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Abstract:

This current study aims to achieve efficient production of high-purity
bioethanol from lignocellulosic industrial wastes such as paper and
cardboard wastes, in addition to natural agricultural wastes such as corn
cobs, a rich and biodegradable source of cellulose. These wastes were
employed as raw materials for bioethanol production through alcoholic
fermentation processes. This is part of efforts to find sustainable solutions
for solid waste management and achieve alternative and environmentally
friendly energy security. A methodology was adopted that includes pre-
treatment of the waste using mechanical treatment followed by acid
pyrolysis using dilute acids at different concentrations and volume ratios
to find the optimal conditions for decomposing the lignocellulosic and
hemi cellulosic bonds in the raw materials, followed by alcoholic
fermentation using dry yeast (Saccharomyces cerevisiae strain
UCDFST:11-194). All of this within optimal operating conditions were
identified through current or previous laboratory experiments The effect of
acid pretreatment on lignocellulosic materials was also studied using XRD
technique and showing the effect of acid on converting crystal forms into
amorphous forms as an initial step to break the main components of the
substrate, including cellulosic chains and convert them into free simple
sugars. It can be noted the bioethanol production from lignocellulosic
waste, whether manufactured or natural, is considered as one of a vital
approach in waste recycling due to its significant role in reducing the
accumulation of environmentally harmful waste. Furthermore, The
production of biofuel with both economic value and environmental
compatibility is particularly significant when used as an additive to
gasoline, as it enhances fuel efficiency and reduces environmental impact.
It is worth noting that the production of bioethanol from various feedstocks
typically occurs through the fermentation pathway under optimized
conditions, including a temperature of 32 °C, an acidic medium (pH 4-5),
and a fermentation period of three days. Ethanol is produced as a main
product within the fermentation mixture. The fermentation processes were
accompanied by monitoring and estimating the sugar concentration using
the DNSA method. Free sugars are released during the breakdown of the
primary lignocellulosic feedstocks through pretreatment processes and the
sugar reduction pathway, linking the reduction rate to ethanol yields in
each fermentation process. Various distillation techniques and drying
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agents such as molecular sieves 3A° were used to obtain pure ethanol at a
concentration of 98%. The chemical structure and purity of the produced
ethanol were confirmed using various techniques, including a hydrometer,
Fourier-transform infrared spectroscopy (FTIR), and proton and carbon
nuclear magnetic resonance spectroscopy (‘H, *C NMR). Based on the
results obtained, it was shown that paper waste is an effective feedstock for
bioethanol production, achieving favorable bioconversion rates under
optimal operating conditions. In particular, Sample 2 of paper waste
(pretreated with 1.5% sulfuric acid at a ratio of 10:1 acid to paper)
exhibited the highest yield of pure ethanol at 32%, compared to other paper
samples treated with higher acid concentrations of 2% and 2.5%. It was
found that increasing the acid concentration during the acidic pretreatment
negatively affected ethanol yields due to the formation of fermentation
inhibitors, which increase proportionally with acid concentration. On the
other hand, the results indicated that acid-treated cardboard waste at a
concentration of 1.0% and a ratio of 1:10 (acid to cardboard) in Sample 5-
1 recorded the highest ethanol yield from fermentation using yeast,
reaching 29.0% compared to other cardboard samples treated with different
acid ratios under the same fermentation conditions. As for agricultural
waste, represented by corn cob treated with acid concentrations ranging
from 1% to 2.5% and at ratios of 1:10, 1:15, and 1:20 (acid to substrate),
Sample 9-1 (treated with 1% acid at a 10:1 ratio) produced the highest
bioethanol yield through fermentation, reaching 29.3%, relative to other
acid-treated corn cob samples. In our study, following the production and
purification of bioethanol from lignocellulosic sources, it was blended with
conventional gasoline to prepare alcohol-gasoline fuel blends at varying
volume ratios of 0%, 6%, 8%, 10%, and 12%. The physical and chemical
properties of both pure gasoline and the binary ethanol-gasoline blends
were evaluated in the laboratory according to the American Society for
Testing and Materials (ASTM) standards. These tests included
measurements of Reid Vapor Pressure (RVP), density, Research Octane
Number (RON), as well as water and oxygen content. The results showed
a significant improvement in the RON value with increasing bioethanol
content in the blends, reaching a value of 89 at a 12% ethanol blend (E12)
an increase of 6 points compared to pure gasoline—without requiring any
modification to the engine design.



These findings confirm the technical and economic feasibility of producing
bioethanol from low-cost lignocellulosic waste using readily available and
inexpensive yeast strains. This presents a real opportunity for large-scale
industrial integration of this technology as an effective and sustainable
option for waste management and the production of environmentally
friendly, high-efficiency fuel.
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