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Abstract: The escalating global food waste crisis poses significant environmental challenges and resource losses,
with approximately one-third of all food produced for human consumption wasted each year. This review explores
the innovative conversion of food waste into bioenergy by highlighting various technologies such as hydrothermal
conversion, gasification coupled with Fischer-Tropsch synthesis, bio-electrochemical, and synthetic biology and
metabolic engineering. These methods help to mitigate greenhouse gas emissions associated with food waste
disposal and also provide renewable energy alternatives that can help reduce dependency on fossil fuels. Recent
advancements in these technologies have demonstrated improved efficiency, greater feedstock flexibility, and
enhanced economic viability, making food waste essential in the pursuit of a circular bioeconomy. This review
emphasizes the importance of matching and screening different types of food waste for energy conversion, which
is crucial for optimizing resource recovery and maximizing energy output. By examining the latest developments
in food waste-to-bioenergy technologies, this review also aims to underscore the potential of food waste as a
valuable resource and contribute to sustainable waste management and energy security efforts. The transformative
potential of food waste conversion technologies in addressing the pressing global food waste crisis were evaluated.
Adopting these methods promotes a circular bioeconomy where waste is valued as a resource, not a burden. The
integration of these technologies into existing food waste management systems will be crucial for achieving energy
security, mitigating environmental impacts, and promoting sustainable resource utilization. As we face the
challenges of food waste, these solutions may represent a critical pathway toward a more sustainable future.
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1. Introduction

The increase in global population and urbanization has led to a significant rise in food production and
consumption, resulting in a significant increase in food waste. According to the Food and Agriculture Organization
(FAO), approximately one-third of all food produced for human consumption is wasted, which amounts to about
1.05 billion metric tons annually in 2022. The food waste generated by household, food service, and retail sector
of 631 million metric tons, 290 million metric tons, and 131 million metric tons, respectively [1]. This enormous
quantity of food waste represents a significant loss of resources, including water, energy, and labor. While food
waste also contributes to environmental pollution when disposed of in landfills, where it decomposes and emits
greenhouse gases such as methane. Decomposing organic matter in landfills produces methane, a greenhouse gas
with a global warming potential over 25 times that of carbon dioxide over a 100-year period [2—4]. Recent studies
have indicated that reducing food waste could lead to the most significant decreases in greenhouse gas emissions
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in Latin America and the Caribbean (24.6 Mt CO; eq.), followed by Southern Asia (10.7 Mt CO; eq.) and Sub-
Saharan Africa (5.5 Mt CO; eq.) [5]. Converting food waste into bioenergy offers a sustainable solution to mitigate
these problems. However, bioenergy production faces challenges such as technological limitations, economic
viability, and the need for supportive policies to encourage adoption and investment in innovative waste
management strategies.

In recent years, the conversion of food waste into bioenergy demonstrated as a sustainable and renewable
energy source that can helps to reduce the dependency on fossil fuels, lower greenhouse gas emissions, and
promote a circular bioeconomy [6-8]. The concept of transforming food waste into bioenergy involves various
technologies that can convert food waste into valuable biofuels, such as biogas, bio-oil, biochar, and syngas. A
previous study by Chen et al. [9] reported that food waste-derived bio-oil achieved a heating value of 34.79 MJ/kg,
with a liquefaction energy recovery of 50.3%. These biofuels can be utilized for heating, electricity generation,
and transportation, thereby offering an eco-friendly alternative to conventional energy sources. For instance,
Mahmudul et al. [10] has reported that the conversion of food waste into biogas can produce electricity of 52.36
GW and 554.4 TJ heat per year through anaerobic digestion. This study also found that food waste can produce
biomethane of 47% and can reduce greenhouse gas emissions up to 414,898 tonnes. However, these traditional
processes have certain limitations, such as the generation of secondary waste (e.g., sludge) and the need for
extensive pre-processing (e.g., mechanical size reduction, dewatering, or chemical pretreatment) of feedstocks.

Recent advancements in food waste management have introduced innovative methods such as hydrothermal
liquefaction (HTL), hydrothermal carbonization (HTC), hydrothermal gasification (HTG), gasification coupled
with Fischer-Tropsch (FT) synthesis, bio-electrochemical conversion, and synthetic biology and metabolic
engineering. These new technologies offer higher efficiency, greater feedstock flexibility, and improved
environmental performance, making them a promising solutions for sustainable biofuel production from food
waste. For instance, integrated systems that combine anaerobic digestion with other technologies, such as
anaerobic co-digestion with agricultural residues (i.e., cucumber, tomato, eggplant, and pepper), can enhance
methane production of 380.50 mL/g VS and optimize resource utilization an initial pH of 7.3, organic load of 18.8
g VSI/L, and residues ratio of 3.9:1 [11]. Furthermore, advancements in microbial fuel cell technologies are paving
the way for more efficient bio-electrochemical systems that can directly convert food waste into electricity, thereby
offering a dual benefit of waste treatment and energy generation. A recent study conducted by EIl Salamony et al.
[12] has reported that the comparison results between anaerobic digestion and bio-electrochemical technologies
for producing electricity using chicken feather waste can produce hydrogen 0.85 mmol/day/L and 7.5 mmol/day/L,
respectively. This study also investigated the important of using hydrolysis pretreatment to enhance microbial
activity to produce hydrogen because it breaks down complex organic materials into simpler compounds, making
them more accessible for microbial communities.

This review aims to provide a novel contribution by focusing on the recent advances and applications of these
emerging technologies in the conversion of food waste to bioenergy. Unlike previous reviews that primarily focus
on traditional methods, this paper presents a comprehensive analysis of innovative approaches and their synergy
with conventional techniques for optimizing energy recovery and waste reduction. This review also provides a
comprehensive overview of the principles, processes, and benefits associated with each technology, as well as the
current state of research and potential future directions. Crucially, the matching and screening of food waste types
for energy conversion plays a vital role in optimizing resource recovery and maximizing energy output. This
approach (i.e., matching and screening) enhances efficiency and sustainability in energy generation also increases
the potential for scaling up production. By exploring the latest developments in the field of bioenergy and waste
management, this review highlights the significant potential of food waste as a valuable resource for bioenergy
production and contribute to the ongoing efforts to achieve sustainable waste management and energy security.

2. Type of Food Waste: Matching, Screening and Assessing Energy Potential

The matching and screening of food waste types for energy conversion is crucial for optimizing resource
recovery and maximizing energy output. Different food waste types possess unique compositions that influence
their suitability for various energy production processes, as shown in Table 1. By understanding the specific
characteristics of these waste types, we can effectively match food waste to appropriate conversion technologies,
ensuring higher efficiency and sustainability in energy generation.
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Table 1. Classification of food waste compounds and prospect value-add products from food waste to enhance

bioenergy production.

Waste Types Sources Products Methods Target Compounds Limitations
Fruits, Microbial Fuel Cells Eg;igrt;a;g%;;mcroblal
High sugar vegetables, dairy . _— (MFCs), e Lipids ] .
and proteins  products, meat, Biomethane, Bio-oil Hydrothermal e  Proteins Requires precise control

over environmental

fish Liquefaction (HTL) conditions
e  Complex carbohydrates
Rice. peels Svnthetic Biolo (starch, cellulose, High pretreatment costs
Starch and stalks’ grain§ Bioethanol, Y Metabolic 9y, hemicellulose) Slower degradation rates
fiber waste bakery products electricity Engineering, MFCs e  Simple sugars (glucose, May require significant

fructose, sucrose)

energy inputs

e  Starch

e  Odor management

Transesterification,
challenges

Oily and high Used oil, grease,  Biodiesel, Liquid Gasification with e Lipids Requi fficient
energy waste processed foods Hydrocarbons Fischer-Tropsch e  Fatty acids ¢ equires efficien .
; containment and handling
Synthesis
systems
SoUDS. SaUCeS e  High processing costs
High moisture P, ! Supercritical Water e  Proteins e Requires careful handling

beverages, coffee Hydrogen, Syngas

and nutrient grounds

Gasification (SCWG) e to prevent emissions

e Complex operation

Moisture content

2.1. High Sugar and Proteins

High sugar and protein wastes, such as fruit, vegetable scraps and dairy byproducts, are highly suitable for
bioenergy production through microbial fuel cells (MFCs) and anaerobic digestion. These substrates are matched
to energy production processes because of their rich organic content, which facilitates significant biomethane
generation. This process involves the breakdown of organic material by microorganisms in an oxygen-free
environment, resulting in the generation of biomethane, primarily composed of methane (CH,) and carbon dioxide
(COy). Studies have demonstrated that high sugar and protein waste can yield significant amounts of biogas, for
instance by Jiang et al. [13] has reported the maximum yield of biomethane yield of 269.9 mL/g TCOD from
anaerobic co-digestion of mixture food waste (i.e., apples, cabbage, potatoes, and bananas). High sugar and protein
waste ferments rapidly, yielding substantial biomethane. However, the efficiency of this process is contingent upon
optimal conditions (i.e., pH, temperature, and the carbon-to-nitrogen (C/N) ratio), which must be managed to
sustainable microbial activity. A previous study conducted by Xue et al. [14], highlighted that maintaining a C/N
ratio of around 25:1 significantly improved biogas production of 12,322 mL. Pre-treatment methods, such as
mechanical shredding or thermal hydrolysis, can enhance the biodegradability of these substrates by breaking
down complex structures, thereby increasing accessibility for microbial degradation. For instance, thermal
hydrolysis has been shown to increase methane yields of 197 mL/g COD compared to untreated waste of 186 mL/g
COD [15]. Overall, the conversion of high sugar and protein waste into biomethane represents a sustainable
approach to waste management while contributing to renewable energy generation.

2.2. Starch and Fiber Waste

Starch and fiber waste, such as rice, peels, stalks, grains, and bakery also present a promising avenue for
bioenergy production, primarily through fermentation, synthetic biology and metabolic engineering methods for
bioethanol production. This food waste, often discarded or underutilized, can be converted into biofuel through
fermentation processes, thereby addressing both energy needs and environmental concerns [16,17]. These
compounds from food waste can be effectively matched to fermentation technologies, addressing energy needs
while minimizing environmental impacts. While the yield of bioethanol from starch sources is often higher than
that from fibrous materials, the latter can be converted through enzymatic hydrolysis followed by fermentation.
Compared to high sugar and protein waste, the conversion of starch and fiber requires more complex pretreatment
processes to break down cellulose and hemicellulose into fermentable sugars. The conversion process begins with
enzymatic hydrolysis, where starch is broken down into fermentable sugars, primarily glucose, using specific
enzymes such as a-amylase and glucoamylase [18]. Following hydrolysis, the glucose is fermented by yeast strains,
typically Saccharomyces cerevisiae, to produce bioethanol and carbon dioxide. The fermentation conditions,
including temperature, pH, and fermentation time, play a crucial role in optimizing bioethanol yield. Furthermore,
advances in synthetic biology and metabolic engineering can enhance yeast strains performance, allowing them to
utilize a broader range of substrates and improve ethanol tolerance as explained in Section 3.
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2.3. Oily and High Energy Content Waste

Oily and high-energy content waste, such as used cooking oil and fatty food scraps, can be converted into
biodiesel and liquid hydrocarbons through transesterification and gasification coupled with Fischer-Tropsch
synthesis processes. These waste streams are characterized by their high energy density, which makes them an
attractive feedstock for biofuel production. By converting these wastes into liquid hydrocarbons, we can address
the challenges of waste disposal while contributing to the generation of renewable energy. Recent studies support
the efficacy of these conversion methods. For instance, gasification coupled with Fischer-Tropsch synthesis is
highly effective in transforming oily waste into syngas, which can then be catalytically converted into high-quality
liquid hydrocarbons [19]. Their research shows that this approach not only enhances the yield of liquid
hydrocarbons but also improves the overall energy efficiency compared to traditional methods Eyberg et al. [20].
In contrast, Mailaram et al. [21] highlight the advantages of transesterification for biodiesel production from fatty
waste. Their study finds that while transesterification is well-suited for producing biodiesel from triglycerides, it
may not be as effective in generating high-quality liquid hydrocarbons compared to gasification and Fischer-
Tropsch synthesis. Moreover, advancements in biodiesel production through hydrotreating have shown promise,
especially when using catalysts such as nickel (Ni), cobalt (Co), palladium (Pd), platinum (Pt), ruthenium (Ru),
and Iron (Fe). A recent study by Kopli et al. [22] has reported that the green diesel produced through hydrotreating
of cooking oil using a 60Ni/Al,Os catalyst achieved specific properties, including a density of 766.77 +0.679
kg/m3, a viscosity of 66.13 +0.249 mm?/s, and a flash point of 2.92 +0.011 <C, making it a viable alternative to
conventional diesel. To maximize the efficiency of liquid hydrocarbon production, effective pre-treatment of
feedstocks, including filtration and the removal of contaminants, is essential, as these steps ensure cleaner inputs
and reduce the risk of catalyst deactivation.

2.4. Higher Moisture and Nutrient Waste

Higher moisture and nutrient-rich wastes, such as agricultural residues, food processing byproducts, and
wastewater, are ideal feedstocks for hydrogen and syngas production through supercritical water gasification
(SCWG). The high moisture content facilitates the use of supercritical water, which acts as a solvent and reactant,
enabling efficient solubilization and breakdown of organic materials without the need for extensive drying. This
process yields hydrogen, carbon monoxide, and other valuable gases, which can be utilized as renewable energy
sources or as feedstocks for chemical synthesis. Based on the research conducted by Ferreira-Pinto et al. [23] has
demonstrated that SCWG is more efficient with biomass concentrations below 10 wt.%, making high-moisture
agricultural waste a viable feedstock for the process. They found that the presence of water in SCWG enhances
the solubility and reactivity of organic compounds, leading to more efficient gasification processes. Similarly,
research by Molino et al. [24] emphasizes the effectiveness of SCWG in agricultural residues with higher moisture
content of 95.40 £0.5% w/w can enhance gas yields between hydrogen and carbon dioxide (40 vol.%) and methane
(14 vol.%). However, the presence of inhibitory compounds in higher moisture wastes can pose challenges for the
SCWG process. These compounds, which may include phenolic compounds, nitrogenous substances, and other
contaminants, can inhibit enzymatic activity and gasification efficiency. As noted by Adar et al. [25], these
inhibitors can adversely affect the SCWG process by reducing the overall efficiency and gas yield. To address
these issues, implementing pre-treatment methods, such as physical or chemical treatments, may be necessary to
reduce these inhibitors and enhance the overall efficiency of the SCWG process. Pre-treatment strategies, as
discussed by Ramos et al. [26], can also improve the accessibility of organic materials to supercritical water,
thereby increasing the yield of hydrogen and syngas. Acid and alkaline treatments reduce inhibitory compounds
such as lignin and tar precursors by breaking down complex structures and removing impurities. The use of alkali
is particularly effective for feedstocks with high lignin content, as it helps break down lignin and improve
gasification performance [27]. Moreover, acid pretreatment are established reagents that facilitate the release of
fermentable sugars by breaking glycosidic bonds in lignocellulose and dissolving cellulose and hemicellulose,
with a lesser effect on lignin [27]. This combination of treatments enhances thermal decomposition and promotes
higher conversion rates of biomass into hydrogen and syngas.

3. Food Waste to Energy Technologies

Conversion of wasted food to biofuels is one of the best options to divert from landfills. Direct processing of
food waste typically focuses on utilizing the solid and liquid form of waste due to practical and operational
considerations. However, this processing can result in the generation of new waste, such as sludge, which needs
to be managed effectively to minimize environmental impact and maximize resource recovery. Food waste
contains organic matter that can be effectively processed through various technologies such as anaerobic digestion,
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fermentation, pyrolysis, and gasification. However, this process is a traditional technique for converting food waste
into biofuels through direct processing [28]. Therefore, this section will explore more as recent technologies, such
as hydrothermal liquefaction (HTL), hydrothermal carbonization (HTC), hydrothermal gasification (HTG),
gasification coupled with Fischer-Tropsch synthesis, and bioelectrochemical conversion to methane from food
waste. Figure 1 illustrates the direct conversion technologies of turning solid and liquid food wastes to biofuels,
and the recent studies are presented in Table 2.

i —

Food waste source

Landfill

Solid Liquid
waste waste ]
High income %cp Low income
all

7

Hydrothermal .
Uo| (e |°4 Fertilizer
% Microbial
9 fuel cells Combustion
Gasification coupled
Fisher-Tropsh synthesis

w B

Synthetic biology and
metabolic engineering

Figure 1. Conversion strategies of food waste to biofuels with recent advance, such as hydrothermal, gasification
coupled Fisher-Tropsh synthesis, bioelectrochemical, microbial fuel cell, and synthetic biology and metabolic
engineering.
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Table 2. Recent studies of the direct conversion of food waste into biofuels.

Food Waste (Co-

Substrate _& Pretreatment Tem?%)ature P(r:/ls;l;;e Catalyst R?IE’}E:':” Reactor Type Pr?)lc?tljgteilon Limitation References
Concentration)
Hydrothermal liquification (HTL)
Pineapple, Alkaline and K,COs Bio-oil: High
watermelon, banana hydrothermal 300-350 - (10  0-60 min - 56 55% transportation [29]
peel pretreatment wt.%) ' cost
Mechanical - Bio-0il: 29.5  Economic
Food waste pretreatment ) ) ) ) Pilot scale wt.% performance [29]
Food waste Mechanical ) ) ) ) Lab scale Bio-0il: 21.9  Economic [29]
pretreatment wt.% performance
Economic
Mechanical Biocrude: evaluation and
Food waste pretreatment 400 22 ) ) ) 73% biochemical [30]
composition
Canned green beans,
baked beans, potato
salad, canned - . Biocrude: 30  Modified
chicken, shredded Mixing 200-600 102-35.7 - 1-33min ) wt.% kinetic study [31]
parmesan cheese (2-
20 wt%)
Hydrothermal carbonification (HTC)
Hydrogen: Economic
69.8%, 57-59 evaluation and
150 g Food waste - 105 - - - Autoclave mol Ha/kg product [29]
hydrochar  improvement
10 g food waste and 200 mL HHV L
100 mL distilled - 210-270 - - 6%50 Hastelloy batch hydrochar: ?@%Ir'ggﬁgrn [32]
water reactor  46.92-51.82%
Hydrothermal gasification (HTG)
Hydrogen: Improve v_vater-
Food waste NaHCOs 300-400 20-25 - - - 43% ’ gas shift [33]
? reaction
. Need
. Mechanical . Hydrogen: .
Rice, cabbage, pork pretreatment 800 - - 15 min - 29.5% _torrefactlon [34]
improvement
Gasification coupled
with Fischer-Tropsch
synthesis
.450. 02 . . Reduce cost in
Biomass ) (Gasification) / (Gasification) / ) ) Gasifier + FT Syngas: gasificationand  [35]
210 (FT 30 (FT Reactor 56.3% FT process
Reactor) Reactor)
Bio-oil: 40—
Food waste (30% 52%, Biochar: .
. Economic
vegetables, 70% - 550 - - 7 sec Microwave 30-46%, - [36]
X evaluation
cereals) Syngas: 10—
30%
Bio-electrochemical
Anode (2.2 cm
Mechanical diameter, 8 cm . .
Food waste pretreatment - - - - length), ,\rﬁelf?ir;;gtﬂfo. ?ene’:/lax:goz\?er [37]
(blender) Ti/RuO> e y
cathode
Single Syngas to
Electrical chamber, 65.94 Y g Electron
Food waste o - - - - power: 41.58 - [38]
pulverization cm=lectrode transport issues
mwW/m
surface
Anode &
cathode (4 x4 Power
. cm carbon  Ethanol: 0.31 .
Organic waste - - - - - - consumption &  [39]
cloth, stainless  kg/m%day cost evaluation
steel), 35 =
2<C reactor
Supercritical water gasification (SCWG)
250 mL batch  Hydrogen: Scale-up
Food waste ) 400-450 ) ) ) reactor 7.89 mol/lkg  production [40]
Food waste (5-15  Mechanical 550850 ) ) ) Micro quartz ~ Hydrogen: Economic [41]
wt.%) pretreatment batch reactor 55.3 mol/kg  evaluation
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3.1. Food Waste to Fuels and Electricity through Hydrothermal Conversion

Hydrothermal conversion processes are highly effective for converting food waste to fuels and chemicals at
high temperature and pressure. This method is particularly advantageous for processing wet biomass, like food
waste, because it eliminates the need for energy-intensive drying processes. There are three main types of
hydrothermal conversion processes: Hydrothermal Liquefaction (HTL), Hydrothermal Carbonization (HTC), and
Hydrothermal Gasification (HTG). These processes can produce a variety of products, including bio-oil, biochar,
and syngas, which can be further refined into fuels or used directly to generate electricity.

3.1.1. Hydrothermal Liquefaction (HTL)

HTL involves converting wet biomass, including solid and liquid food waste, into liquid biofuels under high
temperature (i.e., 250 to 400 <C) and pressure (i.e., 10 to 25 MPa) in the presence of a solvent. This process yields
bio-oil, which can be further refined into transportation fuels or specialty chemicals. HTL is particularly
advantageous as it can handle a wide range of feedstocks with higher moisture content and does not require drying,
thus reducing preprocessing costs and energy consumption [42,43]. HTL can achieve high bio-oil yields from food
waste through direct processing due to its ability to efficiently convert complex organic materials into liquid fuels.
Studies by researchers by Bayat et al. [44] have demonstrated that the highest bio-crude oil yield of 27.5 wt.%,
was achieved at the lowest temperature of 240 <C with a reaction time of 30 min. This research proves that HTL
can be carried out at a temperature of 250 <C for a longer time. HTL offers a promising pathway for converting
food waste into valuable biofuels due to its high conversion efficiency and versatility in handling feedstock
variability [45]. For instance, previous study by Posmanik et al. [46] highlights advancements in catalyst
technology, such as acid and alkaline can produce higher heating value (HHV) biocrude of 32.5 0.7 MJ/kg and
35.4 1.0 MJ/kg, respectively, as compare without catalyst can produce HHV biocrude of 34.8 +1.3 MJ/kg. These
developments underscore HTL potential as a viable technology for sustainable biofuel production from food waste.

3.1.2. Hydrothermal Carbonization (HTC)

This technology involves the conversion of organic materials in food waste into a mixture of hydrogen,
carbon monoxide, and methane gases under temperatures of 200 to 600 <C and pressures of 5 to 30 MPa with
water as a solvent. This process can be integrated with combined heat and power systems to produce electricity
and heat, in addition to gaseous biofuels. Compared to conventional gasification methods, HTC operates at lower
temperatures, reducing tar formation and improving overall efficiency. A recent study conducted by Yan et al. [47]
has reported that the HTC under 275 <C for 60 min can produce hydrochar with calorific value of 22.68 MJ/kg in
the food waste material. This study also reported the highest hydrogen rich syngas production of 1151.26 mmol-L
at 480 <T and 45 min with 5 wt.% KOH. HTC presents a sustainable route for converting food waste into gaseous
biofuels, contributing to renewable energy goals and waste management strategies.

3.1.3. Hydrothermal Gasification (HTG) or Supercritical Water Gasification (SCWG) for Fuels

HTG is a thermochemical process that converts biomass into a synthesis gas (syngas) comprising hydrogen,
carbon monoxide, methane, and other trace gases under high temperature (400-800 <C) and pressure (10-25 MPa)
conditions in the presence of water and a gasification catalyst [48]. Unlike traditional gasification processes that
use dry biomass, HTG operates with wet biomass feedstocks (i.e., solid and liquid of food waste), making it
suitable for treating high-moisture organic wastes such as food waste and sewage sludge [49,50]. Numerous studies
have explored the hydrothermal gasification of pre-treated kitchen waste as feedstock. However, research on the
hydrothermal gasification of raw kitchen waste remains limited. The effectiveness of hydrothermal gasification
for kitchen waste is highly influenced by its inherent properties, including elemental composition, heating value,
ash content, moisture content, and volatile solid content [51,52]. For instance, Rajagopal et al. [53] has comparison
study for HTG (280420 <C) and HTL (280-360 <C) at pressure 5 MPa for 60 min can produce hydrogen yield of
39 wt.% and 26 wt.%, respectively, in household mixed waste. This result proves the HTG involves the partial
oxidation of biomass, where the organic matter is broken down into gaseous components that can be used for heat
and power generation, hydrogen production, or further synthesis of liquid fuels and chemicals.

Other technologies of SCWG are advanced technology for converting organic waste into syngas hydrogen,
carbon monoxide, and carbon dioxide by utilizing supercritical water. At temperatures above 374 < and pressures
exceeding 22 MPa, water enters a supercritical state, acting as both a solvent and reactant. This allows for the
efficient breakdown of organic materials into simpler gaseous products. The primary advantage of SCWG over
traditional waste treatment methods, such as incineration and anaerobic digestion, lies in its ability to achieve high
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efficiency in waste conversion. SCWG can produce hydrogen-rich syngas that is not only a renewable energy
source but also a versatile feedstock for producing fuels and chemicals. For instance, study by Cao et al. [54] has
reported that the SCWG at 650 <C can produce hydrogen of 38.29 mol/kg in 7 wt.% food waste and catalyst
loading of 14 wt.% K,COa. This study suggests that high temperature and high catalyst loading can enhance the
hydrogen production in SCWG. In contrast to incineration, which releases harmful emissions and only recovers
energy through heat, SCWG significantly minimizes harmful pollutants while maximizing energy recovery.
Additionally, SCWG can process a wide range of organic feedstocks, including low-quality waste and diverse
feedstocks that would otherwise be challenging to convert using traditional methods. This versatility enhances the
potential for integrating SCWG into existing waste management systems, promoting sustainable waste-to-energy
solutions that align with circular economy principles.

3.2. Gasification Coupled Fischer-Tropsch Synthesis to Convert Food Waste to Liquid Hydrocarbons

Recent technology, gasification coupled with Fischer-Tropsch (FT) synthesis involves converting syngas
(synthesis gas) produced from gasification of food waste into liquid hydrocarbons such as diesel and jet fuels using
FT catalysts. This process allows us to produce high-quality transportation fuels from food waste-derived syngas.
FT synthesis from food waste-derived syngas offers higher selectivity towards liquid hydrocarbons compared to
traditional gas-to-liquid processes. In fact, this is a new technology for application in food waste biomass into
fuels. Gasification coupled with FT synthesis represents a promising approach for converting food waste into high-
quality liquid fuels, addressing both energy security and environmental sustainability. Studies by Yang et al. [55]
emphasize the role of catalyst innovation in improving product selectivity and process economics, supporting FT
synthesis as a viable technology for biofuel production from food waste. Mitigates landfill methane emissions by
converting waste into useful products. However, energy-intensive processes and emissions from high-temperature
operations impact environmental sustainability [55].

3.3. Bioelectrochemical Conversion of Food Waste to Biomethane

Recently, methane production can produce with bioelectrochemical conversion involves using microbial
electrochemical systems (MES) to convert organic compounds in food waste into methane gas through anaerobic
digestion processes enhanced by electrochemical reactions. This method integrates microbial metabolism with
electricity generation to produce renewable methane biofuels. Bioelectrochemical conversion offers higher
methane yields and process efficiency compared to traditional anaerobic digestion methods. At the heart of this
technology are specialized electrodes: the anode, typically constructed from carbon-based materials such as carbon
brushes, and the cathode, often composed of titanium coated with ruthenium oxide (Ti/RuQO2) or graphite felt [56].
These electrodes play pivotal roles in facilitating electron transfer and optimizing the conversion of organic
compounds into methane gas. In the bioelectrochemical system, organic matter undergoes microbial oxidation at
the anode, where bacteria break down complex molecules and release electrons as byproducts. These electrons are
then transported through an external circuit to the cathode, where they participate in electrochemical reactions that
reduce protons and carbon dioxide to methane [57]. This dual process of microbial metabolism and electrochemical
enhancement not only increases methane yields per unit of organic substrate but also improves overall process
efficiency [58]. Compared to traditional anaerobic digestion methods, bioelectrochemical conversion offers
significant advantages in terms of methane production rates and energy recovery. Moreover, by harnessing
microbial activity to generate renewable methane biofuels alongside electricity, this technology holds promise for
addressing challenges in waste management, reducing greenhouse gas emissions, and advancing the transition
towards a circular economy. A previous study by Park et al. [59] has reached the methane production of 133 +
0.02 mL-CH4/g-VSesiquat through bioelectrochemical process as compared to anaerobic digestion process only
produce the methane of 125 +0.03 mL-CHa4/g-VSresiaua. Other study by Ding et al. [60] has reported that food
waste leachate was treated with bioelectrochemical can produce CH, of 526.7 mL/gVS in electrode area of 25.2
cm?/L. Bioelectrochemical conversion presents a sustainable pathway for producing methane biofuels from food
waste, leveraging synergies between microbial metabolism and electrochemical processes. Ongoing research and
development efforts focus on optimizing electrode materials, refining operational parameters, and scaling up
bioelectrochemical systems to maximize their economic viability and applicability across diverse industrial and
environmental settings.

3.4. Microbial Fuel Cells (MFCs) for Electricity Generation from Food Waste

Microbial fuel cells (MFCs) harness the power of microorganisms to generate electricity by oxidizing organic
substances. In MFCs, microorganisms at the anode break down organic matter, producing electrons and protons.
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The electrons travel through an external circuit to the cathode, where they participate in reduction reactions. This
process not only produces electricity but also helps in treating wastewater, making MFCs a dual-purpose
technology. The anode typically consists of materials like carbon-based electrodes, which are conducive to
microbial activity, while the cathode facilitates the necessary reduction reactions. MFCs offer a renewable and
environmentally friendly energy source with minimal impact, addressing both energy generation and waste
management challenges [61]. The advantages of MFCs over traditional energy generation methods, such as
anaerobic digestion, are notable. Previous study conducted by Xin et al. [62] has reported that the comparison
technology between anaerobic digestion and MFCs can produce electricity from food waste of 167.5 and 192.5
million kWh, respectively. This higher energy output is attributed to MFCs’ ability to directly convert organic
substrates into electricity without the intermediate steps required in anaerobic digestion. Furthermore, MFCs
operate under mild conditions, which reduces the energy input for operation and minimizes greenhouse gas
emissions. The carbon-based electrodes used in MFCs not only facilitate microbial activity but also enhance the
overall efficiency of the electron transfer process, making them more sustainable. MFCs represent a promising
pathway for renewable energy generation, enabling a circular economy approach by converting waste into valuable
energy.

3.5. Synthetic Biology and Metabolic Engineering for Bioethanol Production

Synthetic biology and metabolic engineering are pivotal in optimizing bioethanol production from various
feedstocks (i.e., food waste). Synthetic biology and metabolic engineering are also emerging as effective methods
for converting organic matter, such as high-sugar and starch-rich food waste into bioenergy, as highlighted in
Table 1. Synthetic biology involves designing and constructing new biological systems to enhance the production
of bioethanol, while metabolic engineering focuses on modifying microorganisms to improve their fermentation
capabilities. The advantages of these modern techniques over traditional fermentation processes are significant.
Traditional bioethanol production often relies on first-generation feedstocks, such as sugarcane or corn, which can
contribute to food competition and land use issues. In contrast, synthetic biology enables the utilization of
lignocellulosic biomass and waste materials, thus promoting sustainable practices without compromising food
supplies. Recent studies have demonstrated the effectiveness of these approaches. For instance, engineered yeast
strains developed through metabolic engineering have been shown to increase ethanol yields by up to 114.71 g/L
using S. cerevisiae MC15 with genetic of phosphate response signal (PHO4) [63]. Additionally, advancements in
metabolic engineering allow for the development of engineered yeast or bacteria that can ferment a broader range
of sugars, including those derived from non-traditional sources, leading to higher ethanol yields. Furthermore,
these technologies enable the optimization of metabolic pathways, enhancing the efficiency of converting sugars
into ethanol. A previously study by Semkiv et al. [64] has investigated co-expression studies of a gene encoding a
molecular chaperone protein (SSB1) from S. cerevisiae, a gene of ATP-diphosphohydrolases obtained from E.
coli, and a galactose-induction approach led to a significant increase in ethanol production of 17% and 28%. By
employing synthetic biology tools, researchers can create microorganisms that better tolerate high ethanol
concentrations, increasing overall process efficiency. As a result, the integration of synthetic biology and metabolic
engineering in bioethanol production supports the development of renewable energy sources, reduces reliance on
fossil fuels, and contributes to a more sustainable circular economy.

4. Future Prospect and Challenges for Scale Up of Food Waste to Bioenergy to Create Sustainable Process
and Net-Zero Scenario

The transition from laboratory-scale experiments to industrial-scale applications is a critical step in realizing
the potential of food waste to bioenergy technologies. Scaling up involves addressing various technical, economic,
and regulatory challenges to ensure that these processes are not only feasible but also economically viable and
environmentally sustainable on a larger scale. Effective feedstock management is essential for the successful scale-
up of food waste to bioenergy processes. This involves the collection, transportation, and preprocessing of food
waste to ensure a consistent and reliable supply of feedstock to the conversion facilities. One of the main challenges
in feedstock management is the heterogeneous nature of food waste, which can vary widely in composition,
moisture content, and contamination levels. Developing standardized methods for sorting, preprocessing, and
storing food waste can help address these challenges and improve the efficiency and performance of bioenergy
conversion processes. For instance, Mechanical pre-treatment such as blending and pulverization can improve the
hydrolysis rate of food waste by reducing the particle size as well as converting solids into liquids or sludges
[65,66]. In fact, the process of milling refers to the mechanical grinding or pulverizing of raw materials to achieve
a specific particle size (<2 mm) [67]. A recent study conducted by Gu et al. [68] has reported the particle size of
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food waste that was pre-treated with ball mill can be reduced to 176 pm and was converted into liquid form. On
the other hand, crushing method is a simpler process where the particle size of the food waste can be reduced up
to <3 mm [69]. It was found that the particle size of food waste subjected to crushing process (i.e., hammer mill
and chopper) can be reduced to less than 12 mm and 19.1 mm, respectively [70,71].

Optimizing the conversion processes is crucial for maximizing the yield and quality of biofuels produced
from food waste. This involves fine-tuning various process parameters, such as temperature, pressure, residence
time, and catalyst concentration, to achieve optimal performance. Advanced process control systems and real-time
monitoring technologies can help in precisely controlling these parameters and ensuring stable and efficient
operation of the conversion processes. The integration of computational modeling and simulation tools can also
aid in process optimization by providing insights into the reaction mechanisms and kinetics, allowing for the
prediction and control of process performance. Additionally, pilot-scale testing and demonstration projects can
help validate the optimized process conditions and identify potential operational issues that may arise during scale-
up. Integrating food waste to bioenergy technologies with existing waste management and energy infrastructure
can enhance their feasibility and cost-effectiveness. This involves leveraging existing collection and transportation
networks, waste treatment facilities, and energy distribution systems to streamline the implementation of these
technologies on a larger scale. For instance, anaerobic digestion facilities that are already processing organic waste
can be retrofitted or expanded to include advanced bioelectrochemical systems for enhanced methane production
[72]. Similarly, waste-to-energy plants can incorporate gasification coupled with Fischer-Tropsch synthesis units
to convert syngas into liquid biofuels [73].

To advance the scaling of food waste to bioenergy technologies, future research should focus on several key
areas: developing standardized protocols for sorting and preprocessing various types of food waste to enhance
efficiency, investigating novel pretreatment techniques to improve hydrolysis and fermentability, and optimizing
conversion parameters for existing technologies to boost yields. Additionally, exploring the integration of
bioenergy production with renewable energy systems can enhance sustainability, while conducting pilot-scale
studies can validate laboratory findings and assess operational challenges. Economic viability assessments should
also be conducted to evaluate the cost-effectiveness of scaling up food waste to bioenergy technologies, along with
lifecycle assessments to quantify environmental impacts. By addressing these areas, future research can
significantly contribute to the effective scaling and implementation of food waste to bioenergy technologies,
promoting a more sustainable and circular economy.

5. Conclusion

Food waste to bioenergy represents a promising solution to address both waste management challenges and
the growing demand for sustainable energy sources. By focusing on the effective matching and screening of food
waste types for energy conversion, along with optimizing preprocessing and conversion technologies, we can
unlock the full potential of food waste as a valuable resource. This review highlights the need for continued
research and innovation in this field, emphasizing the importance of integrating bioenergy systems with existing
infrastructure and renewable energy sources. Ultimately, advancing food waste to bioenergy technologies can
significantly contribute to sustainable waste management, energy security, and the transition to a circular economy.
Addressing the heterogeneity of food waste remains a significant challenge in scaling up bioenergy production.
Developing standardized methods for feedstock management, including preprocessing and sorting, is essential for
ensuring a reliable supply of high-quality materials for conversion processes. Furthermore, integrating these
bioenergy systems with existing waste management infrastructure can streamline implementation and reduce costs,
facilitating broader adoption across various sectors. Future research should prioritize the optimization of
conversion technologies and the exploration of integrated systems that combine multiple methods to maximize
resource utilization. Additionally, examining the socio-economic implications of food waste-to-bioenergy
initiatives can provide valuable insights for policymakers and stakeholders. By fostering collaborative efforts and
supportive policies, it is possible to accelerate the transition towards sustainable waste management practices that
leverage food waste as a significant energy resource.

Author Contributions: A.A.R.. Writing—Original draft preparation; Investigation; Visualization; Methodology; Formal
Analysis. N.R.: Writing, reviewing and Editing, Investigation, Validation. H.S.H.M.: Writing, reviewing and Editing,
Investigation, Validation. J.C.-W.L.: Writing, reviewing and Editing; Investigation, Validation. N.K.: Writing, reviewing and
Editing; Investigation, Validation. K.S.K.: Conceptualization; Methodology; Writing—Original draft preparation; Writing,
reviewing and Editing; Investigation, Validation, Funding acquisition; Supervision. All authors have read and agreed to the
published version of the manuscript.

Funding: We would like to gratefully acknowledge the work supported and financially funded by National Science and
Technology Council, Taiwan (Project number: 112-2222-E-155-005) and Department of Chemical Engineering and Material

10 of 14



Green Energy Fuel Res. 2025, 2(1), 34-47 https://doi.org/10.53941/gefr.2025.100004

Science, Yuan Ze University, Taiwan under New Faculty Research Start-Up Fund Scheme (Project no: 303014-1 and 303014-
2). The author would also like to acknowledge the support provided by the Research and Development (RD) Office, Yuan Ze
University, Taiwan, under Assistant Teacher Research Scheme (Project no: 113-HRD-07).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: We would also like to acknowledge and attribute each of the icon creator(s) for the Figures that have been
designed using images from Flaticon.com (www.flaticon.com). Accessed on 21 July 2024.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. UNEP. Think Eat Save: Tracking Progress to Halve Global Food Waste; UNEP: Nairobi, Kenya, 2024.

2. Broun, R; Sattler, M. A comparison of greenhouse gas emissions and potential electricity recovery from conventional
and bioreactor landfills. J. Clean. Prod. 2016, 112, 2664-2673.

3. Awasthi, M.K.; Chen, H.; Awasthi, S.K.; et al. Greenhouse gas emissions through biological processing of solid waste
and their global warming potential. Biol. Process. Solid Waste 2019, 2019, 111-127.

4.  Awasthi, M.K,; Sarsaiya, S.; Wang, Q.; et al. Mitigation of global warming potential for cleaner composting. Biosynthetic
Technol. Environ. Chall. 2018, 12, 271-305.

5. Munesue, Y.; Masui, T.; Fushima, T. The effects of reducing food losses and food waste on global food insecurity, natural
resources, and greenhouse gas emissions. Environ. Econ. Policy Stud. 2015, 17, 43—77. https://doi.org/10.1007/s10018-
014-0083-0.

6. Mohanty, A.; Mankoti, M.; Rout, P.R.; et al. Sustainable utilization of food waste for bioenergy production: A step
towards circular bioeconomy. /nt. J. Food Microbiol. 2022, 365, 109538.

7. Singh, PK.; Mohanty, P.; Mishra, S.; et al. Food waste valorisation for biogas-based bioenergy production in circular
bioeconomy: Opportunities, challenges, and future developments. Front. Energy Res. 2022, 10, 903775.

8. Leong, H.Y.; Chang, C.-K.; Khoo, K.S.; et al. Waste biorefinery towards a sustainable circular bioeconomy: A solution
to global issues. Biotechnol. Biofuels 2021, 14, 1-15.

9. Chen, W.-H.; Lin, Y.-Y.; Liu, H.-C.; et al. A comprehensive analysis of food waste derived liquefaction bio-oil properties
for industrial application. Appl. Energy 2019, 237, 283-291. https://doi.org/10.1016/j.apenergy.2018.12.084.

10. Mahmudul, H.; Akbar, D.; Rasul, M.; et al. Estimation of the sustainable production of gaseous biofuels, generation of
electricity, and reduction of greenhouse gas emissions using food waste in anaerobic digesters. Fuel 2022, 310, 122346.

11. Meng, Y.; Li, Y.; Han, R.; et al. Optimization of the process conditions for methane yield from co-digestion of mixed
vegetable residues and pig manure using response surface methodology. Waste Biomass Valorization 2024, 15, 4117—
4130.

12. El Salamony, D.H.; Hassouna, M.S.E.; Zaghloul, T.I.; et al. Bioenergy production from chicken feather waste by
anaerobic digestion and bioelectrochemical systems. Microb. Cell Factories 2024, 23, 102.

13. lJiang, S.; Yu, D.; Xiong, F.; et al. Enhanced methane production from the anaerobic co-digestion of food waste plus fruit
and vegetable waste. Environ. Sci. Pollut. Res. 2023, 30, 70592—70603.

14. Xue, S.; Wang, Y.; Lyu, X.; et al. Interactive effects of carbohydrate, lipid, protein composition and carbon/nitrogen ratio
on biogas production of different food wastes. Bioresour. Technol. 2020, 312, 123566.

15.  Svensson, K.; Kjerlaug, O.; Higgins, M.J.; et al. Post-anaerobic digestion thermal hydrolysis of sewage sludge and food
waste: Effect on methane yields, dewaterability and solids reduction. Water Res. 2018, 132, 158-166.

16. Adewuyi, A. Underutilized lignocellulosic waste as sources of feedstock for biofuel production in developing countries.
Front. Energy Res. 2022, 10, 741570.

17. Hafid, H.S.; Omar, F.N.; Abdul Rahman, N.A.; et al. Innovative conversion of food waste into biofuel in integrated waste
management system. Crit. Rev. Environ. Sci. Technol. 2022, 52, 3453—-3492.

18.  Cereda, M.P. Starch hydrolysis: Physical, acid, and enzymatic processes. In Starch Industries: Processes and Innovative
Products in Food and Non-Food Uses; Elsevier: Amsterdam, The Netherlands, 2024; pp. 75-113.

19. Jeevahan, J.; Anderson, A.; Sriram, V.; et al. Waste into energy conversion technologies and conversion of food wastes
into the potential products: A review. Int. J. Ambient Energy 2021, 42, 1083—1101.

20. Eyberg, V.; Dieterich, V.; Bastek, S.; et al. Techno-economic assessment and comparison of Fischer—Tropsch and
Methanol-to-Jet processes to produce sustainable aviation fuel via Power-to-Liquid. Energy Convers. Manage. 2024, 315,
118728.

21. Mailaram, S.; Kumar, P.; Kunamalla, A.; et al. Biomass, biorefinery, and biofuels. In Sustainable Fuel Technologies

Handbook; Elsevier: Amsterdam, The Netherlands, 2021; pp. 51-87.

11 of 14



Green Energy Fuel Res. 2025, 2(1), 34-47 https://doi.org/10.53941/gefr.2025.100004

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Kopli, F.Z.; Artha, F.K.; Ismeini, I.; et al. Synthesizing and Performance Testing of Zn Promoted Ni Catalyst With -
AlO; Support in The Process of Hydrotreating Used Cooking Oil into Green Diesel. J. Ris. Teknol. Pencegah.
Pencemaran Ind. 2024, 15, 41-49.

Ferreira-Pinto, L.; Parizi, M.P.S.; de Araujo, P.C.C.; et al. Experimental basic factors in the production of H2 via
supercritical water gasification. Int. J. Hydrog. Energy 2019, 44, 25365-25383.

Molino, A.; De Gisi, S.; Petta, L.; et al. Experimental and theoretical investigation on the recovery of green chemicals
and energy from mixed agricultural wastes by coupling anaerobic digestion and supercritical water gasification. Chem.
Eng. J. 2019, 370, 1101-1110.

Adar, E.; Ince, M.; Bilgili, M.S. Characteristics of liquid products in supercritical water gasification of municipal sewage
sludge by continuous flow tubular reactor. Waste Biomass Valorization 2020, 11, 6321-6335.

Ramos, A.; Monteiro, E.; Rouboa, A. Biomass pre-treatment techniques for the production of biofuels using thermal
conversion methods—a review. Energy Convers. Manag. 2022, 270, 116271.

Nahak, B.; Preetam, S.; Sharma, D.; et al. Advancements in net-zero pertinency of lignocellulosic biomass for climate
neutral energy production. Renew. Sustain. Energy Rev. 2022, 161, 112393. https://doi.org/10.1016/j.rser.2022.112393.
Ramandani, A.A.; Lee, S.Y.; Jambrak, A.R.; et al. Synergizing food waste management and microalgae biorefinery for
bioenergy production: Recent advance on direct and indirect conversion pathway. Process Biochem. 2025, 151, 14-26.
https://doi.org/10.1016/j.procbio.2025.01.006.

Akarsu, K.; Duman, G.; Yilmazer, A.; et al. Sustainable valorization of food wastes into solid fuel by hydrothermal
carbonization. Bioresour. Technol. 2019, 292, 121959. https://doi.org/10.1016/j.biortech.2019.121959.

Saengsuriwong, R.; Onsree, T.; Phromphithak, S.; et al. Biocrude oil production via hydrothermal liquefaction of food
waste in a simplified high-throughput reactor. Bioresour. Technol. 2021, 341, 125750.

Motavaf, B.; Savage, P.E. Effect of process variables on food waste valorization via hydrothermal liquefaction. ACS
ES&T Engineering, 2021, 1, 363-374.

Su, H.; Zhou, X.; Zheng, R.; et al. Hydrothermal carbonization of food waste after oil extraction pre-treatment: Study on
hydrochar fuel characteristics, combustion behavior, and removal behavior of sodium and potassium. Sci. Total Environ.
2021, 754, 142192.

Koshariya, A.K.; Krishnan, M.S.; Jaisankar, S.; et al. Waste to energy: An experimental study on hydrogen production
from food waste gasification. Int. J. Hydrogen Energy 2024, 54, 1-12.

Xie, D.; Zhong, Y.; Huang, J.; et al. Steam gasification of the raw and torrefied mixed typical food wastes: Effect of
interactions on syngas production. Fuel 2022, 323, 124354.

Marchese, M.; Chesta, S.; Santarelli, M.; et al. Techno-economic feasibility of a biomass-to-X plant: Fischer-Tropsch
wax synthesis from digestate gasification. Energy 2021, 228, 120581.

Neha, S.; Remya, N. Co-production of biooil and biochar from microwave co-pyrolysis of food-waste and plastic using
recycled biochar as microwave susceptor. Sustainable Energy Technol. Assess. 2022, 54, 102892.
https://doi.org/10.1016/j.seta.2022.102892

Zhi, Z.; Pan, Y.; Lu, X.; et al. Electrically regulating co-fermentation of sewage sludge and food waste towards promoting
biomethane production and mass reduction. Bioresour. Technol. 2019, 279, 218-227.

Yaqoob, A.A.; Bakar, M.A.B.A.; Kim, H.-C.; et al. Oxidation of food waste as an organic substrate in a single chamber
microbial fuel cell to remove the pollutant with energy generation. Sustainable Energy Technol. Assess. 2022, 52, 102282.
Desmond-Le Quéméner, E.; Bridier, A.; Tian, J.-H.; et al. Biorefinery for heterogeneous organic waste using microbial
electrochemical technology. Bioresour: Technol. 2019, 292, 121943.

Su, W.; Cai, C.; Liu, P,; et al. Supercritical water gasification of food waste: Effect of parameters on hydrogen production.
Int. J. Hydrogen Energy 2020, 45, 14744-14755.

Chen, J.; Fan, Y.; Zhao, X.; et al. Experimental investigation on gasification characteristic of food waste using
supercritical water for combustible gas production: Exploring the way to complete gasification. Fuel 2020, 263, 116735.
Li, J.; Zhang, L.; Li, C.; et al. Data-driven based in-depth interpretation and inverse design of anaerobic digestion for
CH4-rich biogas production. ACS EST Eng. 2022, 2, 642—652.

Li, J.; Zhu, X.; Li, Y.; et al. Multi-task prediction and optimization of hydrochar properties from high-moisture municipal
solid waste: Application of machine learning on waste-to-resource. J. Clean. Prod. 2021, 278, 123928.

Bayat, H.; Dehghanizadeh, M.; Jarvis, J.M.; et al. Hydrothermal liquefaction of food waste: Effect of process parameters
on product yields and chemistry. Front. Sustain. Food Syst. 2021, 5, 658592.

Li, J.; Zhang, W.; Liu, T.; et al. Machine learning aided bio-oil production with high energy recovery and low nitrogen
content from hydrothermal liquefaction of biomass with experiment verification. Chem. Eng. J. 2021, 425, 130649.
Posmanik, R.; Martinez, C.M.; Cantero-Tubilla, B.; et al. Acid and alkali catalyzed hydrothermal liquefaction of dairy
manure digestate and food waste. ACS Sustain. Chem. Eng. 2018, 6, 2724-2732.

12 of 14



Green Energy Fuel Res. 2025, 2(1), 34-47 https://doi.org/10.53941/gefr.2025.100004

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Yan, M.; Liu, J.; Yoshikawa, K.; et al. Cascading disposal for food waste by integration of hydrothermal carbonization
and supercritical water gasification. Renew. Energy 2022, 186, 914-926.

Li, J.; Pan, L.; Suvarna, M.; et al. Machine learning aided supercritical water gasification for Hz-rich syngas production
with  process  optimization and catalyst screening. Chem. Eng. J. 2021, 426, 131285.
https://doi.org/10.1016/j.cej.2021.131285.

Li, J.; Li, L.; Suvarna, M.; et al. Wet wastes to bioenergy and biochar: A critical review with future perspectives. Sci.
Total Environ. 2022, 817, 152921.

Li, J.; Suvarna, M.; Li, L.; et al. A review of computational modeling techniques for wet waste valorization: Research
trends and future perspectives. J. Clean. Prod. 2022, 367, 133025.

Kumabe, K.; Itoh, N.; Matsumoto, K.; et al. Hydrothermal gasification of glucose and starch in a batch and continuous
reactor. Energy Rep. 2017, 3, 70-75.

Li, J.; Suvarna, M.; Pan, L.; et al. A hybrid data-driven and mechanistic modelling approach for hydrothermal gasification.
Appl. Energy 2021, 304, 117674.

Rajagopal, J.; Gopinath, K.P.; Neha, R.; et al. Processing of household waste via hydrothermal gasification and
hydrothermal liquefaction for bio-oil and bio-hydrogen production: Comparison with RSM studies. J. Environ. Chem.
Eng. 2022, 10, 107218.

Cao, W.; Wei, Y.; Jin, H.; et al. Characteristic of food waste gasification in supercritical water for hydrogen production.
Biomass Bioenergy 2022, 163, 106508.

Yang, Z.; Liu, Y.; Zhang, J.; et al. Improvement of biofuel recovery from food waste by integration of anaerobic digestion,
digestate pyrolysis and syngas biomethanation under mesophilic and thermophilic conditions. J. Clean. Prod. 2020, 256,
120594.

Shi, L.; Leng, C.; Zhou, Y; et al. A review of electrooxidation systems treatment of poly-fluoroalkyl substances (PFAS):
Electrooxidation degradation mechanisms and electrode materials. Environ. Sci. Pollut. Res. 2024, 31, 42593-42613..
Jiang, Y.; Chen, F.; Xia, C. A review on cathode processes and materials for electro-reduction of carbon dioxide in solid
oxide electrolysis cells. J. Power Sources 2021, 493, 229713.

Thanarasu, A.; Periyasamy, K.; Subramanian, S. An integrated anaerobic digestion and microbial electrolysis system for
the enhancement of methane production from organic waste: Fundamentals, innovative design and scale-up deliberation.
Chemosphere 2022, 287, 131886.

Park, J.-G.; Lee, B.; Kwon, H.-J.; et al. Contribution analysis of methane production from food waste in bulk solution
and on bio-electrode in a bio-electrochemical anaerobic digestion reactor. Sci. Total Environ. 2019, 670, 741-751.
Ding, L.; Wang, Y.; Lin, H.; et al. Facilitating solid-state anaerobic digestion of food waste via bio-electrochemical
treatment. Renew. Sustain. Energy Rev. 2022, 166, 112637.

Hoang, A.T.; Nizeti¢, S.; Ng, K.H.; et al. Microbial fuel cells for bioelectricity production from waste as sustainable
prospect of future energy sector. Chemosphere 2022, 287, 132285.

Xin, X.; Ma, Y.; Liu, Y. Electric energy production from food waste: Microbial fuel cells versus anaerobic digestion.
Bioresour. Technol. 2018, 255, 281-287.

Wu, R.; Chen, D.; Cao, S.; et al. Enhanced ethanol production from sugarcane molasses by industrially engineered
Saccharomyces cerevisiae via replacement of the PHO4 gene. RSC Adv. 2020, 10, 2267-2276.

Semkiv, M.V.; Dmytruk, K.V.; Abbas, C.A.; et al. Activation of futile cycles as an approach to increase ethanol yield
during glucose fermentation in Saccharomyces cerevisiae. Bioengineered 2016, 7, 106—111.

Fei, X.; Chen, T.; Jia, W.; et al. Enhancement effect of ionizing radiation pretreatment on biogas production from
anaerobic  fermentation of food waste. Radiat.  Phys. Chem. 2020, 168, 108534-108534.
https://doi.org/10.1016/j.radphyschem.2019.108534.

Zafar, H.; Peleato, N.; Roberts, D. A review of the role of pre-treatment on the treatment of food waste using microbial
fuel cells. Environ. Technol. Rev. 2022, 11, 72-90. https://doi.org/10.1080/21622515.2022.2058426.

Oyedeji, O.; Gitman, P.; Qu, J.; et al. Understanding the Impact of Lignocellulosic Biomass Variability on the Size
Reduction Process: A Review. ACS Sustain. Chem. Eng. 2020, 8, 23272343,
https://doi.org/10.1021/acssuschemeng.9b06698.

Gu, Y.M.; Park, S.Y.; Park, J.Y.; et al. Impact of attrition ball-mill on characteristics and biochemical methane potential
of food waste. Energies 2021, 14, 2085. https://doi.org/10.3390/en14082085.

Zhang, C.; Kang, X.; Wang, F.; Tian, Y.; Liu, T.; Su, Y.; Qian, T.; Zhang, Y. Valorization of food waste for cost-effective
reducing sugar recovery in a two-stage enzymatic hydrolysis platform. Energy 2020, 208, 118379-118379.
https://doi.org/10.1016/j.energy.2020.118379.

Tumuluru, J.S.; Tabil, L.G.; Song, Y.; Iroba, K.L.; Meda, V. Impact of process conditions on the density and durability
of wheat, oat, canola, and barley straw briquettes. Bioenergy Res. 2015, 8, 388-401. https://doi.org/10.1007/s12155-014-
9527-4.

13 of 14



Green Energy Fuel Res. 2025, 2(1), 34-47 https://doi.org/10.53941/gefr.2025.100004

71.

72.

73.

Khankelov, T.; Maksudov, Z.; Mukhamedova, N.; Tursunov, S. Crushing and screening complex for the production of
compost from organic components of municipal solid waste. E3S Web Conf. 2021, 264, 01026.
https://doi.org/10.1051/e3sconf/202126401026.

Huang, Q. Microbial Electrolysis Cell-Assisted Anaerobic Digestion for Enhancing Biomethane Recovery from High-
Strength Wastewater; Spring: Berlin/Heidelberg, Germany, 2024.

Moreroa, M.; Malematja, T.P.; [joma, G.N. Integrating the circular economy model into the management and treatment

of Fischer—Tropsch effluents—A conversion of waste to energy (biogas) opportunity. /ET Renew. Power Gener. 2024,

18,4153-4165.

14 of 14



