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Abstract: The ever increasing consumption of fossil fuel and petroleum products has been a matter of great
concern. In the present work, two different Algae bio- diesels (Spirogyra and Spirulina) are used to test the
performance and emission characteristics of VCR direct injection single cylinder 4-Stroke diesel engine by varying
the compression ratios (14,16, and 18) and blending percentages (9,18, 27, and 36). Various performance parameters
such as break power, break thermal efficiency, break specific fuel consumption, mechanical efficiency, emission
parameters (CO,CO2,HC,NOx) has been compared with commercial diesel. Break power and break thermal
efficiencies are higher for lower blending ratio for both algae biodiesel. Emissions are higher at lower compression
ratio i.e. CR14, CR16 and at full load.

Keywords: Spirogyra, Spirulina, algae biodiesel, compression ratio, performance, emission

I. INTRODUCTION
The demand on energy is increasing from day to day life due to the increase of economic activities and
quality of life. All fossil fuels are hampered due to high population and non- renewability. For instance,
India is heritage of many biological/environmental resources, however, importing crude petroleum
products from Gulf countries. Therefore, it is necessary to develop the alternate energy sources. Extensive
research is going on to find alternatives to Diesel fuel to preserve the global environments and to
withstand the economic crisis. Oxygenated fuels produced from renewable sources, including alcohols
and many other oxygenated compounds like biodiesel extracted from vegetable oils and kernels of
different seeds. Microalgae are currently the most promising source of bio-fuels for total substitution of
fossil fuels. Distinct benefits of microalgae compared to terrestrial feedstock include, but are not limited
to, their higher photosynthetic efficiencies [1, 2], and higher productivity which can potentially produce
substantially greater biomass yields per day and per unit cropping area [3, 4]. There will be certain
limitations in the use of these vegetable oils as alternate fuels because of its life span, food demand, and
lower yield/ha, higher land usage and higher price [5]. Hence, the algae are good option for production of
biodiesel as it has higher biomass yields per day and per unit cropping area. The use of raw algal oil can
overcome problems related with the use of expensive chemicals and procedures during the
transesterification reaction necessary to produce Bio-Diesel [6]. The numbers of studies that have
evaluated the potential of using raw algal oil in an engine are insufficient to gain a full understanding of
the performance of this fuel [7, 9]. Various modifications in engines such as exhaust gas recirculation
(EGR), diesel oxidation catalyst (DOC), elective catalytic reduction (SCR) and diesel particulate filter
(DPF) system have developed to minimize the pollutants. By varying various engine parameters like fuel
injection timing[15-17], injection pressure,[18] compression ratio(VCR),[20, 21] etc. The aim of this
study was to evaluate the potential of algae oil as the alternative fuel for diesel engines following
controlled cultivation, harvest and oil extraction. The physicochemical properties of the oil were used to
parameterize simulated runs of a diesel engine and the performance and emission characteristics were
compared with Spirogyra and Spirulina algal oil
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II. MATERIALS AND METHODS
A. Analytical Procedures
Lipid composition was determined based on the elemental analysis (using a CARLO ERBA 1108
elemental analyzer) and the FAME profile. The latter was performed using a Gas chromatograph mass
spectroscopy. The FAME mixture was prepared directly from the Spirogyra and Spirulina biomass using
Garches and Mancha method [8]. Briefly, 3.3 ml methylating mixture, which contains methanol, toluene,
2, 2 dimethoxypropane and sulphuric acid, with a volume ration of 39, 20, 5, and 2, respectively, was
mixed with 1.7 ml of heptane. The mixture was added to 0.2 g of dry algal biomass and incubated at 50o
C and 30 rpm. The higher heating value (HHV) of the oil was determined using CAL 2K-ECO bomb
calorimeter. The properties of the diesel fuel and the biodiesel blends are summarized in Table 1. The
actual density, viscosity, fire point, flash point, water content and gross calorific value were measured in
the laboratory.
TABLE 1
Fuel Properties of diesel and bio-diesel.
S.no

Test description

Ref .Std. ASTM

Algae Bio-diesel

Algae Bio-diesel

6751

(Spirogyra)

(Spirulina)

Diesel

1

Density in kg/m3

D1448

866

871

830

2

Cetane number

D613

43.5

46.10

51

3

0

Flash point in C

D93

129

138

60

4

Fire point

D93

135

147

63

5

Viscosity in mm2/sec

D445

4.36

4.46

3.26

6

Calorific value in KJ/kg

D6751

39500

39000

42500

D2500

6.9

5.80

-8

7

0

Cloud point in C
0

8

Pour point in C

D2500

1.0

1.0

-40

9

Carbon residue in %

D4530

0.5

0.5

0.5

10

Ash in %

D4812

0.05

0.05

0.05

B. Physiochemical properties of Spirogyra and Spirulina algal oil
The results of the GC-analysis of the algal oil are listed in Table 2. The algal lipids consisted of fatty
acids between 16 and 20 carbon chain length. The higher concentration fatty acids were stearic, palmitic,
oleic and linolenic acid. Table 3 also shows some of the most important physicochemical properties of
Spirogyra and Spirulina algal oils which were used for simulating an engine test running with the two
fuels. Algal oil has a lower carbon content compared to vegetable oils while at the same time having a
larger amount of oxygen, which both justify the lower heating value of Spirogyra and Spirulina algal oil.
The difference in the composition of the two oils is explained by the higher amount of phospholipids,
pigments (like chlorophyll) and waxes in algal lipids compare to commercial vegetable oils which have
higher purity in triglycerides.
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TABLE 2
Gas Chromatography Mass spectroscopy Analysis
S.no
1
2
3
4
5
6
7
8
9

Carbon
number
C14:0
C16:0
C18:0
C22:0
C23:0
C18:1n9c
C20:1
C18:2n6c
C18:3n3

10

C20:3n6

11

C20:4n6

12

C22:2

Name of fatty acid
Myristic acid
Palmitic acid
Stearic acid
Behenic acid
Tricosanoic acid
Oleic acid
Cis -11 Ecosenoic acid
Linoleic acid
Alpha- Linoleic acid
Cis -8,11,14- Ecosatrienoic
acid
Arachidonic acid
Cis -13,16, Docosadienoic
acid

Total identified fat

GCMS of
spirogyra oil
0.119
11.901
2.88
7.012
0.522
22.650
0.312
46.990
1.318

GCMS of
spirulina oil
0.245
11.932
4.26
6.870
0.215
22.738
0.821
46.330
2.890

0.151

0.635

0.399

0.889

0.009

0.120

94.263

97.945

III. EXPERIMENTAL SETUP
Fig. 1 shows that the photographic view of experimental set up. The set up consists of single cylinder,
four stroke, and variable compression ratio multi fuel engine coupled with eddy current dynamometer for
loading. The detailed specification of the engine is shown in Table 3. Engine performance analysis
software package “IC Enginesoft” is employed for online performance analysis. The tests have been
conducted at the rated speed of 1500 rpm at different loads. Standard diesel is used to start the variable
compression ratio engine and is allowed to warm up. The warm up period ends when cooling water
temperature is stabilized at 60 C. Then the engine operating parameters such as brake thermal efficiency
(BTHE), brake power (BP), brake specific fuel consumption (BSFC), mechanical efficiency and exhaust
gas temperature with respect to different loads and different blends are measured. The exhaust emissions
by combustion of biodiesel were measured by AIRREX HG-540, 4Gas Emission gas analyzer. In this
analyzer, the zero setting function sets the sensor to zero using fresh air. The analyzer first being turned
ON a zero will be requested automatically at 7, 15 and then 25 min time intervals. Subsequent request
will be every 25 min. The zero air port allows the gas analyzer to zero without removing the sampling
probe from the exhaust tail. The ambient air from the zero port drawn through a charcoal filter helps in
setting HC to zero. The zero key on the keyboard enables to set zero for CO, CO2 and NOx values to zero
with ambient air and is calibrated to 17.84% oxygen by volume.
A computerized data acquisition system (IC Engine soft) is used to collect, store and analyze the data
during the experiment by various sensors. Same procedures were repeated for different blends of
Spirogyra and Spirulina biodiesel.

Volume 7, Issue 1, 2018

108

http://dynamicpublisher.org/

International Journal of Scientific Research and Review

ISSN NO: 2279-543X

TABLE 3
Specifications of the variable compression ratio engine
Engine parameters

Specifications

Make

Kirloskar

Model/Type

TV1/Four stroke

Number of cylinders

Single

Bore/Stroke

87.5 mm/110 mm

Rated power

5 HP(3.5 kW) @ 1500 rpm

Capacity(cc)

661

Type of cooling

Water cooled

Compression Ratio range

12–18

Injection timing range

0- 250 BTDC

Loading

Eddy current dynamometer

Data acquisition device

NI USB-6210, 16-bit, 250kS/s.

Temperature sensors

Type RTD, PT100 and Thermocouple, K-Type

Load sensor

Load cell, type strain gauge, range 0-50 Kg

Fuel flow transmitter

DP transmitter, Range 0-500 mm WC

Air flow transmitter

Pressure transmitter, Range (-) 250 mm WC

Software

“Engine soft” Engine performance analysis software

Rotameter

Engine cooling 40-400 LPH; Calorimeter 25-250 LPH

Fig.1 Experimental setup

IV. RESULTS AND DISCUSSIONS
A. Performance Characteristics
The major performance parameters such as Brake power (BP), Brake thermal efficiency (BTHE), BSFC,
mechanical efficiency are evaluated spirogyra and spirulina algae biodiesel.
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1) Brake power
The brake power values for different blends of spirogyra and spirulina algae bio-diesels are shown in Fig.
2a-c and 5a. The BP increases with load and reaches maximum value at full load. At CR14 and CR16, the
brake power is higher for all the blends of Spirogyra and Spirulina algae biodiesel then diesel except
blend B27 of spirogyra however highest value attain for the blend B27 spirulina (3.5kW) . BP is lower
than diesel for all blends of Spirogyra and Spirulina algae biodiesel at CR18 except B18 of spirulina, in
which the BP value is equal to diesel for B18 of spirulina (3.48 kW).
2) Brake thermal efficiency
Fig. 2a-c and 5c shows the variation of brake thermal efficiency (BTHE) with BP for all blends. It is
observed that the brake thermal efficiency of the blends is increasing with BP, which may be due to the
reduction in heat loss and increase in power developed with load [10]. The maximum brake thermal
efficiency at full load is 27.69% for B18 of spirulina at CR18, which is 3% higher than that of diesel. The
highest brake thermal efficiencies for SPIB18 are 26.37%, 27.12% and 27.69% at CR14, CR16 and
CR18, respectively. The blend ratio increases, brake thermal efficiency decreasing. The decrease in brake
thermal efficiency for higher blends may be due to the combined effect of its lower heating value and
increase in fuel consumption [11]. The blend B18 of spirulina showing better performance
3) Brake specific fuel consumption
Fig.2d-f shows the variation of specific fuel consumption with BP for all the blends .The SFC of the
engine gradually decreases with increase in BP. BSFC increases with the percentage of blend ratio .This
may be due to fuel density, viscosity and heating value of the fuels. Fig.5b shows the variation of BSFC
with Compression ratio. The BSFC is decreasing while CR increases but SPIB18 and diesel having same
variation. BSFC is observed at rated power output for all fuels. BSFC increased with higher proportion of
spirulina and srirogyra in the blend compared to diesel for all loads. The minimum BSFC was 0.31, 0.33,
0.34 and 0.35 kg/kW h for B9, B18, B27, and B36 for spirogyra and for spirulina 0.32, 0.33, and 0.33 for
B9, B18, and B27, respectively.
4) Mechanical efficiency
Fig. 3a-c shows the mechanical efficiency at CR14 for all blends is lower at full load than diesel. At
CR16 to some extent higher values of mechanical efficiency was observed in B9, B18 of spirogyra than
diesel. At CR18 mechanical efficiency shows lower values for all blends of biodiesel than diesel. Fig.5d
shows the variation of mechanical efficiency with CR. The mechanical efficiency is decreasing while
increasing the CR for all the blends whereas it is increasing with CR for diesel.

Volume 7, Issue 1, 2018

110

http://dynamicpublisher.org/

International Journal of Scientific Research and Review

ISSN NO: 2279-543X

Fig.2 Variation of brake thermal efficiency with brake power (a-c), variation of BSFC with BP for different
blends (d-f)
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Fig.3 Variation of mechanical efficiency with brake power (a-c)

B. Emissions Characteristics
The Fig. 4a demonstrates the HC emission properties at full load. HC emission decreases while CR
increases for all blends of spirogyra and spirulina bio-diesel. But it is increases with blend ratio. While
compare with spirogyra and spirunila bio-diesel, blends of spirogyra shows lower HC values. The HC
emissions for all blend shows higher than diesel. At CR18, blend SPYB36 having lower HC emission.
Fig.4b shows the variation of CO emissions at full load, these are decreased when CR increased from 1618 for all blends of bio-diesel and diesel but B27 of spirogyra bio-diesel shown lower value at full load.
Fig.4c shows the CO2 emissions at full load, showed almost same values for all the blends of bio-diesel
but it is decrease when CR increases and for diesel it shows lower values then biodiesel blends.At lower
CR, the CO emissions increased due to more dilution of fresh air with residual gases, lower compression
temperature and pure mixing of fuel and air. Fig.4d shows the NOx emissions at full load condition, they
are increased with CR and load for all the blends but B36 of spirogyra bio-diesel shown lower than diesel
at CR18 for all loads. This may be due to acceleration of nitrogen oxides to form nitrogen by increasing
the combustion pressure and temperature due to increase of CR.
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Fig.4 Variation of hydrocarbons (a), carbon monoxide (b), carbon dioxide (c) and nitrogen oxides (d) with
compression ratio at full load
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Fig.5 Variation of BP, BSFC BTHE, and ME with CR at full load condition (a-d)

V. CONCLUSION

•
•
•

The following conclusions are presented in VCR engine with functions of fuel blends, BP and CR.
The BP, BTHE of blend B18 of spirulina biodiesel is higher than that of standard diesel and other
biodiesel blends at higher compression ratio and full load condition.
Specific fuel conception for B18 of spirulina biodiesel and diesel are similar at full load
There is a significant reduction in CO, HC, and CO2 for blends of spirogyra and spirunila bio-diesel at CR
18.
For the above observation, it has been found that the blend B18 of spirulina biodiesel shows better
performance and emission characteristics than other blends and diesel at compression ratio 18:1 and full
load condition.

ACKNOWLEDGEMENT
The authors wish to acknowledge and are greatly indebted to Indian Biodiesel Corporation (IBDC),
Bharamathi, Maharastra, India, for supplying the algae biodiesel.

Volume 7, Issue 1, 2018

114

http://dynamicpublisher.org/

International Journal of Scientific Research and Review

ISSN NO: 2279-543X

REFERENCES
[1] Knothe, Gerhard, Jürgen Krahl, and Jon Van Gerpen, eds. The biodiesel handbook. Elsevier, 2015.
[2] D.Tang, W. Han, Li, P., Miao, X., Zhong, J. , CO2 biofixation and fatty acid composition of Scenedesmus obliquus and Chlorella
pyrenoidosa in response to different CO2 levels. Bioresource Technology,. 102(3): p. 3071-3076. 2011
[3] Y.Chisti, Biodiesel from microalgae. Biotechnology Advances,. 25(3): p. 294-306. 2007
[4] J.Singh,S. Gu, Commercialization potential of microalgae for biofuels production. Renewable and Sustainable Energy Reviews,. 14(9): p.
2596-2610. 2010
[5] Vandna Pathak, Ravindra Singh, Pankaj Gautam, Algal oil production: Research Paper, Research Journal of Chemical and Environmental
Sciences. (2015)
[6] R.Karande Sheetal, M. Wagh Mahesh . Bio-Diesel From Algae “Empowering The World of Energy: A Review”, International Research
Journal of Engineering and Technology(2015)
[7] Y.Haik,M.Y.E. Selim,T. Abdulrehman, Combustion of algae oil methyl ester in an indirect injection diesel engine. Energy,. 36(3): p. 18271835. 2011
[8] R.Garces,M. Mancha, One-step lipid extraction and fatty acid methyl esters preparation from fresh plant tissues. Analytical Biochemistry.
211(1): p. 130-143. 1993
[9] Hirkude Jagannath Balasaheb, S. Padalkar Atul . Performance and emission analysis of a compression ignition engine operated on waste
fried oil methyl esters. Applied Energy;. doi:10.1016/j.apenergy.2010.11.028. 2010
[10] NL.Panwar,Y. Shrirame Hemant,NS. Rathore, Jindal Sudhakar,AK. Kurchania. Performance evaluation of a diesel engine fueled with
methyl ester of castor seed oil. Applied Thermal Engineering;30:245-9. 2010
[11] AS.Ramdhas,C. Muraleedharan,S. Jayaraj. Performance and emission evaluation of a diesel engine fueled with methyl esters of rubber seed
oil. Renewable Energy;30:1789e800. 2005
[12] PK.Devan ,NV. Mahalakshmi. Study of the performance, emission and combustion characteristics of a diesel engine using poon oil e
based fuels. Fuel Processing Technology;90:513-9. 2009
[13] M. Shahabuddin, A. M. Liaquat, H. H. Masjuki, M. A. Kalam, and M. Mofijur, “Ignition delay , combustion and emission characteristics of
diesel engine fueled with biodiesel,” Renew. Sustain. Energy Rev., vol. 21, pp. 623–632, 2013.
[14] M. F. Al-dawody and S. K. Bhatti, “Optimization strategies to reduce the biodiesel NOx effect in diesel engine with experimental
verification,” Energy Convers. Manag., vol. 68, pp. 96–104, 2013.
[15] E. B. F. Blends, “Academic @ Paper,” 2016.
[16] A. K. Azad, M. G. Rasul, M. M. K. Khan, S. C. Sharma, and M. M. K. Bhuiya, “Recent development of biodiesel combustion strategies and
modelling for compression ignition engines,” Renew. Sustain. Energy Rev., vol. 56, pp. 1068–1086, 2016.
[17] S. S. Hoseini, G. Naja, B. Ghobadian, R. Mamat, N. Azwadi, C. Sidik, and W. H. Azmi, “The e ff ect of combustion management on diesel
engine emissions fueled with biodiesel-diesel blends,” vol. 73, no. January, pp. 307–331, 2017.
[18] A. Syed, S. Azam, P. Quadri, G. A. P. Rao, and M. Wajid, “Experimental investigations on DI (Direct injection) diesel engine operated on
dual fuel mode with hydrogen and Mahua oil methyl ester (MOME) as injected fuels and effects of injection opening pressure,” Appl. Therm.
Eng., 2016.
[19] D. N. Tziourtzioumis and A. M. Stamatelos, “Experimental Investigation of the Effect of Biodiesel Blends on a DI Diesel Engine ’ s
Injection,” 2017.
[20] E. Ileri, “Experimental investigation of the effect of antioxidant additives on NO x emissions of a diesel engine using biodiesel,” vol. 125,
no. x, pp. 44–49, 2014. A. Kumar and K. A. Subramanian, “Control of Greenhouse Gas Emissions (CO2, CH4 and N2O) of a Biodiesel (B100)
Fueled Automotive Diesel Engine using Increased Compression Ratio,” Appl. Therm. Eng., 2017.
[21] S. V Channapattana, C. Kantharaj, V. S. Shinde, A. A. Pawar, and P. G. Kamble, “Emissions and Performance Evaluation of DI CI - VCR
Engine Fuelled with Honne oil Methyl Ester / Diesel Blends,” Energy Procedia, vol. 74, pp. 281–288, 2015.

Volume 7, Issue 1, 2018

115

http://dynamicpublisher.org/

