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Abstract

In the face of climate change challenges and declining fossil energy resources, bioethanol is
emerging as an environmentally friendly renewable energy solution. This article aims to review
the potential, opportunities, and challenges in utilizing agricultural waste as the main raw
material for bioethanol production. By analyzing various recent studies, it is found that
agricultural wastes such as rice straw, corn cob, and bagasse have significant carbohydrate
content for conversion into ethanol. Second-generation bioethanol production technologies
utilizing lignocellulose offer higher efficiency than previous generations but face technical and
economic challenges, including complex pretreatment requirements and high production costs.
This review shows that bioethanol utilization can reduce dependence on fossil fuels while
providing a sustainable solution for waste management. Policy support, technological
innovation, and cross-sector collaboration are needed to accelerate the development of
agricultural waste-based bioethanol, especially in developing countries such as Indonesia.
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1. Introduction

The global economy is presently heavily reliant on multiple fossil energy sources,
including oil, coal, and natural gas. These energy sources are utilized for the generation of
fuels, electricity, and other commaodities (1). The overconsumption of fossil fuels, particularly
in major urban centers, has led to elevated pollution levels in recent decades. The concentration
of greenhouse gases in the Earth's atmosphere has risen significantly. In light of climate change
and diminishing fossil fuel resources, bioethanol is developing as a viable renewable energy
alternative. Bioethanol, derived from biomass, particularly agricultural waste, provides a
cleaner and more sustainable substitute for fossil fuels (2) .

Due to the potential of biomass, numerous technologies are advancing to convert
biomass into biofuels, which significantly reduces carbon emissions and dependence on oil, as
its production is derived from renewable and organic sources (3). As seen in Figure 1(4), the
United States generates almost 50% of global bioethanol, but Europe accounts for merely 6%;
additionally, each European nation's contribution is below 5%, with Brazil being the second-
largest producer of bioethanol.

Journal homepage: https://journal.scitechgrup.com/index.php/ajer

201

Received: 8 October 2024 / Accepted: 8 December 2024



mailto:rini.perdana@unm.ac.id

Agricultural byproducts, including straw, crop residues, and agricultural trash, possess
significant potential as feedstock for bioethanol production. Mchenry et al. assert that
employing agricultural waste, such as cassava byproducts, for bioethanol production can yield
substantial economic and environmental advantages, particularly in landlocked nations with
constraints on exporting agricultural goods (5).

Bioethanol production worldwide
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Figure 1. Bioethanol production worldwide

In Indonesia, plentiful agricultural residues, including empty fruit bunches (EFB) and
straw, can be converted into bioethanol by hydrolysis and fermentation methods. Aznury et al.
demonstrated that cellulosic waste, abundantly available in Indonesia, may be efficiently
transformed into bioethanol by appropriate acid treatment and fermentation duration (6). This
indicates a significant possibility to establish an agricultural waste-derived bioethanol business
in Indonesia, which might enhance national energy security and diminish reliance on fossil
fuel.

Nonetheless, despite this considerable promise, substantial hurdles exist in the
advancement of bioethanol from agricultural waste. The primary problems are the intricate
conversion procedure and elevated production expenses. Mahbubul observes that in
Bangladesh, despite significant potential for bioethanol production from agricultural waste,
technological and infrastructural challenges remain substantial obstacles (7). Furthermore,
Bahlawan's research indicated that while breadfruit peels possess potential as a bioethanol
source, obstacles in conversion and processing must be resolved to enhance production
efficiency (8).

Furthermore, challenges in processing agricultural waste into bioethanol also include
environmental and social aspects. Adewuyi emphasized that the development of biofuels,
including bioethanol, must consider environmental impacts and sustainability, especially in
developing countries with limited resources (2). Consequently, it is essential to formulate
policies and strategies that facilitate the production of bioethanol from agricultural waste,
considering sustainability and socio-economic implications.

This article seeks to examine the opportunities and challenges associated with the use
of agricultural waste for bioethanol production. This article will analyze recent studies to
elucidate the potential of bioethanol as a renewable energy alternative and the necessary
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measures to address current obstacles (3). It is anticipated that this article would aid in the
formulation of more sustainable and eco-friendly energy policies in Indonesia and other
emerging nations.

2. Methods

This article uses a systematic approach to collect, evaluate and compile information
from various relevant sources. The aim is to provide a comprehensive overview of the potential
and challenges of bioethanol as a renewable energy solution, particularly from agricultural
waste.

3. Results and Discussion
3.1. Definition of Bioethanol

Bioethanol is an alternative fuel generated via fermentation from biomass,
encompassing many feedstock sources, including starch-, sugar-, and cellulose-rich plants. The
bioethanol manufacturing method entails the transformation of organic matter into ethanol
facilitated by microorganisms, including yeast. Sadimo et al. assert that bioethanol addresses
fossil energy scarcity while possessing environmentally sustainable and renewable
characteristics, rendering it a compelling choice for energy sustainability (9).

Bioethanol can be synthesized from several basic materials, encompassing agricultural
and organic waste. Susmiati highlighted the potential of agricultural and organic waste as
bioethanol feedstock in Indonesia, along with the technology that may be created for its
production (10). In this instance, bioethanol functions as an alternative that diminishes reliance
on fossil fuels and enhances the value of waste produced by the agricultural industry.
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Bioethanol derived from edible feedstocks like corn and sugarcane is referred to as first-
generation (1G) bioethanol, but bioethanol produced from lignocellulosic feedstocks is
classified as second generation (2G) bioethanol. Examples of lignocellulosic biomass include
transitional grasses, maize stalks, wood, herbaceous plants, wastepaper and paper products,
agricultural and forestry residues, pulp and paper mill trash, municipal solid waste, and food
sector waste. Lignocellulosic biomass comprises cellulose, hemicellulose, lignin, protein, ash,
and trace extractives (7). Lignocellulosic biomass is regarded as a feedstock for bioethanol
production owing to its comparatively cheap procurement cost, accessibility, and sustainability
of supply. This biomass can enhance existing bioethanol production rates and is projected to
yield around 442 billion liters of bioethanol every year worldwide. Second-generation
bioethanol possesses a superior capacity to mitigate greenhouse gas emissions in comparison
to first-generation bioethanol. Third generation (3G) bioethanol is derived from algae as the
feedstock. Algae bioethanol is gaining popularity likely because of its high carbohydrate
content and the lack of lignin in most accessible algae. Utilizing this type of feedstock is
anticipated to lower pretreatment expenses by obviating the intricate process of lignin
extraction (11). Fourth-generation (4G) bioethanol is produced by altering the genes of E. coli
through metabolic engineering or systems biology techniques (4). An overview of bioethanol
generation is presented in Figure 2 (12).

The production of bioethanol often encompasses multiple phases, namely hydrolysis,
fermentation, and distillation. Novelia elucidates that bioethanol is generated via the
fermentation of biomass facilitated by microorganisms, serving as an alternative fuel to
supplant petroleum and other fossil energy sources (11). This approach not only mitigates
greenhouse gas emissions but also offers economic advantages to the community by utilizing
previously neglected agricultural trash.

Additionally, bioethanol can be generated from particular waste materials, including
banana peels and maize cobs, which possess elevated carbohydrate content. Gafiera et al.
shown that banana peels possess monosaccharides that can be transformed into bioethanol by
fermentation (13). Furthermore, research conducted by Ruhibnur et al. demonstrated that corn
cobs can be converted into bioethanol using appropriate fermentation methods (14). This
indicates that other agricultural byproducts can be employed for bioethanol production, hence
minimizing waste and enhancing sustainability.

In the realm of bioethanol production in Indonesia, various obstacles and opportunities
warrant consideration. Bioethanol possesses significant promise as a renewable energy source;
yet its production necessitates efficient and eco-friendly technology. Consequently, additional
research and development are required to enhance the bioethanol production process from
diverse agricultural waste sources, thereby contributing to national energy security and
environmental sustainability (8).

3.2. Source of Bioethanol Source

Bioethanol is a renewable energy source derived from diverse agricultural byproducts.
The production method entails the transformation of organic matter into ethanol by
fermentation, utilizing many forms of agricultural waste (15).

As previously stated, bioethanol produced from agricultural waste is classified as
second-generation bioethanol and is the most favored feedstock for bioethanol production due

to its year-round availability. The global output of these agro wastes is illustrated in Table 1
Journal homepage: https://journal.scitechgrup.com/index.php/ajer 204




(16). Asia is the primary source of rice straw and wheat straw, but corn straw and bagasse are
predominantly produced in the Americas. Their chemical composition also varies (Table 2)
(17), with cellulose as the main component.

Table 1. Amount of agricultural waste (million tons) reportedly available for bioethanol

Agro waste Africa Asia Europe America Oceania
Rice straw 20.9 667.6 3.9 37.2 1.7
Wheat straw 5.34 145.20 132.59 62.64 8.57
Corn straw 0.00 33.90 28.61 140.86 0.24
Bagasse 11.73 74.88 0.01 87.62 6.49
Table 2. Chemical composition of agricultural waste
Cellulose | Hemicellulose | Lignin Protein
Ash(%
Substrate (%) (%) (%) (%) sh(%o)
Rice Straw 32-47 19-27 5-24 - 124
Wheat straw 35-45 20-30 8-15 3.1 10.1
Corn straw 42.6 21.3 8.2 5.1 4.3
Baggase 65(total carbohydrates) 18.4 3 2.4

The generation of bioethanol from agricultural waste is a possible alternative for
diminishing reliance on fossil fuels and managing waste responsibly. Diverse forms of
agricultural waste can serve as feedstock for bioethanol production, and studies indicate that
numerous such wastes possess considerable potential. A potential source of bioethanol is
sorghum stalks (Sorghum bicolor). Research conducted by Kartini and Pandebesie
demonstrated that sorghum stalks possess a substantial total sugar content, nearly comparable
to that of sugarcane juice, so rendering them suitable for bioethanol synthesis with a consortium
of Saccharomyces cerevisiae yeast and Pichia stipites (3). In addition, corn waste, such as
stalks and corn husks, also have great potential.

Jusman reported that processing corn waste can provide economic opportunities for
communities, and this waste can be further processed to produce bioethanol (18). Cassava
crop residues and sugarcane tops are viable feedstock for bioethanol production. Asmara
observed that the plentiful cassava stalks and sugarcane tops in Way Kanan Regency have not
been well utilized, indicating significant potential for their conversion into bioethanol (6).
Furthermore, Susmiati's research indicates that the conversion of agricultural and organic waste
into bioethanol can be achieved by several processes, including Separate Hydrolysis and
Fermentation (SHF) and Simultaneous Saccharification Fermentation (SSF) (14). Additional
agricultural residues, such as rice straw, can also be employed for bioethanol production.
Studies indicate that rice straw can be converted into bioethanol via fermentation, offering
additional value to farmers who frequently encounter excessive agricultural waste.
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Table 3. The amount of rice straw available worldwide and theoretical ethanol yields (1)

Country Rice straw availability Theoretical ethanol
(million MT) yield (billion liters)
Africa 20.93 8.83
Asia 667.59 281.72
Europe 3.92 1.65
North America 10.95 4.62
Central America 2.77 1.17
South America 23.51 9.92

Rice straw is one of the most plentiful lignocellulosic agricultural wastes globally. The
annual production is around 731 million tons, distributed over Africa, Asia, Europe, and the
Americas (Table 3). This quantity of rice straw may generate 205 billion liters of bioethanol
annually (19). In Asia, rice straw constitutes the predominant residue generated in substantial
volumes, totaling 667.59 million tons. A total of 668 million tons can provide 282 billion liters
of ethanol, contingent upon the availability of technology. Nonetheless, the majority of this
rice straw is incinerated in the fields. This energy wastage appears unjustifiable, considering
the elevated fuel costs and the significant necessity to mitigate greenhouse gas emissions and
air pollution (20).

Straw and husk, byproducts of rice farming, have significant energy potential. While
the utilization of rice husk technology is well-established in numerous Asian nations, rice straw
is infrequently employed as a renewable energy resource. A primary reason for the favored
utilization of husk is its accessibility, as it is abundantly accessible at rice mills. The collecting
of rice straw is labor-intensive and its availability is restricted to the harvest period (21). The
collection logistics can be executed through baling; however, the substantial expense of the
equipment renders it impractical for the majority of rice producers. Therefore, the technique
for utilizing rice straw for energy must be highly efficient to offset the substantial costs
associated with straw harvesting (9).
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Utilizing diverse agricultural wastes for bioethanol production can diminish reliance on fossil
fuels while also enhancing the value of trash produced by the agricultural sector. Consequently,
it is imperative to persist in research and development within this domain to enhance the
efficiency and sustainability of bioethanol production.
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Figure 1. General flow chart of bioethanol production

Industrial bioethanol production is presently categorized into three generations
according to the type of feedstock utilized (Figure 3) (17). The procedures involved in all
biofuel production encompass: (1) pretreatment, (2) hydrolysis (although not necessary in
sugarcane fermentation), and (3) the conversion of sugars to bioethanol via fermentation.
Certain feedstocks necessitate pretreatment conditions (e.g., lignocellulosic feedstocks and
algal biomass) to liberate fermentable sugars into the medium. In the absence of pretreatment,
the advancement of fermentation may be hindered by a restricted supply of fermentable sugars
for metabolic processes. The genetics of the feedstock can influence differences in sugar
concentration and impact the production of fermented ethanol (15). Research is currently
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underway on fourth-generation bioethanol production techniques that employ genetically
modified organisms to enhance fermentation efficiency. This method has not yet been executed
on an industrial basis. The stages of bioethanol synthesis from various feedstocks encompass
pretreatment, hydrolysis, fermentation, and ethanol recovery. The following processes are
delineated below:

3.2.1. Pretreatment

The primary processing hurdle in biofuel production is the pretreatment of biomass.
Lignocellulosic biomass comprises three primary components: hemicellulose, lignin, and
cellulose. Pretreatment procedures pertain to the dissolving and separation of one or more
components of biomass. This renders the residual solid biomass more amenable to subsequent
chemical or biological processing (12). Lignocellulosic complexes have a matrix of cellulose
and lignin interconnected by hemicellulose chains. Pretreatment is conducted to decompose
the matrix, thereby diminishing the crystallinity of cellulose and augmenting the proportion of
amorphous cellulose, which is the form most conducive to enzymatic degradation (22).

Diverse pretreatment methods have been established to enhance the accessibility of
cellulose and hemicellulose by altering the structure of lignin and modifying the physical and
chemical properties of biomass. Frequently employed techniques include physical, chemical,
and biological preparation. Physical techniques, like grinding and torrefaction, enhance surface
area and diminish particle size, consequently augmenting enzyme accessibility (23,24).
Chemical pretreatments, such as acidic, alkaline, and ionic liquid treatments, efficiently
solubilize hemicellulose and partially eliminate lignin, which is essential for enhancing sugar
yield during hydrolysis (25-27). Alkali pretreatment has been demonstrated to markedly
enhance the enzymatic hydrolysis of diverse lignocellulosic substrates, such as agricultural
leftovers and waste paper (28).

Biological pretreatment, utilizing microbes or enzymes, provides an eco-friendly
alternative that functions under gentler settings and generates fewer harmful by-products than
chemical procedures (29,30) . These technologies can efficiently breakdown lignin and
enhance biomass digestibility, however they often necessitate extended processing durations
(29).

The selection of pretreatment method is determined by the biomass type and the
intended efficiency of the bioethanol production process. Research indicates that the
integration of torrefaction and alkaline pretreatment can synergistically enhance sugar and
bioethanol yield from wood waste (24). The amalgamation of many pretreatment tactics might
enhance the overall process, mitigating the constraints of singular methods (19,24).

Pretreatment of lignocellulosic biomass is essential for effective bioethanol production.
Pretreatment enhances the yield of fermentable sugars and bolsters the economic feasibility of
bioethanol as a renewable energy source. Continued research aimed at optimizing pretreatment
procedures remains crucial for the advancement of bioethanol manufacturing technology
(31,32).

3.2.2. Hydrolysis
Hydrolysis is an essential phase in the bioethanol production process, particularly when
utilizing lignocellulosic biomass as feedstock. This technique seeks to transform intricate

polysaccharides, including cellulose and hemicellulose, into monosaccharides that can be
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fermented into ethanol. Hydrolysis primarily occurs through two methods: enzymatic
hydrolysis and acid hydrolysis. Every approach possesses advantages and disadvantages that
influence the efficiency and ultimate yield of bioethanol production (33-35).

Enzymatic hydrolysis employs particular enzymes, such as cellulases, to cleave the glycosidic
linkages in cellulose. These enzymes can be sourced from diverse organisms, including fungi
and bacteria. Research indicates that enzymes derived from Trichoderma viride and
Aspergillus niger enhance the hydrolysis efficiency of diverse biomass types, such as sorghum
stalks and agricultural trash (3,36) In this context, enzymes function more efficiently under
specific conditions, such as optimal pH and temperature, which can enhance the conversion
rate of carbs to sugars (37,38).
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Figure 4. Enzymatic hydrolysis pathway

Figure 4 illustrates the overall enzymatic hydrolysis mechanism. Conversely, acid

hydrolysis employs acids, such as HCI or H2SO4, to decompose polysaccharides. This
approach is generally more rapid than enzymatic hydrolysis; however, it may generate
undesirable byproducts and necessitates a neutralizing step post-process (1,39). Research
indicates that acid hydrolysis at specific concentrations can provide substantial quantities of
sugar, however it may compromise the integrity of the resultant sugar (1,40).
A promising method is Simultaneous Saccharification and Fermentation (SSF), wherein
enzymatic hydrolysis and fermentation occur concurrently. This approach enhances conversion
efficiency by decreasing the time needed for ethanol production and mitigating the hindrance
caused by product accumulation (13,41). In SSF, the utilization of yeast, particularly
Saccharomyces cerevisiae, is prevalent due to its superior fermentation capacity for sugars
derived from hydrolysis (11).

The ideal conditions for hydrolysis, whether enzymatic or acidic, are primarily

contingent upon the specific type of biomass utilized. Research indicates that the brown
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seaweed Sargassum duplicatum possesses significant potential for bioethanol production due
to its elevated cellulose content and reduced lignin, facilitating hydrolysis (34). Moreover,
additional research indicates that agricultural waste, including rice husks, can be efficiently
digested with enzymes derived from Aspergillus niger, yielding sugars suitable for
fermentation into bioethanol (36).

In the realm of bioethanol production from agricultural waste, it is crucial to
contemplate pretreatment processes preceding hydrolysis. Pretreatment seeks to enhance
cellulose accessibility by diminishing lignin and hemicellulose, therefore augmenting
hydrolysis efficiency (42,43). Numerous pretreatment techniques, including steam explosion
and deep eutectic solvents, have been examined to enhance hydrolysis yield and bioethanol
generation.

3.2.3. Fermentation Process

The fermentation process in bioethanol production is a crucial phase that influences the
ultimate yield of the product. Fermentation is the process of transforming carbohydrates into
ethanol by the action of microbes, typically utilizing yeast from the genus Saccharomyces, such
as Saccharomyces cerevisiae. This process can be executed by multiple techniques, including
concurrent and discrete fermentation, utilizing diverse carbohydrate-rich feedstocks. A
extensively studied technique is simultaneous fermentation and saccharification (SSF),
wherein enzymatic hydrolysis and fermentation occur concurrently. This technology is
demonstrated to enhance the efficiency of bioethanol synthesis from diverse sources, including
rice bran and bagasse (44,45). A study by Haryani et al. demonstrated that the SSF process
yields higher ethanol concentrations in a reduced timeframe compared to SHF (Separated
Hydrolysis and Fermentation) (18).

Another element influencing fermentation yield is the kind of batch, which
encompasses batch, fed-batch, and continuous fermentation (Table 4) (12). The ideal
fermentation batch type is contingent upon the kinetics of the employed microorganisms and
the raw ingredients utilized. In batch fermentation, bacteria are typically introduced into a
predetermined volume of medium within the fermenter. As nutrients are utilized and microbes
proliferate, by-products will accumulate. Fermentation concludes with the depletion of
nutrients. The fixed initial food input and the ongoing consumption of nutrients by
microorganisms result in a continuously changing culture environment (46).

This fermentation often yields a standard growth curve with a lag phase, exponential
phase, stationary phase, and death phase. The lag phase is the initial critical period of microbial
development in batch fermentation, during which the organisms adapt to the new environment.
During the exponential phase, organisms reproduce at a consistent rate, resulting in an
exponential increase in microbial growth (logarithmic growth phase). The rate of cell
proliferation is sometimes limited by substrate availability, which may arise from deficits in
medium constituents (e.g., nutrient imbalance) or high substrate concentrations (e.g., surplus
sugar) (47), resulting in long fermentation times and reduced ethanol yields (48). Subsequent
to the exponential phase, microorganisms will transition into a stationary phase, when the
quantity of proliferating and deceased cells attains balance, attributable to nutrient depletion in
the medium (e.g., sugars) or the accumulation of poisonous by-products (e.g., ethanol toxicity)
(49). Upon completion of fermentation, a death phase may ensue as the viability of cells

diminishes. Nonetheless, several companies circumvent the lag phase by cultivating yeast in
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smaller vessels under optimal circumstances, then introducing a substantial inoculum to the
primary fermentation (50). This circumvents the exponential period and can enhance
fermentation efficiency. Nevertheless, batch fermentation is typically cost-effective, presents
a reduced risk of contamination, and allows for simpler sanitation and control of raw materials
compared to other fermentation methods. Batch fermentation is more cost-effective than fed-
batch and continuous fermentation. Fermentation has reduced cell density (51), Nutrients are
not supplied during the exponential growth phase. Increased downtime arises from the routine
cleaning and sterilization of vessels between consecutive fermentation batches. Batch
fermentation is mostly utilized in extended, small-scale, or solid-state fermentation processes
(47).

Table 4. Comparison between batch, fed-batch, and continuous fermentation under
submerged/liquid conditions (46,51).
Batch Fed-Batch Continuous

Microorganisms are o . Fresh media is
. . . Media is inoculated with .
provided with a fixed . . . continuously added to
. microorganisms which then .
volume of medium . the fermenter, replacing
. grow under a batch regime .
(nutrients and other i . the consumed nutrients.
) . for a certain amount of time, .
ingredients). Culture . Ethanol, used media,
. ) . then nutrients are added . i
environment is consistently | . and toxic metabolites
i . incrementally throughout the .
changing as nutrients are are continuously

fermentation.
consumed. removed.

Advantage

e Less downtime for

e Maintenance of maximum .
vessel cleaning,

viable cell concentration,

. e Increased

e Extended lifespan of cells, .

e Low cost, . productivity,
. Higher ethanol
e Low risk of . e Lower cost,
. accumulation, )
contamination, , e Higher degree of
. e By-product accumulation
e Less control required, R control,
is limited,

e Easier sterilization ¢ Ability to automate,
¢ Control of factors (e.g., ..
more cost-efficient

pH, temperature, ..
) and less sensitive to
dissolved oxygen)
human error.

Disadvantage

e Less control for

e Lower cell densities, ¢ Increased costs for non-growth-related

e ethanol production, process control, products,

e Longer downtime e Longer downtime between | e Cell aggregation
between batches due to batches due to cleaning, can prevent
cleaning, vessel setup, vessel setup, and optimum steady-
and sterilization sterilization state growth,
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e Long growth
periods can
increase the risk of
contamination,

e Can be difficult to
maintain
filamentous
organisms due to
viscosity and
heterogeneity of the
medium

Fermentation, especially in raw materials that have high lignocellulose content, such as
oil palm empty fruit bunches (45). Research has increasingly concentrated on the utilization of
different microorganisms to enhance bioethanol output. Nugraheni and Mastur emphasized the
promise of Zymomonas mobilis as a substitute for Saccharomyces cerevisiae in the
fermentation of sugarcane molasses, potentially enhancing bioethanol production output (52).
Moreover, fluctuations in fermentation parameters, including pH and duration, substantially
influence the ultimate output. Hartina et al. demonstrated that fluctuations in pH and
fermentation duration influence bioethanol yield from molasses, achieving best outcomes at
specific pH levels and fermentation times (53). Nutritional elements significantly influence the
fermentation process. The incorporation of additives like urea and NPK can augment yeast
proliferation and hence elevate ethanol production levels (24,54). In this context, research by
Fitria and Lindasari showed that the addition of proper starter inoculation can increase
bioethanol yield from pineapple peel waste (54).

Conclusions

Bioethanol derived from agricultural waste is a highly promising approach for the shift
to renewable energy. Agricultural waste, prevalent in numerous areas, can serve as the primary
feedstock, enhancing the value of a hitherto untapped resource. Second-generation bioethanol
production systems demonstrate considerable effectiveness in the utilization of lignocellulosic
biomass; yet, they necessitate additional advancements to enhance scalability and reduce
production costs. Principal challenges encompass the intricacy of the conversion process,
inadequate infrastructure, and societal and regulatory opposition. To advance bioethanol
production, strategic measures are required, including enhancing research and technological
innovation, incorporating renewable energy legislation, and informing the public about the
advantages of bioethanol. Through a coordinated strategy, bioethanol can serve as a crucial
component in enhancing national energy security, particularly in emerging nations, while
offering sustainable solutions for both the environment and the economy.

Acknowledgments
The authors would like to thank all those who have supported this research. Thanks to
Makassar State University for the laboratory facilities and technical support provided.

Journal homepage: https://journal.scitechgrup.com/index.php/ajer 212




Conflicts of Interest
The authors declare no conflict of interest.

References

1. Agustini N, Febrian N. Hidrolisis biomassa mikroalga porphyridium cruentum
menggunakan asam (h2so4 dan hno3) dalam produksi bioetanol. Jurnal Kimia Dan
Kemasan. 2019;41(1):1.

2. Adewuyi A. Underutilized lignocellulosic waste as sources of feedstock for biofuel
production in developing countries. Frontiers in Energy Research. 2022;10.

3. Kartini A, Pandebesie E. Produksi bioetanol dari batang sorghum bicolor (l.) moench
dengan saccharomyces cerevisiae dan konsorsium s. cerevisiae-pichia stipitis. Jurnal
Purifikasi. 2016;16(2).

4. Adewuyi A. Underutilized lignocellulosic waste as sources of feedstock for biofuel
production in developing countries. Frontiers in Energy Research. 2022;10.

5. McHenry M, Doepel D, Boer K. Rural african renewable fuels and fridges: cassava waste
for bioethanol, with stillage mixed with manure for biogas digestion for application with
dual-fuel absorption refrigeration. Biofuels Bioproducts and Biorefining. 2013;8(1):103—
13.

6. Aznury M, Zikri A, Ningsih A, Chodijah S, Hanura F, Aksa M, et al. Effect of sulfuric acid
and fermentation time on bioethanol production from empty fruit bunch (efb [Internet].
2022. Available from: https://doi.org/10.2991/ahe.k.220205.024

7. Mahbubul I. Prospects of bioethanol from agricultural residues in bangladesh. Energies.
2023;16(12):4657.

8. Bahlawan Z. The potential bioethanol production from the starch of breadfruit peel- a
review case in Indonesia. lop Conference Series Earth and Environmental Science.
2023;1203(1):012038.

9. Sadimo M, Said I, Mustapa K. Preparation of bioethanol from taro (colocasia esculenta [l]
schott) tuber starch through acid hydrolysis and fermentation. Jurnal Akademika Kimia.
2017;5(2):79.

10. Susmiati Y. The prospect of bioethanol production from agricultural waste and organic
waste. Industria Journal of Agroindustry Technology and Management. 2018;7(2):67-80.

11. Novelia D. Pemanfaatan berbagai macam limbah menjadi bioetanol sebagai bahan bakar
alternatif. Jurnal Kimia Mulawarman. 2022;20(1):39.

12. Vasié¢ K, Knez Z, Leitgeb M. Bioethanol Production by Enzymatic Hydrolysis from
Different Lignocellulosic Sources. Molecules. 2021;Feb 1;26(3):753.

13. Gafiera 1, Swetachattra F, Hardjono H. Pengaruh penambahan nutrisi urea dalam
pembuatan bioetanol dari kulit pisang kepok dengan proses fermentasi. Distilat Jurnal
Teknologi Separasi. 2023;5(2):195-9.

14. Ruhibnur R, Aida N, Susanto A, Kurniawan T, Rosmalinda R. Optimization of corn cob
waste in bioethanol production and its characteristics with the treatment of fermentation
period and yeast concentration. Journal of Agro-Industrial Technology. 2019;6(2):81-91.

15. Tse TJ, Wiens DJ, Reaney MJT. Production of Bioethanol-A Review of Factors Affecting
Ethanol Yield. Fermentation. 2021;7(4):268.

16. Tse TJ, Wiens DJ, Shen J, Beattie AD, Reaney MJT. Saccharomyces cerevisiae

fermentation of 28 barley and 12 wheat cultivars.
Journal homepage: https://journal.scitechgrup.com/index.php/ajer

213




17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Journal homepage: https://journal.scitechgrup.com/index.php/ajer

Jambo SA, Abdulla R, Azhar SHM, Marbawi H, Gansau JA, Ravindra P. A review of third
generation bioethanol feedstocks. Renewing Sustaining Energy Rev. 2016;65:756—609.
An H, Lee K, Jang Y, Kim C, Yoo H. Improved glucose recovery from sicyos angulatus
by naoh pretreatment and application to bioethanol production. Processes. 2021;9(2):245.
Alvira P, Tomas-Pejo E, Ballesteros M, Negro M. Pretreatment technologies for an
efficient bioethanol production process based on enzymatic hydrolysis: a review.
Bioresource Technology. 2010;101(13):4851-61.

Kim M. Upcycling food by-products: characteristics and applications of nanocellulose.
Chemistry - An Asian Journal. 2024;19(6).

Kim J, Kim D, Lee J, Zhai L. Effect of wet spinning and stretching to enhance mechanical
properties of cellulose nanofiber filament. International Journal of Precision Engineering
and Manufacturing-Green Technology. 2019;6(3):567—75.

Trache D, Tarchoun A, Derradji M, Hamidon T, Masruchin N, Brosse N, et al.
Nanocellulose: from fundamentals to advanced applications. Frontiers in Chemistry.
2020;8.

Chiaramonti D, Rizzo A, Prussi M, Tedeschi S, Zimbardi F, Braccio G, et al. 2nd
generation lignocellulosic bioethanol: is torrefaction a possible approach to biomass
pretreatment? Biomass Conversion and Biorefinery. 2011;1(1):9-15.

Cahyanti M. Synergistic effects of torrefaction and alkaline pretreatment on sugar and
bioethanol production from wood waste. Energies. 2023;16(22):7606.

Rehman Z, Anal A. Enhanced lipid and starch productivity of microalga (chlorococcum
sp. tistr 8583) with nitrogen limitation following effective pretreatments for biofuel
production. Biotechnology Reports. 2019;21:00298.

Safaai N, Azizan A, Ramli M, Kamarludin S. Overview on mechanical-chemical ionic
liquid pretreatment study on bioethanol-based lignocellulosics biomass. Advanced
Materials Research. 2015;260-5.

Tayyab M. Bioethanol production from lignocellulosic biomass by environment-friendly
pretreatment methods: a review. Applied Ecology and Environmental Research.
2018;16(1):225-49.

Ojewumi M, Obielue B, Emetere M, Awolu O, Ojewumi E. Alkaline pre-treatment and
enzymatic hydrolysis of waste papers to fermentable sugar. Journal of Ecological
Engineering. 2018;19(1):211-7.

Pramanik K. Biological treatment of lignocellulosic biomass to bioethanol. Advances in
Biotechnology & Microbiology. 2017;5(5).

Tran T, Le T, Thanh P, Nguyen D. Bioethanol production from lignocellulosic biomass
[Internet]. 2020. Available from: https://doi.org/10.5772/intechopen.86437

Beluhan S. The production of bioethanol from lignocellulosic biomass: pretreatment
methods, fermentation, and downstream processing. Energies. 2023;16(19):7003.

Robak K, Balcerek M. Review of second-generation bioethanol production from residual
biomass. Food Technology and Biotechnology. 2018;56(2).

Husada E, Sudiana I, Indriyani N, Santoso P. Preliminary study of biohydrolysis method
of durian rind for reducing sugar determination on bioethanol production. Jurnal
Hortikultura Indonesia. 2021;12(2):117-25.

Sari AR, Wardhani S, Mutrofin S. The Indonesian Green Technology Journal Sintesis
Granul TiO2-Bentonit/Alginat Untuk Fotodegradasi Metilen Biru. 2021. p. 50-57,.

214




35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.
49,

50.

51.

Journal homepage: https://journal.scitechgrup.com/index.php/ajer

Anita S. Bioetanol from nipa fibrous waste (nypa fruticans) using variation of enzimatic
hydrolysis method. Photon Jurnal Sain Dan Kesehatan. 2022;13(1).

Novia N. Hidrolisis enzimatik selulosa sekam padi menggunakan crude enzim dari
aspergillus niger untuk produksi bioetanol. Jurnal Litbang Industri. 2023;13(2):161.

Padil P, Syamsiah S, Hidayat M, Kasiamdari R. Kinerja enzim ganda pada pretreatment
mikroalga untuk produksi bioetanol. Jurnal Bahan Alam Terbarukan. 2017;5(2):92-100.
Telussa I, Fransina E, Singerin J. Produksi bioetanol dari mikroalga laut ambon chlorella
sp. galur tad. Jurnal Sains Dasar. 2023;11(2):63-9.

Supriyanti A. Produksi bioetanol dari biji sorgum (sorghum bicolor) melalui proses
hidrolisis enzimatis. Jurnal Agroindustri. 2023;13(2):121-31.

Haryani K, Hargono H, Handayani N, Harles H, Putri S. Pengaruh konsentrasi pati dan
yeast pada pembuatan etanol dari pati sorgum melalui proses simultaneous saccharification
and fermentation (ssf) dan separated hydrolysis fermentation (shf. Jurnal Rekayasa Mesin.
2021;16(2):132.

Arif A, Budiyanto A, Diyono W, Richana N. Optimasi waktu fermentasi produksi
bioetanol dari dedak sorghum manis (sorghum bicolor I) melalui proses enzimatis. Jurnal
Penelitian Pascapanen Pertanian. 2018;14(2):67.

Saputri D, Sindhuwati C, Hardjono H, Mufid M, Mustain A, Suryandari A. Studi awal fed
— batch hidrolisis enzimatik high total solid loading. Distilat Jurnal Teknologi Separasi.
2023;7(2):360-6.

Nurwahdah N, Naini A, Nadia A, Lestari R, Sunardi S. Pretreatment lignoselulosa dari
jerami padi dengan deep eutectic solvent untuk meningkatkan produksi bioetanol generasi
dua (lignocellulose pretreatment of rice straw using deep eutectic solvent to increase
second-generation bioethanol production. Jurnal Riset Industri Hasil Hutan.
2018;10(1):43-54.

Cahyaningtiyas A, Sindhuwati C. Pengaruh penambahan konsentrasi saccharomyces
cerevisiae pada pembuatan etanol dari air tebu dengan proses fermentasi. Distilat Jurnal
Teknologi Separasi. 2023;7(2):89-94.

Purwandani. Pembuatan Bioetanol dari Nira Kelapa Sawit Menggunakan Saccharomyces
cerevisiae. Buletin loupe. 2020;

Zabed H, Farug G, Sahu JN, Azirun MS, Hashim R, Boyce AN. Produksi bioetanol dari
sari gula yang dapat difermentasi. Sains World J. 2014;957102.

Wang Y, Fu Q, Xiao N, Chen G, Chen Y. Hydrothermal preparation of phyllostachys
pubescens — nanocellulose/graphene aerogel as a simple device for supercapacitors.
Bioresources. 2019;15(1):677-90.

Schuler ML, Kargi FKDRB. . 2nd ed. London, Inggris: Pearson; 2002.

Varghese R, Cherian R, Chirayil C, Antony T, Kargarzadeh H, Thomas S. Nanocellulose
as an avenue for drug delivery applications: a mini-review. Journal of Composites Science.
2023;7(6):210.

Nicol DAR. Dalam Fermented Beverage Production. 2nd ed. ed. L, A.G.H. P, J.R. E,
editors. New York, NY, AS: Springer; 2003.

(SSF S "PRODUKSI BDBSMMSDFS. KONVENSIONAL MENGGUNAKAN
Trichoderma reesei dan Saccharomyces cerevisiae. Edufortech. 2021;

215




52. Syadiah E. Produksi bioetanol dari bagas sorgum manis melalui sakarifikasi dan fermentasi
simultan (ssf) konvensional menggunakan trichoderma reesei dan saccharomyces
cerevisiae. Edufortech. 2021;6(2).

53. Ernes A, Ratnawati L, Wardani A, Kusnadi J. Optimasi fermentasi bagas tebu oleh
zymomonas mobilis cp4 (nrrl b-14023) untuk produksi bioetanol (optimization of
sugarcane bagasse fermentation by zymomonas mobilis cp4 (nrrl b-14023) for bioethanol
production. Jurnal Agritech. 2014;34(03):247.

54. Cika. Pengaruh pH Fermentasi dan Putaran Pengadukan pada Fermentasi Molasses
terhadap Produksi Bioetanol. Jurnal pendidikan dan teknologi indonesia. 2022,

This is an open access journal distributed under the Creative Commons Attribution License CC BY 4.0, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited

Journal homepage: https://journal.scitechgrup.com/index.php/ajer

216




