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a b s t r a c t 

There is currently no sustainable reliance on liquid fossil fuels worldwide, which ensures that future fiscal, en- 
vironmental and social stability requires alternative renewable sources of liquid fuel. In order to satisfy the 
worldwide demand for liquid fuel, microalgae production is needed on a commodity scale; however, there are 
significant challenges in ensuring that production is economical and durable. This paper aims to examine mi- 
croalgae’ economic and cost advantages in greater depth and evaluate how vital biofuel policy support is for 
microalgae. A systematic analysis outlined the obstacles facing traditional biofuels to achieve these targets and 
proposed microalgae biofuels’ economic opportunities. Provided that the policy was a primary determinant of 
the biofuel industry’s development, these economic studies’ findings were then included in the debate on existing 
policy support for biofuels and biofuels’ potential microalgae play an essential role in the policy background. 
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. Introduction 

The protection of fossil fuel supply is jeopardized by rising demands
ue to population growth and uncertainty in regions producing fossil
uels ( Dasan et al., 2019 ; Gavrilescu and Chisti, 2005 ). Gas-powered
nd electric substitutes (e.g., liquefied petroleum gas and natural gas)
equire expensive customer investment in new cars or improvements
o current vehicles ( Karatzos et al., 2014 ). Therefore, the production of
iofuels that can be easily replaced by existing vehicles ( Celikten et al.,
010 ) is a critical component of global transport fuel demand. While
iofuels currently account for just a small percentage of 1.9 percent of
lobal transport fuel consumption, trends have indicated a threefold rise
ver the next 20 years ( Carson, 2014 ). The main driver of this growth
s expected to be increasing support for the policy. This focuses on con-
tructive government policy that has helped grow the biofuel industries
f Brazil and the (US) ( Goldemberg and Guardabassi, 2009 ). From a
eoclassical economic point of view, this production promotion is likely
o increase the supply of biofuels, lower prices of goods, and ceteris
aribus. However, most current organic feedstock is based on terrestrial
griculture, which raises the cost of opportunity by allocating food crops
nd capital. These biofuel feedstock’s external prices would counteract
he market change’s benefits, resulting in less economically favourable
utcomes ( Dasan et al., 2019 ). 

Microalgae species with higher lipid content material are appro-
riate feedstock for manufacturing renewable energy such as jet fuel,
iodiesel, and biogasoline. However, those with more significant pro-
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ein and carbohydrate fraction are excellent candidates for meal sup-
lements, human nutritional products, cosmetics, aquafeed and animal
eed. More than one technology has been recommended to make use of
iomass for renewable energy. However, they can all be categorized into
hermochemical and biochemical conversions ( Gollakota et al., 2018 ).
hermochemical procedures target liquid fuel by applying greater tem-
eratures, pressures, and oxygen deprivation to various biomass feed-
tocks. Processes such as pyrolysis, gasification, liquefaction, and com-
ustion are underneath this class ( Teymouri, 2017 ). Since life cycle as-
essment (LCA) has validated the dewatering stage as one of the most
nergy-intensive strategies in the algal-biofuel refineries ( Davis et al.,
014 ; Handler et al., 2014 ), the large variety of up-to-date research has
argeted the hydrothermal processing of wet algal biomass to dispose
f the high priced dewatering step. Hydrothermal Liquefaction (HTL)
hat can convert biomass to bio-crude has won perfect attention. The
io-crude yield and its factors drastically rely on the temperature and
esidence time ( Patel et al., 2016 ). 

Increasing literature has suggested that microalgae, the latest feed-
tock for biofuels, would alleviate problems that have plagued their
iofuels counterparts, particularly in their effect on food allocation
nd resources ( Chisti, 2008 ). The microalgae biofuels controversy
as been heavily dominated by research and engineering disciplines
 Rodionova et al., 2017 ). While this helps to examine improvements in
roduction technologies, a more thorough economic assessment must
e carried out to determine the need for policy action and the resulting
amifications, especially in the presence of externalities, by undertaking
n economic analysis of the production and use of biofuel microalgae.
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his study’s results can be used to advise on how to reframe the ap-
roach for this new transport fuel technology in Malaysia. 

. Methodology 

.1. Literature search 

One potential method of implementing qualitative analysis to text
ata is illustrated by the methodology presented in this manuscript. Nu-
erous distinct phases are defined in the planning and exploring mi-

roalgae biofuels production in version 9 of ATLAS.ti ( Taofeeq et al.,
020 ). A review was carried out first of all. The literature scanning al-
owed the authors to define the analytical structures used to process and
nalyze the data. The research sources used for the search were Tay-
or and Francis, Emerald, Springer, and Elsevier. Simultaneously, the
redominant keywords were Microalgae, Conventional Biofuels, Biofu-
ls Production, and Microalgae Biofuels’ Economic Prospects. While the
sage of this level of granularity of the database (aggregator and pub-
isher level) resulted in a certain degree of correlation between the two
omain tiers, this offered confirmation of the aggregate searches per-
ormed to collect all applicable material in the literature ( Bastas and
iyanage, 2018 ). Only peer-reviewed journal articles, books, and confer-
nce proceedings were included in the analysis to ensure the academic
elds’ inclusion under the scrutiny of the most credible materials and
ublications of exceptional managerial effect ( Moshood et al., 2021 a;
hornhill et al., 2009 ). They contained only articles written in the En-
lish language. 

The Kyoto Protocol’s adoption in 2002 was recognized as a remark-
ble achievement in global sustainability, with the bulk of sustainability
ntegration research in line with the research objective of this analy-
is adopting this global initiative ( Moshood et al., 2020 a; Rajeev et al.,
017 ). Based on these main achievements in the fields of efficiency,
lobal sustainability, microalgae, biofuels production, algae fuel man-
facturing, sustainability, the quest date for this analysis was set from
999 to 2021. 

Only journal articles, books, and conference proceedings were in-
luded in the analysis to ensure the academic fields’ inclusion under
he scrutiny of the most credible materials and publications of excep-
ional managerial effect ( Thornhill et al., 2009 ). They contained only
rticles written in the English language. The approach outlined in this
aper shows one possible way of applying qualitative research to text re-
ults. In preparing and exploring microalgae, biofuels production, algae
uel manufacturing, sustainability, various separate stages are described
 Moshood et al.,2021 a). Each stage of the evaluation phase is organized
round the sections of processes, findings, and discussion, allowing the
eader to understand further how the data are evaluated and follow the
rocess’s implications and the resulting data. The 341 papers Identi-
ed were screened (Identified through database searching, 341 papers),
creening (Post Removal of Duplicates, 226 papers remain), Eligibility
Post-Abstract Review, 192 papers remain), and validated for Included
Post-Full-Text Review, 181 papers were used). Duplicates have been ex-
luded as part of this process, eligibility has been verified from abstracts,
nd the complete content of outstanding papers has been checked in the
ontext of the study issues for the final judgment regarding the microal-
ae, biofuels production, algae fuel manufacturing areas under exami-
ation ( Shamseer et al., 2015 ). As per the systematic literature review
rotocol for this study, the 181 papers were screened and verified as
alid. 

Duplicates have been excluded as part of this process, eligibility has
een verified from abstracts, and the complete content of outstanding
apers has been checked in the context of the study issues for the final
udgment regarding the microalgae, biofuels production, algae fuel man-
facturing, and sustainability areas under examination ( Moshood et al.,
021 a; Shamseer et al., 2015 ). As per the systematic literature review
rotocol for this study, the 181 papers were screened and verified as
alid. 
2 
.2. Literature consideration 

To save, identify, and interpret this research proof, the ATLAS.ti 9
oftware package is suitable. One benefit of using the software ATLAS.ti
 was that for keywords, patterns, relationship charts, and other analysis
eatures, easy access to quotations is possible. The ATLAS.ti 9 software
as first used for auto-code invention during the primary research pro-

ess. All areas of the information organization in which software has
een applied were defined and labelled as quotes. These quotations
ere grouped into a different registry for review, and the quotations
ere analyzed periodically using the research process. All papers were

ead repeatedly and clarified, driven by the research subject, to iden-
ify recurrent trends and ideas ( Moshood et al., 2020 c; Paulus and Ben-
ett, 2017 a). In order to achieve three kinds of reports, the collected
aterials were planned. 1) Overall report: the papers obtained are ini-

ially explained by their research backgrounds to describe the litera-
ure assessment’s overall intent. 2) Detailed description: This study’s
rimary focus is on microalgae biofuels production in the manufactur-
ng sector. Seven primary word forms discussed above distribute the
btained posts. The relevant items shall control a comprehensive report
n the products obtained, such as the testing goals, strategies, and pro-
uctivities, the significance of microalgae biofuels production 3) Lastly,
n interaction review is a further argument on microalgae biofuels
roduction in the manufacturing sector research for integrated design
hrough multiple papers that were carried out ( Chang and Hsieh, 2020 ;
oshood et al., 2020 a). 

.3. A systematic review using ATLAS.ti 9 software 

This section conserves the organization of the technique section-each
hase of the research process is addressed. The use of ATLAS.ti 9 soft-
are (quotation, families, and network) would probably mean little for

hose not familiar with the software. By comparison, Weisheng Lu and
uan (2011) used and clarified machines’ terminology to allow readers
o take stock. The researchers described this overview and what features
ere used to evaluate the methodological approach and software and
ersion (quotes, codes, and system hierarchy with memos). The defini-
ion of quotes and the relationship between quotes and codes have been
xplicitly articulated ( Paulus and Bennett, 2017 a). The researcher ex-
lained briefly how the software was used to inform unknown people
bout the efficiency of data processing software ( Moshood et al., 2020 a).
ne benefit of using the software ATLAS.ti 9 was keywords, topics, rela-

ionship charts, and other analysis features, as easy access to quotations
s possible. In ATLAS.ti 9 applications, Fig. 1 represents a network view
emonstrating how the data codes are related to the five major themes
rising from the microalgae biofuels production, Biofuels, Food/Feed,
iochemical, Landfill Management, and Water Treatment. In this case,
he authors suggested that the data was generated using the network
unction of ATLAS.ti 9. 

Open coding: Upon initial analysis of text results, the researcher will
ecognize several words, sentences, and other words of interest related
o this article or field of interest with the open coding feature of the
TLAS.ti 9 software package. A "quotation" is labelled with Open Cod-

ng and uses the same wording to produce a message from the same
assage. It is not uncommon to come to a point where we will have
ore than a couple of pages of codes as we begin developing codes
ith fresh ideas ( Friese et al., 2018 ). At that point, to find the correla-

ions and classify them into classes based on their common properties,
e may research the codes. Researchers may also consider the codes’ di-
ensions that reflect the property’s position within a continuum or set

 Moshood et al., 2021 a). The name of the category can vary from the
odes to help communicate its width, and, if appropriate, we may even
reate sub-categories from the codes and then apply them to the cate-
ories ( Soratto et al., 2020 ). Open coding is usually the initial stage of
ualitative data analysis. We may do gravitational coding and selective
oding after finishing open coding, depending on the technique we use.
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Fig. 1. Atlas.ti network view on usages and products of microalgae. 

Fig. 2.. Microalga biorefinery processing system. 
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t the later stage of the study, such coding enables one to create mod-
ls in an inductive process. The required information for mathematics
s shown in Figs. 1 and 2 . 

Data Analysis: After developing the code structure, the principal re-
earcher had a simple overview of the data. The codes used to view and
eread the data have been refined several times. The next move was to
rganize the codes to a cohesive pattern concerning the research issue.
t’s like creating a plotline where a portion of the plot is made up of
he theme. Fourteen code groups were formed to review the case study
3 
ata and summarize five subject areas that serve as the first themes
see Fig. 1 ). Figs. 1 and 2 illustrate how the codes surrounding work-
elated problems were further discussed in the theme creation process.
he network feature ATLAS.ti 9 software was used for this. Codes that all
ontributed to the Biofuels, Food/Feed, Biochemical, Landfill Manage-
ent, and Water Treatment were drawn into a network and connected

o each other. This is not an automatic method ( Soratto et al., 2020 ). The
oftware creates no connections or names the links. The software only
rovides the researcher with space for conceptual thought. This occurs
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s the networks arrange the nodes, think of meaningful connections, and
ame those connections. For example, the above network ( Figs. 1 and 2 )
ndicates that oils created from microalgae have both physic and chem-
cal traits comparable to oils found in the vegetable and, consequently,
iew as credible raw resources to manufacture biofuel. 

Microalgae provide higher productiveness of oils than palm and vi-
ble oil sources through the most elevated productiveness in manufac-
uring structures. Current reviews verify the microalgae plant, which
s sustainable and capable of accomplished international needs for
ammable fuels. Microalgae can serve as feedstock to manufacture
alue-added products (such as food, fine chemicals, cosmetics, and phar-
aceutical) and bulk commodities (e.g., biofuels and oleochemicals) in
 bio-refinery. In addition to photoautotrophic growth (where energy
erived from light is transformed to chemical energy through photo-
ynthetic reactions), microalgae can additionally be grown heterotroph-
cally (where biological mixtures can recycle as a supply of energy
nd carbon) or mixotrophically (where both organic compounds and
O 2 are utilized, with photosynthesis as the primary source of energy)
 Chojnacka, 2004 ; Abel, 2017 ). 

Figure two has illustrated the viable domains of utility and available
utputs through microalgae. The previous investigation has indicated
hat it was feasible to turn microalgae biomass into profitable products
 Musa et al., 2019 ). This would be a central question in trying the bio-
uel agenda for micro-algae. Microalgae are the alternative source of
reen energy in a nation with exhausting energy supplies and increased
nergy demands, which are necessary if technical discoveries are to be
sed to keep them safe. The bio-refinery method is the processing of
iomass into a sustainable and spectrum of marketable products. In this
rocedure, microalgae-based biofuels’ monetary viability is based on co-
roduction by great-value products ( Musa et al., 2019 ). 

. Global energy challenge 

A rising global population has seen an ever-increasing demand
or significant natural resources (fresh water and food) and fuel over
he past half a century. Increased global industrialization has led
o a widespread dependency on petroleum products in recent years
 Tsita and Pilavachi, 2013 ). It is estimated that 80% of the world’s pri-
ary energy consumption is derived from fossil fuels, with 58% being
sed in the transport industry ( Escobar et al., 2009 ). With this reliance
nlikely to decrease in the near future and our fossil fuel stocks begin
o decline, the urgency for alternate renewable energy options is rising
 Menegazzo and Fonseca, 2019 ). The development of productive and
afe renewable energy industries has seen technical developments in
ecent decades: hydro-electric, wind and solar (photovoltaic) industries
re now seen worldwide, all of which can produce vast quantities of sus-
ainable electricity suitable for human consumption ( Diesendorf, 2019 ;
enegazzo and Fonseca, 2019 ). 

The inability to store these forms of energy currently prevents these
ources from meeting all of our energy needs, especially the need for
 mobile energy source. This illustrates the need for a transportable
iquid fuel to be produced to be tailored to the existing infrastructure.
he production of fuel from sustainable biomass supplies (i.e., biofu-
ls; Nigam and Singh 2011 ) will offer an alternative approach to fossil-
erived fuels, enhancing the renewable energy sector’s ability to pro-
ide social, economic, and environmental benefits ( Chia et al., 2018 ). A
overnment/nation/economy with greater fuel protection will be pro-
ided by creating a competitive fuel industry. Brazil’s new prominence
s a major global economy can be seen as a case study to illustrate
he benefits of mainly being energy-independent from fossil fuels, an
ffort sparked by the 1970s global energy crisis ( Chia et al., 2018 ;
obbins, 2011 ). 

Besides economic benefits, biofuels provide environmental advan-
ages as they break the carbon loop, are carbon-neutral and provide
he opportunity to further decarbonize our society by moving interna-
ionally, culminating in the Paris agreement ( Secretariat, 2015 ). The
4 
aris Agreement’s clean energy goals were to lower yearly greenhouse
as emissions with the goal "to keep the average global temperature
ell below 2 °C above pre-industrial level" ( Doshi, 2017 a). Government
andates are being carried out to meet those goals; for example, India

xpects to be regulated by 20% for biofuel (ethanol) mixture by 2020
currently 5 percent; Doshi 2017 a). Increasing stability would lead to
lobal consumer demand for biofuels that are readily available and al-
ow biofuels to be exchanged as commodities. Social and environmental
onsequences impair any biofuel production process’s viability to this
egree ( Doshi, 2017 a; Fairley, 2011 ; Robbins, 2011 ). 

.1. Sustainability and energy diligence 

A variety of valuable and useful goods for consumer welfare include
ersonal care products, health products, agrochemicals, and transporta-
ion fuels. Chemical technology and chemical companies offer services
 Zaimes, 2017 ). However, producing such goods is followed by produc-
ng immense amounts of waste and several unhealthy pollutants from
he air, water, and soil. Resource consumption and anthropogenic im-
acts are progressively becoming aware of the longstanding effects on
lobal ecological systems and the natural biogeochemical cycle, leading
o human existence. Reported environment review results from the mil-
ennium ecosystem assessment (MEA) ( Qi et al., 2020 ). The impacts and
ubstantial impacts of environmental changes on human and ecological
ell-being on the environment are apparent in an international partner-

hip, which has seen a quicker and more extensive transition in habitats
uring the second half of the 20th century to anthropogenic resource
epletion and unsustainable capital use than during any era in human
istory ( Zaimes, 2017 ). Rockström et al. (2009) measured the earth’s
ransgression of environmental limits for climate change, ecology, nitro-
en cycle equilibrium, and rapidly exceeding global fresh-water, land-
se, acidity, ocean, and global phosphorous cycle balance. Traditional
pproaches for chemical process design have focused primarily on seek-
ng the right economics relative to physical restrictions, namely the ful-
llment of thermodynamic limits for heat and material balance ( K ı lk ış ,
019 ; Moey et al., 2020 ). 

However, the worries about reducing fossil oil supplies increased
ompliance with regulations. The consequent movement for environ-
entally sustainable process design because manufacturers see a de-

reased environmental footprint as one of the product design priorities.
arket leaders have started to understand that a move towards sustain-

ble planning can mitigate industrial production’s effect on the environ-
ent and is also necessary for their companies’ long-term growth and
rofitability ( Suzuki et al., 2017 ). The new area of science and engineer-
ng for sustainable development provides tools to identify, calculate and
econcile constraints on energy, human needs, and maximize global and
uman benefits. The idea of sustainable development is multifaceted; it
ncompasses the human enterprise’s whole, dealing with and, as such,
eeply interdisciplinary, cultural, social, political, and economic prob-
ems ( Xu and Chen, 2020 ). The great challenge for the chemical sector
n producing new chemical processes is integrating environmental and
ustainability aims and conventional design priorities. The rapid pro-
uction of biofuels as a potentially stable and safer alternative for tra-
itional fuels is a unique chemical industry challenge. Simultaneously,
nvironmental and green externalities beyond the standard process ar-
hitecture need consideration ( Cai et al., 2019 ). 

. Microalgae 

The word "algae" refers to a wide variety of anatomy and chemical
rocesses of species that is very diverse. Microalgae, often known as
lgae, can be unicellular or multicellular ( Branco-Vieira et al., 2020 ).
lgae are photoautotrophic mainly and dependent on photosynthesis

o survive. Photosynthesis allows algae to consume energy from the
un to mix water with carbon dioxide (CO ) to create algal biomass
2 
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n  
 Chia et al., 2018 ). Their energy consumption mechanisms are simi-
ar to terrestrial plants, but algae’s anatomy in terrestrial plants is un-
omplicated. Microalgae comprise two purposeful agencies, which are:
eterotrophic and phototrophic. Phototrophic is the algae that use sun-
ight and CO 2 through photosynthesis, while heterotrophic is the al-
ae that require carbon-based for their development ( Barbera et al.,
018 ). Equally, heterotrophic algae and phototrophic algae addition-
lly need water and nutrients for their growth. The benefit of microalgae
elated to global biomass and its great deal in photosynthetic effectiv-
ty resulted in growth rates that extend CO 2 mitigation ( Biller, 2013 ;
rennan and Owende, 2010 ; Hajar et al., 2017 ; Wang et al.,
008 ). 

It ought to be brought into the record that only photosynthetic ac-
ive radioactivity can be used when talking about the duration of fun-
amental carbohydrate manufacturing. During the decades, demand
rom industry has powered the mass culture of algae. In the medicinal,
utraceutical, feedstock and fertilizer, food, and biofuels sector, algal
iomass components were found to be extremely valuable ( Hajar et al.,
017 ). In the aquatic and fresh-water habitats worldwide, algae are in-
luded. Microalgae are present in all marine settings and can barely
e observed without using a microscope, even where the crops are
ich in color. They are especially interested in the industry as they can
asily be grown within a comparatively short period in a laboratory,
hotobiological, or terrestrial pond environment ( Branco-Vieira et al.,
020 ). 

.1. Applications 

When grown in mass culture, microalgae have many commercial
pplications. Early on, rotators, fish, and animal feed or feed addi-
ives were grown to microalgae ( Vignesh et al., 2020 ). However, high
olysaccharides, fermentation products, and fertilizers, and, most im-
ortantly, nutraceutical, pharmaceutical, and biofuels are seen to be
enerated by microalgae. Microalgae cultivation can vary by commod-
ty because each microalga’s optimal processing properties are differ-
nt ( Muhammad et al., 2021 ). Algae-derived biofuels are of particular
oncern. This interest stem from the awareness of the increasingly in-
fficient use of fossil fuels such as oil and gas. Besides, fossil fuel burn-
ng contributes to the release into the atmosphere of toxic greenhouse
asses. These greenhouse gasses pose imminent risks to fauna’s health
nd may contribute over time to negative climate changes ( Chai et al.,
020 ). 

Scale cultivation of microalgae is appealing to biofuel production be-
ause it is ecologically sustainable, gives fossil fuel relief, and does not
arm food crops. CO 2 , methane, nitrous oxide, and fluorinated gasses
re the most significant greenhouse gasses listed by the Environmental
rotection Agency ( Volk, 2010 ). Of the four-carbon dioxide emissions,
6 percent of all gasses are the highest global pollution rate. The fos-
il oil and manufacturing processes account for 65 percent. In 1900,
ewer than 1000 million tons of carbon were released ( Curley, 2011 ;
amseur and Leggett, 2019 ). This figure increased to around 9.500 mil-

ion tons in 2010 and continues to grow. In the last 40 years, surpris-
ngly, 90 percent of the rise occurred. Today, fossil fuels are somewhat
ifferent and are in high demand, leading to increased fuel costs. An-
ther way to satisfy gasoline demands is by using biofuels to reduce fuel
ost ( Agrawal et al., 2020 ). Using a transesterification reaction, turning
lgae-derived oil into functional biodiesel is simple. Transesterification
s the conversion process between an ester and an alcohol functional
roup with an organic functional group. In order to create glycerol and
ethyl esters, the triglycerides react with alcohol. As biodiesel, methyl

sters are used. In this method, ethanol is the popular alcohol used
 Menegazzo and Fonseca, 2019 ). 
5 
. Conventional biofuels: an overview 

It is essential to identify the type of biofuels specifically. A general
oncept is a fuel that can be sub-categorized as primary and secondary
iofuels from renewable biomass supplies ( Stöcker, 2008 ). Primary bio-
uels produce electricity in the natural biomass from modifying chemical
nergy (e.g., firewood). Secondary biofuels are known to be primary bio-
uels refined before the fuel manufacture and can be further categorized
ccording to feedstock and technology. The three kinds include (ad-
anced) biofuels of the first and second generation ( Malins et al., 2020 ;
igam and Singh, 2011 ). Biofuel classifications as shown in Table 1 . 

Biofuels are derived from a feedstock of various types of derivatives
f carbohydrates and lipids. According to the convention, biofuels are
eparated according to feedstock ( Larson, 2008 ). In traditional biofuels
se, the feedstock is from plants. First-generation biofuels use raw ma-
erials dependent on food crops to produce fuel. These include ethanol
rom sugar cane and corn-based biofuel, biodiesel from palm oil, rape-
eed oil, and soybean oils-based biofuel ( Fernández-Escobar et al., 2014 ;
asparatos et al., 2013 ). Around 37 percent of corn and vegetable oil
roduction from the US and European production is allocated to the
espective biofuel ( Groth and Bentzen, 2013 ). Brazil and the United
tates manufacture 90 percent of the global ethanol for gasoline, and
ermany only supplies half of the worldwide biodiesel ( Doshi, 2017 a;
artinot et al., 2005 ). 

Second-generation biofuels use feedstock from non-edible crops to
roduce energy such as ethanol ( Ramirez et al., 2015 ). Different biomass
orms include sugarcane bagasse ( Kosinkova et al., 2015 ), firewood,
amboo, woodchip industry for bio petrol, and jatropha6 biodiesel pro-
uction ( Carriquiry et al., 2011 ). Many commercial crops have been pro-
uced, but biofuels’ big-scale production concerns remain unresolved
 Chisti, 2013 ; Mata et al., 2010 ). Over-fertilization of land cultivates it
ithout using it for food and heat. Besides, these recent results suggest

hat yield per area is low and that more biofuel is uneconomical. The
urrent emphasis is on exploiting microorganisms’ natural metabolic
echanism to create a viable, alternate feedstock; microalgae is a good

llustration ( Chisti, 2013 ; Doshi, 2017 a; Ziolkowska, 2020 ). 
In general, third-generation biofuel feedstock is microscopic

iomasses that can be produced in regulated, artificial environments
nd are less dependent on limited resources such as food crops, arable
and, and water ( Dragone et al., 2010 ; Nigam and Singh, 2011 ). Besides,
icroalgae cultivation will use waste stream nutrients such as urban
astewater and power plant carbon emissions. It is possible to refine mi-

roalgae to generate both biodiesel and ethanol. Given the technology’s
uel production capacity, an increasing number of studies are explor-
ng microalgae biofuel developments ( Azad et al., 2015 ) that suggest
he opportunity to fulfill current and future fuel demands ( Chisti, 2007 )
hile preventing economic problems that endanger conventional biofu-

ls ( Usmani, 2020 ). 

.1. Feasibility of conventional biofuels 

Traditional biofuels are typically characterized by higher processing
osts and thus uncompetitive market prices in studies that have mea-
ured the financial feasibility of producing biofuels relative to fossil fuels
 Demirbas et al., 2016 ). For example, Hill et al. (2006) report that soy-
ean biodiesel was about 20 percent more costly to produce in 2005 than
iesel’s wholesale price. In contrast, ethanol production was around 5
ercent more expensive than the price of wholesale gasoline. Increases
n fossil fuel costs (up to 30 percent) have made it easier to make these
iofuels more affordable since 2005, but markets have largely held in
avor of fossil fuels ( Demirbas et al., 2016 ; Doshi, 2017 a). 

Government support, however, has allowed some varieties to join
he commodity fuel market by mixing mandates and tax credit pro-
rams, with sugar cane ethanol being a prime example in Brazil
 Goldemberg and Guardabassi, 2009 ). Market or output-based costs are
ot captured by the possible non-market advantages associated with bio-
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Table 1. 

Biofuel classifications. 

Primary Secondary Secondary Secondary 

Direct combustion of firewood, wood 
chips, Pellets, animal waste, forest 
and 
residues, landfills gas. 

1st generation 
Substrate: 
Seeds, grains, or sugars. 
Products: 
Bioethanol or butanol by 
fermentation of starch (wheat, barely, 
corn, potato) or (sugars (sugarcane, 
sugar beet. etc.) 
Biodiesel by 
transesterification of plant oils 
(rapeseed, soybeans, sunflower, palm, 
coconut, jatropha used cooking oil 
animal fat, etc.) 

2nd generation 
Substrate: 
Lignocellulosic biomass 
Products: 
Bioethanol or butanol enzymatic 
hydrolysis. 
Methanol, Fischer Tropsch gasoline 
and diesel, mixed alcohol, dimethyl 
ether, and green diesel by 
thermochemical processes. 
Biomethane by anaerobic digestion. 

3rd generation (advanced biofuel) 
Substrate: micro/macroalgae, 
bacteria, or fungi. 
Products: 
Biodiesel by transesterification of 
microbial oils (microalgae. 
bacteria, fungi, etc.) 
Bio crude from microalgae by 
thermochemical processes. 
Bioethanol from macroalgae 
Bio hydrogen from green algae. 
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g  
uels’ development and use. This results in insufficient energy delivery
nd a possible undersupply of biofuels, assuming that performance and
onsumption are net positive externalities. Accounting for these gains,
otentially by subsidies ( Msangi et al., 2007 ), would result in economic
fficiency in the quantity and price of biofuels. In reality, biofuel-related
ubsidies (either iteration) compensate for the external advantages of
aving a smaller net environmental footprint relative to fossil fuels and
ncreasing the availability of fuel ( Demirbas et al., 2016 ; Doshi, 2017 a)
nd national/regional energy independence ( De Fraiture et al., 2008 ;
e Gorter and Just, 2010 ; Khanna et al., 2008 ). However, it is essen-

ial to consider the presumptions about these advantages’ existence and
ractical importance, particularly those discussed below. 

.2. Energy return 

While biofuels’ advantages have been thoroughly clarified in the lit-
rature, unique benefits can contradict such caveats. This is also due to
nergy-intensive refining an existing dependency on fossil fuels, which
an outweigh the advantages of biofuel production and transport in
erms of energy and GHG ( Cherubini et al., 2009 ; Ulgiati, 2001 ). Less
romising findings have been seen for biofuels in the Energy Return
n Investment (EROI) study, which measures the available energy de-
ived from the resulting biofuel, divided by the energy used in produc-
ion. Between biofuels, the most energy-efficient of their respective fuel
ypes are sugarcane ethanol and palm oil biodiesel ( de Vries et al., 2010 ;
asparatos et al., 2012 ; Menichetti and Otto, 2009 ). This feedstock was
lso found to be the most productive in terms of power per cultivation
rea. On the other side, ethanol and biodiesel from rapeseed and soy-
ean maize are low in energy productivity ( Chiriboga et al., 2020 ). 

For conventional biofuel, though, the EROI is considerably smaller
han fossil fuel and diesel, as with fossil fuel. The prevalent biofuel in the
nited States, Corn ethanol, is particularly small at the EROI range of
.8 to 1.7 compared with 10 in fossil fuels ( Chiriboga et al., 2020 ). The
econd-generation model needs a marginal decline in energy consump-
ion, with a promising EIRO ( Farrell et al., 2006 ) as well as an energy
eturn per harvest area (up to five times as high as the first generation)
 Demirbas et al., 2016 ; Doshi, 2017 a). The quality changes between the
wo energy feedstocks produced are facilitated ( Scharlemann and Lau-
ance, 2008 ). Nevertheless, it has been seen that many feedstocks with
econd-generation energy returns are comparatively low compared with
ossil fuels ( Demirbas et al., 2016 ; Doshi, 2017 a). 

.3. Net carbon benefit 

Several research findings on biofuel pollution have found that
reenhouse gas emissions (GHG) are lower by up to 90 percent rel-
tive to fossil fuels ( Scharlemann and Laurance, 2008 ). However,
hese reports have also neglected to account for the impact of im-
rovements in land use arising from the increased planting of bio-
uel crops that can counteract these GHG gains from development and
6 
onsumption ( Andersson et al., 2020 ). That is because the land con-
ersion for biofuels is a source of permanent carbon sinks, primar-
ly for deforestation ( Chung et al., 2011 b). The emissions from land
learance ( Fargione et al., 2008 ) are projected to be 17 to 420 times
igher, resulting in a long "payback" period to minimize net emissions
 Demirbas et al., 2016 ; Doshi, 2017 a). 

.4. Socioeconomic benefits from energy independence 

The ability to provide some degree of energy independence that ben-
fits society, especially in developing countries, is advantageous for bio-
uels. This means decreased dependency on imports and improved fuel
rotection ( Rajagopal et al., 2007 ). This has been done in Brazil by na-
ional policies and parts of Africa at smaller population levels (Alexan-
ros Gasparatos et al. 2012 ). This latter demonstrates more benefits in
gricultural, land-locked areas with self-supporting fuel sources; rapid
uel access is advantageous for jobs, growth, commerce, and local trade
o emerging communities. This is achievable at low levels of skills like
griculture, science and development, and higher skills (e.g., Brazilian
rtistic engines) ( Demirbas et al., 2016 ; Doshi, 2017 a). 

However, biofuel subsidy programs, combined with mixing con-
itions, are seen as potential leads to increased demand for fossil
uels by a ’green paradox’ to boost biofuel production and demand
 Demirbas et al., 2016 ; Doshi, 2017 a). This happens as the trends in
olicies introduced to facilitate the use of environmentally sustainable
r ’green’ alternatives increase private producers’ use of ’non-green
ools to optimize returns. This will result in supply-side results that can
verwhelm the expected replacement effect of the initial ’green’ policy
 Doshi, 2017 a). Works by De Gorter and Just (2009 ) also found that the
thanol tax incentive policies introduced in the U.S. were ineffective
hen applied along with gasoline quotas, leading to more substantial
ependencies on fossil fuel importation fuel. 

.5. Impacts on food prices and agricultural resources 

The theoretical cost of reinvesting farm crops & services would be
ncreased demand for traditional biofuels ( Prabhakar and Elder, 2009 ).
his is because of the competitiveness of these food processing com-
onents. Most feed crops are currently concentrated in food and use
carce field inputs (particularly soil and water). In quantitative assess-
ents, particularly for first-generation feedstock, biofuels had more es-

ential impacts on food prices than energy prices ( Demirbas et al., 2016 ;
oshi, 2017 a). Studies have shown that maize and corn products are
llocated at rates of ethanol of 40 percent of price increases. The ex-
ectation of rising biofuels of the first generation contributes to a 5–15
ercent rise in grain and livestock prices ( Fischer et al., 2009 ). This
ecreases food availability and supply and exacerbates global malnutri-
ion. 

However, conflicting research suggests that other causes can trig-
er food price changes. Slow adoption of biofuels does not improve
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he productivity of agricultural goods enough to affect food prices
 Bastianin et al., 2013 ; Groth and Bentzen, 2013 ) or demonstrate any
ong-term links to food prices ( Ajanovic, 2011 ; Bastianin et al., 2014 ;
yers et al., 2014 ). There are projected to be a slightly less than ex-

ected impact of biofuel production on food prices ( Baffes and Han-
otis, 2016 ; Baier et al., 2009 ). Incent oil prices have seen to have a
rowing impact on food prices, volatile weather conditions, increased
opulation demand, and more particularly speculative effects. 

The effect of land or water sources on the growing demand for bio-
uels was identified as a potential concern ( Kosinkova et al., 2015 ).
rowing world population and restricted arable land resource short-
ge patterns indicate the unsustainable value of traditional biofuels,
hich will lead to a 44 percent rise in demand for arable land by 2020
 Demirbas et al., 2016 ; Doshi, 2017 a), this will, however, satisfy only a
imited share of fuel demand. It has also been noted that the resultant
train on farmers to turn food crops into biofuel crops has already im-
acted food prices due to rising biofuel demand. This demand for arable
and was also counterproductive in the mass deforestation of palm oil
n Southeast Asia ( Chung et al., 2011 a; Koh and Wilcove, 2008 ) and
or sugar cane and soybeans in Brazil ( Lapola et al., 2010 , 2014 ); this
esulted in losses of both carbon stocks and biodiversity of the environ-
ent. Second-generation feedstocks have also been shown to increase

rade-off problems with food and fodder land, particularly in more im-
overished rural communities. 

It is also water-intensive to plant terrestrial-based biofuel feed-
tock in terms of water allocation, which results in trade-off prob-
ems. Water demand estimates have been shown to be undervalued to
he extent that both in the United States ( Yi et al., 2015 ) and Brazil
 Pimentel, 2003 ) are higher than the normal replenishment rates of
quifers ( de Oliveira et al., 2010 ). Special water intensives have been
dentified in the related feedstock’s, such as sugarcane (de Oliveira, etc.)
nd palm oil ( Theesfeld, 2008 ). While comparatively less water is re-
uired ( Carriquiry et al., 2011 ), the second output generation’s crops
ay experience trade in productivity and biomass production. 

It is currently impossible to quantify the actual impact of increased
arket use of biofuels on food prices. This is because of many factors,

ncluding overt competition in crops and indirect competition in agri-
ultural resources. Biofuels are still not a great consumer choice in most
ountries, making it challenging to create solid, quantifiable relations
 Demirbas et al., 2016 ; Doshi, 2017 a). More research needs to be un-
ertaken to address this void, but only by increasing market insertion
f agricultural biofuels dependent on fuel can it possibly be motivated.
owever, the things mentioned here are reasonably assumed that in-
reased production of traditional feedstock biofuels may significantly
mpact food price. 

. Algae-based biofuels 

To resolve many of the above concerns, the advancement of third-
eneration biofuels based on algae ( Severes, Hegde, D’Souza, and
egde, 2017 ), particularly the implications of feeding supply and the

ivalry for both arable and water resource supplies, have been high-
ighted ( Singh, 2015 ). Algae’s capacity as a biofuel feedstock has been
he subject of significant attention over the last decade. For bioethanol
roduction, marine microalgae sugars, such as seaweed, are suitable
 Wei et al., 2013 ; Zuorro et al., 2021 ). Also, biodiesel from macro-algae
s feasible ( Cancela et al., 2016 ). However, higher growth and lipid de-
osition capacities of microalgae and higher biodiesel energy content
elative to ethanol (by as much as 34 percent) have created greater scien-
ific interest in the production of microalgae-based biodiesel ( Chisti and
an, 2011 ). It was also proposed to boost the safety of current and fu-
ure fuel demands with the high processing ability of microalgae biofuels
 Scott et al., 2010 ), which warrant policy investments in the US. 

Under controlled conditions, microalgae are typically grown under
pen ponds or in plastic tubes known as photo-bioreactors (PBRs). They
re grown under a nutrient and carbon dioxide (CO ) growth medium.
2 

7 
he biomass of the algae is processed to produce biodiesel similarly
o other lipid feedstocks (transesterification). The cells will also fer-
ent the sugars to produce ethanol. The processing viability and re-

iability of microalgae can be tested by specific aspects of the develop-
ent of microalgae biodiesel; by cultivation ( Andersson et al., 2020 ;

orquera et al., 2010 ), harvesting ( Rahman et al., 2020 ; Sander and
urthy, 2010 ), lipid extraction (Bat) studies by Brentner et al. (2011) ,

nd Laurens, Chen-Glasser, & McMillan, (2017) indicate the different
outes by which biomass/biodiesel production and the final unit costs
an be decided at each stage of the process. These processes’ specifics
an be discussed only if they apply to particular challenges, effects, and
xternalities ( Andersson et al., 2020 ). 

.1. Financial feasibility 

Micro-algae biofuels do not currently compete with fossil fuels, like
ost of the first and second generations, which are usually not com-
etitive in the absence of subsidies ( Doshi et al., 2017 ). Due to their
ightweight energy properties could be conceivable as alternative avi-
tion fuels ( Norsker et al., 2011 ). They were of interest to pilot-scale
ompanies ( Ansari et al., 2020 ). Research has also identified possible
evelopments in both production and cultivation to minimize capital
ost by low-cost machinery primarily intended for microalgae process-
ng. High prices can also be minimized by purchasing low-rates CO 2 ,
ertilizer, and water or recycling in the homes ( Perin and Jones, 2019 ).
he required volumes are seen as a limiting factor in the achievable
evelopment of microalgae, especially nutrients and water. The feasi-
ility of such ideas has not been studied in industrial practice as long
s real manufacturing is confined to smaller research and development
ndertakings ( Rahman et al., 2020 ). 

Microalgae production can also generate other by-products of com-
ercial significance. Just over 30 percent of the biomass harvested con-

ists of lipids (converted to biodiesel) or other energy-related products
uch as ethanol ( Sander and Murthy, 2010 ), biogas ( Odlare et al., 2011 ),
nd even hydrogen that can be used for fuel, are likely to be benefi-
ial animal feed or other energy-related foods. The economic advantage
f microalgae over traditional biofuels is that they can generate high-
alue residual biomass co-products. The future marketability of biofuel
icroalgae may also be dependent on the proper marketing use of mi-

roalgae ( Jacob et al., 2020 ). 

.2. Energy requirements 

The requirement for terrestrial feedstock is critical due to the several
ypes of machinery and capital inputs required by constantly expand-
ng microalgae cycles. As a result, conventional biofuels have reduced
et capacity, making them unfeasible and potentially non-competitive
 Andersson et al., 2020 ). In principle, this strong energy demand would
esult in the net loss of energy from conversion to microalgae or, at
ost, a marginal increase in existing technologies ( Scott et al., 2010 ).
he first demonstrates a better EROI compared with open-pond and
BR. Sander and Murthy (2010) , which took into account higher open-
asin value figures, was one exception. Open pools also showed a lower
nergy-intensive community, with higher energy costs resulting from
arvesting and drying processes, contributing up to 10 times the en-
rgy quota ( Adeniyi et al., 2018 ; Branco-Vieira et al., 2020 ; Slade and
auen, 2013 ). 

In comparison, the more regulated PBR conditions led to signifi-
antly higher energy costs and a lower energy-EROI ratio. Building and
ultural flows pay the bulk of electricity costs ( Javed et al., 2019 ). This
ncreases concerns about the feasibility of PBRs in current technologies,
iven their high energy requirements ( Hulatt and Thomas, 2011 ). How-
ver, because the industry is comparatively new, there is a chance that
he probability of a positive net energy balance could be improved by
lgal strain and processing technology, but this is an environment await-
ng further research ( Gonzalez-Fernandez and Muñoz, 2017 ). 
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.3. Net carbon benefits 

Microalgae, like terrestrial agriculture, convert carbon dioxide into
iomass via photosynthesis ( Andersson et al., 2020 ). This approach has
hown that microalgae are more valuable than other feedstocks for culti-
ation ( Rosenberg et al., 2011 ; Wilson et al., 2020 ) calculated the net ex-
ense of lowering emissions by producing microalgae using a solar col-
ector to be US$100 per ton of carbon dioxide ( Ono and Cuello, 2003 ).
hey emphasized the importance that marketable outputs would re-
uce net costs. Compared to its land partners, micro-algae’s commercial
roduction is also expected to benefit from net carbon emissions due
o the regulated production climate, particularly for PBRs ( Slade and
auen, 2013 ). Compared to traditional biofuels, fossil fuel use will also
ompensate for the advantages of carbon dioxide sequestration for up-
tream crops ( Wang et al., 2020 ). 

The cultivation course also recommended the recovery of power
lant flue gas to reduce carbon emissions neatly. As carbon dioxide in-
ut, flue gas can be split14 into the growing medium of microalgae,
ringing benefits from increased ( Simonazzi et al., 2019 ). This appli-
ation’s performance and reliability in the area of high-concentration
ue gas supply (also simulated) has been demonstrated by some labo-
atory and deployment studies ( Negoro et al., 1993 ; Nhat et al., 2018 ;
imonazzi et al., 2019 ). The emissions arising from the eventual fuel
se of biomass are affected by the net CO 2 microalgae’s sequestration.
s combustion produces the assimilated CO 2 , the net emission sched-
le depends on the energy intensity of biomass production that could
nclude fossil fuels ( Maheshwari et al., 2021 ; Mata et al., 2010 ). 

.4. Nitrogen benefits 

The production of microalgae requires nutrients, mainly nitrogen,
ithin the growth media. This offers a means of extracting microalgae
t elevated levels in the drainage fluid from nitrate compounds and a sig-
ificant cause of eutrophication ( Pittman et al., 2011 ). In addition to the
igh effectiveness of nitrogen sequestration, microalgae production also
epresents an inexpensive and low-chemical wastewater treatment pro-
ess, providing sufficient growth conditions. Batten et al. (2013) found
hat microalgae biodiesel could be generated at less than US$1 litres
ith wastewater treatment as its primary objective, and water and nu-

rients recycled in the algae tanks. The findings were focused on a
aste carbon dioxide source. However, a culture medium dependent
n wastewater can limit biofuel production capacity because the in-
erse relationship between the growth conditions of nitrogen satura-
ion and lipid production exists (essential for the production of biofuels)
 Javed et al., 2019 ; Williams et al., 2010 ). 

.5. Socioeconomic benefits 

The production of the biofuel industries with microalgae also has
 range of socioeconomic advantages that can lead to a socially sus-
ainable impact. The opportunity to provide an equal allocation of eco-
omic benefits through society, such as rural and urban populations
 El Semary, 2020 ; Pachapur et al., 2020 ) and improving quality of life
re among other aspects of social sustainability. Social sustainability.
he most noticeable advantage is the development of an oil sector that

s capable of supporting long-term fuel requirements and creating jobs
nd economic prosperity in rural areas. This is contradictory to cur-
ent fossil-based enterprises, which are relying on capital constraints
nd synthetic biofuels. Microalgae biofuel will also create prospects for
eveloping relevant employment through skills comparable to those
ssociated with traditional biofuels as a long-term sustainable sector
 Correa et al., 2019 ). 

In non-metropolitan and rural counties, micro-algae industries are
lso a chance for economic development. Bioenergy ventures also rely
n public and private funding, particularly in rural regions, on industries
nd local communities’ jobs and income prospects ( El Semary, 2020 ;
8 
achapur et al., 2020 ). Substantial prospects have been indicated for
ustainable farming industry development and profits by traditional bio-
uels ( Anuar and Abdullah, 2016 ). However, considering its effect on a
ider population in terms of higher food prices and capital limitations,

t will, in many cases, be challenging to explain policy support for tra-
itional biofuel development. On the other hand, a superior solution
ay be the microalgae community, combined with the current comple-
entary industry. Synergy from the bio fixation of waste effluents and

reating valuable goods (e.g., feed, fertilizer) ( Alam et al., 2012 ) can be
conomically advantageous to the local communities and augment the
ncome of the seasonal industries. 

. Limitations of current policies for biofuels 

In light of challenges to fossil fuel availability, biofuels are a crucial
lternative to transport fuels. This is due to the close substitutability
ith fossil fuels, and therefore customers are losing their transformation
rices ( Klein et al., 2019 ). Furthermore, biofuels are believed to have
arious environmental impacts, extensively debated in the literature
 Goh et al., 2019 ; Sun et al., 2019 ). Socioeconomic benefits, especially
nergy independence and fuel protection, may include innovations and
rowth in these new industries ( Gasparatos et al., 2013 ). In certain na-
ions, biofuels earned considerable political funding. This has allowed
elatively steady growth of some first-generation feedstocks, supply
hains, and technologies, mainly if the policies support widespread pro-
uction and usage. Case studies in the US and Brazil highlight this criti-
al role that policies will play in fossil-fuel transforming and promoting
he growth of biometrics industries ( Goh et al., 2019 ; Sun et al., 2019 ).

There can be argued that the lack of substantial policy funding is the
rimary factor behind Australia’s lack of biofuels. Concerning domestic
olicy, the tax compensation subsidy’s ending implies some inefficiency
ecause of the outer costs of existing fossil fuels and the outside ad-
antages for biofuels identified ( Gasparatos et al., 2013 ). However, the
rguments were evidently justified for the increased taxes on biofuels.
conomic research indicates that fuel protection, jobs, and pollution cuts
id not balance the economic benefits of grants with the high funding
xpense, distortion in the competition for capital and energy (includ-
ng food demand competitiveness), and costs of maintaining an industry
hich is claimed to be unviable ( Connor, 2016 ). 

Also, the absence of additional State-based legislation promoting bio-
uels’ production or use disincentives the future market. This includes
he biofuel words in NSW that have struggled to support biofuel use due
o the inconsistency of premium fuels policy, as determined by the PULP
nd ethanol mixtures consumption figures. Further, the absence of sig-
ificant funding in the production of these technologies has hindered
ny feasible move away from economic cost-intensive first-generation
iofuels due to the ability to grow various feedstocks in all the different
tates ( Mathimani and Mallick, 2018 ). 

With Brazil’s influential case study, politics certainly significantly af-
ect the biofuel markets and industry’s growth. The initial provision of
xport subsidies, lower duty, and tax relief contributed to ethanol based
n sugar cane, becoming the world’s most commonly consumed gasoline
 Sorda et al., 2010 ). This goes against the lack of a biofuel policy sys-
em, except for minor advances in NSW, which has relatively stagnated
he industry’s growth. The outcome is a lack of critical supply chains for
roduction and restricted consumer visibility, which prohibits further
usiness growth ( Santeramo and Searle, 2019 ). More precisely, the lack
f robust biofuel funding, unlike previous claims, will impede the de-
elopment of second and third-generation biofuels. This would reduce
ociety’s well-being, particularly concerning the economic and trans-
ormative costs of continued dependency on fossil fuels ( Balsalobre-
orente et al., 2018 ; Connor, 2016 ). 
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.1. Policy recommendations 

The literature shows how policy is crucial to the biofuels industry’s
rowth in a region ( Gasparatos et al., 2013 ). While some policies may be
asteful ( Kalkuhl et al., 2013 , 2020 ; Kozicka et al., 2017 ) and the eco-
omic costs of first-generation biofuels in Australia, significant policy
rameworks may lead to a move to more stable and economic innova-
ions ( Azad et al., 2014 ). Implementing suitable regulatory mechanisms
o reflect the most cost-effective price can enhance production feasibil-
ty and viability as a long-term and sustainable alternative to fossil fuels.
roducers and consumers respond to incentives offered by such policies,
s seen by the relatively quick expansion of terrestrial feedstock (for ex-
mple, in Brazil). While similar rules apply to microalgae production,
he greater start-up costs and hazards act as a further deterrent to in-
esting in the business compared to lower-cost agricultural-based pro-
uction. With the technological developments required to justify these
ncentives and the fuel’s feasibility, finding a policy mix that provides
ppropriate incentives for third-generation biofuels while transitioning
way from conventional approaches and managing the associated risks
s likely to be as difficult. Accepting these obstacles, however, would ap-
ear to be based on long-term confidence rather than utopian assump-
ions, considering the potential of microalgae as a biofuel feedstock. 

Additional, federal investment in technical research and develop-
ent in processing and conversion processes for new feedstock goods

ould provide this policy help (second and third-generation). The pro-
uction of drop-in biofuels that perform likewise, if not better than
etrol and diesel (incl. premium variants), should be encouraged, par-
icularly for comparable prices. This also extends to ensuring that the
se of engines and manufacturers in a broader range, especially exist-
ng vehicles, reduces the share of vehicles that are not compliant with
iofuels (and blends). This feature of biofuels has been defined in the
cientific literature as having less energy and less viscosity due to cur-
ent biofuels. However, growth in biofuel processing and understand-
ng of drop-in biofuels’ chemical properties continues ( Bergthorson and
homson, 2015 ). Increased funding for R&D activities in this region by
ederal and state governments could theoretically accelerate technolog-
cal change ( Ding et al., 2018 ). 

These policy instruments will make it easier to internalize optimistic
iofuel externalities. By investing in the critical areas listed above, this
trategy would essentially move the transportation fuel supply to a re-
ewable substitute, yet to lower costs of a private transfer from other
ransport energy sources (e.g., compressed natural gas and liquefied gas,
PG). This transition ensures that society benefits from direct external
enefits such as decreased contamination and reduced impacts on agri-
ulture and biodiversity ( Ding et al., 2018 ). It also promotes the es-
ablishment of a long-term fuel supply and work market and economic
rowth. 

In the long term, it is crucial to boost higher-percentage blends and
uild technology for pure biofuels. However, the low percentage of bio-
uel mixtures is a vital transition for all transport fuel stakeholders. It
nables customers to replace fossil-based purchases of transport fuel at
 lower cost and enables the creation of established production systems
 Doshi, 2017 a). This will lead to a subsequent improvement in transport
uel demand, prompting the production, dealers, and engine producers
o make additional biofuels’ investments. Thus, if consumers are mis-
nformed of biofuel mixtures’ replacement ability, this step away from
ossil fuels is hampered and will focus on future social welfare. 

Political action is also essential to remedy this loss on the economy.
he realistic effects for engine performance and maintenance of exist-

ng biofuel blend use require better communication to customers. This
hould be achieved in the context of publicity campaigns and more suc-
essfully to reduce the dissemination of disinformation amongst suppli-
rs, dealers, and mechanics ( Saravanan et al., 2018 ). Such initiatives
uarantee that customers can obtain complete details and make the so-
ially most effective decisions concerning biofuel mixtures’ effect. Fur-
hermore, this possible shift in customer choice may change consumer
9 
references as consumers become more conscious of organic fuels’ ex-
ernal benefits. The longer-term impact of biofuels could be best un-
erstood, stimulating increased demand from farmers and consumers
or existing blends. Therefore, consumers expect less use of fossil fuel,
hich would cause fuel farmers and producers to spend more on a higher
ercentage of R&D mixtures or pure transportation biofuels. 

. Discussion 

Despite the fact that conventional biofuels’ early environmental and
upply benefits generated widespread policy support, research suggests
hat these benefits may have been exaggerated. Negative externalities
onnected with food and resource allocation have also increased scep-
icism about the transition to biofuels’ long-term viability. This study
iscusses the economic benefits and costs of conventional biofuels, as
ell as the need for additional research and development of an algae-
ased third-generation feedstock. Given the various positive externali-
ies associated with microalgae as a source of biofuels, the paper gives
ecommendations on the possibility for a policy framework to promote
icroalgae as a source of biofuels. 

Due to the existing dependency on liquid fuels for transport and the
imited presence of market-controlled fossil fuels, additional biomass-
ased fuels are required. Terrestrial feedstock has received extreme
reatment and related production procedures. The external benefits of
uch systems were initially positive. The policy reinforcement was in-
ended to be non-market advantages (in the United States and Brazil,
or example) ( Gasparatos et al., 2013 ). The literature may, however,
verestimate these advantages. The loss of significant carbon sinks, as
arth clearing for crop production, especially in tropical regions, shows
 substantial increase in greenhouse gasses. 

The total social and economic gain of traditional biofuels is also un-
table because of the effect of land clearance and conversion on food
rices and supply and caused the loss of non-market ecosystem services.
hese shifts have dynamic societal consequences. The opportunity for
xtra jobs and earnings from crop-based production of biofuels and in-
reased access to fuel will compensate for higher food prices in more
mpoverished regions in particular. Increased costs for food will often
ontribute to better wages for producers, mostly in low-income groups,
any of whom. However, as feed crops’ advantages cannot be efficiently

pread through society, the allocation of income between net produc-
rs and net buyers of farm commodities remains an analytical problem
o be answered to recognize the ultimate effect on human well-being
 Msangi, 2018 ). 

Algae, particularly microalgae, provide a new biofuel potential,
hich appears not to have the same degree of negative development out-

omes. Microalgae biodiesel is not actually competitive on fossil fuels,
s it was for most biomass-based biofuels. However, this may be exacer-
ated by the relative infancy of manufacturing and processing technolo-
ies ( Tu et al., 2018 ). In addition to the likelihood of technical changes
hat decrease production costs, biomass could also be diverted to other
ommodity production and increased financial profitability. However,
imited studies have been carried out on allocating viable organic fuel
o infer the feasibility of cultivating microalgae for biofuels. 

The fact that microalgae are capital and resource-intensive is a
urther downside of production and transformation. Besides artificial
cosystems being designed and sustained, the facility requires signifi-
ant electricity, water, and associated nutrients to generate adequate
iomass ( Fuhrman et al., 2020 ). Though waste materials can be recy-
led as processing inputs ( Xu et al., 2018 ), high energy requirements
ean that the various downstream processes may rely on fossil fuel en-

rgy in short to medium term ( Zhu and Xu, 2020 ). 
Despite these challenges, the favourable results of microalgae biofu-

ls indicate possible social gains. Algae-based solutions solve resource
ompetition problems, impacting both the costs of food and biodiversity
nd environmental benefits. Besides, these technologies may contribute
o social resilience through employment and income generation, par-
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icularly for regional communities that historically depend on seasonal
ndustries. Much has benefitted from the production of conventional
iofuels from numerous policy initiatives. It entails measures such as
ax exemptions, fuel excises ( Korting et al., 2019 ) and incentives for
evelopment and infrastructure ( Kraal et al., 2020 ); or indirect actions
uch as biofuels binding mandates and trade action to shelter domestic
iofuel from the cheaper international supply ( Al Mamun et al., 2018 ).

Implementing the economically productive price policy mechanisms
ould improve efficiency as an alternative to long-term and sustain-
ble fossil fuels ( Lee and Shih, 2011 ). Recognizing the relatively rapid
ncrease in the land feed (e.g., in Brazil), producers and consumers re-
ct to these policies’ incentives. But for conventional biofuels, the study
as identified considerable economic costs, demonstrating that policy
nancing for the development of such industries is insufficient. While
hese policies can be expanded to include microalgae output, higher
tart-up costs and complexities further prevent investment in the sector
ather than lower farm production costs. Seeking an opportunity strat-
gy balance for the third generation’s biofuels while ignoring the tradi-
ional policies and balancing the uncertainties associated with them is
erhaps the most significant obstacle in terms of technical advances to
ustify these benefits and fuel viability. However, microalgae’s ability to
ulfill fuel requirements with more net external benefits than conven-
ional biofuels must be investigated and evaluated. 

. Conclusion 

This study aimed to analyze conventional synthetic fuels’ economic
hallenges and highlight the essential economic advantages of microal-
ae biofuels compared to their traditional counterparts. The critical
hortcomings for traditional biofuels were established, particularly in
he debate between food and fuel, indicating that alternative feedstock
eeds to be created. Government action has been suggested on microal-
ae biofuels that meet long-term demands for renewable transport fuel,
hich would not raise society’s social and environmental costs. This has
 significant effect on the production and usage of conventional biofuels.
he economic difficulties surrounding plant-based biofuels from first,
econd, and third-generation feedstock were discussed in this article.
he limits of first and second-generation biofuels are highlighted in this
aper, notably in the food against fuel issue. Microalgae have been dis-
overed to overcome many of the flaws that plagued their predecessors,
lthough high production and energy costs are significant drawbacks.
he importance of policy involvement in the development and usage of
onventional biofuels was underlined. As a result, based on the long-
erm requirement for a liquid fuel alternative that does not increase so-
iety’s environmental and socioeconomic costs, this study proposes that
conomically efficient policy assistance for the development of microal-
ae biofuels is possibly required. 

unding 

We would like to acknowledge the Universiti Malaysia Pahang for
roviding financial support for this research through the UMP Research
rant Scheme (Internal/Flagship) number RDU1703124. 

eclaration of Competing Interest 

I have no conflict of interest to report. 

eferences 

deniyi, O.M. , Azimov, U. , Burluka, A. , 2018. Algae biofuel: current status and future
applications. Renew. Sustain. Energy Rev. 90, 316–335 . 

grawal, K. , Bhatt, A. , Bhardwaj, N. , Kumar, B. , Verma, P. , 2020. Algal biomass: potential
renewable feedstock for biofuels production–part I. In: Biofuel Production Technolo-
gies: Critical Analysis For Sustainability. Springer, pp. 203–237 . 

janovic, A. , 2011. Biofuels versus food production: does biofuels production increase
food prices? Energy 36 (4), 2070–2076 . 
10 
l Mamun, M. , Sohag, K. , Shahbaz, M. , Hammoudeh, S. , 2018. Financial markets, innova-
tions and cleaner energy production in OECD countries. Energy Econ. 72, 236–254 . 

lam, M.B. , Uddin, A. , Bablu, M. , Kamaly, M.H.K. , Rahaman, M.M. , 2012. Socio-eco-
nomic profile of duck farmers and duck management practices in the Rajshahi region.
Bangladesh J. Anim. Sci. 41 (2), 96–105 . 

ndersson, V. , Heyne, S. , Harvey, S. , Berntsson, T. , 2020. Integration of algae-based bio-
fuel production with an oil refinery: energy and carbon footprint assessment. Int. J.
Energy Res. 44 (13), 10860–10877 . 

nsari, F.A. , Nasr, M. , Guldhe, A. , Gupta, S.K. , Rawat, I. , Bux, F. , 2020. Techno-economic
feasibility of algal aquaculture via fish and biodiesel production pathways: a commer-
cial-scale application. Sci. Total Environ. 704, 135259 . 

nuar, M.R. , Abdullah, A.Z. , 2016. Challenges in biodiesel industry regarding feedstock,
environmental, social and sustainability issues: a critical review. Renew. Sustain. En-
ergy Rev. 58, 208–223 . 

zad, A.K. , Rasul, M.G. , Khan, M.M.K. , Omri, A. , Bhuiya, M.M.K. , Hazrat, M.A. ,
2014. Modelling of the renewable energy economy in Australia. Energy Proc. 61,
1902–1906 . 

zad, M.B. , Konya, T. , Guttman, D.S. , Field, C.J. , Sears, M.R. , HayGlass, K.T. , Mand-
hane, P.J. , Turvey, S.E. , Subbarao, P. , Becker, A.B. , 2015. Infant gut microbiota and
food sensitization: associations in the first year of life. Clin. Exp. Allergy 45 (3),
632–643 . 

affes, J. , Haniotis, T. , 2016. What explains agricultural price movements? J. Agric. Econ.
67 (3), 706–721 . 

aier, S.L. , Clements, M. , Griffiths, C.W. , Ihrig, J.E. , 2009. Biofuels impact on crop and
food prices: using an interactive spreadsheet. FRB Int. Financ. Discuss. Paper 967 . 

alsalobre-Lorente, D. , Shahbaz, M. , Roubaud, D. , Farhani, S. , 2018. How economic
growth, renewable electricity and natural resources contribute to CO2 emissions? En-
ergy Policy 113, 356–367 . 

arbera, E. , Bertucco, A. , Kumar, S. , 2018. Nutrients recovery and recycling in algae pro-
cessing for biofuels production. Renew. Sustain. Energy Rev. 90, 28–42 . 

astas, A. , Liyanage, K. , 2018. Sustainable supply chain quality management: a systematic
review. J. Clean. Prod. 181, 726–744 . 

astianin, A. , Galeotti, M. , Manera, M. , 2013. Biofuels and Food prices: Searching For the
Causal Link. University of Milan Bicocca Department of Economics, Management and
Statistics Working Paper, p. 239 . 

astianin, A. , Galeotti, M. , Manera, M. , 2014. Causality and predictability in distribution:
the ethanol–food price relation revisited. Energy Econ. 42, 152–160 . 

atten, D. , Beer, T. , Freischmidt, G. , Grant, T. , Liffman, K. , Paterson, D. , Priestley, T. ,
Rye, L. , Threlfall, G. , 2013. Using wastewater and high-rate algal ponds for nutrient
removal and the production of bioenergy and biofuels. Water Sci. Technol. 67 (4),
915–924 . 

ergthorson, J.M. , Thomson, M.J. , 2015. A review of the combustion and emissions prop-
erties of advanced transportation biofuels and their impact on existing and future
engines. Renew. Sustain. Energy Rev. 42, 1393–1417 . 

iller, P. , 2013. Hydrothermal processing of microalgae (Issue April). (Doctor of Philoso-
phy). The University of Leeds . 

ranco-Vieira, M. , Costa, D. , Mata, T.M. , Martins, A.A. , Freitas, M.A.V , Caetano, N.S , 2020.
A life cycle inventory of microalgae-based biofuels production in an industrial plant
concept. Energy Rep. 6, 397–402 . 

rennan, L., Owende, P., 2010. Biofuels from microalgae — a review of technologies for
production, processing, and extractions of biofuels and co-products. Renew. Sustain.
Energy Rev. 14, 557–577. doi: 10.1016/j.rser.2009.10.009 . 

rentner, L.B. , Eckelman, M.J. , Zimmerman, J.B. , 2011. Combinatorial life cycle assess-
ment to inform process design of industrial production of algal biodiesel. Environ. Sci.
Technol. 45 (16), 7060–7067 . 

ai, W. , Lai, K. , Liu, C. , Wei, F. , Ma, M. , Jia, S. , Jiang, Z. , Lv, L. , 2019. Promoting sustain-
ability of manufacturing industry through the lean energy-saving and emission-reduc-
tion strategy. Sci. Total Environ. 665, 23–32 . 

ancela, Á. , Maceiras, R. , Sánchez, Á. , Alfonsin, V. , Urrejola, S. , 2016. Transesterification
of marine macroalgae using microwave technology. Energy Sources Part A 38 (11),
1598–1603 . 

arriquiry, M.A. , Du, X. , Timilsina, G.R. , 2011. Second-generation biofuels: economics
and policies. Energy Policy 39 (7), 4222–4234 . 

arson, L. , 2014. Australian Energy Resource Assessment. Department of Resources, Can-
berra, 2nd Ed Department of Resources, Canberra . 

elikten, I. , Koca, A. , Arslan, M.A. , 2010. Comparison of performance and emissions of
diesel fuel, rapeseed and soybean oil methyl esters injected at different pressures.
Renew Energy 35 (4), 814–820 . 

hai, W.S. , Tan, W.G. , Munawaroh, H.S.H. , Gupta, V.K. , Ho, S.H. , Show, P.L. , 2020. Mul-
tifaceted roles of microalgae in the application of wastewater biotreatment: a review.
Environ. Pollut., 116236 . 

hang, Y., Hsieh, S., 2020. A review of building information modeling research for green
building design through building performance analysis. J. Inf. Technol. Constr. 25,
1–40. doi: 10.36680/j.itcon.2020.001 . 

herubini, F. , Bird, N.D. , Cowie, A. , Jungmeier, G. , Schlamadinger, B. , Woess-Gallasch, S. ,
2009. Energy-and greenhouse gas-based LCA of biofuel and bioenergy systems: key
issues, ranges and recommendations. Resour. Conserv. Recycl. 53 (8), 434–447 . 

hia, S.R. , Chew, K.W. , Show, P.L. , Yap, Y.J. , Ong, H.C. , Ling, T.C. , Chang, J. , 2018.
Analysis of economic and environmental aspects of microalgae biorefinery for biofuels
production: a review. Biotechnol. J. 13 (6), 1700618 . 

hiriboga, G. , De La Rosa, A. , Molina, C. , Velarde, S. , 2020. Energy return on investment
(EROI) and life cycle analysis (LCA) of biofuels in Ecuador. Heliyon 6 (6), e04213 . 

histi, Y., 2007. Biodiesel from microalgae. Biotechnol. Adv. 25 (3), 294–306.
doi: 10.1016/j.biotechadv.2007.02.001 . 

histi, Y. , 2008. Biodiesel from microalgae beats bioethanol. Trends Biotechnol. 26 (3),
126–131 . 

http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0001
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0001
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0001
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0001
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0002
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0002
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0002
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0002
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0002
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0002
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0003
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0003
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0004
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0004
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0004
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0004
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0004
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0005
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0005
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0005
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0005
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0005
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0005
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0006
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0006
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0006
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0006
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0006
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0007
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0007
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0007
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0007
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0007
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0007
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0007
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0008
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0008
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0008
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0009
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0009
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0009
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0009
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0009
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0009
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0009
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0010
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0010
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0010
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0010
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0010
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0010
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0010
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0010
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0010
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0010
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0010
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0011
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0011
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0011
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0012
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0012
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0012
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0012
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0012
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0013
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0013
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0013
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0013
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0013
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0014
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0014
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0014
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0014
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0015
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0015
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0015
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0016
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0016
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0016
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0016
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0017
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0017
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0017
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0017
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0018
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0018
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0018
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0018
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0018
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0018
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0018
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0018
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0018
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0018
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0019
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0019
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0019
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0020
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0020
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0021
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0021
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0021
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0021
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0021
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0021
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0021
https://doi.org/10.1016/j.rser.2009.10.009
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0023
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0023
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0023
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0023
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0024
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0024
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0024
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0024
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0024
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0024
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0024
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0024
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0024
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0025
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0025
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0025
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0025
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0025
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0025
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0026
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0026
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0026
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0026
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0027
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0027
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0028
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0028
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0028
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0028
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0029
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0029
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0029
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0029
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0029
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0029
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0029
https://doi.org/10.36680/j.itcon.2020.001
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0031
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0031
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0031
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0031
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0031
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0031
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0031
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0032
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0032
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0032
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0032
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0032
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0032
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0032
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0032
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0033
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0033
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0033
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0033
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0033
https://doi.org/10.1016/j.biotechadv.2007.02.001
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0035
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0035


T.D. Moshood, G. Nawanir and F. Mahmud Environmental Challenges 5 (2021) 100207 

C  

C  

C  

 

 

C  

C  

C  

C  

 

C
D  

 

D  

 

 

D  

D  

D  

 

d  

 

 

d  

 

D  

D  

D  

 

 

D  

D  

 

D  

E  

E  

 

F
F  

F  

 

F  

 

F  

 

F  

F  

 

G  

G  

 

G  

G  

 

G  

G  

 

G  

G  

 

H  

 

H  

 

H  

H  

 

J  

 

J  

 

 

J  

 

K  

K  

K  

K  

K  

 

K  

 

 

K  

K  

 

K  

 

K  

 

K  

 

L  

 

L  

 

A  

 

L  

 

L  

 

M  

 

M  

 

M  

M  

M  
histi, Y. , 2013. Constraints to commercialization of algal fuels. J. Biotechnol. 167 (3),
201–214 . 

histi, Y. , Yan, J. , 2011. Energy from Algae: Current Status and Future trends: Algal Bio-
fuels–A Status Report. Elsevier . 

hojnacka, K., 2004. Kinetic and stoichiometric relationships of the energy and carbon
metabolism in the culture of microalgae kinetic and stoichiometric relationships of
the energy and carbon metabolism in the culture of microalgae. Biotechnology 3 (1),
21–34. doi: 10.3923/biotech.2004.21.34 . 

hung, H. , Laforte, J.P. , Reifschneider, D. , Williams, J.C. , 2011a. Estimating the macroe-
conomic effects of the Fed’s asset purchases. FRBSF Econ. Lett. 3, 1–5 . 

hung, I.K. , Beardall, J. , Mehta, S. , Sahoo, D. , Stojkovic, S. , 2011b. Using marine macroal-
gae for carbon sequestration: a critical appraisal. J. Appl. Phycol. 23 (5), 877–886 . 

onnor, L.H. , 2016. Energy futures, state planning policies and coal mine contests in rural
New South Wales. Energy Policy 99, 233–241 . 

orrea, D.F. , Beyer, H.L. , Possingham, H.P. , Thomas-Hall, S.R. , Schenk, P.M. , 2019. Global
mapping of cost-effective microalgal biofuel production areas with minimal environ-
mental impact. GCB Bioenergy 11 (8), 914–929 . 

urley, R. , 2011. Fossil Fuels. Britannica Educational Publishing . 
asan, Y.K. , Lam, M.K. , Yusup, S. , Lim, J.W. , Lee, K.T. , 2019. Life cycle evaluation of mi-

croalgae biofuels production: effect of cultivation system on energy, carbon emission
and cost balance analysis. Sci. Total Environ. 688, 112–128 . 

avis, R.E., Fishman, D.B., Frank, E.D., Johnson, M.C., Jones, S.B., Kinchin, C.M., Sk-
aggs, R.L., Venteris, E.R., Wigmosta, M.S., 2014. Integrated evaluation of cost, emis-
sions, and resource potential for algal biofuels at the national scale. Environ. Sci.
Technol. 48, 6035–6042. doi: 10.1021/es4055719 , dx.doi.org/ . 

e Fraiture, C. , Giordano, M. , Liao, Y. , 2008. Biofuels and implications for agricultural
water use: blue impacts of green energy. Water Policy 10 (S1), 67–81 . 

e Gorter, H. , Just, D.R. , 2009. The economics of a blend mandate for biofuels. Am. J.
Agric. Econ. 91 (3), 738–750 . 

e Gorter, H. , Just, D.R. , 2010. The social costs and benefits of biofuels: the intersection
of environmental, energy and agricultural policy. Appl. Econ. Perspect. Policy 32 (1),
4–32 . 

e Oliveira, T.G. , Tortato, M.A. , Silveira, L. , Kasper, C.B. , Mazim, F.D. , Lucherini, M. , Já-
como, A.T. , Soares, J.B.G. , Marques, R.V. , Sunquist, M. , 2010. Ocelot Ecology and Its
Effect on the Small-Felid Guild in the Lowland Neotropics. Biology and Conservation
of Wild Felids, pp. 559–580 . 

e Vries, S.C. , van de Ven, G.W.J. , van Ittersum, M.K. , Giller, K.E. , 2010. Resource use
efficiency and environmental performance of nine major biofuel crops, processed by
first-generation conversion techniques. Biomass Bioenergy 34 (5), 588–601 . 

emirbas, A. , Taylan, O. , Kaya, D. , 2016. Biogas production from municipal sewage sludge
(MSS). Energy Sources Part A 38 (20), 3027–3033 . 

iesendorf, M. , 2019. Energy futures for Australia. In: Decarbonising the Built Environ-
ment. Springer, pp. 35–51 . 

ing, K. , Zhong, Z. , Wang, J. , Zhang, B. , Fan, L. , Liu, S. , Wang, Y. , Liu, Y. , Zhong, D. ,
Chen, P. , 2018. Improving hydrocarbon yield from fast catalytic Co-pyrolysis of hemi-
cellulose and plastic in the dual-catalyst bed of CaO and HZSM-5. Bioresour. Technol.
261, 86–92 . 

oshi, A. , 2017a. Economic Analyses of Microalgae Biofuels and Policy Implications in
Australia, 294 a . 

oshi, A. , Pascoe, S. , Coglan, L. , Rainey, T. , 2017. The financial feasibility of microalgae
biodiesel in an integrated, multi-output production system. Biofuels Bioprod. Biorefin.
11 (6), 991–1006 . 

ragone, G., Fernandes, B.D., Vicente, A.A., & Teixeira, J.A. (2010). Third-generation
biofuels from microalgae. 

l Semary, N.A.H. , 2020. Algae and Fishes: benefits and Hazards. In: Climate Change
Impacts on Agriculture and Food Security in Egypt. Springer, pp. 465–479 . 

scobar, J.C. , Lora, E.S. , Venturini, O.J. , Yáñez, E.E. , Castillo, E.F. , Almazan, O. , 2009.
Biofuels: environment, technology and food security. Renew. Sustain. Energy Rev. 13
(6–7), 1275–1287 . 

airley, P. , 2011. Introduction: next-generation biofuels. Nature 474 (7352), S2–S5 . 
argione, J. , Hill, J. , Tilman, D. , Polasky, S. , Hawthorne, P. , 2008. Land clearing and the

biofuel carbon debt. Science 319 (5867), 1235–1238 . 
arrell, A.E. , Plevin, R.J. , Turner, B.T. , Jones, A.D. , O’hare, M. , Kammen, D.M. , 2006.

Ethanol can contribute to energy and environmental goals. Science 311 (5760),
506–508 . 

ernández-Escobar, R. , Antonaya-Baena, M.F. , Sánchez-Zamora, M.A. , Molina-Soria, C. ,
2014. The amount of nitrogen applied and nutritional status of olive plants affect
nitrogen uptake efficiency. Sci. Hortic. 167, 1–4 . 

ischer, G. , Hizsnyik, E. , Prieler, S. , Shah, M. , van Velthuizen, H.T. , 2009. Biofuels and
food security: implications of an accelerated biofuels production.The full OFID Study
prepared by IIASA. Parkring 8, A–1010 . 

riese, S., Soratto, J., & Pires, D. (2018). Carrying out a computer-aided thematic content
analysis with ATLAS. ti. 

uhrman, J. , McJeon, H. , Patel, P. , Doney, S.C. , Shobe, W.M. , Clarens, A.F. , 2020.
Food–energy-water implications of negative emissions technologies in a + 1.5 C fu-
ture. Nat. Clim. Change 10 (10), 920–927 . 

asparatos, A. , Stromberg, P. , Takeuchi, K. , 2013. Sustainability impacts of first-genera-
tion biofuels. Anim. Front. 3 (2), 12–26 . 

asparatos, Alexandros , Lee, L.Y. , Von Maltitz, G.P. , Mathai, M.V. , Oliveira, Puppim de ,
J., A. , Willis, K.J , 2012. Biofuels in Africa: Impacts on Ecosystem services, Biodiversity
and Human Well-Being. United Nations University Institute of Advanced Studies . 

avrilescu, M. , Chisti, Y. , 2005. Biotechnology —a sustainable alternative for the chemical
industry. Biotechnol. Adv. 23 (7–8), 471–499 . 

oh, B.H.H. , Ong, H.C. , Cheah, M.Y. , Chen, W.H. , Yu, K.L. , Mahlia, T.M.I. , 2019. Sus-
tainability of direct biodiesel synthesis from microalgae biomass: a critical review.
Renew. Sustain. Energy Rev. 107, 59–74 . 
11 
oldemberg, J. , Guardabassi, P. , 2009. Are biofuels a feasible option? Energy Policy 37
(1), 10–14 . 

ollakota, A.R.K., Kishore, N., Gu, S., 2018. A review on hydrothermal
liquefaction of biomass. Renew. Sustain. Energy Rev. 81, 1378–1392.
doi: 10.1016/j.rser.2017.05.178 , May 2017 . 

onzalez-Fernandez, C. , Muñoz, R. , 2017. Microalgae-based Biofuels and Bioproducts.
Woodhead Publishing (Elsevier), Kidlington, United Kingdom . 

roth, T. , Bentzen, J. , 2013. Prices of agricultural commodities, biofuels and fossil fuels
in long-run relationships: a comparative study for the USA and Europe. Food Econ. 9
(sup5), 27–36 . 

ajar, H.A.A. , Riefler, R.G. , Stuart, B.J. , 2017. Cultivation of the microalga Neochloris
oleoabundans for biofuels production and other industrial applications (a review).
Appl. Biochem. Microbiol. 53 (6), 640–653 . 

andler, R.M., Shonnard, D.R., Kalnes, T.N., Lupton, F.S., 2014. Life cycle assessment of
algal biofuels : influence of feedstock cultivation systems and conversion platforms.
ALGAL 4, 105–115. doi: 10.1016/j.algal.2013.12.001 . 

ill, C.B. , Li, Y. , Hartman, G.L. , 2006. Soybean aphid resistance in soybean Jackson is
controlled by a single dominant gene. Crop Sci. 46 (4), 1606–1608 . 

ulatt, C.J. , Thomas, D.N. , 2011. Productivity, carbon dioxide uptake and net energy
return of microalgal bubble column photobioreactors. Bioresour. Technol. 102 (10),
5775–5787 . 

acob, A. , Ashok, B. , Alagumalai, A. , Chyuan, O.H. , Le, P.T.K. , 2020. Critical Review on
Third-Generation Microalgae Biodiesel Production and its Feasibility as Future Bioen-
ergy for IC Engine Applications. Energy Conversion and Management . 

aved, F. , Aslam, M. , Rashid, N. , Shamair, Z. , Khan, A.L. , Yasin, M. , Fazal, T. , Hafeez, A. ,
Rehman, F. , Rehman, M.S.U. , 2019. Microalgae-based biofuels, resource recovery and
wastewater treatment: a pathway towards sustainable biorefinery. Fuel 255, 115826 .

orquera, O. , Kiperstok, A. , Sales, E.A. , Embiruçu, M. , Ghirardi, M.L. , 2010. Compara-
tive energy life-cycle analyses of microalgal biomass production in open ponds and
photobioreactors. Bioresour. Technol. 101 (4), 1406–1413 . 

alkuhl, M. , Edenhofer, O. , Lessmann, K. , 2013. Renewable energy subsidies: second-best
policy or fatal aberration for mitigation? Resour. Energy Econ. 35 (3), 217–234 . 

alkuhl, M. , Steckel, J.C. , Edenhofer, O. , 2020. All or nothing: climate policy when assets
can become stranded. J. Environ. Econ. Manag. 100, 102214 . 

aratzos, S. , McMillan, J.D. , Saddler, J.N. , 2014. The potential and challenges of drop-in
biofuels. Rep. IEA Bioenergy Task 39 . 

hanna, M. , Ando, A.W. , Taheripour, F. , 2008. Welfare effects and unintended conse-
quences of ethanol subsidies. Rev. Agric. Econ. 30 (3), 411–421 . 

 ı lk ış , Ş . , 2019. Benchmarking the sustainability of urban energy, water and environment
systems and envisioning a cross-sectoral scenario for the future. Renew. Sustain. En-
ergy Rev. 103, 529–545 . 

lein, B.C. , Chagas, M.F. , Watanabe, M.D.B. , Bonomi, A. , Maciel Filho, R. , 2019. Low
carbon biofuels and the New Brazilian National Biofuel Policy (RenovaBio): a case
study for sugarcane mills and integrated sugarcane-microalgae biorefineries. Renew.
Sustain. Energy Rev. 115, 109365 . 

oh, L.P. , Wilcove, D.S. , 2008. Is oil palm agriculture really destroying tropical biodiver-
sity? Conserv. Lett. 1 (2), 60–64 . 

orting, C. , De Gorter, H. , Just, D.R. , 2019. Who will pay for increasing biofuel mandates?
Incidence of the renewable fuel standard given a binding blend wall. Am. J. Agric.
Econ. 101 (2), 492–506 . 

osinkova, J. , Doshi, A. , Maire, J. , Ristovski, Z. , Brown, R. , Rainey, T.J. , 2015. Measur-
ing the regional availability of biomass for biofuels and the potential for microalgae.
Renew. Sustain. Energy Rev. 49, 1271–1285 . 

ozicka, M. , Kalkuhl, M. , Brockhaus, J. , 2017. Food grain policies in India and their im-
plications for stocks and fiscal costs: a dynamic partial equilibrium analysis. J. Agric.
Econ. 68 (1), 98–122 . 

raal, D. , Haritos, V. , Cantley-Smith, R. , 2020. Tax law, policy and energy justice:
re -thinking biofuels investment and research in Australia. Aust. Tax Forum 35 (1),
31 . 

apola, D.M. , Martinelli, L.A. , Peres, C.A. , Ometto, J.P.H.B. , Ferreira, M.E. , Nobre, C.A. ,
Aguiar, A.P.D. , Bustamante, M.M.C. , Cardoso, M.F. , Costa, M.H. , 2014. Pervasive tran-
sition of the Brazilian land-use system. Nat. Clim. Change 4 (1), 27–35 . 

apola, D.M. , Schaldach, R. , Alcamo, J. , Bondeau, A. , Koch, J. , Koelking, C. , Priess, J.A. ,
2010. Indirect land-use changes can overcome carbon savings from biofuels in Brazil.
Proc. Natl. Acad. Sci. 107 (8), 3388–3393 . 

bel, G. A. (2017). Microalgae Fractionation and Production of High

Value Nylon Precursors (Doctoral dissertation, University of Toledo).
http://rave.ohiolink.edu/etdc/view?acc_num = toledo1501780012745093 

arson, E.D. (2008). Biofuel production technologies: status, prospects and implications
for trade and development. United Nations Conference on Trade and Development. -
UNCTAD/DITC/TED/2008/10. 

ee, S.C. , Shih, L.H. , 2011. Enhancing renewable and sustainable energy development
based on an options-based policy evaluation framework: a case study of wind energy
technology in Taiwan. Renew. Sustain. Energy Rev. 15 (5), 2185–2198 . 

aheshwari, N. , Mishra, A. , Thakur, I.S. , Srivastava, S. , 2021. Algal biofuel: a sustainable
approach for fuel of future generation. In: Environmental Microbiology and Biotech-
nology. Springer, pp. 3–29 . 

alins, C. , Plevin, R. , Edwards, R. , 2020. How robust are reductions in modelled estimates
from GTAP-BIO of the indirect land-use change induced by conventional biofuels? J.
Clean. Prod. 258, 120716 . 

artinot, E., Mastny, L., Rosbotham, L., Suding, P., Sonntag-O’Brien, V., & Lempp, P.
(2005). Renewable Energy Policy Network for the 21st Century-global status report. 

ata, T.M. , Martins, A.A. , Caetano, N.S. , 2010. Microalgae for biodiesel production and
other applications: a review. Renew. Sustain. Energy Rev. 14 (1), 217–232 . 

athimani, T. , Mallick, N. , 2018. A comprehensive review on the harvesting of microalgae

http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0036
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0036
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0037
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0037
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0037
https://doi.org/10.3923/biotech.2004.21.34
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0039
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0039
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0039
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0039
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0039
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0040
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0040
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0040
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0040
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0040
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0040
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0041
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0041
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0042
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0042
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0042
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0042
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0042
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0042
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0043
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0043
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0045
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0045
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0045
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0045
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0045
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0045
https://doi.org/10.1021/es4055719
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0047
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0047
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0047
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0047
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0048
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0048
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0048
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0049
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0049
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0049
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0050
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0050
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0050
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0050
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0050
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0050
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0050
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0050
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0050
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0050
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0050
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0051
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0051
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0051
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0051
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0051
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0052
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0052
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0052
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0052
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0053
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0053
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0054
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0054
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0054
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0054
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0054
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0054
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0054
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0054
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0054
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0054
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0054
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0055
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0055
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0057
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0057
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0057
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0057
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0057
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0059
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0059
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0060
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0060
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0060
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0060
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0060
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0060
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0060
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0061
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0061
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0062
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0062
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0062
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0062
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0062
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0062
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0063
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0063
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0063
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0063
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0063
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0063
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0063
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0064
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0064
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0064
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0064
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0064
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0065
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0065
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0065
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0065
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0065
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0065
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0067
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0067
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0067
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0067
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0067
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0067
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0067
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0068
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0068
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0068
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0068
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0069
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0069
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0069
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0069
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0069
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0069
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0069
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0069
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0070
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0070
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0070
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0072
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0072
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0072
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0072
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0072
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0072
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0072
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0073
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0073
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0073
https://doi.org/10.1016/j.rser.2017.05.178
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0075
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0075
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0075
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0076
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0076
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0076
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0077
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0077
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0077
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0077
https://doi.org/10.1016/j.algal.2013.12.001
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0079
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0079
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0079
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0079
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0080
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0080
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0080
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0081
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0081
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0081
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0081
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0081
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0081
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0082
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0082
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0082
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0082
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0082
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0082
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0082
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0082
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0082
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0082
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0082
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0083
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0083
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0083
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0083
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0083
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0083
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0084
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0084
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0084
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0084
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0085
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0085
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0085
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0085
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0086
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0086
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0086
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0086
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0087
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0087
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0087
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0087
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0088
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0088
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0089
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0089
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0089
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0089
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0089
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0089
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0090
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0090
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0090
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0091
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0091
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0091
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0091
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0092
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0092
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0092
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0092
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0092
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0092
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0092
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0094
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0094
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0094
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0094
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0095
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0095
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0095
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0095
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0096
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0096
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0096
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0096
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0096
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0096
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0096
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0096
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0096
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0096
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0096
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0097
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0097
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0097
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0097
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0097
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0097
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0097
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0097
http://rave.ohiolink.edu/etdc/view?acc_num=toledo1501780012745093
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0099
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0099
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0099
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0100
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0100
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0100
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0100
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0100
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0101
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0101
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0101
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0101
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0103
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0103
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0103
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0103
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0104
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0104
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0104


T.D. Moshood, G. Nawanir and F. Mahmud Environmental Challenges 5 (2021) 100207 

 

M  

 

M  

 

M  

 

M  

 

M  

 

 

M  

M  

M  

M  

 

 

M  

 

 

M
 

N  

 

N  

 

 

N  

N  

O  

 

O  

 

P  

 

P  

 

 

P  

 

P  

 

P  

P  

P  

Q  

 

 

R  

 

R  

R  

R  

 

R  

 

R
R  

 

R  

 

 

R  

 

 

S  

S  

 

S  

 

S  

S  

 

S  

S  

 

S  

 

S  

 

 

S  

S  

S  

 

S  

S  

 

S  

 

S  

 

T  

 

T  

 

T  

T  

T  

T  

 

U  

U  

V  

 

 

V
W  

W  

 

for biodiesel–Key challenges and future directions. Renew. Sustain. Energy Rev. 91,
1103–1120 . 

enegazzo, M.L. , Fonseca, G.G. , 2019. Biomass recovery and lipid extraction processes for
microalgae biofuels production: a review. Renew. Sustain. Energy Rev. 107, 87–107 .

enichetti, E. , Otto, M. , 2009. Energy Balance & Greenhouse Gas Emissions of Biofuels
from a Life Cycle Perspective. Cornell University Library’s Initiatives in Publishing
(CIP) . 

oey, L.K. , GOH, K.E.E.S. , Tong, D.L. , Chong, P.L. , Adam, N.M. , Ahmad, K.A. , 2020. A
review on current energy usage and potential of sustainable energy in Southeast Asia
countries. J. Sustain. Sci. Manag. 15 (2), 89–107 . 

oshood, T.D. , Nawanir, G. , Sorooshian, S. , Mahmud, F. , Adeleke, A.Q. , 2020a. Barriers
and benefits of ICT adoption in the nigerian construction industry. A comprehensive
literature review. Appl. Syst. Innov. 3 (4), 46 . 

oshood, T.D., Nawanir, G., Mahmud, F., Sorooshian, S., Adeleke, A.Q., 2021a. Green
and low carbon matters: a systematic review of the past, today, and future on sustain-
able supply chain management practices among manufacturing industry. Clean. Eng.
Technol. doi: 10.1016/j.clet.2021.100144 . 

oshood, Taofeeq D , Shittu, R.A. , Abidin, T. , 2020c. Covid-19 and 5 G radiation are two
parallel lines: a systematic review. Int. J. Innov. Sci. Res. Technol. 5 Volume . 

sangi, S. , 2018. Bioenergy and Food Security: synergies and Trade-offs. Role Bioenergy
Emerg. Bioecon. Resourc. Technol. Sustain. Policy 355, 357–376 . 

sangi, S. , Sulser, T. , Rosegrant, M. , Valmonte-Santos, R. , Ringler, C. , 2007. Global sce-
narios for biofuels: impacts and implications. Farm Policy J. 4 (2), 1–9 . 

uhammad, G. , Alam, M.A. , Mofijur, M. , Jahirul, M.I. , Lv, Y. , Xiong, W. , Ong, H.C. ,
Xu, J. , 2021. Modern developmental aspects in the field of economical harvesting
and biodiesel production from microalgae biomass. Renew. Sustain. Energy Rev. 135,
110209 . 

usa, M., Ayoko, G.A., Ward, A., Rösch, C., Brown, R.J., Rainey, T.J., 2019. Fac-
tors affecting microalgae production for biofuels and the potentials of chemo-
metric methods in assessing and optimizing productivity.. Cells 8 (851), 1–25.
doi: 10.3390/cells8080851 , doi: . 

yers, R.J. , Johnson, S.R. , Helmar, M. , Baumes, H. , 2014. Long-run and short-run co–
movements in energy prices and the prices of agricultural feedstocks for biofuel. Am.
J. Agric. Econ. 96 (4), 991–1008 . 

egoro, M. , Hamasaki, A. , Ikuta, Y. , Makita, T. , Hirayama, K. , Suzuki, S. , 1993. Carbon
dioxide fixation by microalgae photosynthesis using actual flue gas discharged from
a boiler. Appl. Biochem. Biotechnol. 39 (1), 643–653 . 

hat, P.V.H. , Ngo, H.H. , Guo, W.S. , Chang, S.W. , Nguyen, D.D. , Nguyen, P.D. , Bui, X.T. ,
Zhang, X.B. , Guo, J.B. , 2018. Can algae-based technologies be an affordable green
process for biofuel production and wastewater remediation? Bioresour. Technol. 256,
491–501 . 

igam, P.S. , Singh, A. , 2011. Production of liquid biofuels from renewable resources. Prog.
Energy Combust. Sci. 37 (1), 52–68 . 

orsker, N.-.H. , Barbosa, M.J. , Vermuë, M.H. , Wijffels, R.H. , 2011. Microalgal produc-
tion —a close look at the economics. Biotechnol. Adv. 29 (1), 24–27 . 

dlare, M. , Nehrenheim, E. , Ribé, V. , Thorin, E. , Gavare, M. , Grube, M. , 2011. Cultiva-
tion of algae with indigenous species–potentials for regional biofuel production. Appl.
Energy 88 (10), 3280–3285 . 

no, E. , Cuello, J.L. , 2003. Design parameters of solar concentrating systems for
CO 2 -mitigating algal photobioreactors. In: Proceedings of the Greenhouse Gas Control
Technologies-6th International Conference, pp. 1503–1508 . 

achapur, P.K. , Pachapur, V.L. , Brar, S.K. , Galvez, R. , Le Bihan, Y. , Surampalli, R.Y. , 2020.
Food Security and Sustainability. In: Sustainability: Fundamentals and Applications.
John Wiley & Sons, pp. 357–374 . 

atel, B., Guo, M., Izadpanah, A., Shah, N., Hellgardt, K., 2016. Bioresource tech-
nology a review on hydrothermal pre-treatment technologies and environmen-
tal profiles of algal biomass processing. Bioresour. Technol. 199, 288–299.
doi: 10.1016/j.biortech.2015.09.064 . 

aulus, T.M., Bennett, A.M., 2017a. ‘ I have a love-hate relationship with ATLAS. ti ’ TM : in-
tegrating qualitative data analysis software into a graduate research methods course.
Int. J. Res. Method Educ. 40 (1), 19–35. doi: 10.1080/1743727X.2015.1056137 . 

erin, G. , Jones, P.R. , 2019. Economic feasibility and long-term sustainability criteria on
the path to enable a transition from fossil fuels to biofuels. Curr. Opin. Biotechnol.
57, 175–182 . 

imentel, D. , 2003. Ethanol fuels: energy balance, economics, and environmental impacts
are negative. Nat. Resour. Res. 12 (2), 127–134 . 

ittman, J.K. , Dean, A.P. , Osundeko, O. , 2011. The potential of sustainable algal biofuel
production using wastewater resources. Bioresour. Technol. 102 (1), 17–25 . 

rabhakar, S. , Elder, M. , 2009. Biofuels and resource use efficiency in developing Asia:
back to basics. Appl. Energy 86, S30–S36 . 

i, W. , Huang, Z. , Dinçer, H. , Korsakien ė, R. , Yüksel, S. , 2020. Corporate gover-
nance-based strategic approach to sustainability in energy industry of emerging
economies with a novel interval-valued intuitionistic fuzzy hybrid decision making
model. Sustainability 12 (8), 3307 . 

ahman, A. , Agrawal, S. , Nawaz, T. , Pan, S. , Selvaratnam, T. , 2020. A review of al-
gae-based produced water treatment for biomass and biofuel production. Water
(Basel) 12 (9), 2351 . 

ajagopal, D. , Sexton, S.E. , Roland-Holst, D. , Zilberman, D. , 2007. Challenge of biofuel:
filling the tank without emptying the stomach? Environ. Res. Lett. 2 (4), 44004 . 

ajeev, A. , Pati, R.K. , Padhi, S.S. , Govindan, K. , 2017. Evolution of sustainability in supply
chain management: a literature review. J. Clean. Prod. 162, 299–314 . 

amirez, J.A. , Brown, R.J. , Rainey, T.J. , 2015. A review of hydrothermal liquefaction
bio-crude properties and prospects for upgrading to transportation fuels. Energies 8
(7), 6765–6794 . 

amseur, J.L. , Leggett, J.A. , 2019. Attaching a Price to Greenhouse Gas Emissions with a
12 
Carbon Tax or Emissions Fee: Considerations and Potential Impacts. Homeland Secu-
rity Digital Library . 

obbins, P. , 2011. Political ecology: A critical Introduction, 16. John Wiley & Sons Vol . 
ockström, J. , Steffen, W. , Noone, K. , Persson, Å. , Chapin, F.S. , Lambin, E.F. , Lenton, T.M. ,

Scheffer, M. , Folke, C. , Schellnhuber, H.J. , 2009. A safe operating space for humanity.
Nature 461 (7263), 472–475 . 

odionova, M.V. , Poudyal, R.S. , Tiwari, I. , Voloshin, R.A. , Zharmukhamedov, S.K. ,
Nam, H.G. , Zayadan, B.K. , Bruce, B.D. , Hou, H.J.M. , Allakhverdiev, S.I. , 2017. Biofuel
production: challenges and opportunities. Int. J. Hydrog. Energy 42 (12), 8450–8461 .

osenberg, J.N. , Mathias, A. , Korth, K. , Betenbaugh, M.J. , Oyler, G.A. , 2011. Microal-
gal biomass production and carbon dioxide sequestration from an integrated ethanol
biorefinery in Iowa: a technical appraisal and economic feasibility evaluation. Biomass
Bioenergy 35 (9), 3865–3876 . 

ander, K. , Murthy, G.S. , 2010. Life cycle analysis of algae biodiesel. Int. J. Life Cycle
Assess. 15 (7), 704–714 . 

anteramo, F.G. , Searle, S. , 2019. Linking soy oil demand from the US Renewable Fuel
Standard to palm oil expansion through an analysis on vegetable oil price elasticities.
Energy Policy 127, 19–23 . 

aravanan, A.P. , Mathimani, T. , Deviram, G. , Rajendran, K. , Pugazhendhi, A. , 2018. Bio-
fuel policy in India: a review of policy barriers in sustainable marketing of biofuel. J.
Clean. Prod. 193, 734–747 . 

charlemann, J.P.W. , Laurance, W.F. , 2008. Environmental science: how green are biofu-
els? Science VOL 319 . 

cott, S.A. , Davey, M.P. , Dennis, J.S. , Horst, I. , Howe, C.J. , Lea-Smith, D.J. , Smith, A.G. ,
2010. Biodiesel from algae: challenges and prospects. Curr. Opin. Biotechnol. 21 (3),
277–286 . 

ecretariat, U.N.I.S. , 2015. Global Assessment Report on Disaster Risk Reduction 2015:
Making Development Sustainable. The Future of Disaster Risk Management, UN . 

everes, A. , Hegde, S. , D’Souza, L. , Hegde, S , 2017. Use of light-emitting diodes (LEDs) for
enhanced lipid production in micro-algae based biofuels. J. Photochem. Photobiol. B
170, 235–240 . 

hamseer, L. , Moher, D. , Clarke, M. , Ghersi, D. , Liberati, A. , Petticrew, M. , Shekelle, P. ,
Stewart, L.A. , 2015. Preferred reporting items for systematic review and meta-analysis
protocols (PRISMA-P) 2015: elaboration and explanation. BMJ 349 . 

imonazzi, M. , Pezzolesi, L. , Guerrini, F. , Vanucci, S. , Samorì, C. , Pistocchi, R. , 2019.
Use of waste carbon dioxide and pre-treated liquid digestate from biogas process for
Phaeodactylum tricornutum cultivation in photobioreactors and open ponds. Biore-
sour. Technol. 292, 121921 . 

ingh, J.S. , 2015. Microbes: the chief ecological engineers in reinstating equilibrium in
degraded ecosystems. Agric. Ecosyst. Environ. 203, 80–82 . 

lade, R. , Bauen, A. , 2013. Micro-algae cultivation for biofuels: cost, energy balance, en-
vironmental impacts and future prospects. Biomass Bioenergy 53, 29–38 . 

oratto, J. , Pires, D.E.P.de , Friese, S. , 2020. Thematic content analysis using ATLAS.ti soft-
ware: potentialities for health research. In: Rev. Bras. Enferm., 73. Revista brasileira
de enfermagem, pp. 1–5 Volscielo . 

orda, G. , Banse, M. , Kemfert, C. , 2010. An overview of biofuel policies across the world.
Energy Policy 38 (11), 6977–6988 . 

töcker, M. , 2008. Biofuels and biomass-to-liquid fuels in the biorefinery: catalytic con-
version of lignocellulosic biomass using porous materials. Angew. Chem. Int. Ed. 47
(48), 9200–9211 . 

un, J. , Xiong, X. , Wang, M. , Du, H. , Li, J. , Zhou, D. , Zuo, J. , 2019. Microalgae biodiesel
production in China: a preliminary economic analysis. Renew. Sustain. Energy Rev.
104, 296–306 . 

uzuki, K. , Tsuji, N. , Shirai, Y. , Hassan, M.A. , Osaki, M. , 2017. Evaluation of biomass en-
ergy potential towards achieving sustainability in biomass energy utilization in Sabah,
Malaysia. Biomass Bioenergy 97, 149–154 . 

aofeeq, M.D., Adeleke, A.Q., Chia-Kuang, L.E.E., 2020. Government policy as a key mod-
erator to contractors’ risk attitudes among Malaysian construction companies. J. Eng.
Des. Technol. 18 (6), 1543–1569. doi: 10.1108/JEDT-08-2019-0192 . 

eymouri, A. (2017). Holistic approach in microalgae conversion to bioproducts and bio-
fuels through flash hydrolysis. 10.25777/ayas-6t13. (DOCTOR OF PHILOSOPHY) Is-
lamic Azad University, Shahroud, Iran. 

heesfeld, I. , 2008. Irrigation sector in Bulgaria: impact of post-socialist policy reforms.
Water Policy 10 (4), 375–389 . 

hornhill, A. , Saunders, M. , Lewis, P. , 2009. Research Methods For Business Students.
Pearson Education Ltd, Essex . 

sita, K.G. , Pilavachi, P.A. , 2013. Evaluation of next-generation biomass-derived fuels for
the transport sector. Energy Policy 62, 443–455 . 

u, Z. , Liu, L. , Lin, W. , Xie, Z. , Luo, J. , 2018. Potential of using sodium bicarbonate as
an external carbon source to cultivate microalga in non-sterile condition. Bioresour.
Technol. 266, 109–115 . 

lgiati, S. , 2001. A comprehensive energy and economic assessment of biofuels: when
“green ” is not enough. CRC Crit. Rev. Plant Sci. 20 (1), 71–106 . 

smani, R.A. , 2020. Advanced biofuels: review of effects on environment and socioeco-
nomic development. Eur. J. Sustain. Dev. Res. 4 (4) . 

ignesh, N.S. , Vimali, E. , Sangeetha, R. , Arumugam, M. , Ashokkumar, B. , Ganeshmoor-
thy, I. , Varalakshmi, P. , 2020. Sustainable biofuel from microalgae: application of
lignocellulosic wastes and bio-iron nanoparticle for biodiesel production. Fuel 278,
118326 . 

olk, T. , 2010. CO 2 rising: the World’s Greatest Environmental Challenge. MIT Press . 
ang, B., Li, Y., Wu, N., Lan, C.Q., 2008. CO 2 bio-mitigation using microalgae. Appl.

Microbiol. Biotechnol. 79, 707–718. doi: 10.1007/s00253-008-1518-y . 
ang, D. , Jiang, D. , Fu, J. , Hao, M. , Peng, T. , 2020. Assessment of Liquid Biofuel Poten-

tial from Energy Crops Within the Sustainable Water–Land–Energy–Carbon Nexus.
Sustainable Energy & Fuels . 

http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0104
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0105
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0105
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0105
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0106
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0106
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0106
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0107
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0107
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0107
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0107
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0107
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0107
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0107
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0108
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0108
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0108
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0108
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0108
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0108
https://doi.org/10.1016/j.clet.2021.100144
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0113
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0113
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0113
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0113
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0115
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0115
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0116
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0116
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0116
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0116
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0116
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0116
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0117
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0117
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0117
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0117
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0117
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0117
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0117
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0117
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0117
https://doi.org/10.3390/cells8080851
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0119
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0119
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0119
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0119
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0119
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0120
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0120
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0120
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0120
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0120
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0120
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0120
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0121
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0121
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0121
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0121
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0121
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0121
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0121
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0121
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0121
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0121
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0122
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0122
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0122
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0123
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0123
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0123
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0123
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0123
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0124
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0124
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0124
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0124
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0124
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0124
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0124
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0125
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0125
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0125
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0126
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0126
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0126
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0126
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0126
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0126
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0126
https://doi.org/10.1016/j.biortech.2015.09.064
https://doi.org/10.1080/1743727X.2015.1056137
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0130
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0130
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0130
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0131
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0131
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0132
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0132
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0132
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0132
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0133
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0133
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0133
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0134
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0134
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0134
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0134
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0134
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0134
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0135
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0135
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0135
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0135
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0135
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0135
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0136
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0136
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0136
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0136
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0136
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0137
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0137
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0137
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0137
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0137
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0138
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0138
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0138
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0138
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0139
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0139
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0139
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0139
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0140
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0140
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0141
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0141
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0141
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0141
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0141
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0141
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0141
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0141
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0141
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0141
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0141
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0142
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0142
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0142
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0142
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0142
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0142
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0142
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0142
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0142
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0142
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0142
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0144
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0144
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0144
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0144
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0144
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0144
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0145
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0145
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0145
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0146
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0146
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0146
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0147
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0147
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0147
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0147
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0147
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0147
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0148
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0148
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0148
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0149
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0149
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0149
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0149
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0149
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0149
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0149
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0149
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0150
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0150
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0151
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0151
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0151
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0151
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0151
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0152
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0152
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0152
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0152
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0152
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0152
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0152
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0152
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0152
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0153
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0153
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0153
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0153
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0153
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0153
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0153
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0154
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0154
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0155
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0155
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0155
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0156
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0156
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0156
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0156
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0157
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0157
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0157
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0157
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0158
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0158
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0159
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0159
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0159
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0159
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0159
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0159
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0159
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0159
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0160
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0160
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0160
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0160
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0160
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0160
https://doi.org/10.1108/JEDT-08-2019-0192
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0163
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0163
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0164
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0164
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0164
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0164
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0165
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0165
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0165
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0166
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0166
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0166
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0166
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0166
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0166
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0167
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0167
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0168
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0168
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0169
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0169
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0169
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0169
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0169
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0169
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0169
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0169
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0170
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0170
https://doi.org/10.1007/s00253-008-1518-y
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0172
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0172
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0172
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0172
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0172
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0172


T.D. Moshood, G. Nawanir and F. Mahmud Environmental Challenges 5 (2021) 100207 

W  

W  

 

W  

 

X  

 

X  

Y  

Z  

Z  

 

Z  

Z  

L  
ei, N. , Quarterman, J. , Jin, Y.S. , 2013. Marine macroalgae: an untapped resource for
producing fuels and chemicals. Trends Biotechnol. 31 (2), 70–77 . 

illiams, P.J. , le, B. , Laurens, L.M.L. , 2010. Microalgae as biodiesel & biomass feedstocks:
review & analysis of the biochemistry, energetics & economics. Energy Environ. Sci.
3 (5), 554–590 . 

ilson, M.H. , Shea, A. , Groppo, J. , Crofcheck, C. , Quiroz, D. , Quinn, J.C. , Crocker, M. ,
2020. Algae-based beneficial re -use of carbon emissions using a novel photobioreac-
tor: a techno-economic and life cycle analysis. Bioenergy Res. 1–11 . 

u, X.L. , Chen, H.H. , 2020. Exploring the relationships between environmental manage-
ment and financial sustainability in the energy industry: linear and nonlinear effects.
Energy Environ. 31 (7), 1281–1300 . 
13 
u, Y. , Li, J. , Tan, Q. , Peters, A.L. , Yang, C. , 2018. Global status of recycling waste solar
panels: a review. Waste Manage. (Oxford) 75, 450–458 . 

i, X. , Yang, Q.F. , Yang, K.Y. , Suh, M.G. , Vahala, K. , 2015. Soliton frequency comb at
microwave rates in a high-Q silica microresonator. Optica 2 (12), 1078–1085 . 

aimes, G.G. , 2017. Integrated Life Cycle Framework for Evaluating the Sustainability of
Emerging Drop-In Replacement Biofuels. The University of Pittsburgh . 

hu, Z. , Xu, Z. , 2020. The rational design of biomass-derived carbon materials towards
next-generation energy storage: a review. Renew. Sustain. Energy Rev. 134, 110308 .

iolkowska, J.R. , 2020. Biofuels technologies: an overview of feedstocks, processes, and
technologies. In: Biofuels For a More Sustainable Future. Elsevier, pp. 1–19 . 

uorro, A. , García-Martínez, J.B. , Barajas-Solano, A.F. , 2021. The application of catalytic
processes on the production of algae-based biofuels: a review. Catalysts 11 (1), 22 . 

u, W., Yuan, H. (2011). A framework for understanding waste management studies in
construction. Waste management, 31(6), 1252–1260. 

http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0173
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0173
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0173
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0173
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0174
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0174
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0174
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0174
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0175
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0175
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0175
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0175
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0175
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0175
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0175
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0175
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0176
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0176
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0176
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0177
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0177
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0177
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0177
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0177
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0177
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0178
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0178
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0178
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0178
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0178
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0178
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0179
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0179
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0180
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0180
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0180
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0181
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0181
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0182
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0182
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0182
http://refhub.elsevier.com/S2667-0100(21)00186-4/sbref0182

	Microalgae biofuels production: A systematic review on socioeconomic prospects of microalgae biofuels and policy implications
	1 Introduction
	2 Methodology
	2.1 Literature search
	2.2 Literature consideration
	2.3 A systematic review using ATLAS.ti 9 software

	3 Global energy challenge
	3.1 Sustainability and energy diligence

	4 Microalgae
	4.1 Applications

	5 Conventional biofuels: an overview
	5.1 Feasibility of conventional biofuels
	5.2 Energy return
	5.3 Net carbon benefit
	5.4 Socioeconomic benefits from energy independence
	5.5 Impacts on food prices and agricultural resources

	6 Algae-based biofuels
	6.1 Financial feasibility
	6.2 Energy requirements
	6.3 Net carbon benefits
	6.4 Nitrogen benefits
	6.5 Socioeconomic benefits

	7 Limitations of current policies for biofuels
	7.1 Policy recommendations

	8 Discussion
	9 Conclusion
	Funding
	Declaration of Competing Interest
	References


