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Abstract

The increase demands for energy and consequent depletion of fossil fuels Received: 22 July 2021
resulted in various environmental issues such as air pollution. So, finding Accepted: 12 October 2021
clean and renewable energy sources is critical. Diesel as a fossil fuel is Page Number: 63-76

excessively used in diesel engines which led to the emission of greenhouse gas
and depletion of these resources, as well. Therefore, looking for an
appropriate energy source for diesel engines is necessary. In this context, use
of the third generation of biofuels, or microalgae, not only makes it possible
to produce fuel from a sustainable, renewable, and biocompatible energy
source, but also can be combined with wastewater treatment and carbon
dioxide fixation. Considering the importance of biodiesel production, in this Keywords:
work, the main effective parameters on biodiesel production from algae Microalgae,

sources, including algae growth, methods for algae harvesting, methods for
extraction of oil from algae, and various processes involved in biodiesel
production using the oil extracted from algae were reviewed. In addition, in
the end, the characteristic futures of the biodiesel from algal sources for
application as fuel are comprehensively discussed. Renewable Energy

Biodiesel,
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2. Stearic
3. Oleic
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Figure 1. Effective processes in biodiesel production from microalgae.

1. Nannochloropsis Oculata
3. Chlorella Vulgaris

2. Botryococcus Braunii
4. Triacylglycerides
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Table 1. Comparison of the amount of biomass, oil content, and extracted oil from different algae [15].

Cultivation
Scenedesmus obliquus Batch
Chlorella Vulgaris Batch
Nannochloropsis Oculata Two stages
Nannochloropsis Oculata Semi-batch
Desmodesmus Semi-batch
Desmodesmus Batch

Biomass Oil content Extracted oil
(@/L) (YoW/W) (mg/L.day)
5.64 22.4 140
3.20 53 144
3.44 44.5 170

1 30.7 151
3.99 45.6 302
3.32 64.1 263
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Table 2. Comparison of biomass production under different conditions of temperature, illumination, and carbon
dioxide using various algae.

Hlumination

(umol/m2.S )

Botryococcus Braunii 100
Chlorella Vulgaris 110-120
Chlorella Vulgaris 261

Scenedesmus obliquus 300

Chlorella sorokiniana 422

Halochlorella rubescens 22-42

Produced
biomass
(@/m2.d)

1 25 6.5 [18]
0.04 20 2.6 [19]
0.04 - 2 [20]

2 30 15 [21]

- 38 17.5-20 [22]
0.04  18-32 1 [23]

1. Botryococcus
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6. Coagulation

7. Floatation

8. Flocculation

9. Sedimentation
10. Filtration

11. Sedimentation
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1. Tubular

2. Flat Plate

3. Sparger

4. Bubble Column
5. Airlift
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Table 3. Comparison of cost and energy consumption in oil
extraction from algae using different methods [26].

Extraction Efficienc Cost Energy
method y involved requirement
Use of .
. High due to
organic .
using
solvents solvents Ener
such as: Moderate ! . g_;y
reuse could intensive
chloroform,
help save
methanol,
some costs
hexane,
Energy
Supercritica . . intensive due
High High cost
1 CO, g g to use of
high pressure
High initial Energy
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Figure 2. Overall process of biodiesel production oil extracted from algae.
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Figure 3. Classification of different catalysts for production of biodiesel.
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Table 4. Comparison of biodiesel yield from algae’s oil using solid catalysts.

Catalyst
Al,03/M00Oj3; (18%)/NiO (4%)
H-ZSM-5/ MoOs (18%)/NiO (5%)
Microporous titania

Niobium oxide

)CCT | Pressure (kPa) | Conversion (%)
370 5000 99
410 50 98
340 15513.78 84
200 20684.27 94.27
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Table 5. Comparison of advantages and drawbacks of homogenous and heterogeneous catalysts in biodiesel production.

Catalyst type
Homogeneous

Advantages

Disadvantages

Alkali (NaOH, KOH)
conditions

AcidH,SO,, HCI, HF)

formation of soap

High reactivity; faster reaction rate;
minimum cost; moderate working

Non-reactive to moisture and free
fatty acids content in oil; catalyzed
simultaneous esterification and
transesterification reactions; avoids

Inappropriate for high free fatty acids in
feedstocks; deactivates in the presence of
moisture and free fatty acids; requirement of
high amount of waste water; saponification
occurs as a side
reaction; non-recyclable

Slow reaction rate; long reaction time; high
alcohol/oil requirement; weak catalytic activity;
catalyst is difficult to recycle

Advantages Disadvantages

Alkali(CaO, SrO, MgO)
catalyst life

esterification and
AcidZrO, TiO, Zn0O)

Non-corrosive; recyclable; high
selectivity; easy separation; longer

Catalyzed simultaneous

transesterification reactions;
non-corrosive to reactor and reactor
parts; recyclable; eco-friendly

Slow reaction rate compared to
homogeneous one; low free fatty acids
requirement in the feedstock; highly sensitive
to water and free fatty acids; saponification as
a side reaction; high volume of wastewater;
high cost of catalyst synthesis; diffusion
limitations

Long reaction time; higher reaction
temperature and
pressure; weak catalytic activity; diffusion
limitations; high cost for catalyst synthesizing
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Table 6. Comparison of the properties of biodiesel produced from oil algae and the diesel produced from
fossil source with standard (ASTMD 6571-6) [32].

Property Limit
Flash point 130 min
Kinematic viscosity 1.9-6
Density 0.86-0.9
Cetane number 47 min
Cloud point =
Acid number 0.8

Unit Microalgal Petroleum
biodiesel diesel
°C > 160 75
mm?/s 4.519-4.624 1/9-4/1
Kg/L 0.864 0.838
- 48-65 40-55
°C -5.2t0 3/9 -35t0 5
mgKOH/g 0.022-0.003 0.5

1. American Society for Testing and Materials (ASTM D 6571-6)
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