, bioethanol can be 

produced in enormous quantities for domestic use and even 

exports. Table 1 shows that USA is the leading producer, 

consumer and exporter of bioethanol accounting for 60% of 

the world’s ethanol production with a bulk of it diverted into 

transportation. Bioethanol, cheaper than natural gas for the 

past four years has been the lowest cost motor fuel and octane 

source in the USA. Such is the development that has been 

associated with bioethanol that it is not only sufficient and 

accepted for domestic use but over 825 million gallons was 

exported in 2014 with Canada receiving 43%, Brazil the 2
nd

 

largest producers of ethanol accounting for 13%, oil rich UAE 

with 10% with Europe and India importing 16% of USA’s 

ethanol production [29]. 

     Production of bioethanol over the past few years has also 

given rise to smaller carbon foot prints, as a result direct and 

indirect GHG emissions of ethanol use are 34% and 44% 

respectively less than gasoline’s. Efficiency in harnessing 

ethanol from crops for energy has also been considerably 

improved with thermal and electrical energy required to 

produce a gallon of ethanol falling 35-38% almost two 

decades ago, recent records show a further increase in 

efficiency by 50%. 1 unit of energy invested in corn-ethanol 

production produces 2.3 units of useable energy [29]. 

    Bioethanol in transportation is denatured not just to avoid 

heavy taxes but to tap into various incentives like subsides and 

rebates, mechanisms put in place by governments to promote 

its production. Gasoline, methanol, propanol, ethyl acetate, 

ether, 1, 1-diethoxyethane are denaturants added in small 

quantities (5-10%) to pure ethanol [29], [30]. 

C. Ethanol in vehicles 

    At the end of the 19
th

 century Henry Ford developed an 

automobile powered by pure ethanol but the discovery of 

crude oil and its derivatives coupled with its low price, 

TABLE 1 

 WORLD ETHANOL PRODUCTION (MILLION LITRES) 

Country 2007 2008 2009 2010 2011 2012 2013 2014 

USA 24684 35238 41405 50338 52799 50346 50346 54131 

Brazil 18998 24499 24900 26203 21096 21111 23723 23432 
Europe 2158 2778 3937 4577 4421 4463 5190 5469 

China 1840 1900 2052 2052 2101 2101 2635 2404 

Canada 799 901 1102 1351 1749 1700 1980 1931 
Rest of the world 1192 1473 3460 3729 2642 2847 4815 5640 

Total 49671 68789 76855 88250 84808 82568 88689 93007 
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availabilty and higher energy content saw the decline of the 

use of ethanol and other energy sources. With the energy 

crises of the 70’s there was need for alternative fuels with 

ethanol being one of the options [28]. Ethanol because of its 

unique properties which includes high octane rating and 

similarity in nature can be used as a substitute or an additive 

for gasoline in spark ignition engines. It can also be used in 

compression ignition engines but ethanol’s low cetane ratings 

and high ignition temperature makes it preferable in spark 

ignition engines where spark plugs initiate combustion [28]. 

Ethanol combusts cleanly in ICE’s and produces less 

particles and CO2 as exhaust emissions. Its lesser energy 

density means more ethanol in weight and volume would be 

required to get the same energy content available in gasoline 

and diesel [9]. Ethanol when used as an additive in gasoline 

enhances the combustion properties. Ethanol contains 

hydroxyl (oxygen covalently bonded to a hydrogen atom) and 

when added to gasoline oxygenates the fuel allowing more 

efficient burning and reduction in tail pipe emissions. It is also 

an octane enhancer when blended with gasoline creating a 

more efficient fuel called gashol [9], [31]. Ethanol-gasoline 

mixes allow ICE’s at same valve settings run at higher 

temperatures without knock and reduces the fuels 

susceptibility to auto ignition. All these factors promote higher  

higher efficiencies (9% increase recorded in ethanol and high 

blend gashols) and delivering more power. Ethanol may be 

used as a mono fuel, hydrous ethanol E100 (95%-97%) 

ethanol with water or blended in different ratios with gasoline 

but the commercially available ones are E95 (95% ethanol 

with 5% gasoline), E85 (85% ethanol with 15% gasoline), E10 

(10% ethanol with 90% gasoline), E22 (22% ethanol with 

78% gasoline), E15 (15% ethanol with 85% gasoline). Other 

blends approved for use in some countries are E20, E25, and 

E30 [28], [29], [31]. It is important to note that most vehicles 

developed since 2001 can run on lower blends of ethanol 

particularly E10 and E15 without damage to the engine but 

higher blends of gashol may require simple and inexpensive 

engine modification. Ethanol corrodes and degrades plastic 

and metallic components in the engine due to its acidic and 

hygroscopic nature. The modification entails substituting 

stainless steel for aluminum, magnesium and brass parts in the 

engine. To avoid swelling and cracking of some rubber and 

plastic components, parts may be replaced with, nylon, 

fluorinated plastics and high density polyethylene. In 

compression ignition engines diesel-ethanol blends (diesohol); 

E-diesel (15% anhydrous ethanol, 85% diesel) and O2 diesel 

(7.7% ethanol and 0.5% biomass based additives in diesel) are 

used due to ethanol’s ability to reduce particulate emissions. 

Ethanol and its blends are used in compression ignition 

engines (mostly dual-fuel systems) and spark ignition engines 

(dedicated mono fuel, bi-fuel and dual fuel systems). To fully 

accommodate and maximize the qualities of ethanol and its 

blends engine may require further modifications like the use of 

a turbo charger, altering valve and ignition timing and valve 

change for system optimization. However, diesel engines 

would require cetane improvers or an auxiliary fuel to initiate 

combustion [28]. 

Flex fuel vehicles (FFFV) have been commercially 

available since the 70’s and are identical to SI engines with 

little modifications. Recent models can run on gasoline or 

gashols of 0% to 85% ethanol in gasoline. There are about 48 

million vehicles flex fuel vehicles in the world championed by 

Brazil, USA, Canada and Europe. Currently most major 

automobile manufacturers have warranty covering the use of 

E10 gashol as it could be used anywhere pure gasoline is used 

without damage to the system [28, 32]. 

Ethanol is a solvent and that has its pros and cons in engine 

applications, when introduced as a fuel, it dissolves varnishes, 

rusts and deposits in the fuel tank, fuel lines and engine parts. 

The cleansing quality of ethanol could also serve as a 

disadvantage as dissolved deposits may clog fuel lines, 

carburetors and cut down the engine’s life span. Fuel 

enhancers and additives are added to the ethanol and its blends 

which further breaks dissolved particles into smaller bits that 

could be burned during combustion [28], [33]. 

Due to bioethanol’s low cetane number, the fuel would not 

easily vaporize in the combustion chambers to commence 

ignition leading to cold start issues, a major source of 

hydrocarbon emissions in SI engines. Pentane and hexane in 

gasoline aid combustion at low temperatures but in ethanol 

vehicles inexpensive and efficient methods of solving cold 

start and warm up issues may include the use of an auxiliary 

fuel (gasoline) to commence the ignition phase or the use of a 

block heater (an heating element) to raise the coolant 

temperature to about 90°C enough to heat up the cylinder 

walls to start ignition and in the process also vaporizing 

unburnt or condensed fuel on the cylinder wall, associated 

with undesirable  emissions in cold start operations [28].     

V.  FOOD VS. FUEL AND LAND USE 

The major challenge mitigating the use of bio ethanol is the 

“food versus fuel dilemma” with an argument that cultivatable 

lands and food crops are used for fuel production at the 

detriment of having sufficient food supply across the world. 

This argument has been on for decades and had tilted in 

support of advocates for the ban of fuel production from food 

crops but there has been a recent shift with advancement in 

production technologies. Newer production processes have 

given rise not only to a record high in the world’s ethanol 

production but the world food price index also fell to a five 

year low, spearheaded by countries with production of ethanol 

from food crops. USA the largest producer of ethanol in 2014 

recorded its highest crop yield in years, crashing corn price to 

a four year low, at such there were more grains for food and 

fuel than ever before. Ethanol production also provides animal 

feed which saw an increase in 2014. 39 million metric tonne 

of feed were produced enough to provide normal size chicken 

breast daily for all in America. It has been observed that food 

prices are more influenced by rising labour cost, rising energy 

cost, transportation, processing and packaging cost rather than 

its conversion for use as alternative fuels [29]. Biomethane 

can not only be produced from diverse biomass (which 

includes food crops) but also non-edible crops and waste. 

Though there is also the food versus fuel and land use 

argument in biomethane production it doesn’t count for much 

as a large percentage of biomethane production is done 

through decomposition of waste [9].  
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TABLE II 

COMPARISON OF SOME TRANSPORT FUELS 

Property Gasoline CNG Ethanol 

Chemical formula C4 – C12 CH4 C2H5OH 

Molar Mass 100 - 105 16 46 

Carbon 85 - 88 75 24 

Specific gravity 
(15.5°C/15.5°C) 

0.72 – 0.78 0.424 0.792 

Boiling Temp (°C) 27 - 225 -161 78.4 

Freezing Temp (°C) -40 -183 -114 

Density at STP  (kg/m3) 711 0.717 785 

HHV (MJ/kg) 47.3 55.5 26.9 

LHV (MJ/kg) 44.5 50.3 21.3 

Heat of vapourisation (KJ/kg) 305 N/A 840 

Flammable limits 1.2-6.0 5.3-15.0 3.3-19 

Minimum ignition energy 0.25 0.28 0.23 

Laminar flame speed (m/s) 0.37-0.43 0.38 0.48-0.49 

Auto-ignition temperature (°C) 260-460 540-630 423 

Flame temperature (°C) 2307 1914 1930 

Diffusivity in air (cm/s) 0.08 N/A 0.1 

Octane number 97-98 130 106-110 

Flash point temperature (°C) -42 N/A 12 

VI. DISCUSSION 

This section would juxtapose the use of biomethane and 

bioethanol as alternative fuels in light duty vehicles using 

performance in combustion engines, safety, cost, emissions 

and sustainability as criteria. Some of the properties of both 

fuels are highlighted in Table 1. This section may also ascribe 

the use of CNG for biomethane during discussions as the 

biomethane to be discussed is expected to be of natural gas 

quality. 

A. Performance 

The exothermic reaction of the combustion of CNG and 

bioethanol at ideal conditions are as follows 

                                     (1) 

                            (2) 

Both fuels are colourless and relatively non-toxic fuels. 

Theoretically the combustion of both fuels should yield carbon 

dioxide and vapour but in engine applications where 

atmospheric air (79% Nitrogen by volume) is used as the 

oxidant, quantities of nitrous oxides are produced. Ethanol due 

to its hydroxyl content combusts cleanly to produce cleaner 

emissions than gasoline, lesser carbon atoms in biomethane 

means lesser tail pipe emissions when burnt to produce energy 

when compared to biomethane and gasoline. However during 

incomplete combustion sometimes associated with cold start 

operations, biomethane yields methane which is 21 times a 

more potent green house gas than carbon dioxide. When 

ethanol is partially combusted and emitted into the 

atmosphere, it degrades easily and possesses little or no threat 

to humans [13], [28]. Biomethane also produce less particulate 

than liquid fossil fuels, gashol and ethanol [9], [34]. 

Biomethane has a lesser energy density than ethanol and 

gasoline leading to biomethane having shorter driving ranges 

than the other fuels. Biomethane range limitation is at a 4:1 

volume disadvantage to petrol while ethanol with similar 

energy density to cryogenically cooled biomethane (LNG) is 

at 1.3:1 volume disadvantage to petrol [11], [20]. However 

gasoline-ethanol blends have intermediate energy densities 

proportional to mix-ratios which naturally favours more 

gasoline in the blends [28]. 

Ethanol’s oxygen content coupled with its diffusivity allows 

it to combust efficiently at lower stoichiometric air-fuel ratio 

when compared to gasoline (9:1 and 14.7:1). Biomethane on 

the other hand has a higher stoichiometric air-fuel ratio ( 

17.2:1) but is compensated for by its better diffusivity 

(0.63cm/s to gasoline’s 0.08cm/s and biomethane’s 0.1 cm/s) 

as gaseous fuels don’t need to be a atomized by carburetion. 

The combustion of the stoichiometric air-fuel ratio of these 

fuels give similar amount of energy, this is the major reason 

why conventional spark ignition ICE can accommodate 

biomethane and ethanol without necessarily redesigning it 

[26], [28].  

Biomethane produces the most heat energy when 

combusted as seen in their higher and lower heating values 

CNG (55.5 MJ/kg & 50.0MJ/kg), gasoline (47.3MJ/kg & 

44.5MJ/kg) and bioethanol (26.9MJ/kg & 21.3MJ/kg). 

Ethanol has the lowest heating values but this is compensated 

for by its high octane ratings making it a very efficient fuel. 

These values (Heating value and octane number) determine 

efficiencies in gas engines which is basically the rate of 

conversion of chemical energy to mechanical energy. The 

higher the octane rating of the fuel, the higher the 

temperatures and compression ratios the engine can operate 

enabling improved gas efficiencies. Also the higher the octane 

number of the fuel the less susceptible the engine is to pre-

ignition and knocking. Ignition is initiated just after the 

compression stroke and high octane fuels can be compressed 

further and faster without igniting before the required time (in 

SI engines before action from the spark plugs). The higher the 

octane number of a fuel and its anti knock index the more 

efficient and smoothly the engine runs offering better fuel 

economy, torque, power and lower CO2 emissions. Hence the 

use of high octane fuel is encouraged when high speed and 

high engine performance is paramount [26], [28], [35]. 

Biomethane certainly has an edge when looking at the octane 

ratings and heating values. Biomethane possesses a higher 

octane number than ethanol. Therefore, it can operate at higher 

compression ratios and temperatures. However there have 

been cases of biomethane fuelled engines running at extreme 

temperatures due to its high octane rating which could be 

detrimental if the engines are not designed for such 

temperatures which is the case with many modified engines 

running on these alternative fuels. Ethanol fuelled engines are 

less prone to such extreme thermal issues as the very high 

latent heat of vapourisation of ethanol 840KJ/kg compared to 

petrol’s 305KJ/kg. Ethanol’s very quick vapoursation (state 

changing process) causes successive cooling, normalizing the 

systems temperature, a factor that also reduces the likelihood 

of auto-ignition and knocking. The high latent heat of 

vapourisation of ethanol with its system cooling advantages 

also causes cold starting problems. Ethanol and biomethane 

both need the use of auxiliary fuels or some warm up 

mechanisms during low temperatures to commence ignition 

because of their high ignition temperatures [8], [18], [28]. 

Biomethane like most gaseous fuels burn cleaner than liquid 

fuels and doesn’t contaminate the lubricating oil hence 

maintenance period and longevity of the engine is extended 

[18]. Gaseous fuels naturally have higher mixability in air and 
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don’t need to be atomized into a fine spray in the combustion 

chambers; these and biomethane’s wide flammability limit 

enable its utilization in leaner mixtures, though power loss 

might be noticed, it is compensated for by lower combustion 

temperature, fuel economy and lower NOx emissions [26]. 

Mixing ethanol with gasoline improves efficiencies, fuel 

economy and exhaust emissions. Mid-level ethanol blends or 

renewable super blends (20%-40% Ethanol) with higher anti-

knock indices than gasoline’s 87.5 have been found to utilize 

the dynamic properties of both fuels that might make engines 

running on them perform comparably or better than some 

gaseous fuels like biomethane [28].  
 

B. Emissions 

Emissions of alternative fuels are evaluated using the well to 

wheel (WTW) assessment which looks at the cradle to grave 

(production to utilization) analysis of the fuels. The well to 

wheel rating is further divided to the well to tank (WTT) and 

tank to wheel (TTW) assessment which looks at sourcing to 

dispensing the fuel into the vehicle and utilization to produce 

power respectively [23]. Biomethane is said to yield lesser 

tailpipe GHG emissions than gasoline because of its lesser 

carbon to hydrogen atoms and bioethanol’s tail pipe GHG 

emission is also lesser when compared to gasoline because of 

its oxygen content when utilized in vehicles. Biomethane 

however produces lesser particulate emission than ethanol in 

dedicated engines but if combustion is incomplete for any 

reason, harmful methane is discharged to the atmosphere when 

compared to ethanol being emitted which degrades easily and 

is almost harmless to nature [26], [28]. For TTW analysis, 

biomethane’s GHG emission is 20%-25% less that of gasoline 

while ethanol is 5% to 50% lesser than gasoline depending on 

the purity of the ethanol and its blends [9], [28]. The overall 

WTW life cyle analysis of petrol is about 164g CO2.eg/km 

with biomethane observed to have 39%-97% GHG reduction 

while ethanol is 25%-85% using commercially available 

production methods. Production of bioethanol and biomethane 

yields the least overall GHG emissions when sugar and 

manure are used [28], [36]. 

C. Safety 

Biomethane is a highly diffusive fuel like any other gaseous 

fuel and when there is a leak, it escapes into the atmosphere 

and doesn’t pool on the ground creating the risk of detonation 

as observed with conventional liquid fuels. However ethanol 

leak has little or no adverse effect on the soil and water as is 

the case with diesel and petrol, ethanol is non-toxic and 

biodegradable and contains no carcinogenic component except 

when denatured by gasoline or diesel and then the toxicity of 

ethanol is directly proportional to the content of the additive. 

Also during leaks ethanol would have more energy loses when 

compared with biomethane as a result of its higher energy 

density [17].  

Tail pipe emission is drastically reduced when using ethanol 

or biomethane as substitute transport fuels, reducing the risk 

of respiratory diseases associated with air and environmental 

pollution [31], [37]. 

When exposed (during leakages) biomethane and ethanol 

need to be in concentrations within the flammability range for 

detonation to occur which is difficult to achieve in open 

environments, this is also due their high auto ignition 

temperatures and bioethanol’s low cetane number. During 

leakages biomethane diffuses quickly into the atmosphere and 

ethanol leakages are much easier to manage than that of 

gasoline. However in compression ignition engines ethanol-

diesel blends have similar flammability when compared with 

neat ethanol (E100). E-diesel is placed in the same safety class 

as gasoline. The flammability of a diesel-ethanol blend isn’t 

directly proportional to the quantity of ethanol added as 5% 

ethanol in diesel lowers the flash point to that of pure ethanol 

[28].   
 

D. Cost 

Biomethane and bioethanol are cost competitive fuels in 

comparison to conventional transport fuels. Another factor 

that cuts down the cost of these fuels is the ease of distribution 

using available facilities. Biomethane is distributed in 

established natural gas infrastructure (Sweden and Germany) 

while ethanol is transported through pipelines similar to that of 

gasoline in Brazil. In the USA it is transported in tankers 

which are non-pressurized  with a capacity of up to 9000 

gallons or by rail (in non-pressurized tanks of about 30,000 

gallons) to various dispensing stations[28], [38]. Such is the 

acceptance of these fuels in some countries which has seen 

Sweden fuel 50% of its current public vehicle fleets with 

biomethane while ethanol and its blends are readily available 

in most filling stations in Brazil and the United States. In 

Sweden biomethane is produced at half the price of petrol 

while hydrous ethanol and high level ethanol gasoline blends 

(E95 and E85) are $1 less than the price of a gallon of gasoline 

[23], [29]. 

Modification of an engine to run on low blend ethanol (E10 

and E15) would cost about $401 to $803 though most vehicles 

created after 2001 can efficiently run on low ethanol blends 

without damage. Potentially all vehicles could be made with 

high ethanol blends E85 as same major automobile 

manufacturers build vehicles for use in Brazil which currently 

use relatively high ethanol blends and anhydrous ethanol E100 

[33]. Flex fuel vehicles of the same model and year as their 

gasoline versions are currently sold at the same price [39]. 

Gasoline to biomethane conversion kits is readily available 

with retrofitting costing $2700 to $10600, determined by the 

vehicle size. CNG vehicles of the same model and year are 

$1900 to $9000 more expensive than their gasoline versions 

[40].  

E. Sustainability 

Biomethane and bioethanol are both sustainable and 

renewable fuels; they can be produced from abundant 

renewable sources and are ideal substitutes for conventional 

fossil fuels [9]. 

VII. CONCLUSION 

Biomethane and bioethanol are viable renewable and 

environmentally friendly substitute fuels in the transport 

sector, particularly for passenger vehicles. They perform 

effectively in internal combustion engines and in dedicated 

systems, perform better than gasoline. They are cheaper 

alternatives and are sustainable. However gasoline-ethanol 

blends remains the immediate solution to solving the fuel 
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challenges associated with the transport sector. This is evident 

in the acceptance of the fuel-mix and its technologies in some 

parts of the world which has been in existence for over three 

decades leading to the production of over 18 million FFV’s in 

the United States alone as compared to about 14.8 million 

CNG vehicles produce across the globe in 2014. Gasoline-

ethanol blends should be used to alleviate the immediate 

challenges associated with conventional transport fuels while 

developing and promoting technologies that would maximize 

hydrous ethanol and biomethane.   
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