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A B S T R A C T

The main objective of this study is to determine the optimal blend ratio of fusel oil–gasoline before and after
water extraction (FBWE10, FBWE20, FAWE10, and FAWE20) regarding the performance and emissions of spark
ignition engine using response surface methodology (RSM). The multi-objective optimization is applied to
maximize the brake power, brake thermal efficiency and minimize the brake specific fuel consumption (BSFC),
NOx emission, HC emission and CO emission. The water content of fusel oil has been extracted by employing
rotary extractor method. The experimental of this study has been carried out with different fusel oil–gasoline
blends, different throttle valve opening position (15%, 30%, 45% and 60%) and different engine speed (1500,
2500, 3500 and 4500 rpm). All the developed models for responses were determined to be statistically sig-
nificant at 95% confidence level. The study results reveal an improvement in heating value of fusel oil after
water extraction with FAWE20 (80 vol% gasoline fuel, 20 vol% fusel oil after water extracted) as the optimally
blended fuel. The best condition of engine parameters with FAWE20 were 55.4% of WOT for load and 4499 rpm
engine speed. In additional of the optimal values with a high desirability of 0.707 were 62.511 kW, 241.139 g/
kW h, 36%, 1895.913 ppm140.829 ppm and % for brake power, BSFC, BTE, NOx, HC and CO emissions re-
spectively. The reduction of water content in fusel oil has a statistical significance influence to increases BTE,
NOx emission and decreases the BSFC, HC and CO emissions.

1. Introduction

The growing demands of fossil fuels due to the rapid development of
the industry and automotive society have been linked with environ-
mental pollution issues and encouraged the efforts on exploring alter-
native fuels for ICE in the past decades [1–3]. Alcohols as alternative
fuel have a long history of approximately 100 years as fuels in internal
combustion engines (ICE). Alcohol based fuels may have been regarded
as one of the renewable solutions, with a potential to be used in a near
CO2-neutral manner through efficient conversion of biomass. Utilizing
alcohol as a fuel in transportation especially in light cars is not new [4]
but only lately have such fuels begun to interest significant worldwide
attention. Alcohols such as ethanol, butanol, methanol, and fusel oil are
used as fuels in ICE [5–7]. Alcohols have higher octane number, and
high oxygen content as compared to gasoline and its single boiling point
makes it very suitable for use in a spark-ignition engine [8–11]. The

alcoholic fuel as an additive or blending with gasoline may be an at-
tractive solution, both at present and shortly for improving fuel prop-
erties thereby the performance and emissions of spark ignition engine
improve [12–21]. The octane number rapidly increases when oxyge-
nated fuels are blended with gasoline due to the high research and
motor octane number of it.

Yucesu et al. [22] studied the impact of gasoline, E10, E20, E40 and
E60 on the performance of spark ignition engine. It was found that
engine torque and power increased when ethanol was used at higher
compression ratio (CR). Butanol that also called butyl alcohol can be
used in non-modified spark ignition engines. One of the recent experi-
mental studies done by Elfasakhany [23] investigated the effects of
adding dual butanol isomers in an unleaded gasoline fuel towards its
performance, and emissions characteristics spark ignition engine. The
fuels had been prepared according percentages of volume: 3% (1.5%
volume of iso-butanol and 1.5% volume of n-butanol), 7% (3.5%
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