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Abstract

Background: The growing global population and rapid industrialisation have intensified the
demand for energy, exacerbating an already critical energy crisis. Conventional fossil fuels
remain the dominant energy source but are major contributors to environmental degradation
through carbon dioxide and other greenhouse gas emissions. This context has accelerated the
search for sustainable, low-carbon energy alternatives.
Aim: This study aimed to assess the role of marine microorganisms and marine plants in biofuel
production, with a particular focus on their potential as feedstocks and biocatalysts in sustainable
bioenergy systems.
Methods: A systematic literature review was conducted to identify and synthesise existing
evidence on the use of marine organisms in biofuel production. Three electronic databases—
PubMed, Web of Science, and ProQuest Biology—were searched using predefined keywords
related to marine organisms and biofuels. From an initial pool of 130 records, 10 studies met all
inclusion criteria and were selected for detailed review.
Results: Thematic analysis generated three main themes: (1) marine bacteria and fungi as
oleaginous feedstocks, highlighting their ability to accumulate lipids and produce enzymes that
enhance conversion efficiency; (2) marine algae as a biofuel feedstock, emphasising high growth
rates, photosynthetic efficiency, and suitability for biodiesel and bioethanol production; and (3)
seagrasses as feedstock for biofuel production, focusing on their lignocellulosic biomass
potential.
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Introduction

Research Background

The energy crisis is increasing globally because of the exponentially growing population
and heavy industrial development in different sectors of the economy. As reported by Maeda et
al. (2018), traditional sources of energy such as diesel, petrol, coal and natural gases are
increasingly getting exhausted because of the extensive usage. Similarly, Arefin, Rashid and
Islam (2021) and Navvabi et al. (2018) reported fossil fuels often release large volumes of toxic
and harmful gases into the atmosphere causing environmental pollution. According to Sudhakar
et al. (2018), the global greenhouse gas (GHG) volumes have increased at alarming rates, with
overreliance on fossil fuels identified as a major factor that causes such increase. Owing to long-
term use as well as an increase in the global population, most of the fossil fuel resources are
depleted (Majidian et al., 2018). Therefore, uncertainties in sustainable availability of energy
sources have motivated researchers to search for alternative and environmentally friendly energy
sources to replace or supplement the fossil fuels. In the recent years, extensive research has been
conducted to explore efficiency and sustainability of different biological renewable sources.
According to Navvabi et al. (2018), biomass have been extensively used to produce biofuels for
transportation purposes. Consistent arguments are provided in the study by Arefin, Rashid and
Islam (2021) which noted that biofuels are increasingly being used to substitute fossil-derived
transport fuels. As reported in the study by Maeda et al. (2018), the conventional biofuels were
generally generated from edible crops such as palm, cereals beets, soy and rapeseed. On the other
hand, the advanced biofuels are largely generated from waste materials, non-edible crops,
agricultural residue feedstock, microorganisms, and marine-derived waste materials (Ganesan et

al., 2020). However, Majidian et al. (2018) claimed that less than 3% of the global biofuels are



considered to be advanced biofuels. Generally, this is an indication that generation of advanced
biofuels from the mentioned resources, specifically the marine biota, has not been extensively
exploited.

The community ecology concept has become a significant issue in the production of
sustainable biofuels. Nonetheless, Sudhakar et al. (2018) noted that the development of most
appropriate multi-algae cultures for the energy production is still a key challenge in this sector.
According to Hussain et al. (2021), large-scale cultivation of microalgae is a process which
demands a lot of energy as it require large volumes of water resources and nutrients.
Alternatively, marine biota can be used as important resources during the generation of
sustainable energy. As described by Ganesan et al. (2020) and Shahid et al. (2021), marine flora
such as actinomycetes, bacteria, yeast, cyanobacteria, fungi, micro- and macro-algac among
others are extremely essential oceanic resources as they make up to 90% of the oceanic biomass.
These marine florae can be used in the production of different usable energy forms. Evidence
reported in the study by Hussain et al. (2021) shows that large number of marine microbiotas
often accrue neutral lipids under explicit growth and culture settings. Consistent evidence is
reported in the study by Maeda et al. (2018) which established that oleaginous microorganisms
often accrue 20% lipids per dry weight cells and generate fatty acids which are widely used in
the production of transportation fuels. Therefore, these studies have generally established that
marine biota are important resources for energy production, substitute to the traditionally used
fossil fuels.

Efficiency of biofuels generated from marine flora has been compared to the biofuels
from other sources. For example, the study by Arefin, Rashid and Islam (2021) compared

efficiency of biofuels from marine microalgae and those from agro-based raw materials with the



analysis establishing that the former has more advantages than the latter such as being associated
with lack of competition for freshwater resources in addition to the ability to use wastewater and
seawater as aqueous and nutritional phases. Correspondingly, Majidian et al. (2018) in their
study reported that microalgae are primary source of renewable biodiesel fuel with the ability to
meet global need for transport fuels because of its fast and rapid rate of production and large
biomass. Additionally, Ganesan et al. (2020) and Sudhakar et al. (2018) reported evidence
showing that algal biomass contains high carbohydrate content making it an important substrate
for production of bio-fermentative ethanol. Similar evidence is echoed in the research by Shahid
et al. (2021) as they noted that marine biofuels are widely used in the production of sustainable
green fuels such as biodiesel, bio-alcohols, biogas and bio-hydrogen. Moreover, marine
flowering plants including seagrasses are primarily used as raw materials in paper industry in
addition to being used as bio-fertilizer for coastal plants. The studies by Hussain et al. (2021) and
Shahid et al. (2021) further demonstrated that different marine microbes, including bacteria, are
actively involved in the production of biofuels from the marine flowering plants. Therefore, there
is need to identify and outline more detailed roles played by the marine organisms in the
production of biofuels to act as alternatives to those generated from the fossil fuels.
Research Aim
The main aim of this study is to conduct a systematic literature review to understand the

role of marine microorganisms in the biofuel production.
Research Objectives

e To explore how marine organisms are used in the biofuel production.

e To look for ways that marine organisms can be utilised to generate yields for renewable

biofuel production.



Method

Research Methodology

This study used a systematic literature review (SLR) as the methodological approach for
exploring the role of marine microorganisms in the production of biofuels. Through SLR, it was
easy to identify, collect and critically appraise evidence from the existing literature about the role
of marine organisms in the manufacture of biofuels. Snyder (2019) defined SLR as a detailed,
critical and objective method of appraising evidence from different studies regarding the research
problem. The decision to use SLR was influenced by the existence of large volumes of studies
about the role of marine organisms in generating biofuels. Therefore, this study involved
gathering evidence from such studies, praising them and generating new knowledge that can be
used during the decision-making process. In line with the clarifications by Mengist, Soromessa
and Legese (2020), the conducted SLR in this study was guided by a defined literature search
strategy specifying the databases, keywords, and eligibility criteria which each study had to meet
in order to be selected for review. SLR approach was appropriate for the present study as it
broadened scope of the study by including a variety of studies, such as primary qualitative and
quantitative studies, which led to the generation of comprehensive knowledge about the role of
marine organisms in the production of biofuels.
Literature Search Strategy

Literature search strategy allows effective evaluation of quality of evidence to be
collected for appraisal in SLR. As stated by Bramer et al. (2018), the literature search strategy
outlines the databases, keywords and search terms which were applied when searching and
selecting studies for review. Precisely, the literature search process in this study was conducted

in three key databases reputable of hosting high-quality evidence on marine ecosystem. The



databases include PubMed, Web of Science and ProQuest Biology. In line with the
recommendations by Cooper et al. (2018), the initial step in the literature search process applied
in this study involved identification of keywords and search terms to be applied during the
selection of most relevant literature for review. Furthermore, the Boolean operators including
“AND”, “OR” and “NOT” were applied to combine different keywords to be keyed into search
boxes of respective databases to ensure easy identification and selection of only studies which
contain the defined search terms and keywords. Generally, the Boolean operators helped in
improving homogeneity of evidence collected for knowledge synthesis in the review. The
keywords applied include “marine organisms” OR “marine microorganisms” OR “marine biota”
OR “marine flora” OR “marine microalgae” OR “marine macroalgae” AND “production” OR
“produce” OR “generation” OR “generate” AND “biofuel” OR “biodiesel” OR “bio-alcohols”
OR “biogas” OR “bio-hydrogen”. Precisely, the entire search process followed the adopted PICO
framework “(P): marine organisms. (I): how these organisms apply in biofuel production (C):
the techniques used to utilize marine organisms (O): biofuel production.”
Eligibility Criteria

Inclusion Criteria

Only primary quantitative studies were included in this review. Inclusion of these studies
helped in ensuring homogeneousness of evidence collected for review. Furthermore, only studies
which explored the role of marine organisms in biofuel production were selected. Additionally,
the publication standards applied in this review include publication data were only studies
published in 2014-2024 were included publication language where only studies published in

English language were selected. Inclusion of studies published in 2014-2024 only helped in



ensuring collection of up-do-date evidence about the role of marine organisms in the productions
of biofuels.

Exclusion Criteria

All the studies about biofuel production without involving marine organisms were
excluded. Furthermore, all the studies about the use of marine wastes in production of biofuels
were rejected. The literature search further eliminated all the secondary studies such as
systematic reviews, meta-analysis, scoping reviews on the ground that quality and authenticity of
evidence reported in those studies could not be easily verified. Full-text obtainability is another
important exclusion standard that was applied. Precisely, all the studies with only abstract
accessible or those with no full-text formats were excluded. Additionally, different forms of grey
literature about the use of marine organisms in the production of biofuels were excluded.
Summary of the eligibility criteria is outlined in Table 1 below.

Table 1: Eligibility Criteria

Eligibility Criteria Inclusion Criteria Exclusion Criteria
Research Aim Role of marine organisms in Evaluating strategies for
biofuel production protecting marine population.

Exploring biofuel production
using other resources apart from
marine organisms.

Publication Published in 2014-2024 and in Published in other languages
Variables English language apart from English, and in 2013
Full-text available and earlier

Only abstracts accessible
Research Primary quantitative studies Primary qualitative studies and
methodology mixed-methods research

All the secondary studies

Literature Search Results
A total of 130 records was reported in the preliminary literature search (43 from PubMed,

51 from Web of Science and 36 from ProQuest Biology). Thereafter, a total of 62 records were



disregarded as duplicates with the resulting 68 records taken through further quality evaluation.
36 records were disregarded on different grounds such as published in non-English language, and
published in 2013 and earlier. Additionally, 18 records were removed for reasons such as lacking
full-text format, secondary research studies and those eliminated through manual assessment
process. At the end, at a total of 10 full-text papers were to end chosen for review. Detailed
description of the characteristics of studies included in this review is presented in the Appendix 1.
Furthermore, quality of individual study included in this review was assessed using Critical
Appraisal Skills Programme for economic evaluation (CASP, 2018), with the results presented in
the Appendix 2. Precisely, the adopted CASP tool provides a systematic approach allowing for
easy identification of key strengths and weaknesses of the studies included in the review. The

Figure 1 below is a PRISMA diagram showing applied process of literature selection.
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Figure 1: PRISMA Flowchart
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Results
Theme 1: Marine Bacteria and Fungi as Oleaginous Feedstocks

Evidence from the reviewed studies shows that marine bacteria and fungi are widely used
in the production of biofuels as oleaginous feedstocks. According to Du et al. (2018), the marine
biotas are widely used in the production of microbial biofuels because of their sustainability and
ecological soundness. Consistently, Mufioz et al. (2014) established that the efforts to develop
microbial biofuels have been directed to the use of metabolically and taxonomically diverse
marine microbiota which are found in unique and diverse niches within the marine ecosystem.
Similarly, the study by Jayaprakashvel et al. (2014) reported that the marine microbials are
widely applied in the biofuel production because of their involvement in the e biogeochemical
cycling of key macro and micro-nutrients such as nitrogen, phosphorous, copper and sulphur,
which often occur under severe temperature, pressure and salinity environments as well as
providing essential ecosystem services for all the marine biota. Some of the key advantages of
marine bacteria and fungi involved in the generation of biofuels compared to higher plants for
lipids production as outlined in the research works by Du et al. (2018) and Longmatcha et al.
(2022) include possession of short life cycles, less space, less labour and are easily scaled up
hence making them effective for different unit operations. Therefore, it is crucial to report that
activities of marine fungi and bacteria are key in the generation of biofuels.

The reviewed studies further reported that enzymes from marine biota are actively
involved in the production of biofuels. Precisely, the study by Muioz et al. (2014) reported that
enzymes from marine microorganisms, such as Such as agarase, amylase, cellulase and xylanase,
often have varying forms of biochemical and physiological features such as unique bio-catalytic

capabilities allowing them to function in extreme conditions. Therefore, these enzymes can be
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effectively used in the scarification processes involved in the initial stages of biofuel production.
Similarly, the study by Jayaprakashvel et al. (2014) examined efficiency of microbial lipases in
the oil transesterification and cold-adapted enzymes which are adopted from Pseudoalteromonas
haloplanktis with the analysis reporting that these enzymes are highly effective in the production
of biofuels. Critical analysis of results reported by Du et al. (2018) and Longmatcha et al. (2022)
further insinuates that most of the marine microbes often possess enzymatic activities against
different compounds such as starch, proteins, phosphate, chitin and lipids, and are actively
involved in the breaking down of the marine organic matter, hence are key in the production of
biofuels through fermentation process. Based on these characteristics, it can be noted that the
marine bacterial strains have greater potentials for fermentation process compared to their
terrestrial counterparts.
Theme 2: Marine Algae as A Biofuel Feedstock

The conducted analysis further revealed that marine organisms, specifically micro- and
macro-algae, are used as key raw materials for biofuel production. According to Sukarni et al.
(2014), marine algae are increasingly being used in the manufacture of biofuels, with such fuels
referred to as algal fuel. Effectiveness of microalgae as biofuel feedstock has also been described
in the study by Sukarni et al. (2018) which established that algae are high-yield and low-input
feedstock which are useful in the production of high-quality and environmentally friendly
biofuels. Results from the laboratory analysis performed in the study by Sukarni et al. (2014)
demonstrated that marine microalgae can produce energy up to 40 times per hectare higher than
the terrestrial algae. According to Sharmin et al. (2016), biodiesel production from marine algae
offers a variety of advantages compared to when other sources are used as the microalgae-

derived renewable biodiesel has the ability of achieving the global demands.



11

Sharmin et al. (2016) and Sukarni et al. (2018) presented a comprehensive summary of
the microalgal species characteristics which are used as source for biofuel production such as
their robustness, ability to survive under stresses common to photobioreactors, high capacity of
carbon dioxide utilisation as well as limited nutrient requirements. Sukarni et al. (2014)
consistently reported that marine algae, including Gelidium amansii, which have cellulose and
glucan are used as important raw materials for bioethanol manufacture. Similarly, the study by
Sukarni et al. (2018) established that hydrolytic and acid enzyme treatment of biomasses from
Ulva lactuca and Sargassum fulvellum generate hydrolysates which contain different ratios of
galactose, glucose, mannitol, mannose and other sugars that are used in the generation of
biofuels. Consequently, both marine microalgae and macroalgae are important feedstocks which
should be utilised in the production of biofuels.

Theme 3: Seagrasses as Feedstock Used in Biofuel Production

The studies reviewed in this SLR further presented demonstrated that seagrasses as
important feedstock for the production of biofuels. Exactly, the reviewed studies reported that
seagrasses are widely used as feedstocks for biofuel production. Even though Masri et al. (2018)
reported that studies about ethanol production from seagrass bio-wastes are still limited, the
study by Uchida et al. (2014) demonstrated that that using these marine plants in the generation
of biofuels as feedstocks leads to a reduction in competition amongst food for biofuels.
Furthermore, the reviewed studies presented comprehensive evidence regarding the significance
of using seagrasses as feedstock for the biofuel generation. For instance, Abdulla and Ariffin
(2016) reported that bio-ethanol can be produced from seagrass bio-wastes, with the process
being catalysed by the commercial yeast, S. cerevisiae. Comparable results are also presented in

the study by Masri et al. (2018) which reported that the seagrass Zostera marina is effective in
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the generation of fermentative bioethanol. Consequently, this is an indication that the biowastes
from seagrasses can be used for producing biofuels instead of leaving them to cause water
pollution.

Seasonally, volumes of seagrass residues often accumulate on shores and beaches leading
to water pollution, with these undesirable wastes being constantly removed and disposed,
specifically in touristic destination. However, the studies by Uchida et al. (2014) and Masri et al.
(2018) established that seagrass residues are important feedstock for the single-cell oil (SCO)
production as well as production of biofuels and bio-lubricants. According to Abdulla and
Ariffin (2016), seagrasses such as Syringodium filiforme, Thalassia testudinum, and Posidonia
oceanica have low water content and high density which make them highly effecti9ve feedstocks
for biofuel production. On the contrary, Uchida et al. (2014) reported that the use of seagrasses
as feedstock for biofuel production is likely to experience logistical drawbacks associated with
collecting and transporting the feedstocks from different seawaters around the globe. Similarly,
Abdulla and Ariffin (2016) established that the use of seagrasses as feedstock would need
adjustments in the production logistics for the centralised processing of biofuels. Despite these
limitations, all of the studies about seagrass as feedstock for biofuel production included in this
review show that these bio-wastes often contain high contents of lipids and carbohydrates which

make them highly effective in the generation of top-quality biofuels.
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Discussion

Interpretation of the Research Findings

The primary aim of this study is to conduct a systematic literature review in order to
understand the role of marine microorganisms in the production of biofuels. The results reported
in this review show that the primary aim was adequately addressed. Precisely, results from the
conducted analysis demonstrated that marine fungi and bacteria are highly effective in the
production of biofuels as they possess key enzymatic activities against different compounds such
as proteins, phosphate, chitin and lipids. Precisely, the study by Longmatcha et al. (2022)
reported that marine bacterial strains such as Klebsiella ozeanae and Pseudomonas aeruginosa
have high tolerance to low pH range hence making them different from the other bacterial
species and considered to be exceedingly efficient in biofuel production. Consistent findings had
been reported by Arefin, Rashid and Islam (2021) which established that marine microbes and
yeasts are able to generate cellulose-degrading enzymes for production of biofuels when cheap
residue resources are used. However, research conducted a review of literature about the
importance of marine organisms in general. Therefore, it has not provided detailed description of
precise role played by the marine organisms. Consistent with the findings from the present study
which established that the use of marine bacteria allows generation of high-quality biofuels,
previous study by Navvabi et al. (2018) which assessed efficiency of ideal marine microbial
strains as consortium reported production of 12% bioethanol. Therefore, this study confirms that
marine bacteria and fungi are exceedingly efficient in the production of biofuels than the
terrestrial counterparts.

The present study has further established that aquatic algae are essential feedstocks for

the production of biofuels. For example, the study by Sharmin et al. (2016) reported that green
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algae such as Scenedesmus obliquus are often used in the production of hydrogen gas. Similarly,
previous analysis by Hussain et al. (2021) which involved assessment of possibility of stacking
fuel cells to facilitate production of energy through hydrogen produced by Chlamydomonas
reinhardtii established that this marine alga was highly effective in the generation of biofuels.
Studies included in this review, precisely Sukarni et al. (2014) and Sukarni et al. (2018), reported
that large number of strains from Rhodobacter capsulatus have the ability of generating biogas-
containing hydrogen. Even though Shahid et al. (2021) reported that macroalgae have the same
growth requirements as terrestrial plant, results from the conducted analysis revealed that the
macroalgae have the ability to efficiently utilise such resources and are characterised with high
productivity rates with low water use. Therefore, high yield as a characteristic of marine
macroalgae is associated with their low energy requirements for the supporting tissue production
as well as overall ability to effectively absorb nutrients within a large surface area, and ability to
eliminate energy needs for the internal nutrient support.

The present review, specifically Du et al. (2018), Jayaprakashvel et al. (2014) and
Longmatcha et al. (2022), has outlined different examples of marine bacteria and fungi which are
actively involved in the manufacture of biofuels. Precisely, results from the conducted review
demonstrated that marine bacterial strains such as Aderomonas, Chryseobacterium, Pseudomonas,
and Raoultella have been effectively isolated from mollusc species and have endoglucanase
activity which is key in the production of biofuels. In this context, future research should
consider assessing effectiveness of specific type of marine organisms such as bacteria, fungi or
flowing plants including seagrasses and algae. Furthermore, this study established that different
marine bacteria and fungi are used in the production of specific biofuels. Previous analysis by

Arefin, Rashid and Islam (2021) established that bacterial strains from mollusc species possess
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cellulose-degrading actions against cell walls of different microalgae such as Nannochloropsis
gaditana and Botryococcus braunii. Furthermore, Sudhakar et al. (2018) confirmed that addition
of a consortium of marine bacterial strains such as Chryseobacterium and Pseudomonas to
anaerobic digestion process influenced an increase in the general efficacy and performance of the
biogas production. Consequently, marine microbes are considered as important alternatives to
the terrestrial counterparts in the production of high-quality biofuels.

The conducted review has further established that macroalgae’s carbohydrate contents
often vary depending on the involved species, strains or cultivar. Precisely, Sharmin et al. (2016)
and Sukarni et al. (2014) established that those macroalgae with high carbohydrate contents are
highly preferred as feedstock in the production of bioethanol. Consistent explanations have been
echoed in the research by Sudhakar et al. (2018) which reported that green macroalgae such as
Ulva lactuca, are widely considered as important marine energy crop because of its high
potential growth rates as well as high carbohydrates contents. Regarding the explanations by
Sukarni et al. (2018), green and red seaweeds contain glucans such as cellulose and starch which
are easily hydrolysed by saccharification enzymes leading to the production of bioethanol. More
comprehensive explanation of the role of green and red seaweeds in production of biofuels is
outlined in the analysis by Majidian et al. (2018) which attested that the biomasses of microalgae
such as Gracilaria, Sargassum and Laminaria are important feedstocks for bioethanol
production because of their high carbohydrate contents. Even though the macroalgae are often
characterised with low lipid content, existence of high carbohydrate contents in these algae
makes them appropriate feedstocks for different fermentative biofuels production (Ganesan et al.,
2020). Based on the arguments by Majidian et al. (2018), fermentation facilities of algae are

often expensive to construct and operate, hence making reliance on algae as feedstock to be a
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cost-ineffective approach. Nonetheless, Sharmin et al. (2016) reported that the marine
macroalgae are known to be highly reliable feedstock with the ability to generate high yields of
biofuels. Generally, these advantages of marine algae as an important feedstock are influenced
by their high water and protein contents as well as availability of different forms of
carbohydrates.

A key observation made from the conducted review is that fungal strains from marine
substrates are involved in the manufacture of hydrolytic and oxidative enzymes such as lipase,
cellulose, chitinase, amalyse, alginate lyase and xylanase that are applied in the biofuel
production (Du et al., 2018; Mufoz et al., 2014). Efficiency of these enzymes is also reported in
the previous studies by Ganesan et al. (2020) and Maeda et al. (2018) which established that they
often operate in different range of temperatures of 30°C to 75°C and varying pH values of 3 to 11.
In line with the findings from this review, evidence reported in the studies by Hussain et al.
(2021) and Sudhakar et al. (2018) further shows that marine-derived fungi are involved in the
production of enzymes with high tolerance to alkaline conditions and high salinity resistance
characteristics, with the ability to operate in low temperatures. Hence, enzymes isolated from
marine-derived fungi are key considerations in the screening and biofuel production processes.

This review has further recognised seagrasses as an important feedstock for the
production of biofuels. Similar results are reported in the previous research by Shahid et al.
(2021) which established that seagrasses can be metabolised by the Trichosporon oleaginosus to
generate carbon source for biofuel production while Trichosporon oleaginosus cultivated in
Posidonia oceanica generates large amount of lipids which act as raw materials for chemo-
catalytic conversion to produce green jet fuels. Results from the conducted review, specifically

evidence reported in the studies by Abdulla and Ariffin (2016) and Masri et al. (2018), show that



17

the lipids extracted from Posidonia oceanica can undergo thermochemical conversion to
generate biosolids and biogas as well as ultrasonic cavitation to produce biodiesel with high
purity. Consequently, future research in this area should focus on establishing cost-effectiveness
of using marine bacteria and fungi as well as marine bio-wastes in the production of biofuels
compared to the terrestrial counterparts. Efficiency of seagrass as feedstock for biofuel
production can be further interpreted based on the evidence reported in the previous study by
Ganesan et al. (2020). Explicitly, this study reported that the application of seagrass deposits for
the generation of equivalent volume of B100 biodiesel is not likely to cause significant effects on
the agricultural activity as well as the sensitive marine ecosystem. In this context, it can be noted
that the seagrass biomass is considered as an important alternative to the traditionally used edible
plant oils in the production of biofuels.
Conclusion

The primary focus of this study was to explore the role of marine microorganisms in
biofuel production. Results reported from the conducted review shows that marine fungi and
bacteria are used in the production of biofuels because of their sustainability and ecological
soundness. Furthermore, marine organisms such as algae and seagrasses are used as feedstocks
for producing biofuels. The review has further established that seagrasses which have been
colonised by different bacteria are able to tolerate and use up limited amount of resources such as
oxygen hence are very important feedstocks used in the manufacture of bioethanol and
biohydrogen. Based on the results reported in this review, it can be noted that an algal-based bio-
refinery is likely to effective integrate different types of conversion technologies in order to
allow for effective manufacture of biofuels such as biogas, biodiesel and biohydrogen. From the

global perspective, there is need to establish advanced technologies which would effectively use
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the existing marine biota such as flowering plants, algae, bacteria and fungi to generate biofuels
to act as sustainable and environmentally friendly alternatives to those produced from fossil

resources.
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Appendices
Appendix 1
Table 2: Literature Matrix
Author(s) and Publication Research Aim Methodology Findings Generated Theme

Year

Abdulla and Ariffin (2016)

To identify and
determine the optimised
conditions for seagrass
process for effective
production of
bioethanol.

An experimental research
was conducted. Samples of
seagrass such as Thalassia
hemprichii and Enhalus
acoroides were collected and
quantitatively analysed, then
neutralised with 25%
hydrochloric acid for
effective acid hydrolysis
process.

The seagrass such as
Thalassia hemprichii and
Enhalus acoroides contain
contents of hemicellulose
cellulose, and carbohydrate,
hence making them effective
in the production of
bioethanol.

Seagrasses as a biofuel
feedstock

Du et al. (2018)

Assessing effectiveness
of combining
Mortierella elongata
and Nannochloropsis
oceanica in the
production of biofuels.

An experimental quantitative
research was conducted. The
samples analysed in this
study were derived from
oleaginous fungus and
marine alga.

Combining Mortierella
elongate and Nannochloropsis
oceanica influenced increased
accumulation of
triacylglycerol and
polyunsaturated fatty acids
which are then used in the
production of biofuels.

Marine bacteria and fungi as
oleaginous feedstocks

Jayaprakashvel et al.
(2014)

To produce bioethanol
from pineapple and

An experimental design was
adopted in this study. 19

The study established that a
combination of immobilised

Marine bacteria and fungi as
oleaginous feedstocks
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papaya wastes using
marine fungi through
fermentation process.

marine fungi were isolated
from different marine species
and examined for their ability
to generate enzymes involved
in the fermentation process.

marine fungus AMETFO18,
pineapple fruit waste and
fermentative yeast S.
cerevisiae was effective in
higher production of
bioethanol.

Longmatcha et al. (2022)

To identify the most
suitable conditions of
culture media for
oleaginous marine fungi
in the production of
biofuels.

An experimental research
design was adopted. Samples
of marine sponges and algae
were collected and analysed.
The samples were then
isolated and screened using
different culture media.

Ability of marine fungi to
enhance production of
bioethanol was influenced by
different factors such as
concentration of peptone and
glucose, the pH value, type of
water and incubation period.

Marine bacteria and fungi as
oleaginous feedstocks

Masri et al. (2018)

To assess effectiveness
of using seagrasses in
production of single cell
oils for the production
of biofuels.

An experimental research
design was adopted. The
collected samples were made
of seagrass species.

The results indicated that
seagrasses have adequate
carbohydrate and lipid
contents that can be used for
generating high quality
biofuels.

Seagrasses as a biofuel
feedstock

Mufioz et al. (2014)

To assess efficiency of
cellulolytic marine
bacteria in the
microalgal manufacture
of biogas.

An experimental research
design was adopted. The
marine bacterial samples
were collected from the guts
of filter-feeding bivalve
mollusks, and then grown on
CMC agar selective medium
for further analysis.

The cellulolytic marine
bacteria have cellulase-
producing capacities. These
bacteria also have the ability
to degrading the cell walls of
Nannochloropsis gaditana
and Botryococcus braunii,
hence key resources in the
biofuel production.

Marine bacteria and fungi as
oleaginous feedstocks
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Sharmin et al. (2016)

To assess lipid and fatty
acid concentration in
marine microalgae
Skeletonema costatum
as a biodiesel feedstock

An experimental research
design was conducted with
samples of Skeletonema
costatum collected and
bioprocesses for analysis.
Fatty acids and lipids were
then extracted from the
samples using Soxhlet
extraction.

The Skeletonema costatum
contains significant

concentration of myristic acid,

palmitic acid and palmitoleic
acid hence an important
feedstock for biofuel
production.

Marine algae as a biofuel
feedstock

Sukarni et al. (2014)

To assess key
charactersitics of marine
microalgae
Nannochloropsis
oculate as a raw
material for biofuel
production.

An experimental research
design was adopted. The
samples of Nannochloropsis
oculate were obtained and
cultured open pond with
seawater medium, with
biomass productivity
analysed using
hemocytometer and optical
microscope.

Nannochloropsis oculate is a
sustainable feedstock for
biofuel production as it has
high lipid and carbohydrate
contents.

Marine algae as a biofuel
feedstock

Sukarni et al. (2018)

To explore the
properties of marine
microalgae as a
feedstock for biofuel
production.

An experimental research
design was adopted. The
marine microalga Isochrysis
galbana species collected
and cultivated in 8
Erlenmeyer flasks with
seawater medium for further
analysis.

The conducted analysis
revealed that the Isochrysis
galbana has high moisture,
volatile matter, and ash
contents making it a good
feedstock for biofuel
production.

Marine algae as a biofuel
feedstock

Uchida et al. (2014)

To produce bioethanol

An experimental research

The seagrass seeds have high

Seagrasses as a biofuel
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from seagrass seeds.

design was adopted in this
study. Flowering shoots of Z.
marina were collected and
pre-treated for further
analysis.

contents of ethanol hence can
be utilised an important
feedstock in the production of
biofuels.

feedstock
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Table 3: CASP Checklist for Economic Evaluation
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Study QI Q2] Q3[04 05]Q6]/Q7] Q8] Q9 [Q10]Q11]Q12] Total
Abdulla and Ariffin (2016) v |V v v vV | V| V| V v v v v 12
Du et al. (2018) VIV IV IV IV IVIVIVIVIVI IV IV 12
Jayaprakashvel et al. (2014) JIivIivIiviviviv]ix| v v | x|V 11
Longmatcha et al. (2022) v |V VAR VAN VAN VAL B Sl V4 vV | vV |V X 11
Masri et al. (2018) v | VY v v v | V| V|V v v v v 12
Muiioz et al. (2014) v N4 v v N4 N4 N4 N4 v v N4 N4 12
Sharmin et al. (2016) v N4 v v N4 N4 N4 N4 v v N4 N4 12
Sukarni et al. (2014) JivilivivivivivivIivIivI]iv]v] 12
Sukarni et al. (2018) v | Y v v v N VARV X v v v 11
Uchida et al. (2014) vivivivivivivivIivIivIiv]v] 12
Key

Ql:
Q2:
Q3:
Q4:
Qs:
Q6:
Q7:
Q8:
Qo:
Q10: The adopted programme likely to be effective in other settings
Q11: Costs are translatable to other settings

Q12: It was worth doing this research

Research question well-defined

Detailed description of the research problem presented

Efficiency of adopted strategy explained

Impacts of the appoach recognised, assessed and valued

Research outcomes comprehensively described
Costs and effects of the intervention explained

Results were evaluated

An adequate sensitive analysis conducted
Incremental analysis of the effects and cost of substitutes was performed

v is 1 point
X is 0 points




