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Biogas is one of the leading alternative renewable energy sources produced by the anaerobic digestion
of organic waste such as animal waste, agricultural crops and algae biomass. This research work in-
vestigates biogas production through the anaerobic mixed digestion of camel waste with Marine macro
algae (Ulva and Prosopis juliflora) for sustainable energy generation for Marine facility applications.
The algal biomass with the camel dung was loaded into anaerobic biodigester (20 L), and the mixture
was homogenized at 450 rpm using a mechanical stirrer. The yield of the biomass is estimated by
first-order kinetic model and the essential parameters for efficient biogas generation by pH 7 and the
optimum temperature of 37 °C with the agitation speed of 450 rpm. The work indicated the reduction
in total suspended solids (TSS) to below 2000 mg/L and a decrease in turbidity to approximately 500
NTU within the first 12 hours. The first-order kinetic model, with a rate constant of k = 1, yielded the
highest volume of biogas when compared to the other investigation. This research contributes to the
sustainable energy field by exploring biomass as a renewable energy source for marine applications.
It supports cleaner energy use in the maritime sector while reducing environmental impacts and GHG
emission and the effective utilization of organic waste.

1. Introduction.

resource utilized by numerous sectors of the global economy.
Consequently, various categories of fuel exist, including gaso-

Fuel is an energy-containing element used in several activi-
ties, such as the generation of power and the driving of machin-
ery and operational equipment. Fuel contributes 88% of global
energy, predominantly from oil, and supports the economies
of the leading oil-producing countries. It is essential to have
regulations that govern the quality of gasoline because it is a
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line, diesel, and fuel oil. Oil exploration also finds employment
in a range of contemporary fields, including detergents, poly-
mers, and so on. However, the global perspective regards this
fuel as a non-renewable energy source detrimental to both the
environment and human health. In recent centuries, gasoline
has been recognized as a crucial energy source worldwide, es-
pecially in the Indian subcontinent and the Global South. Many
researchers claim that fossil fuels may eventually become ex-
tinct. Subsequently, the most substantial work focused on mod-
ifying fuel-related environmentally friendly alternatives to con-
ventional fuels. These alternatives are essentially environmen-
tally sustainable, which has led researchers to explore various
forms of alternate fuels (Appell, 1975; Angelidaki and Elle-
gaard, 2003; Appels et al., 2011; Ariyanto et al., 2017; Al-
herbawi et al., 2021; Arifan, Abdullah and Sumardiono, 2021).

Alternative fuel resources play a key role in the energy pro-
duction sector. There are various methods available to produce
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renewable energy, such as natural gas, fossil fuels, tidal, wind,
and solar panels. Even though it is still potential research for
alternative fuels, especially in the production of biogas through
the Marine Macro Algae mixed co-digestion method. The pre-
vious analysis (Murugesan et al., 2022) studied the produc-
tion of biogas through the combination of paper waste and cow
waste in a 1:1 ratio, using an air-closed bioreactor at tempera-
tures ranging from 26 °C to 43 °C. The previous results showed
a gas production of 6.23/07 dm3/kg, and the blending process
increased the cumulative gas yield to 9.40/11 dm?®/kg, indicat-
ing a significant increase in gas output. In addition, mixing the
paper waste with cow dung causes persistent gas flammability
during the waste’s digestion phase (Chu and Karr, 2016).

Rumen fluid functions as an inoculum for cattle manure,
leading to the production of biogas (Elliott et al., 2012). The ad-
dition of rumen fluid boosted the production rate by enhancing
the conversion of biogas. Furthermore, the researchers (Kafle
and Kim, 2013) analyzed the performance of an anaerobic di-
gester using a combination of apple waste and swine manure.
Various trials were conducted, and the initial assessment indi-
cated the rate of gas production from swine manure and apple
waste. The second run investigated the effect of waste and ma-
nuring mesophilic and thermophilic temperatures in a contin-
uous manner. According to their research, methane levels rose
from 146 to 190 mL/g in just 30 days, and the mixture enhanced
the rate of biogas production by approximately 16% and 48%
at mesophilic and thermophilic conditions, respectively.

In 2013, researchers identified fish waste silages capable of
producing methane and biogas at rates of 441-482 mL/g VS
and 71-763 mL/g VS, respectively. Further studies on Lami-
naria digitata revealed that optimal treatment conditions, last-
ing 0 to 10 minutes at temperatures between 35°C and 39°C, en-
hanced biogas production by 20%. Treated Macroalgae demon-
strated significantly higher yields compared to untreated sam-
ples, with mathematical modelling providing critical insights
into the ideal conditions for maximizing biogas output (Pra-
manik et al., 2019; Mungoche et al., 2025).

In northern Jordan, biogas has proven to have a positive eco-
nomic impact by reducing dependence on expensive fossil fuels
(Angelidaki and Ellegaard, 2003). Utilizing local raw materi-
als, a system comprising 7 m? biogas holder, 15 m® manure
tank with 22 m? subterranean digester achieved biogas yields
equivalent to 4 kg of liquefied petroleum gas and methane, with
efficiencies of approximately 60% or 56%, depending on oper-
ating temperatures of 18 °C-20 °C, over 25 to 30 days (van Hal,
Huijgen and Lépez-Contreras, 2014).

Twenty percent of Prosopis juliflora-blended biodiesel has
been shown to have greater thermal efficiency compared to tra-
ditional fuel (Patnaik, Abbasi and Abbasi, 2020). In addition,
combining Juliflora with isopropanol enhances exhaust gas re-
circulation by 30%, and further addition of additives increased
the heat release rate (HRR) by 30% (Elalami, 2020; Raja and
Premjeyakumar, 2021; Eschen et al., 2024). Relating com-
post to grassland cleared of Prosopis has proven effective in
accelerating soil recovery and enhancing biodiversity (Garcia
Alba et al., 2012). Moreover, integrating Prosopis biomass
with biowaste converts invasive plants into useful resources, as

demonstrated by a previous study (Kafle and Kim, 2013).

A study on vermicomposting with Prosopis juliflora leaves
showed the potential to reuse this invasive species as a valu-
able product (Pilicka, Blumberga and Romagnoli, 2011; Zhang
et al., 2025). By combining earthworms into the composting
process, previous work performed better conversion of the haz-
ardous leaves into nutrient-rich Vermi-mix, giving a sustainable
solution to soil fertility disputes. Similarly, the hydrothermal
liquefaction performance of Ulva prolifera mixed with chicken
waste and carbon teranitride catalyst maximize the biofuel pro-
duction for the remedial for traditional fuel. Findings revealed
that the chemical composition of the algae plays a vital role in
thermal degradation, giving important insights into optimizing
biogas production through anaerobic digestion (Thirumalaiku-
mar and Jaikumar, 2024).

The review has investigated a co-digestion strategy using
Ulva prolifera and second-generation organic wastes to enhance
biogas production. It is clearly revealed that the combination of
Ulva prolifera with lignocellulosic residues enhances methane
yields and optimization parameters for a better yield (Elliott et
al., 2012; Garcia Alba et al., 2012; Kafle and Kim, 2013).

The modelling studies evaluate the marine macro algae per-
formance using Hydrothermal liquefaction estimate the expect-
ed potential for biogas and other side cuts production (Rani et
al., 2012, 2013; Ramaiya and Vasudevan, 2024). The other
investigated work emphasizes the significance of optimizing
biomass cultivation and harvesting techniques to maximise bio-
gas yield, with Ulva prolifera as a sustainable feedstock for
biogas generation. Previous literature indicates a lack of ki-
netic modelling studies examining the co-digestion of Marine
algae Ulva and Prosopis juliflora in combination with camel
manure, despite the latter showing greater performance in bio-
gas production. This study investigates the effects of the reac-
tion sequence and rate constants in the anaerobic co-digestion
process, using pretreated Prosopis juliflora, Marine macroalgae
Ulva, and Camel dung as co-substrates.

2. Materials and Methodology.

This experimental work involves the collection of fresh ca-
mel dung from multiple farms in Kanchipuram, Tamil Nadu,
India, and the gathering of Prosopis Juliflora leaves from plants
located in the northern regions of select rural districts (Kanchipu-
ram and Villupuram) in Tamil Nadu. The Collected Prosopis
Juliflora leaves are dried for various time intervals (4 hr, 6 hr, 8
hr, 12 hr, 24 hr, 48 hr, 3 days and 1 week). The dried leaves are
crushed and create uniform substrates (Fig. 1b). The weighed
Marine macroalgae Ulva Prolifera (100 gm, 200 gm, 300 gm,
400 gm and 500 gm) were added in various ratios, including
1:0.5, 1:2, 1:3, 1:4, and 1:5 following the grinding of pretreated
dried leaves of P. Juliflora (Fig. 1c). The biomass substrates,
along with camel dung, were loaded into an anaerobic biodi-
gester shown in the schematic Figure 1 (refer Fig. 1a, 1b, Ic,
1d). The loaded slurry was homogenized at 450 rpm using a
mechanical agitator and kept at the proper temperature. Addi-
tionally, a pH indicator is used to monitor the pH level through-
out the process. This experiment evaluates various parameters,
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including mixing time, total solids, total suspended solids, and
reaction duration (ranging from 4 hrs till 7 days) to assess their
influence on biogas production. The process involves a series
of chemical transformations (Hydrolysis, Acidogenesis, Aceto-
genesis, and Methanogenesis) that convert fermented biomass
into biogas. Biogas is stored in a designated gas container,
whereas the residual material resulting from substrate conver-
sion is commonly used as fertiliser for crops. In this work,
the proportions of the feedstock components Prosopis juliflora,
Ulva prolifera, and camel dung were modified and the experi-
ment was repeated in accordance with previous methodologies
(Appels et al., 2011; Budiyono, Syaichurrozi and Sumardiono,
2013; Baicha et al., 2016). This research work investigates pro-
cess parameters, such as mixing time, methane yield per kilo-
gram of feedstock, hydraulic retention time (HRT), turbidity,
total suspended solids (TSS), total solids (TS), and the per-
formance kinetic model predicting the biogas production effi-
ciency.

Figure 1: Schematic for digester setup.
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3. Results and Discussion.

3.1. Mixing Time Effect on Bio-Gas Production.

The experimental work studied the effectiveness of anaero-
bic digesters operating under different mixing conditions such
as continuous, intermittent, and no mixing. The results clearly
state that the mixing time impactfully influences the efficiency
of biogas production under different operating conditions of the
digesters. Continuous mode produced the highest biogas yield,
pursued by intermittent mixing, though the absence of mixing
yielded the lowest output. This research identified the corre-
lation between mixing time, biogas production, and remaining
biosolid amount; the trend clear that the following quantity of
Prosopis Juliflora (0.2 kg) into the Ulwa prolifera and camel
dung mixture, with the operating temperature of 37 °C and stir-
rer speed of 450 rpm for five days. The experimental findings
are displayed in Fig. 2, indicating a substantial increase in bio-
gas quantity under no mixing (5.8 m? per kg of Total solids)
when compared to continuous (5.2 m* per kg of TS) and in-
termittent mixing conditions (4.8 m?® per kg of TS). The feed
mixture consisting of pre-treated Ulwa mixed with Prosopis
Juliflora and Camel dung exhibited a higher conversion rate, re-
sulting in a strong methanogenesis reaction and consistent up-
ward trends. This is due to the interactive effects among the
feed components, which together provide a balanced nutrient
profile that supports extraordinary microbial activity and is re-
sponsible for enhanced biogas production. In addition, Figure
2a, the consistent temperature and agitation conditions facil-
itated the breakdown of complex organic matter, thereby im-
proving overall anaerobic digestion efficiency. The higher bio-
gas generation is due to the synergistic effects of the feed com-
ponents. The overall result, increased biogas yields also im-
proved the efficiency of the anaerobic digestion process. Sev-
eral previous studies have confirmed current findings (Garcia
Alba et al., 2012; Kafle and Kim, 2013).

3.2. Effect of Total Suspended Solids Impact on Bio-Gas Pro-
duction.

The efficiency of Total Suspended Solids (TSS) removal
performances in optimizing biogas production. The organic
matter in the feedstock is a key parameter for the microbial
activity and the efficiency of TSS conversion impact on biogas
yield. Figure 3 shows the performance of the biodigester in TSS
efficiency. The percentage of TSS efficiency slowly substan-
tially growing from 78% to 90% within 24 hours. In addition,
the TSS removal efficiency depends on the anaerobic digestion
process and the physicochemical reactions in the effluent. The
time intervals increased to 30, 36, 42, and 48 hours. This study
proves relatively better performance compared to previous re-
search (I Nyoman and Seno, 2010; Ariyanto et al., 2017). Effec-
tive TSS conversion reduces the volume of solid waste, thereby
lowering disposal costs and enhancing the marine environment.
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Figure 2: Time (vs) Production of biogas at different conditions.
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Figure 3: Total suspended solid efficiency with time.
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3.3. Impact of Hydraulic Retention Time on Total Suspended
Solids and Turbidity.

Figure 4 discusses the relationship between Total Suspended
Solids (TSS), turbidity, and Hydraulic Retention Time (HRT) in
a treatment process, indicating the impact of continued HRT on
reducing solid content and improving water clarity. Initially,
TSS and turbidity levels are high, exceeding 8000 mg/L and
2500 NTU, respectively. As HRT rises, a meaningful decline is
observed, especially 6 hours later, TSS falling below 2000 mg/L
and turbidity nearing 500 NTU by 12 hours. This trend high-
lights HRT in encouraging the degradation and settling of sus-

pended particles. Additional retention times improves the con-
version of solids into smaller, extremely digestible molecules,
which is essential for anaerobic digestion processes (Kafle and
Kim, 2013; Ramaiya and Vasudevan, 2024). When compared
to short HRT, which reveal poor breakdown and greater turbid-
ity levels, systems with optimized HRT (8—12 hours) establish
higher efficiency in reducing both TSS and turbidity, the out-
put in improved performance and greater biogas yields (Arifan,
Abdullah and Sumardiono, 2021).

Figure 4: Impact of hydraulic retention time on total suspended
solids and turbidity.
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3.4. Effects of pH Changes on Biogas Production.

Figure 5 shows the effect of pH values of 6, 7, and 8 on
biogas production for 100 hours, highlighting the suitable pH
conditions. This research shows the higher biogas yield was
identified at pH 7 for 96 hours, it clearly states that neutral pH
enhances microbial activity. When pH 8, biogas production was
medium (4.2 mL to 4.5 mL), it confirmed that the alkaline con-
ditions inhibit few microbial activities. In case of pH 6 observed
in lower yield (3 mL) due to the reduction of methanogenic
archaea under acidic conditions, which is crucial for methane
formation. Similar trends have been reported in past studies
(Mihnert and Linke, 2009; Appels et al., 2011). Furthermore,
earlier research (Arifan, Abdullah and Sumardiono, 2021) has
observed that pH extremes reduce the stability of anaerobic pro-
cesses by hindering both hydrolysis and methanogenesis. These
findings confirm that maintaining a neutral pH is essential for
maximizing biogas production, consistent with the results ob-
tained in the study (Kafle and Kim, 2012; Lutzu and Dunford,
2019).

3.5. Kinetic Modelling Investigation of Bio-Gas Yield.

The experimental data were used to evaluate the suitability
of the model for kinetic analysis. This research indicates the
order of the kinetic model and provides additional information
about the hydrolysis rate constant. The model investigation and
hydrolysis govern the entire process, with the availability of the
substrate serving as the limiting factor. The model (Levenspiel,
1998) is given as follows:
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Figure 5: Effect of pH changes on biogas production.
C A= C A().e_kt
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with the biomass mixture converting at the fastest rate. On the
fifth day, the conversion becomes slower because of the rich-
ness of the biosolids. This conversion exhibits a higher de-
gree of agreement with the findings of previous researchers.
These experimental data were evaluated using a first-order ki-
netic model with a rate constant of k = 1, indicating a good fit
(Maamri and Amrani, 2014; Zhang, Zhou and Hu, 2021).

Over time, biogas production increases and eventually rea-
ches a peak as the available substrates are consumed. Figure 7
portrays an inverse relationship between dung mixture concen-
tration and time, indicating substrate depletion during anaero-
bic digestion process. The initial phase of rapid biogas produc-
tion reflects active hydrolysis and fermentation processes (Ari-
fan, Abdullah and Sumardiono, 2021). As time progresses, bio-
gas production decreases, aligning with first-order kinetic mod-
els where the reaction rate is dependent on the concentration of
remaining substrate (Appell, 1975). This trend emphasises the
importance of optimising substrate quality and adjusting reten-
tion time to enhance the efficiency of anaerobic digestion and
to maximise biogas production (Osueke et al., 2018; Awais et
al., 2020).

Figure 7: Concentration of biomass mixture vs time (D).
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Conclusions.

This study demonstrates the efficient production of biogas
from a feedstock mixture of camel dung, Ulva and Prosopis
juliflora biomass. This biogas can be effectively used for the
Marine application as a blended fuel. The optimized parame-
ters pH 7, a temperature of 37 °C, and an agitation speed of 450
rpm, substantially enhanced biogas production. The first-order
kinetic model yielded an accurate forecast of biogas generation,
with the highest output achieved under these controlled condi-
tions. The decrease in total suspended solids (TSS) and turbid-
ity over time further confirms the effectiveness of the anaerobic
digestion process. This research claims that biogas is a sustain-
able energy alternative, offering significant environmental ad-
vantages, including the reduction of organic waste and associ-
ated emissions. The findings further prove that biogas produc-
tion not only contributes to meeting energy demands but also
supports improvements in integrated waste management strate-
gies and reduces disposal expenses. Future research could look

into the tri-biomass’s operational viability analysis for multiple
digesters using batch and continuous modes.

Acknowledgement.

The authors gratefully acknowledge the support of National
University of Science and Technology (International Maritime
College Oman) — Sultanate of Oman for providing research fa-
cilities. We also thank the Chemical Engineering Department
for their assistance during the study.

Conflicts of Interest.

The authors declare no conflicts of interest.

References.

Alherbawi, M. et al. (2021) ‘Potential of drop-in biofuel
production from camel manure by hydrothermal liquefaction
and biocrude upgrading: A Qatar case study’, Energy, 232, p.
121027.

Angelidaki, I. and Ellegaard, L. (2003) ‘Codigestion of ma-
nure and organic wastes in centralized biogas plants: status
and future trends’, Applied Biochemistry and Biotechnology,
109(1-3), pp. 95-105.

Appell, H.R. (1975) Conversion of cellulosic wastes to oil.
US Bureau of Mines.

Appels, L. et al. (2011) ‘Anaerobic digestion in global bio-
energy production: potential and research challenges’, Renew-
able and Sustainable Energy Reviews, 15(9), pp. 4295-4301.

Arifan, F., Abdullah, A. and Sumardiono, S. (2021) ‘Kinetic
study of biogas production from animal manure and organic
waste in Semarang City by using anaerobic digestion method’,
Indonesian Journal of Chemistry, 21(5), pp. 1221-1230.

Ariyanto, T. et al. (2017) ‘Utilization of fruit waste as bio-
gas plant feed and its superiority compared to landfill’, Interna-
tional Journal of Technology, 8(8), pp. 1385-1392.

Awais, M. et al. (2020) ‘Metal oxides and ultraviolet light-
based photocatalytic pretreatment of biomass for biogas pro-
duction and lignin oxidation’, BioResources, 15(1), p. 1747.

Baicha, Z. et al. (2016) ‘A critical review on microalgae
as an alternative source for bioenergy production: A promis-
ing low cost substrate for microbial fuel cells’, Fuel Processing
Technology, 154, pp. 104-116.

Budiyono, B., Syaichurrozi, I. and Sumardiono, S. (2013)
‘Biogas production from bioethanol waste: the effect of pH
and urea addition to biogas production rate’, Waste Technology,
1(1), pp. 1-5.

Chu, E.-W. and Karr, J.R. (2016) ‘Environmental impact:
Concept, consequences, measurement’, Reference Module in
Life Sciences, pp. B978-0.

Elalami, D. (2020) Coupling of co-digestion and pre - treat-
ment applied to sewage sludge and biomass residues to produce
biogas and biofertilizers. PhD Thesis. Montpellier SupAgro;
Université Cadi Ayyad (Marrakech, Maroc).



R. Thirumalaikumar et al. / Journal of Maritime Research SPECIAL ISSUE (2026) 248-254 254

Elliott, D.C. et al. (2012) ‘Chemical Processing in High-
Pressure Aqueous Environments. 9. Process Development for
Catalytic Gasification of Algae Feedstocks’, Industrial & Engi-
neering Chemistry Research, 51(33), pp. 10768—-10777.

Eschen, R. et al. (2024) ‘Experimental Prosopis juliflora
Management Practices and Grassland Restoration in Three East-
ern African Countries’, Plant Health Cases, p. planthealth-
cases.2024.0009.

Garcia Alba, L. et al. (2012) ‘Hydrothermal Treatment (HT-
T) of Microalgae: Evaluation of the Process As Conversion
Method in an Algae Biorefinery Concept’, Energy & Fuels,
26(1), pp. 642-657.

van Hal, J.W., Huijgen, W.J.J. and Lopez-Contreras, A.M.
(2014) ‘Opportunities and challenges for seaweed in the biobas-
ed economy’, Trends in Biotechnology, 32(5), pp. 231-233.

I Nyoman, W. and Seno, J. (2010) ‘The kinetic of biogas
production rate from cattle manure in batch mode’, Interna-
tional Journal of Chemical and Biological Engineering, 3(1),
pp. 39-45.

Kafle, G.K. and Kim, S.-H. (2012) ‘Kinetic study of the
anaerobic digestion of swine manure at mesophilic tempera-
ture: a lab scale batch operation’, Journal of Biosystems En-
gineering, 37(4), pp. 233-244.

Kafle, G.K. and Kim, S.H. (2013) ‘Effects of chemical com-
positions and ensiling on the biogas productivity and degra-
dation rates of agricultural and food processing by-products’,
Bioresource Technology, 142, pp. 553-561.

Levenspiel, O. (1998) Chemical Reaction Engineering. John
Wiley & Sons.

Lutzu, G.A. and Dunford, N.T. (2019) ‘Algal treatment of
wastewater generated during oil and gas production using hy-
draulic fracturing technology’, Environmental Technology, 40
(8), pp. 1027-1034.

Maamri, S. and Amrani, M. (2014) ‘Biogas production from
waste activated sludge using cattle dung inoculums: Effect of
total solid contents and kinetics study’, Energy Procedia, 50,
pp. 352-359.

Mihnert, P. and Linke, B. (2009) ‘Kinetic study of biogas
production from energy crops and animal waste slurry: Effect
of organic loading rate and reactor size’, Environmental Tech-
nology, 30(1), pp. 93-99.

Mungoche, J. et al. (2025) ‘Prosopis juliflora (sw.) DC in
the drylands: A review of invasion, impacts and management in
Eastern Africa’, Sustainable Environment, 11(1), p. 2521946.

Murugesan, P. et al. (2022) ‘Role of hydrogen in improv-

ing performance and emission characteristics of homogeneous
charge compression ignition engine fueled with graphite ox-
ide nanoparticle-added microalgae biodiesel/diesel blends’, In-
ternational Journal of Hydrogen Energy, 47(88), pp. 37617-
37634.

Osueke, C.O. et al. (2018) ‘Design and fabrication of anaer-
obic digester for biogas production’, International Journal of
Civil Engineering and Technology, 9(11), pp. 2639-3648.

Patnaik, P., Abbasi, T. and Abbasi, S.A. (2020) ‘Vermicom-
post of the widespread and toxic xerophyte prosopis (Prosopis

Jjuliflora) is a benign organic fertilizer’, Journal of Hazardous

Materials, 399, p. 122864.

Pilicka, I., Blumberga, D. and Romagnoli, F. (2011) ‘Life
Cycle Assessment of Biogas Production from Marine Macroal-
gae: a Latvian Scenario’, Scientific Journal of Riga Technical
University. Environmental and Climate Technologies, 6(1).

Pramanik, S.K. et al. (2019) ‘Performance and kinetic model
of a single-stage anaerobic digestion system operated at differ-
ent successive operating stages for the treatment of food waste’,
Processes, 7(9), p. 600.

Raja, E. and Premjeyakumar, M. (2021) ‘Potent effect of
prosopis juliflora (biodiesel+ isopropanol+ diesel) fueled with
diesel engine and egr alteration’, Cleaner Engineering and Tech-
nology, 4, p. 100205.

Ramaiya, T.K. and Vasudevan, J. (2024) ‘Characterization
of bio-crude produced by graphene carbon tetranitrate catalyzed
hydrothermal liquefaction and ultrasonication of Ulva prolifera
mixed chicken waste.’

Rani, R.U. et al. (2012) ‘Combined treatment of alkaline
and disperser for improving solubilization and anaerobic biode-
gradability of dairy waste activated sludge’, Bioresource Tech-
nology, 126, pp. 107-116.

Rani, R.U. et al. (2013) ‘Impacts of microwave pretreat-
ments on the semi-continuous anaerobic digestion of dairy waste
activated sludge’, Waste Management, 33(5), pp. 1119-1127.

Thirumalaikumar, R. and Jaikumar, V. (2024) ‘Modelling
and Simulation Studies on the Characteristic Behaviour of Macro-
algae Derived Bio-Oil’, Ecological Chemistry and Engineering
S, 31(1), pp. 19-30.

Zhang, R., Zhou, Y. and Hu, C. (2021) ‘Study on the py-
rolysis behaviour of the macroalga Ulva prolifera’, Journal of
Applied Phycology, 33, pp. 91-99.

Zhang, Y. et al. (2025) ‘Research on Anaerobic Digestion
Characteristics and Biogas Engineering Treatment of Steroidal
Pharmaceutical Wastewater’, Energies, 18(21), p. 5555.



