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Graphical abstract Abstract

Type of Sl Engine: Type of
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Dofa Acquisiion & Analysis

oot e This paper reviews the ufilization of lower and higher molecular weight alcohols as
e fuel for spark ignition engine. As an alternative fuel for spark ignition engine, alcohol
is widely accepted as comparable to gasolin. It is due to its ability that can be
produced from biological matter through the current available and new processes.
Moreover, alcohol is also considered as fuel additive due to its physical and
chemical properties compatible with the requirements of modern engines. The
objective of this paper is fo provide an overview of these fuels by highlighting on the
fuel properties and spark ignition engine responses. The first part of this review
: explains the important of alcohol fuel properties related to the engine performance
S and emissions, and the difference of these properties for each type of alcohol. The
second part discusses recent advancements in research involving lower and higher
molecular weight alcohols mainly responses from spark ignition engine.
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1.0 INTRODUCTION

which are lower and higher molecular weight alcohols.
Lower molecular weight alcohols such as ethanol and
methanol have been used as fuel boosters by mixing
them with gasoline. Ethanol is produced from starch
and sugar cane by fermentation. On the other hand,
methanol is produced from coal, natural gas and

Lifestyle development and the growth of world
population increased worldwide energy consumption.
One of the top energy consumers is fransportation,
where the demand of fossil fuels such as gasoline and

diesel increases. Moreover, burning of these fossil fuels
for tfransport vehicles causes global warming that have
direct impact on human health [1, 2]. Rising demands
of fossil fuels and negative effects of the emission have
driven the researchers and scientists to find alternative
fuels. Thus, alcohol fuel is being infroduced and has
attracted many interests from the market. Its ability to
be produced from renewable resources and
capability fo deliver betfter engine performance with
clear emission are some of the main atftractions
[3].Generally, there are two types of alcohol fuels,

biomass. Higher molecular weight alcohols often used
as additive in alcohol gasoline blends. Most higher
alcohols such as propanol, butanol and pentanol are
produced from coal derived syngas.Thus, the aim of
this review paper is twofold; first to summarise the
important properties of using alcohol fuel as an
alternative fuel to gasoline. Secondly, to determine the
responses on engine performance and emissions of
spark ignition engines based on previous research
studies until now.
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2.0 [IMPORTANT PROPERTIES OF ALCOHOL
FUELS

Alcohols have a large and diverse family of chemical
compounds. It is a hydroxyl derivatives of
hydrocarbons recognized by ifs unique arrangement
of carbon, hydrogen, and oxygen atoms. Having
oxygen enables alcohol fo combust more completely
which increases the combustion efficiency and
reduces air pollution [4, 5]. The physical and chemical
properties of several alcohol are presented in Table 1.
Knowledge on alcohol characterization is vital for
customer satisfaction, legislative requirements and the
preservation of industry standards. First, increase in
molecular weight of alcohol fuels correspond to the
decrease of oxygen content (wi%). Using 10% of
ethanol blended with gasoline able to reduce
greenhouse gas emission with the presence of oxygen
[6]. Morever, lower heating value (LHV) also increases
with the increase of carbon and hydrogen content of
the alcohol. Alcohol that have four or more carbon
usually have LHV closer to gasoline, which is beneficial
for improving fuel economy. Second is the volatility of
alcohol, which decreases with the increase of carbon
atom number. This shows that higher molecular mass
alcohol has less tendency towards cavitation and
vapor lock problem compare to lower molecular mass
alcohol.

Alcohols usually have higher latent heat of
vaporization which cools the air entering infto
combustion chamber of the engine that can influence
the mixture temperature. Due to this reason, the
temperature at the intake manifold drops and this
increases the volumetric efficiency of gasoline engine
[7]. Besides that, alcohols ignition propensity is the most
attractive feature for internal combustion engine
application. Having high octane rating corresponds
with lower propensity for ignition, allows SI engine to
operate at higher compression ratio without knocking.

In terms of intersolubility, the presence of alkyl and
hydroxyl enable alcohol to blend with gasoline and
diesel fuel. The more carbon an alcohol molecule
contains, the easier the alcohol can be blended into
gasoline and diesel fuel. Besides that, the longer
carbon chains of alcohols will increase its viscosity. For
this reason, a higher molecular weight alcohol
normally will be used when a more viscous solvent is
required. For an example, the kinematic viscosity of
butanol is several times higher than that of gasoline, so
it will not cause potential wear problems on the fuel
pump designs caused by insufficient lubricity [8].
Regarding with the handling and distribution, high
molecular mass alcohol is more favourable because it
can tolerate water contamination and less corrosive
which make it suitable for transportation through
existing pipelines [8].

Table 1 Properties of methanol, ethanol, propanol, butanol and pentanol [6, 9]

Properties Methanol Ethanol Propanol Butanol Pentanol
Chemical formula CHsOH C2HsOH CsH;0H CsHsOH CsHi1OH
Molecular weight 32.04 46.06 60.09 74.11 88.14

Netlower heafing value 20.10 27.00 32.95 35.69 37.62
(MJ/kQ)
Stoichiometric A/F ratio 6.40 9.00 10.33 11.17 11.74
Oxygen content, mass % 49.90 34.70 26.60 21.60 18.1
Boiling Point (°C) 64.70 78.00 97.00 98.00 138.00
Specific Gravity at 20°C 0.792 0.794 0.804 0.81 0.816

3.0 ALCOHOLS FUELS RESPONSES ON ENGINE
PERFORMANCE AND EMISSION

It is not surprise that alcohols confinue to be
aftractive fuels for today's modern internal
combustion engine based on their favorable
physical-chemical properties. Table 2 shows the
recent research studies done on alcohols for the past
five years. Listed is the data acquisiion on
performance and emission, type of engine and fuel
used for the experimental work. Based on Table 2,
several rigorous investigation and significant findings
had being done on the effects of alcohol with
gasoline blends to the performance and emission of
spark ignition engine.

Investigation done by J. Li ef al. [10] on the effects
of optimal injection and ignition timing on
performance and emission using direct injection
spark ignition engine fueled with methanol. The result

shows that good combustion and low emissions was
achieved for the overall mode range by using
opfimal injection and ignition timings compared with
non-optfimized injection with ignition  timings.
Improvement of BSFC more than 10% was recorded
in the overall load range due fo the formation of
ideal stratified mixture distribution in the cylinder
under different loads for optimal injection timing and
ignition timing. The effects of methanol-diesel and
ethanol-diesel fuel blends on the performance and
exhaust emission using single cylinder naturally
aspirated diesel engine was investigated by C. Sayin
[11]. The result given shows that reduction was
recorded on brake thermal efficiency, smoke
opacity, emission of THC and CO with methanol-
diesel and ethanol-diesel fuel blends. Meanwhile
there is an increase in the BSFC and NOx emissions
due to lower energy content and higher oxygen
concentration in the alcohol blend. Studies on the
effects of ethanol and methanol addition fo
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unleaded gasoline to the performance and emissions
of spark ignition engine were carried out. [12]. The
results showed that ethanol gasoline blends are
beftter than methanol-gasoline blends for the
performance charts due to the effect of the
combustion related properties. Significance
reduction on the exhaust emissions was recorded for
both methanol and ethanol gasoline blends due to
high ratio usages of ethanol and methanol B.M.
Masum et al. [13] investigated the different ratios of
multiple alcohols(C2 to Cé) compared to the
conventional ethanol gasoline blend (E15) using four

cylinder gasoline engine at specified test condition.
Three type of different blend rafio have being
identified which are maximum heating value (MaxH),
maximum research octane number (MaxR) and
maximum petroleum displacement (MaxD) in order
to have an optimum blend. The result showed that
the entire optimum blend gave higher torque and
brake thermal efficiency (BTE) but lower BSFC
compared to E15. In terms of exhaust emissions, all
optimum blend and E15 give lower CO and HC
emission but higher NOx emission than gasoline.

Table 2 Previous research on alcohol fuel for past five years

T f SI
yp? of $ Type of Data Acquisition & Analysis
Engine Alcohols (Performance and Exhaust Emission)
(Cylinder/Stroke)
5 - Performance Emission
w e
o < k] [T} [0} —_
4 5 c T X o - - - S
I 5 £ ¢ £ T g% @ £
S § & £ 8 8 % s o, &3 53 . «
e ¢ 5 & F§ 2 = 5 ¥ £tc g9 ¢ g2 ¢
> 3 £ = ¢ 5 4 L& 5280 o 5 =2
> w [+] x £ o &=
E E w > w
[
1 [10] X X X X X X X
2 [ X X X X X X X X
3 [14] X X X X X X
4 [15] X X X X X X X
5 [12] X X X X X X X X X
6 [16] * * X X X X X
7 [17] * * * X X
8 (18] X X X X X X X
9 [19] X X X X X X X X X
10 [13] X X X X X X X X X X X
*Using other than indicated engine.
Based on recent research studies, only few the effect of each lower and higher molecular mass

researchers investigated the effect of both lower and
higher alcohol with its effect on engine performance
and emissions [13, 20-22]. Nevertheless, there is still
lack of research on blending the lower and higher
molecular mass alcohol with gasoline specifically by
identifying type and percentages of alcohol addition
with improvement on the overall fuel properties.
Besides that, knowledge on the application of
alcohol to gasoline fuel and their effect on engine
combustion, performance and emissions are also
necessary in order to relate with the improvement of
fuel properties and percentage addifion of alcohol.
Thus, next sub-topic on this will be focus on explaining

alcohol on spark ignition engine performance and
emissions.

3.1 Lower Molecular Weight Alcohols

Normally, lower mass alcohol provides octane
enhancement which established bigger fraction of
the alcohol-gasoline blends mixture. Interestingly,
methanol is one of the favorite selections due fo its
excellent combustion properties and high octane
number. However, methanol blends will consume
large amount of fuel for supplying the same amount
of energy due to its LHV [4, 14, 19, 23]. It's high heat
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of vaporization cools the inlet air which leads fo
increased fuel conversion efficiency. Furthermore, it
results in improved volumetric efficiency resulting in
increase of the engine power output compared to
gasoline [19]. Moreover, presence of oxygen in
methanol able to produce a soot-free combustion
with a low particulate level [24]. Application of
methanol in spark ignition engine also able to reduce
emission of carbon monoxide (CO) and unburned
hydrocarbon (UHC) due to leaning effect [7, 10, 12,
14, 18, 21, 22, 25]. Leaning effect is defined as
enhancement of oxygen content in fuel o improve
combustion efficiency in cylinder [7] . Unforfunately,
emissions of nifrogen oxides (NOx) increases at a very
lean operation condition. This relates to higher
cylinder temperature of alcohol gasoline blends
compared to base gasoline. The other factors on the
formation of NOx are related with rate of combustion
inside the chamber and higher oxygen
concenfration [22]. Methanol also has high volatility
which will cause phase separation and increase in
Reid Vapor Pressure. This will result in high in-cylinder
combustion temperature and cause drivability
problems such as vapor lock [26].

3.2 Higher Molecular Weight Alcohols

Defined as higher carbon number alcohols that have
higher octane number, energy content and able to
displace more gasoline than that of ethanol. Due to
itfs greater physical and chemical characteristics in
terms of volatility and adaptability to the existing fuel
storage with distribution infrasturcture, butanol has
been proposed as the next-generation biofuel for
fransportation to replace gasoline [27, 28]. Among
the research done on iso-butanol is investigation on
the fuel conversion efficiency of gasoline-isobutanol
blends by Adrian Irimescu [17, 29]. Compared with
gasoline, slight improvement is shown on the full load
conversion efficiency when the engine running
below 50% of butanol blends while usage of pure
butanol decrease up to 9%. While for the part load
efficiency shows various drop depending on loads
and blends ratio, during 50 % butanol blend with very
light load was noticed having maximum of 12%
efficiency drop. By ranging the  air-fuel mixture
temperature and engine efficiency, incomplete fuel
evaporation was determined as the major factor for
fuel conversion efficiency. Iso-butanol also received
attention from other engine researchers who studied
performed of Sl engine [30, 31]. In another study
done by Wigg et al. [5] which focused on the
emission properties of neat butanol in a port-injected
spark ignition engine, it showed that butanol
produced three fimes of UHC as compared to
gasoline. The UHC emissions kept increasing with the
further increa in amount of butanol which supports
the general trend and it is suspected due to poor
atomizing of butanol. Nevertheless, CO emission for
butanol gives 12% reduction and NOx emission of
butanol are 17% lower than gasoline af
stoichiometry. The decrease of CO emissions can be

attributed to the extra oxygen in the alcohol fuel.
While the decrease in NOx emissions relates with the
higher UHC emissions earlier which lead to a lower
heat release resulting in lower combustion
temperature. The research team also examined the
molecular structure impact on the combustion of
butanol and suggested that iso-butanol is the best
*“trade-off” for emissions [32].

4.0 CONCLUSION

This review paper gathers knowledge of lower and
higher molecular weight alcohol which allows better
understanding of ifs responses on engine
performance and emission. It can be summarized
that lower molecular weight alcohols received public
attention due to its low-polluting properties and high
efficiency through their lean operating ability.
Meanwhile, the higher molecular weight alcohols
provide better water tolerance, volatility confrol,
solving phase separafion and lower Reid Vapor
Pressure (RVP) of the blends. In terms of emissions,
both lower and higher molecular weight alcohol will
give lower emission for CO and UHC due to presence
of oxygen fthat assist in complete combustion.
However, details studies need to be done, especially
by blending both lower and higher alcohols with
gasoline on engine performance and emissions. Thus,
as a final conclusion from this review, both alcohols
are suitable to operate the spark ignition engines
with better engine performance and emit lower
pollutants compared to gasoline fuel.

Acknowledgement

The authors of this review paper would like to express
their sincere gratitude to Universiti Teknologi MARA
(UITM) under scheme of Tenaga Pengajar Muda
(TPM) for the financial support on this research.

References

[1]  Sangeeta, Moka, S., Pande, M., Rani, M., Gakhar, Sharma,
M., Rani, J. and Bhaskarwar, A. N. 2014. Alternative Fuels:
An Overview of Current Trends and Scope For Future.
Renewable and Sustainable Energy Reviews. 32: 697-712.

[2]  Salvi, B. L., Subramanian, K. A. and Panwar, N. L. 2013.
Alternative Fuels for Transportation Vehicles: A Technical
Review. Renewable and Sustainable Energy Reviews. 25:
404-419.

[8] Szwaja, S. and Naber, J. D. 2010. Combustion of N-Butanol
in a Spark-Ignition IC Engine. Fuel. 89(7): 1573-1582.

[4]  Yanju, W., Shenghua, L., Hongsong, L., Rui, Y., Jie, L. and
Ying, W. 2008. Effects of Methanol/Gasoline Blends on a
Spark Ignition Engine Performance and Emissions. Energy
& Fuels. 22(2): 1254-1259.

[5] Wigg, B., Coverdill, R., Lee, C.-F. and Kyritsis, D. 2011.
Emissions Characteristics of Neat Butanol Fuel Using a Port
Fuel-injected, Spark-Ignition Engine. In Editor (Ed.)A(Eds.):
‘Book Emissions characteristics of Neat Butanol Fuel Using



105

é]

7]

18]

191

(o]

[l

2]

(3]

[14]

[13]

[1é]

7]

(e

Hazim Sharudin et al. / Jurnal Teknologi (Sciences & Engineering) 76:5 (2015) 101-105

a Port Fuel-Injected, Spark-Ignition Engine’ (SAE Technical
Paper, edn.).

Surisetty, V. R., Dalai, A. K. and Kozinski, J. 2011. Alcohols as
Alternative Fuels: An Overview. Applied Catalysis A:
General.

Canakci, M., Ozsezen, A. N., Alptekin, E., and Eyidogan,
M. 2013. Impact of Alcohol-gasoline Fuel Blends on the
Exhaust Emission of an SI Engine. Renewable Energy. 52:
111-117.

Jin, C., Yao, M., Liu, H., Lee, C.-f.F. and Ji, J. 2011. Progress
in the Production and Application of N-Butanol as a
Biofuel. Renewable and Sustainable Energy Reviews.
15(8): 4080-4106.

Sarathy, S. M., OBwald, P., Hansen, N. and Kohse-
Héinghaus, K. 2014. Alcohol Combustion Chemistry.
Progress in Energy and Combustion Science. 44: 40-102.

Li, J., Gong, C.-M., Su, Y., Dou, H.-L. and Liu, X.-J. 2010.
Effect of Injection and Ignition Timings on Performance
and Emissions from a Spark-ignition Engine Fueled with
Methanol. Fuel. 89(12): 3919-3925.

Sayin, C. 2010. Engine Performance and Exhaust Gas
Emissions of Methanol and Ethanol-diesel Blends. Fuel.
89(11): 3410-3415.

ioannis Gravalos, D. M., Theodoros Gialamas, Panagiotis
Xyradakis and Dimitrios Kataris. 2011. Performance and
Emissions Characteristics of Spark Ignition Engine Fuelled
with Ethanol and Methanol Gasoline Blended Fuels.
Masum, B. M., H. H. M., Kalam, M. A., Palash, S. M. and
Habibullah, M. 2014. Effect of Alcohol-gasoline Blends
Optimization on Fuel Properties Performance and
Emissions of a Sl Engine. Journal of Cleaner Production. 1-
8.

Eyidogan, M., Ozsezen, A. N., Canakci, M. and Turkcan, A.
2010. Impact of Alcohol-gasoline Fuel Blends on the
Performance and Combustion Characteristics of an SI
Engine. Fuel. 89(10): 2713-2720.

Celik, M. B., Ozdalyan, B. and Alkan, F. 2011. The Use of
Pure Methanol as Fuel at High Compression Ratio in a
Single Cylinder Gasoline Engine. Fuel. 90(4): 1591-1598.

Gu, X., Li, G., Jiang, X., Huang, Z. and Lee, C.-f. 2013.
Experimental Study on the Performance of and Emissions
from a Low-Speed Light-Duty Diesel Engine Fueled With N-
Butanol-Diesel and Isobutanol-Diesel Blends. Proceedings
of the Institution of Mechanical Engineers, Part D: Journal
of Automobile Engineering. 227(2): 261-271.

Adrian, 1. 2012. Performance and Fuel Conversion
Efficiency of a Spark Ignition Engine Fueled with Iso-
Butanol. Appl Energy. 96(477-83).

Feng. R., Yang, J., Zhang, D., Deng, B., Fu, J., Liu, J., and
Liu, X. 2013. Experimental study on SI engine fuelled with
butanol-gasoline blend and H20 addition. Energy
Conversion and Management. 74: 192-200.

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]
(28]

[29]

(30]

(31]

(32]

Altun, S., Oztop, H. F., Oner, C. and Varol, Y. 2013. Exhaust
Emissions of Methanol and Ethanol-Unleaded Gasoline
Blends in a Spark Ignition Engine. Thermal science. 17(1):
291-297.

Yacoub, Y. Bata, R. and Gautam, M. 1998. The
Performance and Emission Characteristics of C1-C5
Alcohol-Gasoline Blends with Matched Oxygen Content in
a Single-Cylinder Spark Ignition Engine. Proceedings of the
Institution of Mechanical Engineers, Part A: Journal of
Power and Energy. 212(5): 363-379.

Gravalos, 1., Moshou, D., Gialamas, T., Xyradakis, P.,
Kateris, D. and Tsiropoulos, Z. 2013. Emissions
Characteristics of Spark Ignition Engine Operating on
Lower-Higher Molecular Mass Alcohol Blended Gasoline
Fuels. Renewable Energy. 50: 27-32.

Masum, B. M., H. H. M., Kalam, M. A., Palash, S. M., Wakil,
M. A. and Imtenan, S. 2014. Tailoring the Key Fuel
Properties Using Different Alcohols C2-Cé and Their
Evaluation in Gasoline Engine. Energy Conversion and
Management. 88: 382-390.

Ahmed, S. S. Effect of Methanol-Gasoline Blends on Sl
Engines Performance and Pollution.

FN., A. 1998. NOx emission from a Spark Ignition Engine
Using 30% Iso-Butano-Gasoline Blend: Part 1 — Preheating
Inlet Air. Appl Therm Eng. 18(5): 245-256.

Balki, M. K., Sayin, C. and Canakci, M. 2014. The Effect of
Different Alcohol Fuels on the Performance, Emission and
Combustion Characteristics of a Gasoline Engine. Fuel.
115: 901-906.

Andersen, V. F., Anderson, J., Wallington, T., Mueller, S.
and Nielsen, O.J. 2010. Vapor Pressures of Alcohol—
Gasoline Blends. Energy & Fuels. 24(6): 3647-3654.

Durre, P. 2008. Fermentative Butanol Production. Annals of
the New York Academy of Sciences. 1125(1): 353-362.
Durre, P. 2007. Biobutanol: An Atftractive Biofuel.
Biotechnology Journal. 2(12): 1525-1534.

Adrian., I. 2011. Fuel conversion Efficiency of a Port
Injection Engine Fueled with Gasoline-Isobutanol Blends.
Energy. 36:(3030-5).

Alasfour, F. N. 1998. NOx-Emission-from-a-spark-ignition-
engine-using-30-Iso-butanol-gasoline-blend-Part-
1Preheating-inlet-air_1998_Applied-Thermal-Engineering.
FN., A. 1999. Effect of using 30% Iso-Butanol-Gasoline
Blend on Hydrocarbon Emissions from a Spark-Ignition
Engine. Energy Sources. 21(5): 379-394.

Regalbuto, C., Pennisi, M., Wigg, B. and Kyritsis, D. 2012.
Experimental investigation of Butanol Isomer Combustion
in Spark Ignition Engines. In Editor (Ed.)A(Eds.): ‘Book
Experimental Investigation Of Butanol Isomer Combustion
in Spark Ignition Engines’. (SAE Technical Paper, 2012,
edn.).



