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4.7. Integration with existing industries

Modifying existing factory setups to integrate palm waste as a
raw material effectively is essential for overcoming challenges
such as efficient fiber separation, lignin removal, and chemical
pulping optimization. Developing adaptable machinery and
processes that can handle variable raw materials will facilitate this
integration. Partnerships with existing industries can help
leverage established infrastructure and expertise, making the

transition smoother and more cost-effective.

By applying the above ways to recycling date palm tree
residues, we will encourage the bioeconomy concept which refers
to economic activities that use renewable biological resources,
such as crops, agriculture residues, and marine resources, to
produce food, energy, and materials. It aims to promote
sustainable development by reducing dependence on fossil fuels
and encouraging the use of natural resources in a more
environmentally friendly way. This approach emphasizes the
importance of harnessing the potential of biological resources to
create value and drive economic growth while ensuring the long-

term health of the environment.
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reliance on fossil fuels and mitigate environmental pollution,
especially in Arab and African nations. Initiatives can include
funding pilot projects, facilitating technology transfer, and
building infrastructure for biofuel production. Collaboration with
local communities and industries can ensure that biofuel

Initiatives are sustainable and economically viable.
4.5. Quality control

Establishing quality control laboratories to evaluate and test
recycled products is crucial for ensuring the effectiveness and
success of recycling strategies. These labs can develop standards
and certification processes that guarantee the quality and safety of
non-fruit palm products. Consistent quality control can build

consumer trust and drive market growth.
4.6. Scientific collaboration

Facilitating interdisciplinary collaborations among scientists is
necessary to develop integrated solutions for the challenges of
utilizing non-fruit palm products. Collaborative projects can
combine expertise from fields such as agriculture, chemistry,
engineering, and environmental science to address complex
issues. Joint research initiatives and conferences can foster
knowledge exchange and innovation. Providing funding for

scientific projects that support research centers and manufacturers.
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4.2. Enhanced scientific research

Supporting research centers and universities both morally and
financially is essential to conducting comprehensive studies,
including life cycle assessments and sustainability research. These
studies can provide data on the environmental impact and
economic feasibility of non-fruit palm products, guiding policy
and business decisions. Grants and funding for research can
accelerate advancements in processing technologies and product

development.
4.3. Governmental support

Governments should provide subsidies, offer tax incentives to
companies utilizing non-fruit palm products, and enact
regulations promoting the use of sustainable and renewable
materials. For example, financial incentives can lower the initial
investment barriers for businesses adopting new technologies.
Regulatory frameworks can set standards for sustainability,
ensuring that non-fruit palm products meet environmental and

quality benchmarks.
4.4. Generalization of waste recycling

Nongovernmental organizations should support palm waste

recycling, especially biofuel production, which can reduce
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production processes need modifications to handle these materials
cost-effectively and sustainably. Innovations in pulping and fiber
processing techniques can help incorporate palm waste into paper
products without compromising quality. Developing enzymes or
chemical treatments to break down lignin more efficiently can also

facilitate this integration.
4. Suggestions to overcome these challenges

Unlocking the full potential of non-fruit palm products
necessitates collaborative efforts from diverse stakeholders —
producers, researchers, policymakers, and consumers.
Implementing solution strategies to overcome challenges has the
potential to significantly contribute to sustainable development

and environmental conservation.
4.1. Media and public awareness

Media campaigns and public education initiatives are crucial
for promoting the waste-recycling culture and increasing
awareness of non-fruit palm products. These campaigns can
highlight the environmental benefits and practical uses of these
products, encouraging consumer demand and industry adoption.
Training programs for the youth can educate future generations

about sustainable practices and innovation opportunities.
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3.6. Lack of scientific collaboration

The preparation of compost from date palm waste faces
challenges due to its tough, fibrous nature and high lignin content.
Multidisciplinary scientific collaboration is needed to develop
methods for effective decomposition. This includes research into
microbial treatments that break down lignin faster and innovations
in composting technology that enhance efficiency. Collaboration
between botanists, chemists, and environmental scientists can lead

to breakthroughs in this area.
3.7. Inadequate equipment

Producing biochar from date palm waste requires achieving
optimal pyrolysis conditions, dealing with variable moisture
content, ensuring uniform heating, and minimizing oxygen
exposure. High-quality biochar production can be hindered by
inconsistent raw material characteristics. Investments in advanced
pyrolysis equipment that allows precise control of temperature
and oxygen levels can improve product consistency and

performance.
3.8. Raw material variability

The paper industry faces challenges integrating date palm

waste due to its fibrous nature and high lignin content. Existing
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3.4. Underdeveloped biofuel production

Despite its potential, biofuel production from palm waste is
underdeveloped. Biofuels made from palm waste could provide a
renewable energy source that reduces greenhouse gas emissions.
However, challenges such as optimizing conversion processes and
ensuring consistent supply chains must be addressed. Research
into improving combustion efficiency and integrating biofuels
into existing energy systems is crucial for broader adoption.
Nonetheless, hurdles persist, such as the necessity for efficient
microbial strains, economically viable production techniques, and
sustainable feedstock sources. Continuous research endeavors in
this sphere are geared towards surmounting these challenges and

enhancing the feasibility of biofuel production from gas resources
3.5. Ecological valuation of the recycling process

Producing high-quality activated carbon from date palm waste
involves minimizing energy use, reducing environmental impact,
and optimizing the carbonization process. Effective activation
techniques are crucial to ensure that contaminants are removed,
and the final product meets industry standards. For instance,
developing low-energy activation methods and recycling by-

products can make the process more sustainable.
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3.2. Insufficient research and development

Advancements in the quality and efficacy of non-fruit palm
products require intensified research and development efforts.
This involves exploring new processing methods, refining product
formulations, and implementing stringent quality control
protocols. For instance, novel processing techniques could
improve the durability of palm-based materials, making them
competitive ~ with  conventional materials. Additionally,
comprehensive research 1is necessary to wunderstand the
environmental impacts, such as carbon footprint and resource

efficiency, associated with these products.
3.3. Inadequate supportive policies

Supportive policies are essential to incentivize the production
and adoption of non-fruit palm products. Currently, limited
incentives exist for transitioning from traditional palm oil
production to non-fruit alternatives. Governments and
international organizations can implement tax breaks, subsidies,
and regulatory frameworks that encourage sustainable practices.
For example, policy measures could include grants for companies
investing in eco-friendly technologies or mandates for using

renewable materials in certain industries.
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3. Challenges and limitations of utilizing date palm tree

residues

Utilizing date palm tree residues holds significant promise for
sustainable development and environmental conservation, yet it
faces numerous challenges and limitations. Despite the potential
of these products to reduce waste and provide eco-friendly
alternatives in various industries, several obstacles hinder their
widespread adoption and effective utilization. Understanding
these challenges is crucial for devising effective strategies to
overcome them and fully harness the benefits of non-fruit palm
products. This section explores the primary hurdles that must be

tackled to enhance the use of these sustainable resources.
3.1. Lack of awareness

Consumers and enterprises often overlook the environmental
benefits and versatile applications of date palm tree residues.
Increased awareness is needed about their biodegradability and
renewable attributes. For example, these products can reduce
plastic waste when used as biodegradable alternatives, and they
have potential applications in various industries such as textiles
(e.g., natural fibers), construction (e.g., sustainable building

materials), and bioenergy (e.g., biofuels).
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qualities and wettability resistance that exceeded the EN standards

for MDF [114].
2.8.2. Epoxy composite

The fiber of date palm was used in the preparation of epoxy
composite by grinding, cleaning, and drying after that the
mechanical properties were investigated. The researchers found
that date palm fiber increased the tensile strength, and plasticity
of the composite, and the optimum weight percentage for the
reinforcement was 50%wt; but the exitance of air bubbles in the
epoxy matrix, affects the mechanical properties, unlike pure
epoxy resin, which does not include air bubbles [115]. To improve
mechanical qualities, a better production procedure for such a

composite is recommended.
2.8.3. Gypsum board

Gypsum board is commonly utilized as a thermal or acoustic
insulator due to its effective insulation properties. The
thermophysical impact of strengthening gypsum board with date
palm fibers was investigated. The fiber of date palm reduced the
thermal conductivity and density of the gypsum board, resulting
in improved insulation and reduced weight [116]. This

enhancement occurred without sacrificing mechanical qualities.
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bleaching process as an applied example. The studies can be
completed to produce high-quality paper that conforms to the

quality specifications of the local and international market

Figure 10: Hand paper sheet from date palm residue before and after the bleaching

process.
2.8. Other composite from date palm tree fibers
2.8.1. MDF fiberboard

MDF board effectively constructed using date palm fronds,
which have excellent mechanical qualities. To evaluate the
elements that influence MDF quality, the researcher created MDF
boards with two resin kinds, three pressing levels, and 10 and
12%wt resin (a total of 15 specimens). They demonstrated that

MDF manufactured from date palm fronds possessed mechanical



Figure 9: The drums used in drying hand paper sheet

Cellulose fiber derived from date palm residue holds promise
as a viable raw material for papermaking applications. However,
it's crucial to recognize that several factors, including residual
lignin content, impurities, pulp consistency, degree of pulp
beating, and relative humidity of the environment, can influence

the quality of paper sheets produced from any pulp.

The dimensions and strength of individual fibers, their
arrangement within the sheet, and the degree of bonding between
them are all pivotal factors that play a significant role in
determining the properties of the final paper product. Therefore,
careful consideration and management of these variables are
essential to ensure the production of high-quality paper sheets
from date palm cellulose fiber. Figure 10 represents a hand paper

sheet from date palm residue before bleaching and after the
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paper production leads to lower-quality paper. As a result, Egypt
imports wood pulp and combines it with rice straw and bagasse
pulps at a 20% level to enhance paper properties. The formation
of a paper sheet is determined by how well the individual fibers
are dispersed within the sheet. The initial step in creating a hand
sheet involves the beating process, during which cellulose fibers
are mechanically treated in a liquid, typically water. The main
goals of this beating process are to promote bonding between
fibers and minimize any damage to the fibers. Beating serves to
increase the fiber-fiber contact area by increasing their surface
area through fibrillation, enhancing their flexibility. Following the
beating, the fibers are deposited from the slurry suspension onto
the paper machine surface and undergo a drying process at 93 -C

for 15 minutes under vacuum, as illustrated in Figure 9.

The paper structure itself consists of interlocking cellulosic
fibers held together by H-bonds while the additives are retained

by sportive forces or chemically bonded to the cellulosic fibers.
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2.7.2. Characterization of cellulose fiber

After the isolation of cellulose fiber from date palm residues,
this fiber should be characterized using different techniques such
as FT-IR that are used to perform functional chemistry studies by
determining the functional group changes at different
wavelengths, while X-ray diffraction studies the crystalline
building of cellulose fiber and examined the crystallinity index,
the energy dispersive X-ray determine the elemental analyses for

cellulose fiber and SEM was used to study surface morphology.

2.7.3. Application of using isolated cellulose fiber from date

palm residues
2.7.3.1. Paper- manufacturing

The pulp and paper industry involves manufacturing businesses
that transform cellulose fibers into various types of pulps, papers,
and paper boards. Historically, cellulosic fibers have been utilized
in packaging materials. Particularly, softwoods and hardwoods are
the primary raw material for pulp production. Annual plants are
only used for 7-8% of pulp production, typically when wood is
not readily available. In Egypt, agricultural residues like bagasse
and rice straw are utilized due to the lack of forested areas for

wood sourcing. However, using agricultural residues for pulp and
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pulping involves using soda (NaOH/1N); washing with distilled
water and treating with diluted HCL; mechanical stirring is then
used to break down the cell walls; further washing and filtering
are required to extract the cellulose fibers [113]. In the last stage,
the remaining lignin was delignified wusing a hydrogen
peroxide/sodium hydroxide bleaching procedure (H2O»/NaOH).
Following the bleaching procedure, the pulp was dried in the air
and rinsed with deionized water till pH 7, all the above steps for
isolation of cellulose fiber from date palm residues are

summarized in Figure 8.

Prehydrolysis

Figure 8: Different stages to isolate cellulose fiber from date palm residues
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figure 7 that can be extracted from different biomass [106]. There
are both crystalline and amorphous regions in cellulose. Few
researchers have focused on the fibers that can be separated from
date palm residues; those that have managed to do so have used
the fibers to treat water as environmentally friendly flocculants or
filters and to reinforce composites [107-112]. There is less focus
on isolating cellulose and creating various kinds of paper pulp.
Date palm tree residue has the potential to be a sustainable source

of cellulose and its derivatives for a variety of uses.

CH,OH CH,OH CH,OH
| |
H C—O_ 4 C—0 1 —0
\+/§H H\?mo NN NN
OH H
pdiR n Al

H OH H OH H OH

Figure 7: The structure of cellulose molecules
2.7.1. Method of isolation of cellulose fiber

To isolate cellulose fiber from date palm residues, pretreatment
1s necessary to get rid of waxes and resins, as well as to solubilize
hemicellulose and lignin to increase the amount of cellulose in the
biomass. Cellulose-dissolving pulp can be isolated from Date
palm tree residues in three simple stages. (a) Prehydrolysis

involves treating the date palm tree residues with H>SOs; (b)
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1s primarily attributed to indigenous microorganisms present in

the compost.

These findings underscore the importance of maturity
assessment in evaluating compost quality and highlight the
efficiency of date palm waste compost in suppressing Fusarium
oxysporum, indicating its potential as a valuable biocontrol agent

in date palm cultivation [103].
2.7. Cellulose fiber from date palm residues

The Bioeconomy Approach of the twenty-first century
encourages the use of renewable resources rather than just
nonrenewable ones to achieve both economic success and
environmental persistence [104]. Nowadays researchers started
studying the ability to use biomass waste such as rice husks,
wheat-cereal straw, oil palm, bamboo, cotton carpel, and date
palm fibers as a source of natural fiber. This fiber is characterized
by low cost and is more available compared to conventional fibers
with low density; they have good mechanical properties, are
biodegradable [105], and also nonabrasive, the most common
natural biopolymer found on Earth is cellulose, which is a high-
molecular-weight homopolymer made up of B-D-glucopyranosyl

repeating units linked by (1—4) glycoside linkages as shown in
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oxysporum f.sp. albedinis (Foa), poses a significant threat to date
palm cultivation. However, the utilization of compost for
biocontrol of soil-borne phytopathogens has become a well-
established horticultural practice. This study aimed to investigate
the efficacy of compost extracts in controlling the pathogenic
fungus; Fusarium oxysporum, elucidating their mechanism of
action, and evaluating parameters associated with compost

maturity.

Date palm tree residue compost, produced through forced
aeration composting, exhibited non-phytotoxic properties,
displaying a germination index of 83.78%. In contrast, two
commercial composts exhibited phytotoxicity. Maturity
assessment revealed a negative correlation with salinity, C/N ratio,

and total soluble phenols.

Biocontrol assays demonstrated that date palm waste compost
was highly effective; starting from the sixth day of incubation,
unsterilized extracts of this compost at a concentration of 10%
exhibited the highest antagonistic effect against the pathogen,
achieving a 100% inhibition rate. Conversely, the inhibition rate
using microfiltrated extracts did not exceed 30%, and all
autoclaved extracts lost their antagonistic effect against the

indicator fungus. These results suggest that the suppressive effect
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This effectiveness may stem from alterations in the overall
population of antagonistic resident soil bacteria and fungi, which
compete with pathogens, as well as changes in the availability and
accessibility of soil nutrients to plants associated with the
application of composted materials as noted by Abo-Elyousr ez al
[100]. Composts have positive impacts because they stimulate soil
microbial activity in the rhizosphere of plants. While some of
them create natural chelators known as siderophores that maintain
iron at a high level in a form that is available to plants in the soil,
others manufacture plant growth hormones that directly stimulate
plant development. Compost has a suppressive impact because of
several biotic variables. The biotic factor, which includes the
microbes that live there (bio-agents), such as the plant growth-
promoting rhizobacteria strains (B. megaterium, B. cereus, and P,
fluorescens), may be partially to blame for compost's ability to
reduce soil-borne illnesses [102]. Furthermore, the incorporation
of PGPR strains with compost has been shown to enhance plant
resistance to diseases by leveraging these bio-agents to boost the
synthesis of phenolic and lignin compounds. This phenomenon
likely elucidates the notable reduction in disease incidence

observed in mixed treatment approaches.

The Fusarium wilt disease of date palms, caused by Fusarium
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underscore the potential of date palm compost as an effective
growth medium for enhancing germination and promoting healthy
plant growth in greenhouse settings [97]. The significance of date
palm compost materials and their capacity to increase
physicochemical qualities as substrate mediums can be employed
as a promising substitute for imported commercial peat moss.
Because it obtained the best-suited physicochemical features,
specifically improved bulk density (Bd), water holding capacity,
cation exchange capacity, and important mineral nutrients (N, P,
and K) content while decreasing organic matter, organic carbon,

and CN ratio [98].
2.6.3.4. Date palm compost for controlling plant diseases

A combination of PGPR strains including B. megaterium, B.
cereus, and P. fluorescens, when used in conjunction with
composted date palm leaves, demonstrates effective management
of root rot disease in faba beans, proven in both greenhouse and
field environments. This approach can also lead to enhanced plant
growth and yield components [99]. Composted soil can protect
various plants from soil-borne root pathogens such as Fusarium
sp. and R. solani in faba beans and other crops [100] and enhance
the chemical, physical, and biological qualities of soil to

encourage the growth and productivity of faba bean plants [101].
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polycondensation and polymerization. Infrared spectroscopy of
humic acids isolated from treated soil further confirmed the

enrichment of aromatic structures [96].

Utilizing date palm compost for a short duration suggests its
potential effectiveness in enhancing soil fertility by increasing the
concentration of humic acids, while also enhancing aromaticity
and functional groups. This highlights the potential of date palm

compost as an option for improving soil quality and fertility [96].
2.6.3.3. Date palm compost as growth media

The study evaluated three growth media: compost derived from
date palm wastes, peat, and perlite, for germination of muskmelon
and tomato seeds. Results indicated that the compost exhibited a
promising maturity and stability threshold, which correlated with
its neutral pH, optimal C:N ratio, higher content of humic acid
compared to fulvic acid, and low levels of chlorophyll-type

chemicals.

Using date palm compost as a potting media and substrate in
soilless cultivation under greenhouse conditions yielded positive
benefits for germination and plant growth. Both solid and liquid
forms of compost showed advantageous effects on horticultural

crops such as tomatoes and muskmelons. These findings
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2.6.3.2. Soil fertility

Compared to untreated soil, palm compost treatment at 30 t ha
! considerably increased soil organic matter and water retention
capacity while decreasing electrical conductivity . Furthermore,
the main soil qualities (organic matter and water retention
capacity) increased and decreased in electrical conductivity. It
might be utilized as a suitable organic fertilizer for other crops

surrounded by date palm trees and could substitute chemical

fertilization with satisfactory results [92].

The soil humic fraction plays a pivotal role in determining soil
quality, with its presence indicating the potential for long-term soil
carbon enrichment. Date palm compost, along with sheep manure,
was introduced as organic amendments in the soil to assess their

impact on soil humic compounds.

The compost derived from date palm and sheep manure
exhibited mature characteristics, as evidenced by a neutral pH and
a C/N ratio of 11.9. The application of date palm compost to soil
demonstrated its efficacy in enhancing soil quality. Spectroscopic
analysis of humic compounds isolated from date palm compost
and manure revealed an abundance of aromatic structures,

indicated by a low E4/E6 ratio, which is associated with increased
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influenced proteins associated with various biological processes,
including glycolysis and energy metabolism, protein synthesis and
degradation, RNA processing, stress response, amino acid
biosynthesis, the phenylpropanoid pathway, and plant hormone
signaling transduction. Future research endeavors are necessary to
validate the expression patterns identified through the proteomic

study.

The activation of pathways involved in the biosynthesis of
primary and secondary metabolites emerges as a crucial factor for
promoting barley plant growth. These findings offer valuable
insights into the molecular mechanisms underlying the response

to compost as an organic fertilizer in plants [94].

Using date palm waste as a culture substrate, we investigated
melon (Cucumis melo L.) plant growth, water relations,
chlorophyll fluorescence, photosynthesis, and phytochemical
analysis in a hydroponics culture system. Date palm waste
compost has been mixed with animal dung. Analysis indicated
that vegetative development was improved. Total soluble solids
(Brix), total dissolved solutes, titratable acidity (as citric acid),
sugar content, and melon juice pH. Date palm waste-based
substrates, particularly trunk compost, appear to be attractive and

cost-effective alternatives to soilless cultures [95].
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biomass output. Furthermore, it improved the grain production
and development rate (stem length and leaf expansion) of alfalfa,
and the palm compost application had a good impact on mineral
nutrition when compared to the control treatment [92]. The
analysis of Date palm waste compost revealed that it contains a
higher concentration of major essential elements such as nitrogen,
phosphorus, potassium, and magnesium, which may indicate its
potential to improve the vegetative growth and physiological
functions of date palm seedlings. Date palm waste should be
composted, used for seedling fertilization, particularly at 100
grams, and combined with inorganic fertilizer. Furthermore, the
usage of chemical fertilizers should be minimized because they

are not eco [92].

Date palm waste compost has demonstrated a beneficial impact
on barley plants, effectively stimulating plant growth. A detailed
investigation into the fluctuation of protein abundances in barley
roots following compost treatment was conducted. The study
revealed a significant number of differentially abundant logically
friendly or financially effective proteins in barley roots treated
with the compost, suggesting that the regulatory effect of the

compost on barley involves multiple metabolic pathways.

Proteomic analysis unveiled that the compost treatment



Figure (6): date palm residue mixed with animal manure at a ratio of 3:1

2.6.3. Date palm compost application
2.6.3.1. Plant growth and development

Date palm leaves compost serves as a viable substitute for
peatmoss [91], as evidenced by research. Additionally, it
facilitates the germination and growth of various ornamental
plants, including Cosmos bipinnatus, Dahlia variabilis, Tagetes
erecta, and Zinnia elegans. Moreover, when applied at a moderate
dose of 30 t ha!, palm compost demonstrates potential benefits
for enhancing forage plant yield [92]. Furthermore, date palm
wastes exhibit significant potential for utilization as culture
material in hydroponic systems, indicating their suitability for
supporting plant growth in controlled environments [93]. In

addition, the supply of palm compost considerably improved fresh
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residues have the following physicochemical characteristics: pH
near neutral (7.5), moisture rate at maturity close to 41.52%,
organic matter (OM) rate of 44% of dry matter, density of 0.39
g/cm3, C/N ratio of 14.9, and high conductivity (2.48 mS/cm)
[89]. Compost made from dried date palm by-products has the

same quality as compost made from other plant materials.
2.6.2. Preparation of compost from date palm residue

The parts of the date palm tree (fronds, inflorescence, empty
bunches, empty spathes, remains of stipes, stalks, spoiled fruits,
and seeds, etc.) were mechanically ground to produce date palm
tree mulch particle size (2 inches), which was then layered in a
standard compost pile with fresh manure. Figure 6 shows that the
pile composting ratio was a combination (1:3). Mulch and manure
layers were alternated to promote quick decomposition. Pile
moisture was monitored and changed every 5 to 7 days. Pile
temperature was measured daily in the center of the compost piles
at several sites. To maintain optimal bacterial growth to degrade
hard organic fibrous material, the composite moisture was
adjusted to 60% using a squeeze test [90]. The prepared compost
was then sieved to remove large and non-biodegradable materials

using a 2mm sieve.
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Farmers often apply a blend of manure and biosolids, which is
regarded as the optimum method [88]. When compared to
individual fertilizers (such as nitrogen, phosphorous, and
potassium), animal manures make a large contribution to soil
fertility. Sustained manure use can increase soil organic matter
and structure. Most rural farmers are familiar with manures from

livestock and other conventional farm animals.

Animal excrement from cows, horses, and chickens is widely
available and utilized as fertilizers. Cow dung is more widely used
in many rural areas throughout the world than manure from other
agricultural animals. As a result of the decline in the number of
raised animals, its availability in farm regions has fallen
dramatically. Furthermore, there are other challenges associated
with cow manure fertilization, including handling, transportation,
and the vast amounts required to meet plant nutrient requirements.
As a result, farmers and researchers are constantly exploring

alternative organic fertilizers from their natural ecosystems.

2.6.1. Physico-chemical characteristics of date palm

residues compost

Date palm waste 1s woody, and it must be mixed with manure

to begin the decomposition process. Composted date palm
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and increasing the release of NH4N. These findings could help
formulate fertilization methods for increased nitrogen use

efficiency of plants in alkaline sandy loam soils [79].

2.6. Date palm residues as a precursor for preparing

compost

The composting technique offers an efficient and
environmentally friendly way to decrease date palm residues. A
study of composting 70% date palm residues and 30% prawn and
crab wastes found that the finished compost could be an effective
fertilizer [84]. Excessive use of chemical fertilizers hurts the
environment. Furthermore, excessive use of this chemical
fertilizer in the absence of organic additions might damage the
surrounding ecosystem through nutrient leaching [85]. As a result,
the loss in soil organic matter could be the cause of soil sterility
and unproductiveness generated by a lower microbial activity and

infiltration rate [86].

As a result, organic amendments and manures improve soil
fertility and agricultural production. Compost and livestock
manure have been identified as interesting soil amendments
among other organic compounds. Compost is commonly
produced by composting and/or vermicomposting techniques

[87].
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e Date palm residues boast substantial caloric and volatile
content, rendering them potent organic fertilizers compared to
other agricultural residues. Consequently, date palm biomass and
the biochar derived from it can be regarded as valuable and
beneficial biofertilizers [80, 81].

e Biochar, when utilized as a soil amendment, has the
potential to improve the water retention capabilities of sandy soils
in dry areas, even when irrigated with both fresh and salty water
[82].

e In batch and column studies, biochar derived from date
palm waste was employed to eliminate manganese and nitrate
from aqueous environments. At pH 6, utilizing 0.1 g of biochar
generated from date palm leaves and fronds pyrolyzed at 500°C
yielded remarkable removal efficiencies and adsorption
capacities. Specifically, the removal efficiencies were 73.20%
with an adsorption capacity (qe) of 3.57 mg/g for manganese, and
94.94% with qge of 4.18 mg/g for nitrate [83].

e Combining biochar (pyrolyzed at 300 and 500 °C) with
urea reduced NH3 volatilization in soil samples compared to urea
alone. However, combining urea and biochar pyrolyzed at a lower
temperature (300 °C) produced the greatest results and reduced

nitrogen losses in sandy loam soils by lowering NH3 volatilization
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yield of each product. Biochar is produced at lower temperatures
around 450°C with slower heating rates, while gases are generated
at higher temperatures nearing 800°C with faster heating rates.
Bio-oil, on the other hand, is produced at intermediate
temperatures with relatively higher heating rates. It can be
converted into engine fuel through gasification and further

processing into biofuels.

Moreover, the production of bioethanol from date palm
residues is gaining momentum as a biofuel. This can be achieved
through chemical or biological processes such as anaerobic
fermentation of biomass. Bioethanol holds significance for
various industrial applications and represents a promising avenue

for sustainable energy production [78].
2.5.2.4 Multiple benefits

e As per a study, employing date palm biomass and its
biochar derivative on heavy metal-contaminated soil led to a
reduction in pollutants [79]. The efficacy of date palm biochar in
adsorbing nickel and copper in both binary and tertiary systems
was observed to exert a significant influence on the adsorption

process [80].
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efficacy [72]. Converting waste biomass into biochar holds
promise for reducing methane and CO> emissions from landfills
[73]. It's estimated that carbon storage in biochar could prevent
the annual emission of 0.1 to 0.3 billion tons of CO;. Biochar also
has the potential to mitigate greenhouse gas emissions through

CO, sequestration strategies [74, 75].

Recent research delves into utilizing Date Palm Leaf (DPL)
waste as a cost-effective biochar source for efficient CO»
adsorption, aiding in CO; capture and storage strategies.
Analyzing DPL biochar characteristics through various
techniques and testing its CO: adsorption using Gas-Solid
analyzer technology, promising results emerged. DPL waste
biochar produced at 500°C for 5 hours exhibited a 20% CO;
adsorption efficiency per gram of biochar. These findings
underscore the potential of DPL waste biochar for further
exploration and application in CO; capture initiatives [76].

2.5.2.3. Conversion into energy-rich products

Pyrolysis of date palm biomass yields biochar, bio-oil, and
various biogases, including methane, hydrogen, carbon
monoxide, and carbon dioxide [77|. The pyrolysis process

involves different temperatures and heating rates, impacting the
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CEC were increased [66]. The intrinsic characteristics of soils in
arid regions, such as low water retention and poor fertility, make
them unsuitable for agricultural purposes. However, the
application of biochar has been shown to improve soil water
retention by up to 20% and increase cation exchange capacity. The
data suggests that biochar treatment induces beneficial changes in
soil properties, but further long-term studies are needed to assess
the lasting effects [67].

e The increases in soil organic carbon and soil microbial
biomass carbon, as well as the reduction in soil CO2-C efflux,
were significantly enhanced by the addition of date palm
feedstock and biochar. The application of biochar at 300°C
resulted in notable decreases in the levels of soil available Cd, Cu,
Pb, and Zn, while biochar applied at 700°C had a significant

impact on lowering the mobile fraction of Fe in the soil [68].
2.5.2.2. Carbon dioxide adsorption

Biochar exhibits a significant capacity to adsorb CO», akin to
activated carbon [69]. Its ability to adsorb CO; hinges on multiple
factors, including surface area, charge, pH, porosity, mineral
composition, pore size, volume, basicity, hydrophobicity, and
functional groups [70, 71]. These attributes, influenced by the

feedstock type and thermochemical process, determine biochar's
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water use efficiency. However, the application of leaf and stem
biochar led to a decrease in intercellular CO> concentration [64].

e The application of biochar is considered a viable option for
enhancing soil structure, bulk density, and porosity. It provides a
conducive environment for better water and nutrient movement,
retention, and root system development, resulting in increased
crop productivity. Biochar's low-density particles lead to a
reduction in soil bulk density and facilitate the rearrangement of
soil pores, promoting the formation of new pore spaces. This
positively influences soil aggregation, which plays a crucial role
in determining soil quality and erosion prevention. Biochar also
has a slight impact on soil pH, with a potentially greater effect on
acidic soils compared to neutral ones. Furthermore, biochar
significantly influences soil fertility, particularly in terms of
nutrients and total nitrogen levels. [65].

e Under typical conditions and especially in times of water
shortage, vermicompost and biochar led to enhanced eggplant
growth, productivity, and efficiency in water usage.

e Biochar produced at low pyrolysis temperatures (300 and
400°C) on sandy desert soil promotes wheat growth when applied
with mineral fertilizer, enhancing soil water retention, particularly

with aging in soil, Soil OM content and cation exchange capacity
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amendment in the agriculture sector. Agricultural residual
biomass is the primary feedstock for biochar synthesis by

thermochemical conversion [61].

e Biochar can contribute to climate-smart agriculture
practices in developing countries, reducing vulnerability to its
effects [62].

e The utilization of biochar derived from Date palm residues,
comprising a mixture of leaves, stems, and branches, with particle
sizes smaller than 1 mm, has the potential to improve the physical
and hydrological properties of light-textured soils. This
application can enhance water conservation in the soil, thereby
reducing the amount of water needed for irrigation. However,
thorough assessment under field conditions is imperative to
evaluate the long-term impact of biochar on water characteristics
and soil structure [63].

e The utilization of date palm leaf and stem biochar had a
significant impact on various growth parameters of cucumber
plants, including stem diameter, leaf number, vine length, leaf
area, number of fruits per vine, fruit dimensions, fruit weight, stem
weight, leaf weight, fruit circumference, fruit surface area, yield,
fruit quality attributes, intercepted radiation, chlorophyll content,

photosynthesis, transpiration rate, stomatal conductance, and
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Date seed biomass of Phoenix dactylifera is widely available
yet frequently thrown as agricultural waste in many countries.
Date palm seed samples were characterized and utilized to
produce biochar at various pyrolysis temperatures (350, 450, 550,
and 650 °C) for 2 hr. The physicochemical parameters of biomass
demonstrated that date seed biomass has the potential to be
successfully used as a feedstock for biochar production. This was
attributed to its high volatility, high bulk density, low ash content,

and low moisture content.

Biochar mass yield was inversely proportional to pyrolysis
temperature. Biochar yields were 43.3%, 33%, 27%, and 22% at
various temperatures (350, 450, 550, and 650°C). The alkaline
nature of biochar made from date seed was expected to result in a
significant concentration of negatively charged surface functional
groups. Furthermore, the very porous structure makes it a good
option for removing heavy metal ions from wastewater systems
[60].

2.5.2. Biochar application

2.5.2.1. Soil fertility and plant growth performance

Biochar can serve as a long-term agricultural adaptation

method. Biochar is well recognized as a cost-effective organic soil
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world. Wheat and rice straw, rice husk, and date palm tree residues
are the most agricultural waste that is used in biochar production
[55, 56]. The fundamental qualities of biomass influenced the

characteristics of biochar.
2.5.1. Preparation of biochar from date palm residues

Pyrolysis is a thermochemical technique that is commonly used
to convert any organic biomass into charcoal at temperatures
ranging from 300 to 600 degrees Celsius [57]. Pyrolysis is a
thermal process that converts date palm biomass into solid
'biochar', liquid 'bio-oil', and gaseous 'syngas' in an inert
atmosphere. The distribution of pyrolysis products is determined
by the plant's operating conditions, which include temperature,
pressure, heating gradient, and time. The date palm biomass,
which includes the leaves, stem barks, fronds, and seeds, will be
sun-dried, cut, or ground into small bits, and pyrolyzed in a
stainless-steel container. the biomass is dried, chopped, chipped,
and ground to remove residues [58]. To produce various forms of
biochar, it is recommended to maintain the pyrolysis temperature
within the range of 300 to 600 °C for 4 hours. Subsequently, the
produced biochar should be left overnight in the furnace at the

respective charring temperature [59].
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process occurring in an oxygen-depleted environment at elevated
temperatures. This process entails subjecting waste biomass to
high temperatures in the absence of oxygen, resulting in the
production of condensable vapor, gases, and charcoal. The solid
carbon-rich product derived from pyrolysis is known as biochar
or char. Additionally, the volatile fraction generated during
pyrolysis is partially condensed into a liquid fraction termed tar or
bio-oil. Moreover, a mixture of low molecular weight gases,
including carbon dioxide, hydrogen, carbon monoxide, and
methane, is formed in varying proportions as a byproduct of the
process [53]. During the charring process, carbon transforms
aromatic  structures that exhibit greater resistance to
decomposition compared to the raw material. The ratio of gas, oil,
and char produced is contingent upon the heating conditions
applied to the raw materials. The chemical composition of
biochar, including carbon, nitrogen, and potassium content,
correlates with the composition of the initial biomass and the
duration and temperature of the pyrolysis process. Pyrolysis
engenders variations in physical attributes such as porosity and
surface area, alongside alterations in chemical composition,
including carbon and hydrogen content [54]. Biochar production

incorporates a wide range of agricultural biomass from across the
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of harmful gases like carbon monoxide and nitrogen oxides,
thereby mitigating their ecological footprint. Additionally,
maintaining low moisture content in biofuels is crucial to ensure

optimal combustion quality and fuel efficiency.

The energy density of biofuels, indicative of their efficiency, is
measured by their capacity to contain significant energy within a
confined volume. Sustainability is underscored by the preference
for biofuels sourced from renewable and sustainable origins, such

as plants, to uphold environmental equilibrium.

Biofuels contribute to mitigating greenhouse gas emissions and
combatting climate change, given their low carbon dioxide
emissions. Furthermore, compatibility with diverse engine types

without necessitating major modifications is paramount.

These criteria delineate the quality attributes of biofuels, with
variations contingent upon the type of fuel and production
methodology employed.

2.5. Biochar from date palm residues

Biochar is produced by pyrolyzing or gasifying carbonaceous
biomass under oxygen-starved combustion conditions [52].
Pyrolysis stands as the predominant method for converting

biomass into biochar through a thermochemical decomposition
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experiments have been undertaken across Arab and African
nations to explore biofuel production from palm residues. These
investigations have underscored the potential of palm residues as

a substantial biofuel source.

For instance, in Egypt, Zagazig University conducted
experiments on ethanol production from palm residues via
fermentation. These studies demonstrated that palm residues can
yield up to 100 liters of ethanol per ton of residues. Similarly, in
the United Arab Emirates, the Renewable Energy Research Center
explored methane production from palm residues using anaerobic
digestion. Their findings revealed that palm residues can generate

up to 100 cubic meters of methane per ton of residues [50].
2.4.4. Quality and description of biofuels [51]

To assess the quality of the resulting biofuels, various criteria
are instrumental in gauging their adherence to environmental and
efficiency standards. Biofuels are typified by a chemical
composition comprising hydrocarbon compounds, featuring
diminished levels of sulfur and nitrogen compounds. Efficiency is
evaluated based on their combustion effectiveness and capacity to

deliver substantial energy per volume or mass unit.

In terms of environmental impact, biofuels boast low emissions
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Flourishing in anaerobic conditions, these microorganisms
decompose organic matter, notably fibers, via methanogenesis.
The resultant methane gas serves as a potent biofuel, offering a
renewable energy source that can be harnessed through capture
and utilization. This process holds particular significance in waste
management scenarios, as it enables the conversion of organic

waste into valuable energy resources.

Gas conversion: Indeed, certain types of bacteria exhibit the
remarkable ability to convert gases into fuel components. For
instance, some bacteria can transform carbon dioxide into
methane, a phenomenon termed methanotrophy. Additionally,
other bacteria possess the capability to convert gases like carbon
monoxide and hydrogen into liquid fuels through a process known
as gas fermentation or syngas fermentation. These processes
constitute integral components of the overarching field of gas
bioengineering, which seeks to leverage the metabolic prowess of

microorganisms to convert waste gases into valuable products.
(d) Improving quality
Microorganisms play a pivotal role in enhancing the properties

of hydrocarbon compounds, including augmenting the proportion

of lighter compounds and improving fuel efficiency. Numerous
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which serve as the fundamental constituents of biofuels. This
transformation is facilitated through the metabolic pathways of
these microorganisms, offering a means to convert biomass into

energy-rich fuels.

Bioconversion process: In the bioconversion process,
microorganisms typically ferment sugars or fats, metabolizing
them to generate hydrocarbons as byproducts. The types of
hydrocarbons produced can vary depending on the specific

microorganism and the type of feedstock utilized.

Saturated and  unsaturated hydrocarbons: The
bioconversion process can yield both saturated and unsaturated
hydrocarbons. Saturated hydrocarbons, exemplified by methane,
feature single bonds between carbon atoms and tend to be gaseous
at room temperature. Conversely, unsaturated hydrocarbons, like
ethylene and propylene, possess double or triple bonds between
carbon atoms and typically exist as liquids or solids at room
temperature. The type of hydrocarbon generated can significantly

impact the properties of the resultant biofuel.
(c) Gas production

Methanogenic bacteria: Methanogenic bacteria, classified as

a type of archaea, are pivotal in methane gas production.
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yeast and bacteria metabolize sugars, yielding ethanol and carbon
dioxide in yeast fermentation, and a gas mixture comprising

methane and carbon dioxide (biogas) in bacterial fermentation.

Methanogenesis: Methanogenesis, facilitated by
methanogenic bacteria, marks the final phase of decomposition,
where organic matter is transformed into methane. This anaerobic
process occurs in specific environments and provides a renewable
energy source when the methane produced is captured and

utilized.

These processes collectively form part of a broader biological
system for biofuel production, wherein waste materials are
transformed into valuable energy resources. However, the
efficiency and efficacy of these processes are contingent upon
various factors such as the type of organic material, the specific
microorganisms involved, and environmental conditions. Further
research and optimization of these processes hold promise for

enhancing the sustainability and efficiency of biofuel production.
(b) Hydrocarbon compound formation

Microbial conversion: Certain types of bacteria and yeasts
possess the capability to transform organic materials into

hydrocarbon compounds, comprising both alkanes and alkenes,
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to convert sugars into ethanol or biogas. Alternatively,
methanogenic bacteria decompose fibers, producing methane.
These biological processes require suitable environmental
conditions, culminating in the generation of biofuel ready for

storage and distribution across various energy sectors.

Microorganisms assume a crucial role in the biological method
of deriving biofuel from palm residues. Bacteria and yeasts are
instrumental in converting organic materials within the residues

into biofuel-compatible compounds. Their functions include:
(a) Sugar and organic material breakdown

Microbial breakdown: Microbial breakdown is a pivotal
process in the degradation of complex organic substances.
Microorganisms secrete enzymes that facilitate the breakdown of
intricate carbohydrates, proteins, and lipids into simpler
compounds. These simpler compounds, like monosaccharides and
amino acids, serve as substrates for microbial metabolism,
generating energy and producing byproducts that can be utilized

as fuel.

Fermentation process: The fermentation process 1is
instrumental in converting sugars into ethanol or biogas. Typically

conducted under anaerobic conditions, microorganisms such as
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(e) Storage and distribution:

After manufacturing, the biofuel undergoes storage in secure
units. It is then distributed for use in power stations or suitable
transportation modes. Before distribution, samples are extracted,
and tests are performed to verify quality and adherence to
designated standards. These procedures are executed under
controlled conditions to precisely regulate pressure, temperature,

and chemical reactions.
2.4.3.2 The biological production of biofuel [50]

The biological approach to producing biofuel from palm
residues harnesses microorganisms, such as bacteria and fungi, to
transform the organic matter within the residues into hydrocarbon
compounds. These residues undergo fermentation by
microorganisms, yielding ethanol or methane, or undergo
anaerobic digestion, where microorganisms decompose them in

the absence of oxygen, resulting in methane production.

In the biological process of biofuel production from palm
residues, living reactions are pivotal in converting the organic
materials into biofuel. The process commences with the gathering
and preparation of palm materials, including fibers and kernels.

Subsequently, fermentation takes place utilizing yeast or bacteria
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(a) Hydrogenation of materials:

Residues react with hydrogen in the presence of a catalytic
catalyst (such as nickel) to convert unsaturated organic materials
into saturated hydrocarbon compounds. Hydrogen is added to
unsaturated chemical bonds, saturating the organic compounds,

and converting them into saturated hydrocarbon compounds.

(b) Distillation:

The chemical solution resulting from hydrogenation is heated
in a distillation tower. Compounds vaporize in order of their
different boiling points, and they are collected in multiple stages

for complete separation.
(¢) Hydrogen treatment:

Hydrocarbon compounds are treated with hydrogen in the
presence of a catalyst to improve their quality and enhance their
fuel properties. Specific catalysts can be used to increase the ratio

of valuable hydrocarbon compounds such as light hydrocarbons.
(d) Fuel filtration and purification:

The fuel is filtered to remove impurities and unwanted
materials. The fuel can be refined to obtain a final product that

meets the required specifications for biofuel.
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2.4.3. Biofuel production

- There are two main methods for producing biofuel from
palm residues [10]. Chemical methods in which palm residues
are converted into hydrocarbon compounds using chemical
processes such as hydrogenation and distillation, while biological
methods palm residues are converted into hydrocarbon

compounds using microorganisms such as bacteria and fungi.

2.4.3.1 The chemical production of biofuel

The production of biofuels from palm residues encompasses a
diverse array of chemical processes, incorporating various
methods and techniques. For instance, the hydrogenation process
may involve reacting organic materials with hydrogen in the
presence of a catalyst, converting them into saturated hydrocarbon
compounds. Subsequently, the solution is distilled to separate the
saturated hydrocarbon compounds. These steps are conducted
under controlled conditions to ensure high efficiency. The success
of the process depends on determining the appropriate conditions
and selecting suitable technology based on the type and quantity

of available residues [10].
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2.4.2.1. Mechanical methods

This method includes milling or crushing, the milling
process involves using equipment to crush palm materials into
small particles, increasing their surface area and making them
more accessible for subsequent conversion processes, while
Crushing is used to break down raw materials, shredding them
into smaller particles, thus enhancing the efficiency of subsequent

operations.
2.4.2.2. Chemical methods
This method includes different types as:

- Chemical treatment of fibers involves using chemicals
such as alkalis to improve the biodegradability of palm fibers and
enhance their properties.

- Chemical fermentation is used to separate valuable
components from palm materials, such as extracting oils and
sugars.

- Solvent extraction relies on solvent stripping to extract
valuable materials from palm materials, especially plant oils.

- Acid treatment can be used to improve the chemical

conversion reactions of palm materials.
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from palm residues, this includes several steps:

e Raw material collection: The process begins with the
collection of raw materials from various sources, such as palm
fibers, palm kernels, and leaf and branch residues. These materials
need to be prepared for processing.

e Cleaning and sorting: Raw materials are cleaned from
impurities and unwanted materials and sorted to ensure the quality
of the materials entering the production process.

e Drying: Some materials, such as fibers and branches, are
dried to remove excess moisture, as drying helps increase the

efficiency of subsequent conversion processes.
2.4.2. Primary processing operations [49]

Primary processing operations in the context of using palm
residues for biofuel production include a set of steps aimed at
improving the properties and effectiveness of the raw materials.
These methods constitute fundamental steps in preparing palm
residues for use in biofuel production, and suitable methods are
selected based on the specific requirements of the production

process and the quality of the available materials.
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e Palm kernel is found in the inner part of the palm nut. It
contains vegetable oils that can be used for biofuel production,

either through direct oil extraction or conversion into biodiesel.

e Palm trunk parts of the palm trunk can be used in biofuel
production, either as part of biological decomposition processes

to produce biogas or for thermal energy generation.

e Leafand branch residues organic materials from leaves and
branches can be used in biofuel production, especially through

biological decomposition processes to produce biogas.

e Palm kernel cake defined as the byproduct of palm oil
pressing, known as palm kernel cake, can be used in animal feed
production, thus being considered part of the bioenergy

production cycle.

2.4.1. Preprocessing operations for production of biofuel
[49]

Producing biofuel from palm waste requires advanced
technological processes to extract and convert these parts into
usable fuel. Preprocessing operations refer to the steps taken
before raw materials enter the main manufacturing process, and
these operations play a vital role in preparing the materials to be

ready for final processing. In the context of biofuel production



30 | -------------------------------------------------------------------------------------- Reference study Palm Waste From a Problem to an Eco

I. Reducing Harmful Emissions: Biofuel derived from palm
residues contains lower levels of carbon, sulfur, and nitrogen
compared to fossil fuels, thereby reducing air pollution and
greenhouse gas emissions.

2. Providing a Renewable Energy Source: Palm residues
regenerate with each harvest season, offering a sustainable energy
source. Additionally, biofuel from palm residues can be used in
diesel and gasoline engines with minimal modifications.

3. Improving Land Use: Untreated palm residues can occupy
significant land areas and lead to issues like fires, pest infestations,
and diseases. Utilizing palm residues for biofuel production
effectively disposes of these residues, freeing up land for palm or
other crop cultivation.

4. Enhancing Economic Growth: Biofuel production from
palm residues creates job opportunities in agriculture,
transportation, and industry sectors. It also reduces reliance on oil
imports, contributing to energy security.

The production of biofuel from palm residues also involves the
utilization of several other components, including the following:

e Palm fibers found in the trunk and leaves can be used in
biofuel production. They are primarily utilized in pellet

manufacturing or solid fuel production.
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2.4. Production of biofuel from date palm residues

Utilizing date palm residues for bioenergy production offers
numerous advantages, enhancing productivity while preserving
the environment. By converting these residues into bioenergy
through methods like direct combustion and fermentation, several
benefits can be realized, including reducing reliance on fossil
fuels, cutting carbon dioxide emissions, improving energy
security, and generating employment and income for local
communities. Here's why using date palm residues for biofuel

production is advantageous:
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effective technologies to enhance the economic viability of

biorefineries [39, 46].

Environmental considerations encompass aspects such as
energy consumption, greenhouse gas emissions, and water usage
throughout the bioproduction process. Sustainable practices,
including the utilization of renewable energy sources, process
integration, and wastewater treatment, are crucial for minimizing
environmental impacts. Several studies emphasize the
significance of life cycle assessment methodologies in quantifying
the environmental footprint of bioproduction processes and
identifying opportunities for improvement [47-48].

Ultimately, achieving a balance between economic profitability
and environmental sustainability is crucial for the long-term

success and acceptance of bioproduction technologies.
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for energy generation via combustion or anaerobic digestion,
thereby decreasing reliance on fossil fuels and lessening

environmental impacts.

Several researchers have explored the potential of
lignocellulosic biomass residues for bioenergy production,
underscoring their suitability as renewable feedstocks for biogas
or biofuel production. Moreover, it's crucial to minimize waste
generation and implement environmentally friendly practices in
bioproduction processes. Incorporating advanced technologies for
wastewater treatment and recovering valuable byproducts can
further bolster the sustainability and economic feasibility of

biorefineries [44, 45].
2.3.6. Economic and environmental considerations

Evaluating the viability and sustainability of bioproduction
processes, especially those involving lignocellulosic biomass like
date palm leaves converted into products such as citric acid,
requires considering both economic and environmental factors.
Economic feasibility hinges on factors like feedstock availability,
process efficiency, production costs, and market demand for the
final product. Research has been conducted to underscore the

importance of optimizing process parameters and adopting cost-
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various techniques, including solvent extraction, crystallization,
and ion exchange chromatography, are then utilized to purify the

citric acid and obtain a high-quality product.

Studies have explored diverse downstream processing
strategies for citric acid recovery, highlighting the importance of
process optimization to achieve high purity and yield.
Furthermore, advancements in drying technologies enable the
transformation of citric acid into its final crystalline or powdered
form, suitable for commercial applications [42-43]. Overall,
downstream processing plays a crucial role in ensuring the quality,
purity, and marketability of citric acid derived from
lignocellulosic biomass, contributing to the viability and

sustainability of bioproduction processes.
2.3.5. Byproduct utilization and waste management

Utilizing byproducts and managing waste are essential
components of sustainable bioproduction processes, especially in
converting lignocellulosic biomass like date palm leaves into
valuable products such as citric acid. Throughout the
bioproduction process, various byproducts are generated,
including lignin-rich residues from pretreatment, and spent

fermentation broth. These byproducts can be efficiently utilized
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and monitoring methodologies have facilitated the scalability of
fermentation processes, enabling efficient and cost-effective citric
acid production from lignocellulosic biomass. These studies
underscore fermentation's critical role in bioproduction and
highlight ongoing research endeavors focused on improving

process efficiency and sustainability [6].
2.3.4. Downstream processing

Following fermentation, the citric acid undergoes several
purification steps to isolate and concentrate it. Filtration is utilized
to eliminate biomass residues and microbial cells from the
fermentation broth. Crude citric acid is then retrieved from the
filtrate through methods such as solvent extraction,
crystallization, or ion exchange chromatography. The purified
citric acid is subsequently dried to yield the final product in the

form of crystals or powder.

Downstream processing constitutes a critical phase in
bioproduction, comprising purification and recovery steps to
refine the desired product from the fermentation broth. In the
context of citric acid production from lignocellulosic biomass like
date palm leaves, downstream processing entails separating and

purifying citric acid from the fermentation broth. There are
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acid production such as specific strains of fungi like Aspergillus
spp and Trichoderma spp, is a critical stage. The hydrolysate
containing fermentable sugars extracted from date palm leaves is
inoculated with the chosen microorganism and fermented under
controlled conditions. Optimization of fermentation parameters
such as temperature, pH, oxygen supply, and agitation are
essential to maximize citric acid output. Typically, the
fermentation process spans several days, during which citric acid

accumulates in the broth.

In bioproduction processes, fermentation plays a pivotal role,
particularly in converting fermentable sugars sourced from
lignocellulosic biomass, such as date palm fronds, into valuable
products like citric acid. Microorganisms with citric acid
production capabilities, particularly certain strains of fungi like
Trichoderma spp., are employed in this stage. Under controlled
conditions, including temperature, pH, oxygen supply, and
agitation, these microorganisms metabolize the fermentable

sugars, generating citric acid through biochemical reactions.

A previous Research explores various facets of citric acid
fermentation, encompassing  strain  selection,  process
optimization, and metabolic engineering techniques to enhance

citric acid yields. Additionally, advancements in bioreactor design
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palm fronds into valuable products like citric acid. During
hydrolysis, complex polysaccharides like cellulose and
hemicellulose present in the biomass are broken down into
fermentable sugars, serving as substrates for subsequent
fermentation. Enzymatic hydrolysis, employing enzymes like
cellulase and hemicellulase, is preferred due to its specificity and
efficiency in selectively cleaving glycosidic bonds within the

biomass.

The optimization of hydrolysis conditions, encompassing
factors such as temperature, pH, enzyme loading, and reaction
time, is meticulously managed to maximize sugar yields while
minimizing enzyme costs. Scientific investigations have delved
into various facets of enzymatic hydrolysis, emphasizing the
significance of enzyme properties, substrate characteristics, and
process refinement in achieving high sugar conversion
efficiencies.  Furthermore, advancements in bioprocess
engineering and enzyme technology continuously bolster the
effectiveness and scalability of hydrolysis processes, facilitating

the advancement of sustainable bio-based industries [40-41].
2.3.3. Fermentation

Fermentation, conducted by microorganisms capable of citric
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for bio-based products. For instance, the analysis of the chemical
composition of date palm leaves highlights their potential as a
renewable resource abundant in cellulose and hemicellulose.
Furthermore, various pretreatment methods have been explored to
improve the enzymatic digestibility of lignocellulosic biomass
[37]. Studies have reviewed different pretreatment techniques
such as steam explosion, acid hydrolysis, and biological methods,
emphasizing their effectiveness in breaking down lignin and
enhancing biomass accessibility for enzymatic hydrolysis [38-40].
These scientific findings emphasize the significance of well-
informed feedstock selection and pretreatment strategies in

optimizing bioproduction processes.
2.3.2. Hydrolysis

Following pretreatment, cellulose, and hemicellulose within
date palm leaves are enzymatically hydrolyzed into fermentable
sugars, utilizing enzymes like cellulase and hemicellulase. The
optimization of enzymatic hydrolysis involves adjusting
parameters such as temperature, pH, enzyme loading, and reaction

time.

Hydrolysis plays a crucial role in bioproduction processes,

particularly in converting lignocellulosic biomass such as date
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in which microorganisms transform them into citric acid via
metabolic pathways. Subsequently, subsequent processing
techniques are utilized to refine the citric acid extracted from the
fermentation mixture, guaranteeing its purity and suitability for
the market. This thorough investigation seeks to explore each of
these stages, unveiling their complexities and significance in the
manufacturing process of citric acid derived from date palm

fronds. Below are further insights into these stages:

2.3.1. Feedstock selection and pretreatment

Date palm leaves are plentiful in areas where date palms thrive.
Pretreatment strategies are implemented to dismantle the intricate
composition of lignocellulosic biomass, enhancing the
accessibility of cellulose and hemicellulose to enzymatic
breakdown. These pretreatment methods encompass various
techniques such as steam explosion, acid or alkaline hydrolysis,

and biological approaches utilizing fungi or bacteria.

The selection of feedstock and its pretreatment are crucial
factors in bioproduction processes, especially when utilizing
lignocellulosic biomass like date palm leaves. Several studies

have investigated the potential of date palm leaves as a feedstock
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2.3. Bioproduction of citric acid from date palm leaves

The production of citric acid from date palm leaves presents an
intricate yet promising avenue within the realm of bioproduction.
Date palm leaves serve as a renewable and readily available
source for citric acid production [6]. However, the conversion
process entails several distinct stages, each playing a crucial role
in transforming the raw biomass into the desired product. The
journey begins with the pretreatment of the biomass; where the
complex lignocellulosic structure of date palm leaves is broken
down to facilitate subsequent processing. Following pretreatment,
enzymatic  hydrolysis ensues, targeting cellulose and
hemicellulose components to yield fermentable sugars. These

sugars act as the primary material for fermentation, a crucial stage
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prepared from date palm tree leaves is effective as an adsorbent
for the removal of crystal violet dye, Malachite green, and
methylene blue from aqueous solutions. Furthermore, it can be
employed as multifunctional electrodes in capacitive deionization
systems [35].

2.2. Date palm leaves for removal of lead ions from

wastewater

Date palm leaves are used in the removal of lead ions from
wastewater by collecting the leaves then cut into small pieces and
drying them in an oven overnight at 80 C. Finally, grinding date
palm leaves [36] as shown in Figure 5. The results indicated that
date palm leaves reach equilibrium after 360 min and remove lead
ions by an efficiency of more than 59% after 5 cycles of
adsorption/desorption by combining 1 g/L of palm leaves with 30
mg/L of Pb (II) ions. Therefore, palm leaves are considered a
promising material for the removal of heavy metals from

wastewater.

Figure 5: Raw date palm leaves after drying (a) and grinding date palm leaves (b)
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Figure 4: Raw date palm leaves (A), activated carbon from date palm leaves (B), and

SEM for prepared active carbon (C)

2.1.1. The role of activated carbon prepared from date palm

leaves in the removal of pollutant from waste water

Up to now, Water pollution is one of the most pressing issues
and difficulties in the world today, owing to its environmental,
economic, and human health consequences. It remains a challenge
for environmental scientists and technologists. Nowadays, the
textile dyeing business is one of the most water-intensive
industries, producing significant amounts of colored effluent

throughout the dyeing and finishing processes. Activated carbon
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2.1. Date palm leaves for preparing activated carbon

Date palm tree leaves are considered good precursors for
producing AC due to their availability with excessive content
throughout the year, renewable, low cost, and high vyield.
Activated carbon from leaves also can be prepared by physical or
chemical methods as mentioned above. Sulyman et al [34]
prepared activated carbon from the dead leaflet of date palm trees
using phosphoric acid as an activating agent, the produced
activated carbon is characterized by high porosity and surface area
reaches 161.82 m?/g. Also, activated carbon powder was produced
from date palm leaflets using the sodium hydroxide activation
method giving a surface area of 604.3 m?/g [35]. Another
activating agent can be used in the preparation of activated carbon
from leaflets such as KOH and H2SO4 that help in the formation
of functional groups on the surface of activated carbon. Figure 4
represents the stages of producing AC from leaves of the date
palm tree using the chemical activation method which indicated
the high porosity of the sample, that means prepared activated
carbon from leaves has a good ability to adsorb pollutants from

wastewater
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2. Date palm leaves

Date palm leaves are abundant agricultural residues primarily
found in regions with a climate for date palm cultivation, such as
the Middle East and North Africa. Countries like Egypt, Saudi
Arabia, Morocco, and Tunisia are notable producers of date palm
leaves due to their extensive date palm plantations. These regions
benefit from warm temperatures, adequate sunlight, and arid or
semi-arid conditions that are ideal for date palm cultivation. As a
result, date palm leaves are readily available biomass resources in
these specific geographical areas, making them promising
feedstock for various applications. The date palm tree is pruned
yearly to confirm the healthy growth of the tree and good quality
of date fruits, there is a large amount of leaves produced annually
as each tree gives about 13-20 Kg [3], and the main composition
of leaves is cellulose 34%, hemicellulose 27.52%, liginin19.28 %
and ash content 6% so we can use this residue as precursors for
preparation activated carbon, citric acid, biochar, vermicompost,

and cellulose fiber.
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bio-oil respectively.

Bio-oil resulting from date palm has been investigated as a
starting material for biodiesel production [25, 26]. Also, it can be
used in the manufacture of soaps and other cosmetics [27] and has
been recommended as a cooking oil due to its oxidative stability,

which provides frying stability, a nice aroma, and nutrients for

food that is cooked in it [28].

There are a lot of methods to produce bio-oil as microwave
extraction [29] acoustic cavitation [30], cold press extraction [31],
and supercritical extraction [32] but the most popular one is the
Soxhlet extraction method. During the production of bio-oil from
date palm pits some conditions effect on production process like
particle size, pretreatment technique, drying condition, and

solvent type as represented in Figure 3.

(A) (B) (©)

Figure 3: Date palm pit oil attained using various solvents (A) n-hexane, (B) ethanol, and

(C) isopropanol [33]
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biochar/charcoal. There are some merits when AC is used in the
soil as it can overcome the toxicity of organic pollutants to
microbes and plants during soil bioremediation, reduce the
toxicity of available chemicals in soil by transferring them to a
less toxic soil fraction, and maintain a low content of toxicants in

soil solution, creating favorable conditions for plant growth [21].
1.2. Date palm pits for the production of bio-oil

Besides the delicious, pulpy fruit of dates, they are also
recognized for their pits, which were once thought to be useless.
However, more recent studies have revealed that date pits may
find value in the food, cosmetic, and pharmaceutical sectors, and
can used as a source of dietary fiber that is found in breads and
other foods [22]. Also, there are a lot of authors who used it in

preparation for activated carbon as mentioned above.

Extract bio-oil from date palm pits and convert this waste to a
valuable product avoiding the hazardous effects associated with
date pits landfilling [23]. The first attempt to extract oil from date
palm pits was made by Devshony et al. [24] who prepared four
different samples from fruit and analyzed the inorganic and
organic content. It was recognized that the date pits have 8% oil
between other constituents, and oleic and lauric acids represented

the richest saturated and unsaturated fatty acid constituents of the
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The surface functional groups of the samples were estimated by
Fourier Transform Infrared (FT-IR) spectroscopy analysis using a
Mattson 5000 FTIR spectrometer. FTIR spectra of various
samples were recorded in the range of 400 - 4000 cm™ at a

resolution of 2 cm™ [14, 15]
1.1.2. Benefits of activated carbon

- Removal of heavy metals from wastewater

- Removal of organic pollutants such as Malachite green,
methylene blue, and phenolic compounds from wastewater, due
to its high surface area

- using in tissue culture with zinc nanoparticles to enhance
cell formation and growth [16]

- Active carbon has direct effects on plants as it increases
the ability of soil to retain water and can be used as a soil
conditioner [17]. Although activated carbon is used as a soil
conditioner at low rates it may improve soil's physical properties
[18]. The use of activated carbon seems to be particularly
promising due to its larger effective surface area and a higher C
content compared to biochar/charcoal [19, 20]. Based on these
advantages even low application rates of AC could be sufficient
for significant soil improvements and, thus reduce possible

negative environmental effects of biomass conversion into
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1.1.1 Characterization of prepared activated carbon

There are a lot of techniques that are used to characterize
activated carbon as surface area, scanning electron miscopy
(SEM), and infrared technique. It is essential to characterize the
surface of prepared activated carbon to discuss its adsorption
capacity and its ability to remove pollutants from wastewater.
First of all, we should determine the specific surface area (m?/g)
and porosity of activated carbon. The nitrogen adsorption at 77 K
Is one of the techniques that is applied to determine surface area
by analyzing the data using the Brunauer-Emmett and Teller
[BET] equation [13]. This theory is instrumental in determining
the surface area of porous powders. The mechanism involves the
adsorption of gas molecules onto the surface of a solid material,
whose surface area is of interest. By considering the surface area
of each adsorbed molecule, it becomes possible to compute the

total surface area of the solid material.

Also, SEM is a type of microscope that is used to describe the
porous structure of prepared activated carbon by using a beam of
electrons focused toward the sample to make a scan for the surface

sample.
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Activated carbon can be prepared by two methods, the first is
physical activation and the second is chemical activation. The first
method is made by carbonization or calcination of the precursor
at temperatures (500-900°C) in an inert atmosphere, then the
oxidation process is done by passing steam such as air and/or
carbon dioxide at high temperatures 800-1000°C on the substance,
while the Chemical activation is made by impregnating the
precursor with activating agents such as NaOH, KOH, ZnCl;, and
H3PO, after that pyrolysis is done at a temperature lower than that
used in physical activation. In most reported cases, chemical
activation is favored due to its ability to yield activated carbons
with superior porosity, increased surface area, and higher yields
[12]. Figure 2 represents the stages of converting date pits into

activated carbon.

C

Figure 2: Date palm pits (A), grinding date palm pits (B), and activated carbon from

date palm pits (C)
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1. Date palm pits

Date palm pits are produced in large quantities when pitted
dates are produced in packing plants or from the factory that
worked in juice extraction. Date pits as a waste make a problem
in the date industry, when we talk about date pits, we are facing
neglected wealth put in the trash cans, but if we abandon this late
thinking and work to utilize that wealth correctly, we will be able

to produce many important products and make huge profits for us.

Date pits are equivalent to 6-12% of the fruit. In the United
States, Pulverized ground date pits are used in tiny quantities as
road base gravel on dirt roads. In the Middle East, it is used to feed

animals, especially for camels [11].
1.1. Date palm pits for preparing activated carbon

Activated carbon is a substance characterized by high porosity
and surface area. It contains about (87 to 97%) carbon. The high
cost of AC production is a major problem for commercial
manufacturers; hence all the studies try to use cheap raw materials
with high carbon content and low levels of inorganic compounds
to make low-cost activated carbon. The importance of activated
carbon has increased with the increase in the trend to protect the

environment from gases and harmful solvents.
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harnessed through biological processes to yield biogas,

contributing to sustainable energy production [9].

Despite the promising potential, careful consideration is
required, particularly concerning the heavy metal content,
necessitating specialized treatment to control its environmental
impact [9]. Overall, these detailed analyses highlight the
multifaceted utility of palm waste constituents, presenting

avenues for sustainable and economic applications.

Leaflet
Leaf {
Rachis

Fruit branch

Figure 1: Represented the huge amount of date palm residues during the pruning

season
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residues [5]. In most cases, this large amount of date palm residue
is used in traditional art and crafts or burned in the environment
causing the emission of carbon dioxide, and may be collected
inside the farm causing the speared of diseases that are harmful to
date palm trees. Alternatively, this huge amount of biomass
residues can be used in a variety of biotechnology applications,
such as the production of citric acid [6], preparation of compost,
biochar, activated carbon, and isolation of cellulose fiber [7].
Also, they can be utilized in paper production, wood panels,
fertilizers, biofuels, and animal feed, and they can also be used in
fattening projects and bioenergy production. Palm residue derived
from date palm trees possesses a rich diversity of valuable
constituents. Its composition includes sturdy fibers present in both
the palm kernel and its trunk, rendering it suitable for applications
in the construction materials and rope-making industries [8]. The
ash produced from its combustion contains alkaline compounds,
which can be utilized in the manufacturing of soap and detergents
[9]. The kernel of the date palm serves as a source of vegetable
oils and proteins, proving useful in the production of animal feed
and oil extraction [10]. Furthermore, palm sugar represents a
renewable source of sugar employed in the confectionery and

beverage industries. The organic matter in palm waste can be
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Introduction

The date palm tree (Phoenix dactylifera, L) holds the
distinction of being one of the earliest cultivated trees in the world,
with its origins tracing back to antiquity. Evidence suggests that
date palms were cultivated as early as 4000 B.C. Moreover, their
presence in ancient times is further underscored by their symbolic
representation in various cultures. For instance, in Egyptian
hieroglyphics, the date palm served as a symbol for a year, while
its frond was used as an icon for a month. This enduring cultural
significance highlights the longstanding importance of the date
palm throughout history [1]. The date palm tree belongs to the
Palmae (Arecaceae) family and is one of the most common palm
species in the world's agricultural industry [2]. Date palm trees
number over 100 million worldwide, with the majority located in
Egypt, Saudi Arabia, Iran, the United Arab Emirates, and Algeria
[3]. An average of 12-15 new date palm leaves are developed,
hence this huge amount is removed as part of the palm's upkeep
[4] generating millions of tons of date palm residue as shown in
Figure 1. These residues include leaves, roots, stems and kernels,
each part has its own physical, chemical, and biological
characteristics. These properties vary depending on the type,

source, and method of collection, storage, and processing of the
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products from date palm residues can generate employment
opportunities. On the other hand, there are also environmental
benefits, in which the recycling of date palm residues reduces the
amount of waste sent to landfills, thus minimizing environmental
pollution. Also, the conversion of date palm residues into products
like biofuels or bio-based materials decreases the reliance on non-
renewable resources. This sustainable practice helps in the
conservation of natural resources and promotes a circular
economy model. By harnessing the potential of date palm
residues, communities can achieve a dual impact of economic

growth and environmental sustainability.
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Abstract

There are approximately 200 million date palm trees
worldwide, the leading producers of dates worldwide are
countries in the Middle East and North Africa region including
Egypt, Saudi Arabia, Algeria, Pakistan, lIrag, United Arab
Emirates, and Tunisia. This large number of date palm trees
around the world give annually huge amounts of date palm
residues during the seasons of date palm tree pruning. This review
aimed to give a spot on how we added value to this large number
of residues. Date palm tree residues can be converted to new
products as activated carbon that is used on a large scale in the
removal of organic and inorganic pollutants from wastewater.
Also, date palm tree residues can convert to biochar and compost
that considered an organic fertilizer that enriches soil with
essential nutrients and improves plant growth. Other products can
be manufactured from the residues of the date palm trees such as
MDF fiber-board, citric acid from the leaflet, date palm pits oil,
and cellulose fibers that are used in several applications e.g., the
paper industry. The conversion of date palm residues into valuable
products offers significant economic and environmental benefits
as utilizing date palm residues can create new revenue streams for

farmers and businesses, and the production of value-added
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