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Production of Biodiesel Using Waste Water Algae
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ABSTRACT

The most common liquid fuel from algae is biodiesel. Fatty Acid Methyl Ester (FAME) or biodiesel is
typically produced by a reaction-Transesterification between triglycerides and alcohol (most commonly
methanol) at 60-70°C and in the presence of an alkaline or acidic homogeneous catalyst at atmospheric
pressure. In addition to triglycerides in the lipid fraction, algae oil also contains a substantial quantity of
free fatty acids (FFAS) and some moisture. In the present study the biodiesel was produced by using the
algae. The algae were collected from a pond water from Karad, Maharashtra, India. The algae were studied
for microscopic observation and was identified as Pithophora sp. The yield of the biodiesel was found to be
47.619 ml1/100 g of algae. The biodiesel was found to be having green yellowish colour and chemicalodour.
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Introduction

The world is facing the energy crises and environ-
mental issues in this century due to increased indus-
trialization and overuse of natural resources for en-
ergy such as fossil fuels. The burning of fossil fuels
generates greenhouse gases which aggravate the
global warming. Biodiesel is biodegradable, causes
less CO, and NO_emissions. Continuous use of pe-
troleum sourced fuels is now widely recognized as
unsustainable because of depleting supplies and the
contribution of these fuels to the accumulation of
carbon dioxide in the environment. In present situ-
ation, global warming effect, depletion in fossil fuel
reserves and higher petroleum prices are the main
issues driving worldwide interest on the develop-
ment of alternative renewable, biodegradable and
sustainable biofuels (Alptekin, 2008). Biofuels pro-
duced from algae are considered to be a potential
substitute to replace conventional fossil fuels
(Brennan, 2010).

First generation biofuels correspond to those is-

sued from food-based crops (Antizar Ladislao and
Turrion-Gomez, 2008). They mainly correspond to
ethanol-based fuels obtained from the fermentation
of sugars (corn, beet, sugar cane, etc.), vegetable oil-
based fuels (raw o0il, biodiesel and renewable diesel
produced from catalytic hydrodeoxygenation)
(Knothe, 2010; Natural Resources Canada, 2011b)
from oleaginous plants (colza, palm, canola, etc.)
and biogas emitted from raw material or landfills
(Naik et al., 2010).

Second generation biofuels are the cellulosic-
based biofuels obtained from non-food crops mate-
rials (wood, leaves, straw, etc.). These biofuels in-
clude bioalcohols, bio-oil, 2,5- dimethylfuran
(BioDMF), biohydrogen, Fischer-Tropsch diesel,
wood diesel (Fatih Demirbas, 2009; Roman-Leshkov
et al., 2007). Third generation biofuels are microor-
ganisms (yeast, fungi) biofuels and algae-based fu-
els like vegetable oils, bio-oil, jet-fuels, biohydrogen,
biodiesel, renewable diesel and many others (Fatih
Demirbas, 2009; Nigam and Singh, 2011). Second
and 3rd generation biofuels are better than 1st gen-
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eration biofuels for sustainable development as they
are carbon neutral or they reduce atmospheric CO,
as they are carbon negative (Naik et al., 2010). For
example, 1st generation biodiesel (like soybean)
only induces a net reduction of GHG emissions by
41% (Hill et al., 2006). In comparison, for each tone of
microalgal biomass produced, some authors esti-
mate that 1.8 tons of CO2 would be consumed
(180% reduction) (Chisti, 2007; Demirbas and
Demirbas, 2011).

Materials and Methods

Collection of Algae

One hundred and fifty g of algal biomass (W /W)
was collected from pond water of Karad city,
Maharashtra, India in a clean bottle.

Study of Morphological Characteristics of Algae

A small amount of algal sample was mounted on
glass slide. A drop of water is placed on the
mounted algal biomass. Then cover slip was placed
over the sample and carefully lowered the cover slip
into place using a tooth pick or equivalent. This
method will help prevent air bubbles from being
trapped under the cover slip. The slide was ob-
served under microscope and Morphological char-
acteristics were studied for identification (Lee, 2018).

Extraction of Biodiesel from Algal biomass
Extraction of oil from algae

Three sets of 50g of Algal mass (W/W) were col-
lected prepared in beakers. Algae were ground with
motor and pestle as much as possible. The ground
algae were dried for 20 min at 80 °C in an incubator
for releasing water. Dry weight of the algal mass
was determined. The average dry algal mass per set
was 10 g. Ether and n-butyl alcohol (1:1) were mixed
at 50 ml amount with the dried ground algae to ex-
tract oil. Then the mixture was kept for 24 h at 4 °C
for settling (Brennan, and Owende, 2010).

Evaporation

The supernatants were decanted out and these three
oil extracts were evaporated to release n-butyl alco-
hol and ether solutions using rotary evaporator.

Mixing of catalyst and methanol

The 0.75 g NaOH pellets were mixed with 72 ml
methanol and stirred properly for 20 min.
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Biodiesel production by Transesterification

The 24 ml mixture of catalyst and methanol was
poured into each of the algal oil setsin a conicalflask
and heated to 70 °C for a 3-h on electric shaker at 300
rpm

Settling

After shaking, the solution was kept for 16 h to get
settled. The fuel floated in upper layer. The Glycer-
ine and pigments settled faster at the bottom of the
flask.

Separation of biodiesel

The biodiesel was separated from sedimentation by
separating funnel. The solution was added in the
separating funnel. Solution was allowed to settle for
few minutes again to separate the solution in layers.
After complete separation of layers,the stopper was
removed and drained the bottom layer containing
glycerine and pigments. Quantity of sediment (glyc-
erine, pigments, etc.) was measured.

Washing

Biodiesel was washed by 5% water for 3 to 4 times
until it became clean.

Storage

Biodieselwas measured by using measuring cylin-
der. The pH was measured and stored at 4 °C for
analysis.

Results and Discussion

Collection of Algal mass: The 150 g algae was col-
lected from pond water and observed under micro-
scope and tentatively identified as strain of
Pithophora sp. Dry weight of Algal Biomass-taken
per set was 10-g from which biodiesel was prepared
using methanol-NaoH catalyst mixture.

The result of Production of Biodiesel and its prop-
erties are presented in Table 1 and Photoplates-1, 2
and 3.

In thethree sets of algae with 10 g each of dry
pithophora algal biomass, 7-9 ml of Biodiesel and 15-
18 ml of glycerine were obtained. Thus the average
yield of biodiesel was found to be 80 m1/100 g
dryalgae. The oil content (% dry weight) of algae
was found to be in the range of 25 to 77%. The oil
content of Pithophora is found to be equivalent to
Nitzschia sp. and Neochlorisoleo abundans spp. (Deng
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Table 1. Biodiesel obtained from Pithophora spp

S87

Sr. No. Details Flaskno.1 Flaskno. 2 Flaskno.3

1 Algae used: Pithophora 50-g wet weight and 10-g 50-g wet weight and ~ 50-g wet weight and
species and amount(g) dry weight 10-g dry weight 10-g dry weight

2 Biodiesel obtained 8mL 7mL 9mL

3 Glycerine obtained 15-mL 18-mL 15-mL

4 Odour of biodiesel Chemical (Burnt Chemical (Burnt Chemical (Burnt

coffee smell) coffee smell) coffee smell)
5 Colour Yellowish green Yellowish green Yellowish green
6 pH acidic acidic acidic

A a

Photoplate 2. Microscopic observation of collected algae
pithophora spp.

Photoplate 3. Production and separation of biodiesel

et al., 2009; Fatima et al., 2016).

The odour of biodiesel was found to be Chemical
(Burnt coffee smell) and Colour of biodiesel was
found to be yellowish green.

Conclusion

Algal biofuel is an ideal biofuel candidate which
eventually could replace petroleum-based fuel due
to several advantages, such as high oil content, high
production, less land, etc. For present study the algal
mass was collected from a pond water from Karad
city, Maharashtra and characterised by microscopic
observation as Pithophora sp. Algae was used for
biodiesel Production. The biodiesel production was
carried out by transesterification process. Biodiesel
was separated by using separating funnel and col-
lected while the sediment layer was containing glyc-
erine and pigment. Some Physical properties like
colour and odour of biodiesel produced were stud-
ied.

The yield of the biodiesel was found to be 80 ml/
100 g of dry algae. The biodiesel was found to be
having yellowish green colour and chemical (burnt
coffee smell) odour which was same with market
available diesel. Three type of the pigment were
separated.

Biodiesel could be produced from Algae i.e.,
Pithophora spp. by transesterification process. The
algae can be cheap, source for the production of
biodiesel. However, more studies should be carried
out to explore the algal potential for the productionn
of biodiesel.

Acknowledgement

Authors are thankful to the Dr. Suresh Bhosale,
Chancellor, Krishna Vishwa Vidyapeeth, Deemed to
be University, Karad for giving us an opportunity to
work on this topic.



588

Conflict of interest

There is no any conflict of interest. Each author has
a contribution in this research and publication work.

References

Alptekin, E. and Canakci, M. 2008. Determination of the
density and the viscosities of biodiesel-diesel fuel
blends. Renewable Energy. 33(12): 2623-2630.

Antizar-Ladislao, B. and Turrion-Gomez, J.L. 2008. Sec-
ond-generation biofuels and local bioenergy sys-
tems. Biofuels, Bioproducts and Biorefining. 2(5): 455-
469.

Brennan, L. and Owende, P. 2010. Biofuels from
microalgae-A review of technologies for production,
processing, and extractions of biofuels and co-prod-
ucts. Renewable and Sustainable Energy Reviews. 14(2):
557-577.

Chisti, Y. 2007. Biodiesel from microalgae. Biotechnology
Advances. 25(3): 294-306.

Demirbas, A. 2008. Relationships derived from physical
properties of vegetable oil and biodiesel fuels. Fuel.
87(8-9): 1743-1748

Demirbas, A. and Fatih Demirbas, M. 2011. Importance of
algae oil as a source of biodiesel. Energy Conversion
and Management. 52(1): 163-170.

Deng, X., Li, Y. and Fei, X. 2009. Microalgae: A promising
feedstock for biodiesel. African Journal of Microbiol-
ogy Research. 3 (13): 1008-1014.

Fatih Demirbas, M. 2009. Biorefineries for biofuel upgrad-
ing: A critical review. Applied Energy. 86(Suppl. 1):
S151-S161

Fatima, N., Mahmood, M.S., Hussain, I., Siddique, F. and
Hafeez, S. 2016. Transesterification of oil extracted
from freshwater algae for biodiesel production.
Energy Sources, Part A: Recovery, Utilization, and En-
vironmental Effects. 38(15): 2306-2311.

Hart Energy Consulting, 2007. Establishment of the Guide-

Eco. Env. & Cons. 30 (February Suppl. Issue) : 2024

lines for the Development of Biodiesel Standards in
the APPEC Region. Asia Pacific Economic Cooperation.
pp- 1-136.

Hill, J., Nelson, E., Tilman, D., Polasky, S. and Tiffany, D.
2006. Environmental, economic, and energetic costs
and benefits of biodiesel and ethanol biofuels.
PNAS. 103(30): 11206-11210.

Knothe, G. 2010. Biodiesel and renewable diesel: A com-
parison. Progress in Energy and Combustion Science.
36(3): 364-373.

Konga, A.K, Muchandi, A.S. and Ponniah, G.P. 2017.
Soxhlet extraction of Spirogyra sp. Algae: an alter-
native fuel. Biofuels. 8(1): 29-35.

Kumar, M., Khosla, K. and Thakur, I.S. 2017. Optimization
of process parameters for the production of biodiesel
from carbon dioxide sequestering bacterium. JEES.
3: 43-50.

Kumar, R.P., Gnansounou, E., Raman, ].K. and Baskar, G.
2019. Editors, Refining biomass residues for sustainable
energy and bioproducts: technology, advances, life cycle
assessment, and economics. Academic Press..

Lee, R.E. 2018. Phycology. Cambridge University Press.

Naik, S.N., Goud, V.V, Rout, P.K. and Dalai, A.K. 2010.
Production of first and second generation biofuels:
A comprehensive review. Renewable and Sustainable
Energy Reviews. 14(2): 578-597.

Natural Resources Canada 2011a. Government of Canada
calls on industry to participate in new biofuels ini-
tiative, In: Natural Ressources Canada, 25.05.2011,
Available from http:/ /www.nrcan.gc.ca/media/
newcom/2007/2007124-eng.php

Nigam, P.S. and Singh, A. 2011. Production of liquid
biofuels from renewable resources. Progress in En-
ergy and Combustion Science. 37(1, 2): 52-68, ISSN
0360-1285.

Roman-Leshkov, Y., Barrett, C.J., Liu, Z.Y. and Dumesic,
J.A. 2007. Production of dimethylfuran for liquid
fuels from biomass-derived carbohydrates. Nature.
447(7147): 982-985.




