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A	B	S	T	R	A	C	T	

Biofuels	 researchers	 extended	 to	 fit	 the	 growing	 fuel	 requirements	 and	
protected	 regional	 energy.	 Because	 of	 renewable	 and	 no	 impact	 on	 carbon	
biomass	is	preferred	to	replace	fossil	fuels.	2nd	generation	biofuels	generated	
from	micro-algae	 and	 lignocellulosic	biomass	 (3rd	 generation	biofuels)	have	
become	an	 essential	 raw	material	 for	 the	 generation	of	 renewable	 biofuels.	
Microalgae	are	rapidly	multiplying	microorganisms	seen	in	the	water,	are	the	
essential	 raw	 material	 for	 bio-fuel	 generation	 for	 the	 features	 like	 huge	
growth	 ratio,	 yield	 per	 area,	 potency	 in	 CO2	 capture,	 and	 solar	 energy	
transformation.	Photobioreactors	on	marginal	 lands,	ponds,	and	seawater	 is	
the	 best	 growing	 area	 for	 algae,	 industries	 also	 cultivate	 the	 algae.	 Many	
methods	 have	 been	used	 for	 the	 generation	 of	 biofuels	 from	algae	 includes	
anaerobic	 digestion,	 hydrothermal	 liquefication,	 supercritical	 water	
gasification,	and	pyrolysis.	This	review	article	in	brief	explains	the	process	of	
biofuel	generation	by	using	microalgae.	
	

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------	
	
Introduction	
The	long-term	sources	of	bio-fuel	are	found	by	the	many	types	of	research	output	includes	the	emerging	
one	is	algae.	Many	features,	qualities,	and	benefits	that	have	made	them	attractive	include	their	growth	
and	multiplications.	Many	 researchers	 are	working	 on	 the	 cultivation	 and	use	 of	microalgae	 in	 biofuel	
generation.	The	microalgae	biofuel	project	includes	many	procedures	starting	from	the	growth	of	algae,	
harvesting,	 dehydration,	 and	 generation	 of	 oils	 with	 project	 costs	 for	 the	 infrastructure,	 engineering,	
installation,	 and	 initiation.1	The	microalgae	have	 a	wide	 variety	 of	 diversity	 depending	 on	 the	 range	 of	
molecules	 they	 can	 generate	 like	 vitamins,	 long-chain	 polyunsaturated	 fatty	 acids,	 pigments,	 and	
antioxidants.	 This	 diversity	 depends	 on	 the	 applications	 and	 market	 needs	 in	 the	 future.	 It	 offers	 an	
emerging	power	for	inventions	and	therefore	needs	to	be	studied	in	depth2-3.		
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Despite	demanding	and	increasing	interest	in	microalgae	for	many	years,	industrial	utilization	was	found	
limited,	some	technological	errors	should	be	validated	to	enhance	the	yields	and	increase	the	economic	
situation	of	the	area.	The	culture	procedure	requires	the	utilization	of	many	energies	in	all	stages	starring	
from	the	medium	agitation	for	uniformity	and	holding	the	algae	in	suspension	to	the	extractions	that	may	
result	in	loss	of	energy	equivalence.4	The	thrust	area	for	coming	is	consequently	to	identify	options	to	the	
powerful	improvement	of	all	of	the	stages,	to	balance	the	energy	of	the	stages	is	superb	in	its	entirety.	The	
aid	of	lowering	the	motion	of	cells	in	the	agitation	stage	would	enable	a	common	decrease	in	energy	costs.	
Thus,	 if	 this	 technological	know-how	 is	accurately	established,	energy	production	 from	algae	will	be	of	
treasured	monetary	advantage.5	
	
Process	of	biofuel	generation	by	using	microalgae		
There	 are	 quite	 a	 few	 feasible	 patterns	 of	 tactics	 for	 the	 transfer	 of	microalgae	 into	 biofuel	 energy.	 It	
consists	of	several	physical	and	chemical	pre-treatments	that	are	meant	to	limit	the	water	material	and	
modify	the	physical	shape	of	the	microalga	in	a	segment	that	we	can	effortlessly	homogenize.	
	
Anaerobic	digestion	
It	 takes	 place,	 in	 the	 lack	 of	 air,	 to	 radically	 change	 the	 microalgae	 into	 biogas	 by	 using	 bacterial	
degradation.	This	biogas	is	a	traditional	gas	that	we	can	store	and	distribute.6	The	deference	of	microalgae	
to	these	bioenergy	transform	processes	is	in	contrast	with	other	terrestrial	and	aquatic	biomass	sources	
are	 the	absolute	 best	energy	yields	mentioned	in	 the	 research	 have	 been	 hydrogen	 1.2,	 methane	 14.4,	
ethanol	 14.8,	 butanol	 6.6.	 The	 maximum	 power	 energy	 density	 found	 from	 microalgal	 biomass	 in	
microbial	fuel	cells	has	been	980	mW	m(-2).	Stepwise	manufacturing	of	distinct	energy	carriers	enhances	
plausible	attainable	energy	yields	but	additionally	enhances	the	funding	and	upkeep	costs.6	
For	ethanol	fermentation	and	methanogenic	digestion	microalgal	biomass	is	an	assuring	raw	material	for	
the	anaerobic	energy	transforming	method.	Timely	and	required	for	economic	comparisons	the	scale-up	
of	microalgal	biomass,	 the	anaerobic	utilization	for	production	of	energy	carriers,	because	the	reported	
studies	have	been	based	on	laboratory-scale	experiments.7		
Many	photosynthetic	organisms	produce	biomass	for	many	uses	by	storing	and	converting	solar	energy	
in	an	anaerobic	process.	Production	of	sustainable	energy	carriers	uses	anaerobic	conditions	by	utilizing	
biomass.	 Microalgae	 have	 many	 benefits	 in	 contrast	 to	 plants.	 Pretreatment	 strategies,	 biomass	
composition,	 parameters	 of	 the	 digestion	 process	 affect	 the	 powerful	 biogas	 production	 via	 anaerobic	
digestion.	 The	 efficiency	 and	 sustainability	 of	 renewable	 energy	 production	 are	 enhanced	 by	 biogas	
production	and	coupled	biohydrogen.8	
The	anaerobic	conditions	required	for	the	organic	compound	decomposition	and	many	species	of	diverse	
microbes	involved	in	the	microbial	food	chain	steadily	degrade	the	complex	substance	to	a	mixture	of	CO2	
and	 CH4.9-11	 The	 concept	 of	 microalgal	 biomass	 substrate	 in	 anaerobic	 digestion	 (AD)	 in	 the	 1950s	
(Figure.	1),	in	which	a	culture	mixture	of	Scenedesmus	species	and	Chlorella	species	grown	in	wastewater	
was	utilized.	AD	process,	biogas	composition,	and	stability	of	many	microalgae	species	were	investigated	
in	the	literature.12-17	
Strain	selection	
Various	microalgal	families	were	compared,	including	sea	and	freshwater	strains	for	biogas	generation.	A	
typical	feature	in	mesophilic	situations,	the	CH4	composition	of	the	biogas	from	the	microalgae	used	to	be	
~7-13%	greater	 than	 that	 from	maize	silage,	 the	 largest	 substrate	 in	biogas	 formation.	The	higher	CH4	
composition,	the	usual	biogas	yields	various	relying	on	the	algae	strains	structure	of	cell	wall.	Dunaliella	
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salina	is	an	easily	biodegradable	species	either	lacks	a	cell	wall	or	Chlamydomonas	reinhardtii	cell	wall	is	
rich	in	easily-biodegradable	protein.18-20	
	

	
Figure	1:	The	concept	of	micro-algal-based	biogas	generation.	

	
Pre-treatments	
Biogas	products	from	algae	may	be	enhanced	by	necessary	pre-treatments	including	solubilization	of	the	
cell	wall.	The	important	pre-treatment	ideas	consist	of	biological	mechanical,	chemical,	thermal	methods.	
Energy	utilization	or	consumption	is	the	main	parameter	identifying	the	large-scale	use	of	these	methods.	
Sonication	 is	 a	 type	 of	mechanical	 pre-treatments	 that	 are	 powerful	 to	 solubilize	 the	 cell	wall,	 but	 the	
energy	needs	make	 them	noneconomical.	Concentrated	biomass	 is	 required	 to	attain	a	positive	energy	
balance	in	thermal	pre-treatment	to	increase	biogas	production.21-22	
	
Biological	pre-treatments	
Various	enzymes	are	needed	to	degrade	the	cell	wall	polymers	effectively	in	biological	methods.	Protease	
enzyme	 pre-treatment	 of	 C.	 vulgaris	 and	 S.	 obliquus	 increased	 the	 CH4	 yields	 1.53-fold	 and	 1.72-fold	
respectively.	In	a	similar	approach,	an	enzyme	mixture	including	hemicellulase,	cellulase,	xylanase,	and	b-
glucanase	was	powerful	 in	 initiating	AD	of	algal	biomass.	The	cost	of	enzyme	production	is	the	 limiting	
factor	 of	 the	 biological	 pre-treatment	 methods.	 Therefore,	 in	 situ	 enzyme	 generation	 has	 been	
economical.	The	hydrolytic-acidogenic	stage	could	be	separated	from	the	methanogenesis	stage	in	a	two-
stage	AD	concept	design.23-25	
	
Hydrothermal	liquefaction		
Converting	 biomass	 in	 a	 complex	 method	 requires	 physical	 and	 chemical	 structural	 modifications.	
Biomass	 is	 degraded	 into	 small	 molecules.	 Unstable	 and	 reactive	 small	 molecules	 and	 may	 be	
repolymerized	 into	 oily	 compounds	 with	 huge	 molecular	 weight	 distribution.	 This	 process	 has	 the	
advantage	 that	 wet	 raw	 material	 can	 be	 used	 (energy	 utilization	 of	 water	 evaporation	 is	 inhibited).	
Temperature	between	250	and	350°C,	5	and	20	MPa,	and	with	or	without	a	catalyst	is	required	to	operate	
the	 liquefaction.	 In	several	processes,	water	 is	maintained	 in	 the	subcritical	 state	and	hydrogen	can	be	
added	that	gives	it	special	reactive	features.	In	several	processes,	the	water	is	in	a	super-critical	state.	The	
yield	 generated	 is	 a	 mixture	 of	 gas	 and	 oil.	 Generally,	 after	 extraction	 and	 evaporation	 of	 an	 organic	
solvent	 the	 bio-oil	 is	 produced	 (e.g.	 dichloromethane).	 A	 liquid	 phase	 and	 solid	 residue	 are	 also	
produced.26-28	
This	 process	 requires	 high	 pressure	 and	 temperatures	 to	 degrade	 organic	 compounds	 into	 smaller	
fractions	 and	 is	 the	 most	 assuring	 method	 to	 transform	 wet	 microalgae	 raw	 material	 to	 biofuel.	 To	
precisely	 control	 and	 observe	 reaction	 conditions	 at	 high	 temperature	 and	 pressure	 a	 microfluidic	
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screening	platform	is	required.	Fluorescence	enables	real-time	monitoring	and	direct	monitoring	of	this	
method	by	using	in	situ	observation.	Algal	slurry	at	675	nm	(chlorophyll	peak)	to	a	post-HTL	stream	at	
510	nm	a	strong	shift	fluorescence	signature	is	seen	for	reaction	temperature.	Separation	from	the	liquid	
phase	 into	 immiscible	 droplets	 and	 biocrude	 production	 is	 directly	 seen	 over	 the	 same	 timescale.	 The	
method	control	and	insight	process,	with	a	resolution	that	will	direct	the	concept	of	large-scale	reactors	
and	methods	determined	by	the	microfluidic	platform.29	One	study	reported	algal	biomass	(less	than	40	
wt%	of	ash	contents)	transformed	into	biocrude	oil	via	HTL	(Figure	2).30	
	

	
Figure	2:	algal	biomass	with	(less	than	40	wt%	of	ash	contents)	transformed	into	biocrude	oil	via	HTL.	
	
Pyrolysis		
It	is	the	chemical	decay	of	a	substance	under	the	activity	of	heat.	At	temperatures	from	350°C	to	700°C,	
biomass	is	converted	into	carbon	residue,	bio-oil,	and	syngas	under	low	pressure	and	in	the	absence	of	
air.	Fast	heating	rates	and	moderate	temperatures	and	low	residence	times	enhance	liquid	product	yield.	
The	formation	of	carbonaceous	residues	occurs	at	slow	pyrolysis,	while	the	formation	of	bio-oil	occurs	at	
fast	pyrolysis.31-32	
One	study	reported	the	higher	aliphatics,	lower	content	of	acids	and	oxygen	in	the	bio-oil,	show	assurance	
for	generation	of	high-quality	bio-oil	from	Nannochloropsis	by	Ni-Ce/Al2O3	catalytic	pyrolysis.33	
Bio-oil	is	the	liquid	fraction	collected	from	pyrolysis,	the	required	yield	of	the	process.	bio-oil	can	be	used	
as	fuel	in	turbines	and	simple	boilers	for	the	generation	of	electricity	and	heat.	The	process	of	pyrolysis	is	
explained	and	classified	into	many	operation	modes	(Figure	3).34	

	
Figure	3:	The	process	of	pyrolysis.	
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Gasification		
It	 transforms	 the	 carbonaceous	materials	 into	 hydrogen	 and	 carbon	monoxide	 by	 reaction	 of	 the	 raw	
material	 with	 a	 controlled	 quantity	 of	 oxygen	 at	 very	 high	 temperatures	 (800–1000°C).	 Gasification	
methods	have	two	subtypes	conventional	and	supercritical	water	gasification.35-36	
	
Conventional	gasification	
It	 transforms	 solid	 biomass	 into	 syngas	 in	 an	 oxygen-lacking	 environment	 at	 a	 temperature	 of	 800–
1000 °C.	 In	 contrast	 to	 other	 thermochemical	 transform	 methods,	 the	 gasification	 method	 is	 more	
significant	due	to	its	potential	for	large-scale	generation	of	H2	with	high	energy	power.37	The	adjustable	
H2/CO	 ratio	 in	 the	 syngas	 is	 useful	 for	 many	 ranges	 of	 uses,	 including	 chemical	 syntheses	 such	 as	
methanol,	 ammonia,	 acetic	 acid,	 and	 power	 generation.	 Air,	 steam,	 and	 oxygen	 are	 the	main	 gasifying	
agents	used	in	gasification.	The	biomass	is	required	to	be	dried	or	allowed	to	a	certain	moisture	content	
before	the	gasification	process.38	
	
Supercritical	water	gasification	
Water	behaves	like	a	non-polar	solvent	beyond	the	critical	point	with	a	decrease	in	viscosity	and	thermal	
conductivity	 increased	diffusivity.39	 Supercritical	water	acts	as	an	efficient	oxidant	of	more	 than	600 °C	
which	free	radical	reactions	control	which	transforms	harmful	organic	substances	into	stable	products.40	
The	diagram	of	supercritical	water	gasification	of	algae	is	illustrated	in	Figure	4.	
	

	
	

Figure	4:	supercritical	water	gasification	of	algae.	
	
Conclusion	
The	utilization	of	extremophilic	microalgae	and	cyanobacteria	did	clear	up	many	troubles	and	without	a	
doubt	 recognized	 biomass	 productiveness	 and	 harvesting.	 The	 two	 foremost	 constraints	 inhibiting	
microalgae	producing	bulk	chemicals,	like	biofuels.	In	response	to	the	global	warming,	triggered	through	
anthropogenic	 CO2	 emissions,	 microalgae	 were	 once	 more	 advised	 as	 a	 carbon	 impartial	 method	 to	
generate	 biofuels	 by	 using	 several	 significant	 techniques	 such	 as	 anaerobic	 digestion,	 hydrothermal	
liquefication,	supercritical	water	gasification,	and	pyrolysis.	
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