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Abstract. World energy consumption continues to escalate annually in line
with current world development. Meeting this burgeoning demand
necessitates the exploration of renewable energy. Biofuel is one of the
promising alternatives for renewable energy sources. However, biofuel has
a disadvantage in its lower overall performance than fossil fuel. The
application of additives such as ethyl levulinate emerges as a potential
solution to enhance biofuel performance. This research aims to investigate
the effect of ethanol:water ratio and reaction time on the formation of ethyl
levulinate from Oil Palm Empty Fruit Bunch (OPEFB). The OPEFB to be
utilized was pretreated with 3% NaOH at a solid-to-liquid ratio of 1:8. The
reaction was conducted at 1200C, with varying ethanol:water ratio and
reaction time in the presence of H2SO4 as the catalyst. The reaction products
were extracted using ethanol and analyzed with gas chromatography—mass
spectrometry. The optimum reaction conditions obtained were 90 minutes
and ethanol:water ratio of 99.1:0.9, resulting in a yield of 1.01%.

1 Introduction

World energy consumption increased by 5%, But 80% of all energy is still produced from
non-renewable sources like crude oil, natural gas, and coal [1]. Besides the mentioned energy
sources running out, non-renewable fuel sources have disadvantages such as greenhouse gas
production. Greenhouse gases like carbon dioxide can cause global warming. Another
problem stems from burning sulfur-containing coals can produce sulfur dioxide gas. When
combined with water, sulfur dioxide can produce acid rain that harms living beings [2].
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Biofuels boast a carbon-neutral profile and are derived from abundantly available plant
materials [3]. However, biofuels have some limitations when compared to fossil fuels. One
notable drawback is lower performance when used in cold temperatures [4,5]. Furthermore,
biofuel has characteristics such as lower heating value, viscosity, and density than fossil fuel
[6]. This causes poor atomization characteristics inside the engine, causing injector clogging,
poor spray characteristics inside the combustion chamber, and incomplete combustion.
Consequently, the application of additives in biofuels have an important role in overcoming
biofuel limitations.

Ethyl levulinate is a promising biofuel additive, particularly enhancing low-temperature
operation performance. Some researchers have proved that there is a performance boost at
low temperatures when ethyl levulinate is added to biofuel [4,7]. Ethyl levulinate can be
synthesized through the esterification reaction of levulinic acid and ethanol. However, the
low production of levulinic acid, due to its multi-step reaction process, entails significant
material costs associated with monosaccharide production from biomass and high separation
and purification expenses [8,9].

Ethyl levulinate can be derived from cellulose liquefaction that is sourced from
lignocellulosic biomass. Among the readily accessible lignocellulosic sources is open empty
palm fruit bunch (OPEFB). Previous works have been done to make use of OPEFB, such as
to produce bioplastic [10,11]; cellulase [12] and levulinic acids [13]. OPEFB remains
underutilized despite its abundant availability. OPEFB has only been utilized as a fuel source
and fertilizer [9]. OPEFB has cellulose content ranging from 36.67% to 55.75% [14,15]. The
high cellulose content makes OPEFB a promising substrate for ethyl levulinate production.

This research aims to study the effects of ethanol:water ratio and reaction time to ethyl
levulinate formation. This research also aims to increase OPEFB utilization.

2 Materials and Method

2.1 Raw Materials

OPEFB was locally sourced from Tangerang, Banten, Indonesia. OPEFB was washed and
dried in the open air for 72 hours. The OPEFB was on the ground to 40 — 50 mesh size with
a Retsch SM 2000 ball mill. Ground OPEFB was delignified by soaking OPEFB in 3% NaOH
solution with a ratio of 1:8 between the OPEFB and NaOH solution at a temperature of 110
OC for 45 minutes [16]. Delignified OPEFB was washed, dried, and stored in a closed
container. The delignified OPEFB that are utilized in this study has cellulose, hemicellulose,
and lignin content of 26.94%, 20.59%, and 5.01%, respectively. Ethyl levulinate, ethanol
99%, H>SO4, and NaOH was obtained from Merck. Demineralized water is used throughout
the research process.

2.2 Experimental Procedure

The synthesis of ethyl levulinate was conducted using an 800 ml autoclave reactor. In a
typical experimental run, 4 grams of delignified OPEFB were introduced into the reactor. A
mixture consisting of 40 ml of ethanol and water with varying ratios was subsequently added
to the reactor. Additionally, 1 ml of H»SO4 2 M was used as the catalyst. The reactor was
heated with a heating jacket controlled by an electric heater and a thermostat. The reaction
was carried out at 120 °C with varied reaction time and constant stirring. The reaction time
variations used were 30, 60, 90, 120, and 150 minutes, while the variations in the ratio of
ethanol and water were pure ethanol, 80:20, 60:40, 40:20, and 20:80. After the reaction, the
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reactor was cooled until the temperature reading reaches ambient temperature. Reaction
products were extracted using 40 ml of ethanol with a temperature of 60 °C for 1 hour.

2.3 Analysis Method

The extracted reaction products were analyzed using PerkinElmer gas Chromatograph Clarus
680 gas chromatography and PerkinElmer Spectrometer Clarus SQ 8 T mass spectrometer.

2.4 Yield Calculation
The yield of ethyl levulinate formation was calculated using the following equation:

formed ethyl levulinate mass

%yield =

O

cellulose mass

The cellulose mass was calculated by multiplying the OPEFB sample by its cellulose
content in OPEFB. The cellulose mass obtained was 1.0775 grams.

3 Results and Discussion

3.1 The Effects of Reaction Time

Table 1. Reaction Time Effects to Ethyl Levulinate Formation

o Ethyl
Reaction time | jinate Yield (%)
(min)
(mg)
30 2.147 0.20
60 9.557 0.89
90 10.872 1.01
120 10.602 0.98
150 10.181 0.94

Table 1 showed the effect of reaction time on ethyl levulinate formation from OPEFB. The
solvent used was pure ethanol. The maximum yield of ethyl levulinate was achieved at a
reaction time of 90 minutes, with a yield of 1.01%. As the reaction time extended to 120 and
150 minutes, a decline in yield was observed. This phenomenon may occur due to the
equilibrium state has been achieved within 90 minutes, resulting in an equal rate of ethyl
levulinate formation and its degradation into levulinic acid and ethanol (Figure 1).
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Figure 1. Equilibrium reaction for the formation of ethyl levulinate

This observation is consistent with previous studies conducted by Chang et al. and Le
Van Mao et al., where the production of ethyl levulinate from lignocellulosic biomass using
H,SOy as a catalyst ranged from 36 minutes to 102 minutes [8,17,18]. It is also stated that
ethyl levulinate yield decreases as the reaction exceeds the optimum reaction time. This is
caused by side products accumulation from other reactions that can inhibit the main reactions
like humins [8,17,19].

3.2 The Effects of Ethanol:Water Ratio

Ethyl levulinate synthesis was carried out for 90 minutes for all variations of the ethanol
water ratio. For every 1 ml of H,SO4 2 M catalyst used, 0,9 ml of water must be accounted
for. This causes the ratio between ethanol and water to be recalculated. The new
ethanol:water ratio used is stated in Table 2.

Table 2. Ethanol: Water Ratio Effects to Ethyl Levulinate Formation

. Ethyl
Ethanol..water levulinate Yield (%)
ratio
(mg)
99.1:0.9 10.872 1.01
79.1:20.9 8.504 0.79
59.1:40.9 3.723 0.35
39.1:60.9 0.288 0.03
19.1:80.9 0 0

As observed in Table 2, the yield of ethyl levulinate formation yield exhibits a decline as
the ethanol ratio decreases. Water in the system does not only come from reactants and
catalyst that are being used. Water also comes from the side product of the esterification
reaction. Additionally, water is produced through the dehydration of fructose and ethanol.
An increase in water content within the system tends to favor the degradation of ethyl
levulinate into levulinic acid and ethanol [20,21].

The addition of water also results in a decrease the H,SO4 catalyst concentration
employed. The reduced catalyst concentration can lead to lower catalyst performance,
consequently leading to a decrease in ethyl levulinate production. Some research proves that
catalyst concentration is important for levulinic acid formation, which serves as a precursor
to ethyl levulinate. In the research, levulinic acid production increases as catalyst
concentration used increases. [22-25].
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4 Conclusion

This research has successfully obtained ethyl levulinate from OPEFB with a variation of
reaction time and ethanol:water ratio. From the research, it can be concluded that maximum
ethyl levulinate formation yield recorded is 1.01% with reaction time of 90 minutes and
ethanol:water ratio of 99.1:0.9. Ethyl levulinate formation yield will increase as reaction time
length is increased to the optimum point. Ethyl levulinate formation yield will decrease as
ethanol ratio decreases in the ethanol and water mixture.
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