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Abstract — In the present scenario when the world is facing 
severe problem related to continuous decrease in the level of 
fossil fuels and increasing level of green house gases due to their 
uses in industries and automobiles, there is a high demand from 
all technologists and environmentalists to find and develop some 
alternative fuel especially manufactured from biomass like 
chlorella algae due to its presence in abundance. The mentioned 
algae is readily available and is being used as a dietary source in 
many countries especially in Japan due to its rich protein lipids 
and starch content and highly suitable for extraction of oil that 
can be used as an alternative to the existing fossil fuel diesel.  
The blend of B20 chlorella algae methyl ester or biodiesel is 
tested for its suitability with respect to its combustion 
performance and emissions characteristics in a variable 
compression ratio engine at 180 bar, 200 bar and 220 bar 
injection pressures. The performance data obtained are 
compared and analyzed for optimum performance with reference 
to mechanical, combustion properties and emissions of exhaust 
gases and a comparison is made with the properties obtained for 
pure diesel in similar conditions.      
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I. INTRODUCTION 

The Scientific communities in the world along with 
automobile engineers are struggling hard to develop 
alternative fuels especially manufactured from biomass and 
can lower the level of air pollution with less emission in 
comparison to fossil fuels like diesel and petrol 
[2][3][5][7][8][9]. Increasing level of pollution has become 
a major concern for all due to continuous increase in earth’s 

temperature leading to global warming and further melting 
of glaciers and increase in water level of sea and ocean. The 
green house gas Carbon dioxide which is mostly emitted 
from automobiles and industries and its increasing 
concentration has made technologists to search for some 
alternative fuel, incorporate modification and design new 
engines with lower levels of emissions and are suitable for 
running the engine with several types of biodiesels 
[1][4][6][10][11][14].  
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A chlorella microalga is one of the biomass available in 
abundance and the oil extracted from it have some matching 
properties with fossil fuel diesel. The methyl ester or oil 
extracted from microalgae and blend B20 (20% algae oil 
and 80% diesel) is tested for its performance and compared 
with the properties of fossil fuel diesel to ascertain its 
usability as an alternative fuel [18][19][20][22][23].  
The methyl ester extracted from the microalgae can be used 
in an engine by using additives for modification of desirable 
properties making it suitable for further use and produce 
similar power requirements by an engine as is produced by 
using pure diesel which is a fossil fuel. The bio diesel is 
tested for its suitability as an alternate fuel at different 
injection pressures (180, 200 and 220 bars) and 
characteristics related to combustion performance and 
emissions are obtained for comparison and further analysis 
[12][13][15][16][17][21][24].     

II. ABOUT CHLORELLA  MICROALGAE 

Germany, Taiwan and Japan are the countries in which 
Chlorella microalgae can be found in abundance. Being a 
great source of biomass and rich in lipids, starch and 
proteins content and if  grown in favorable conditions with 
different techniques, its lipids and protein content can be 
increased to considerably high level. Harvesting of this 
biomass is done by centrifugation process. The biomass 
obtained from these microalgae is a good source of bio 
energy due to its high productivity and less competitive with 
the food production in comparison to other sources of 
biodiesels. Starch present in the microalgae is a good source 
of bio ethanol and the lipids present is a good source of 
biodiesel. Its less use in food products is due to its dark 
color and pungent smell like fish.   

III. PROPERTIES OF CHLORELLA 
MICROALGAE OIL 

The chemical properties of biodiesel as shown in figure are 
tested under standard laboratory conditions. The properties 
tested in lab are given in table 1.  

 
Figure 1 – Biodiesel produced from Chlorella microalgae 

is tested for properties. 
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Sl. 
No. 

Description Values 

1. Nature of Sample Biodiesel – ALG B100 
2. Quantity of Sample 300 ml 
3. Kinematic Viscosity @ 

400C in cSt (Centistokes) 
4.07 

4. Flash Point in 0C 1080 
5. Fire Point in 0C 1190 
6. Gross Calorific Value in 

kJ/kg 
39321.21 

7. Density in kg/m3 896 

Table 1. Properties of Biodiesel Produced from Chlorella 
microalgae. 

IV. EXPERIMENTAL SET UP 

Kirloskar TV1 Variable Compression Ratio (VCR) Engine 
as shown in Figure 2 is utilized to obtain test results. The 
Kirloskar engine is a Single cylinder Four stroke, Constant 
Speed and Water Cooled Diesel Engine.  Details of the 
engine specifications and other parameters are as shown in 
table 2. 

 
Figure 2: Kirloskar Engine Variable Compression Ratio 

Engine. 

 
Figure 3: Kirloskar VCR Engine Test Set up. 

 
Sl. 
No. 

Description Values 

1. Cylinder Bore in mm 87.50 

2. Stroke Length in mm 110.00 

3. Connecting Rod length in mm 234.00 

4. Swept volume (cubic centimeter) 661.45 

5. Compression Ratio 17.50 

6. Power in kW @ 1500 RPM 5.20 

Table 2: Details of the Kirloskar Engine used for the test. 

V. DISCUSSIONS ON PERFORMANCE OF B20 
BLEND OF BIO DIESEL AND PURE DIESEL 

AT DIFFERENT LOADING CONDITIONS 
AND VARYING INJECTION PRESSURE 

B20 (20% algae oil and 80% fossil fuel diesel) blend of 
biodiesel is tested for its performance under standard 
laboratory conditions and a comparative analysis is done to 
find out the injection pressure at which the chosen blend 
gives its optimum output and closer to the properties of pure 
diesel. 

A.  Brake Power 
The power produced by the engine and is converted into 
useful work is called brake power. It is the difference 
between indicated and friction power. Friction power is the 
power lost by the engine due to friction. The test values 
obtained at 180 bar, 200 bar and 220 bar injection pressure 
are given in table 3 and the graphs plotted are shown in 
Figures 4, 5, and 6 respectively. 
 

Engine 
Load  

AT 180 BAR AT 200 BAR AT 220 BAR 
B20 DIESEL B20 DIESEL B20 DIESEL 

0 0.02 0.03 0.02 0.02 0.03 0.02 
25 1.29 1.3 1.30 1.32 1.34 1.32 
50 2.56 2.6 2.57 2.58 3.59 2.58 
75 3.75 3.76 3.76 3.76 3.95 3.73 
100 4.93 4.97 4.94 4.96 4.99 4.94 

Table 3: Brake Power values obtained at different 
injection pressure. 

 

 
Figure 4: Graph - Engine Load vs Brake Power in 

kW at 180 Bar Injection Pressure. 
 

 
Figure 5: Graph - Engine Load vs Brake Power in 

kW at 200 Bar Injection Pressure. 
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Figure 6: Graph - Engine Load vs Brake Power in 

kW at 220 Bar Injection Pressure. 
 
Discussion:  Bio diesel B20 at 220 bar injection 
pressure has proved even better than pure diesel. The brake 
power values obtained on all engine loading conditions are 
higher than pure diesel. The reason for higher performance 
of B20 is due to higher atomization and high rate of 
combustion.   

B. Brake Mean Effective Pressure (BMEP) 
Brake Mean effective pressure is the actual pressure 
experienced by the piston for useful work. The difference of 
indicated and friction mean effective pressure is called as 
brake mean effective pressure. The BMEP values obtained 
at 180 bar, 200 bar and 220 bar injection pressure are given 
in table 4 and the graphs plotted are shown in Figures 7, 8 
and 9 respectively. 
 

Engine 
Load  

AT 180 BAR AT 200 BAR AT 220 BAR 
B20 DIESEL B20 DIESEL B20 DIESEL 

0 0.02 0.04 0.02 0.03 0.03 0.02 
25 1.56 1.59 1.58 1.59 1.81 1.58 
50 3.12 3.14 3.12 3.14 3.65 3.15 
75 4.67 4.68 4.67 4.69 4.75 4.66 
100 6.26 6.29 6.27 6.30 6.65 6.28 

Table 4: Brake Mean Effective Pressure values obtained 
at different injection pressure. 

 

 
Figure 7: Graph - Engine Load vs Brake Mean 
Effective Pressure in Bar at 180 Bar Injection 

Pressure. 
 

 
Figure 8: Graph - Engine Load vs Brake Mean 
Effective Pressure in Bar at 200 Bar Injection 

Pressure. 

 
Figure 9: Graph - Engine Load vs Brake Mean 
Effective Pressure in Bar at 220 Bar Injection 

Pressure. 
Discussion:  On analysis of the values obtained for 
Brake Mean Effective Pressure (BMEP), B20 injected at 
220 bar gives better performance than pure diesel at almost 
all ranges of load. The increase in performance is due to 
better atomization at high pressure and combustion in the 
engine cylinder.  
C.  Brake Thermal Efficiency 
The efficiency of conversion of heat energy of fuel to useful 
work is called as brake thermal efficiency and is related to 
brake power. The efficiency related to indicated power is 
called indicated thermal efficiency. The difference in 
efficiency values between indicated and brake thermal 
efficiency is the loss which should be reduced. The values 
obtained at 180 bar, 200 bar and 220 bar injection pressure 
are given in table 5 and the graphs plotted are shown in 
Figures 10, 11 and 12 respectively. 
 

Engine 
Load  

AT 180 BAR AT 200 BAR AT 220 BAR 
B20 DIESEL B20 DIESEL B20 DIESEL 

0 0.37 0.77 0.63 0.58 0.45 0.42 
25 18.3 18.44 18.67 18.73 20.4 18.93 
50 25.64 26 25.7 27.39 27.74 25.67 
75 29.1 30.48 29.03 30.49 31.73 30.54 
100 32.6 32.5 31.09 32.46 32.35 32.32 

Table 5: Brake Thermal Efficiency values obtained at 
different injection pressure. 

 



Performance and Emission Characteristics of Chlorella Algae Methyl Ester Fuelled Diesel Engine with 
Varying Injection Pressure 

1713 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number: A5176119119/2019©BEIESP 
DOI: 10.35940/ijitee.A5176.119119 
Journal Website: www.ijitee.org 

 
Figure 10: Graph - Engine Load vs Brake 

Thermal Efficiency in % at 180 Bar Injection 
Pressure. 

 
Figure 11: Graph - Engine Load vs Brake 

Thermal Efficiency in % at 200 Bar Injection 
Pressure. 

 

 
Figure 12: Graph - Engine Load vs Brake 

Thermal Efficiency in % at 220 Bar Injection 
Pressure. 

 
Discussion:  On analysis of the test data obtained, 
biodiesel B20 at 220 bar injection pressure has higher values 
of brake thermal efficiency than pure diesel at all ranges of 
engine loading conditions. The reason for higher brake 
thermal efficiency is due to good atomization at high 
pressure leading to proper and complete combustion.  

D.  Specific Fuel Consumption (SFC) 
  
Quantity of fuel consumed by the engine per unit time per 
unit power is called specific fuel consumption and is 
expressed in kg / kWh.  The values obtained at 180 bar, 200 
bar and 220 bar injection pressure are given in table 6 and 
the graphs plotted are shown in Figures 13, 14 and 15 
respectively. 

Engine 
Load  

AT 180 BAR AT 200 BAR AT 220 BAR 
B20 DIESEL B20 DIESEL B20 DIESEL 

0 22.99 11 13.7 14.68 20.19 19.32 
25 0.47 0.46 0.46 0.45 0.45 0.44 
50 0.34 0.33 0.33 0.31 0.33 0.32 
75 0.3 0.28 0.3 0.28 0.28 0.27 
100 0.26 0.26 0.28 0.26 0.27 0.26 

Table 6: Specific Fuel Consumption in kg/kWh obtained 
at different injection pressure. 

 

 
Figure 13: Graph - Engine Load vs Specific 

Fuel Consumption in kg/kWh at 180 Bar 
Injection Pressure. 

 
Figure 14: Graph - Engine Load vs Specific 

Fuel Consumption in kg/kWh at 200 Bar 
Injection Pressure. 

 
Figure 15: Graph - Engine Load vs Specific 

Fuel Consumption in kg/kWh at 220 Bar 
Injection Pressure. 
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Discussion:  On analysis of the data obtained, it is 
found that Specific Fuel Consumption (SFC) has decreased 
with an increase in injection pressure at all engine loading 
conditions. The decrease in SFC is considerably low at 220 
bar injection pressure in comparison to 180 and 200 bar 
injection pressure. It is also found that SFCs in case of B20 
at 220 bar injection pressure have a nominal increase in 
comparison to the values obtained for pure diesel. This may 
be due to high viscosity of bio oil than diesel and the same 
can be improved by using additives like diethyl ether or 
ethanol in proportion.  
E.  Mechanical Efficiency 
  
When all components and parts are working together to 
produce power, the effectiveness of whole system is 
expressed in terms of mechanical efficiency and overall 
efficiency. The engine converts input heat energy to 
mechanical energy which is further converted into useful 
work. The values obtained for mechanical efficiencies at 
180 bar, 200 bar and 220 bar injection pressure are given in 
table 7 and the graphs plotted are shown in Figures 16, 17 
and 18 respectively. 
 

Engine 
Load  

AT 180 BAR AT 200 BAR AT 220 BAR 
B20 DIESEL B20 DIESEL B20 DIESEL 

0 0.77 1.49 0.81 1.04 0.87 0.76 
25 36.78 37.05 34.51 35.52 40.51 40.49 
50 56.79 56.91 52.55 52.49 57.38 57.04 
75 67.44 67.61 62.41 62.93 69.58 68.61 
100 74.23 75.39 71.02 71.78 76.37 75.5 

Table 7: Mechanical Efficiency in % obtained at 
different injection pressure. 

 

 
Figure 16: Graph - Engine Load vs Mechanical 
Efficiency in % at 180 Bar Injection Pressure. 

 

 
Figure 17: Graph - Engine Load vs Mechanical 
Efficiency in % at 200 Bar Injection Pressure. 

 
Figure 18: Graph - Engine Load vs Mechanical 
Efficiency in % at 220 Bar Injection Pressure. 

 
Discussion:  The data obtained through the test are 
analyzed and it is found that at 220 bar injection pressure, 
mechanical efficiency of B20 are higher than pure diesel at 
220 bar. The reason for higher efficiency is complete 
combustion of fuel injected due to higher atomization and 
extra content of oxygen in algae biomass.   

VI. DISCUSSIONS ON EXHAUST GAS 
EMISSIONS OF B20 BIODIESEL AND PURE 

DIESEL AT 180, 200 AND 220 BAR 
INJECTION PRESSURE 

Biodiesel blend B20 and Pure Diesel are tested for their 
emission characteristics at 180, 200 and 220 bar injection 
pressure. The analysis of emissions of Carbon Monoxide 
(CO) in %, Carbon Dioxide (CO2) in %, Oxygen (O2) in %, 
Hydro Carbon (HC) in ppm and Nitrogen Oxides (NOX) in 
ppm is done at different engine loading conditions i.e. 0%, 
25%, 50%, 75% and 100%.  
 

A.  EMISSION OF CARBON MONOXIDE (CO) 
The emission of carbon monoxide in % from a heat engine 
is due to incomplete combustion of fuel. The values 
obtained for emissions of carbon monoxide at 180 bar, 200 
bar and 220 bar injection pressure are given in table 8 and 
the graphs plotted are shown in Figures 19, 20 and 21 
respectively. 
 

 
Engine 
Load  

AT 180 BAR AT 200 BAR AT 220 BAR 
B20 DIESEL B20 DIESEL B20 DIESEL 

0 0.037 0.046 0.049 0.029 0.028 0.034 
25 0.034 0.032 0.044 0.037 0.021 0.023 
50 0.021 0.021 0.04 0.024 0.010 0.019 
75 0.023 0.022 0.037 0.031 0.019 0.022 
100 0.175 0.131 0.185 0.181 0.125 0.131 

Table 8: Carbon monoxide emission in % obtained at 
different injection pressure. 
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Figure 19: Graph - Engine Load vs Carbon 

Monoxide Emission in % at 180 Bar Injection 
Pressure. 

 

 
Figure 20: Graph - Engine Load vs Carbon 
Monoxide Emission % at 200 Bar Injection 

Pressure. 
 

 
Figure 21: Graph - Engine Load vs Carbon 

Monoxide Emission in % at 220 Bar Injection 
Pressure. 

 
Discussion:  The emissions of Carbon Monoxide in % 
are analyzed and it is found that B20 at 220 bar injection 
pressure has produced slight reduced emissions of Carbon 
Monoxide than pure diesel at same pressure. The reason of 
lower emission at 220 bar is due to complete combustion at 
high pressure whereas the emission is found higher at 180 
bar and 200 bar injection pressure and which may be due to 
incomplete combustion. The emission can be lowered 
further by using automotive catalysts. 

B.   EMISSION OF CARBON DIOXIDE (CO2) 
   
The emission of Carbon Dioxide (CO2) in % from a heat 
engine is also due to incomplete combustion of fuel and 
excess of oxygen content in fuel. The values obtained for 
emissions of carbon dioxide at 180 bar, 200 bar and 220 bar 
injection pressure are given in table 9 and the graphs plotted 
are shown in Figures 22, 23 and 24 respectively. 
 

Engine 
Load  

AT 180 BAR AT 200 BAR AT 220 BAR 
B20 DIESEL B20 DIESEL B20 DIESEL 

0 1.8 1.9 1.81 1.78 1.74 1.77 
25 4 4.13 3.99 3.91 3.79 3.82 
50 5.99 5.91 5.92 5.89 5.44 5.75 
75 7.71 7.69 7.76 7.42 7.29 7.37 
100 9.94 9.92 9.62 9.52 9.42 9.8 

Table 9: Carbon monoxide emission in % obtained at 
different injection pressure. 

 

 
Figure 22: Graph - Engine Load vs Carbon 
dioxide Emission in % at 180 Bar Injection 

Pressure. 

 
Figure 23: Graph - Engine Load vs Carbon 

dioxide Emission % at 200 Bar Injection 
Pressure. 

 
Figure 24: Graph - Engine Load vs Carbon 
dioxide Emission in % at 220 Bar Injection 

Pressure. 
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Discussion:  The emissions of Carbon Dioxide (CO2) in 
% are slightly higher for B20 at 180 bar and 200 bar than 
pure diesel. The increase in emission is due to incomplete 
combustion of fuel and additional oxygen content in the 
biomass chlorella microalgae which combines with carbon 
monoxide to form carbon dioxide. Performance of B20 
blend at 220 bar is better due to reduced Carbon Dioxide 
(CO2) emissions and may be considered suitable as an 
alternate fuel in comparison with diesel. The emission of 
this green house gas has to be lowered further in order to 
lessen the problems arising due to global warming. Though 
methane and nitrous oxides are also responsible for global 
warming but carbon dioxide contributes much and is 
produced due to burning of fossil fuels like coal and 
petroleum.  
C.   Emission of oxygen (O2) 
The emission of Oxygen (O2) in % from a heat engine is 
also due to incomplete combustion of fuel and excess of 
oxygen content in fuel. The values obtained for emissions of 
carbon dioxide at 180 bar, 200 bar and 220 bar injection 
pressure are given in table 10 and the graphs plotted are 
shown in Figures 25, 26 and 27 respectively. 
 

Engine 
Load  

AT 180 BAR AT 200 BAR AT 220 BAR 
B20 DIESEL B20 DIESEL B20 DIESEL 

0 18.15 18.31 18.31 18.36 18.12 18.14 
25 15.09 15.18 15.18 15.33 15.13 15.19 
50 12.52 12.55 12.55 12.64 12.56 12.65 
75 9.89  10.04 9.89 9.96 10.02 10.36 
100 6.81 6.89 6.89 6.94 6.62 7.09 

Table 10: Oxygen emission in % obtained at different 
injection pressure. 
 

 
Figure 25: Graph - Engine Load vs Oxygen 

Emission in % at 180 Bar Injection Pressure. 
 

 
Figure 26: Graph - Engine Load vs Oxygen 

Emission in % at 200 Bar Injection Pressure. 

 
Figure 27: Graph - Engine Load vs Oxygen 

Emission in % at 220 Bar Injection Pressure. 
 
Discussion:  The emissions of Oxygen in % have 
reduced in case of B20 at all pressures i.e. 180 bar, 200 bar 
and 220 bar in comparison to pure diesel and has to be 
reduced further by achieving complete combustion of 
carbon containing fuel. There is a need to reduce emission 
of oxygen as it combines with nitrogen present in air to 
produce nitrogen oxides which is also responsible for acid 
rain.  
  D.   Emission of Hydrocarbons (HC) 
The emission of Hydrocarbons (HC) in ppm from a heat 
engine is actually unburned fuel. They contribute 
photochemical smog in certain climatic conditions. The 
values obtained for emissions of Hydrocarbons (HC) in ppm 
at 180 bar, 200 bar and 220 bar injection pressure are given 
in table 11 and the graphs plotted are shown in Figures 28, 
29 and 30 respectively. 
 

Engine 
Load  

AT 180 BAR AT 200 BAR AT 220 BAR 
B20 DIESEL B20 DIESEL B20 DIESEL 

0 8 6 12 6 9 8 
25 15 12 22 17 12 14 
50 22 19 28 25 19 18 
75 24 23 34 30 22 21 
100 32 26 54 50 31 25 

Table 11: Hydrocarbons (HC) emission in ppm obtained 
at different injection pressure. 

 

 
Figure 28: Graph - Engine Load vs 

Hydrocarbons (HC) emission in ppm at 180 
Bar Injection Pressure. 
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Figure 29: Graph - Engine Load vs 

Hydrocarbons (HC) emission in ppm at 200 
Bar Injection Pressure. 

 

 
Figure 30: Graph - Engine Load vs 

Hydrocarbons (HC) emission in ppm at 220 
Bar Injection Pressure. 

Discussion:  The emissions of Hydrocarbon (HC) 
emissions in ppm are slightly higher for B20 at 180 bar, 200 
bar and 220 bar than pure diesel. This is due to incomplete 
combustion of bio diesel which can be improved further by 
using additives. Performance of B20 blend at 220 bar is 
better due to reduced Hydrocarbon (HC) emissions in 
comparison to the emissions at 180 bar and 200 bar injection 
pressure.  
E.   EMISSION OF OXIDES OF NITROGEN 
(NOX) 
The emission of Oxides of Nitrogen (NOX) in ppm from a 
heat engine is due to heating of air which is mainly 
consisting of nitrogen and oxygen gases and small fraction 
of others. The emission of Oxides of Nitrogen (NOX) is a 
contributor to photochemical smog and acid rain. Nitrogen 
combines with oxygen and form nitrous oxides. The values 
obtained for emissions of Oxides of Nitrogen at 180 bar, 200 
bar and 220 bar injection pressure are given in table 12 and 
the graphs plotted are shown in Figures 31, 32 and 33 
respectively. 
 

Engine 
Load  

AT 180 BAR AT 200 BAR AT 220 BAR 
B20 DIESEL B20 DIESEL B20 DIESEL 

0 94 91 67 94 109 112 
25 385 375 458 462 433 481 
50 810 804 833 849 811 884 
75 1120 1119 1184 1203 1126 1255 
100 1358 1357 1394 1421 1313 1465 

Table 12: Emission of Oxides of Nitrogen in ppm 
obtained at different injection pressure. 

 

 
Figure 31: Graph - Engine Load vs Emission 

of Oxides of Nitrogen in ppm at 180 Bar 
Injection Pressure. 

 

 
Figure 32: Graph - Engine Load vs Emission 

of Oxides of Nitrogen in ppm at 200 Bar 
Injection Pressure. 

 

 
Figure 33: Graph - Engine Load vs Emission 

of Oxides of Nitrogen in ppm at 220 Bar 
Injection Pressure. 

 
Discussion:  The emissions of Oxides of Nitrogen 
(NOX) in ppm are slightly higher for B20 at 180 bar but it is 
lesser at 200 bar and 220 bar injection pressures than pure 
diesel.  
 
 



International Journal of Innovative Technology and Exploring Engineering (IJITEE) 
ISSN: 2278-3075 (Online), Volume-9 Issue-1, November 2019 

 

1718 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number: A5176119119/2019©BEIESP 
DOI: 10.35940/ijitee.A5176.119119 
Journal Website: www.ijitee.org 

Performance of B20 blend at 220 bar is found to be more 
better due to very less difference in the values obtained for 
B20 and pure diesel. This can be further improved by pre-
heating of the fuel and burning it at low temperature which 
can be achieved with exhaust gas recirculation for pre-
mixed burning of fuel.  

VII.  CONCLUSION AND FUTURE SCOPE 

The methyl ester B20 of Chlorella microalgae fuel are tested 
for performance characteristics with respect to mechanical 
properties like Brake Power, Mean Effective Pressure, 
Specific Fuel Consumption, Brake Thermal Efficiency and 
Mechanical Efficiency at 0%, 25%, 50%, 75%  and 100% 
engine loading conditions in a Kirloskar Variable 
Compression Ratio Diesel engine.  The values obtained for 
the blend B20 at 180 bar, 200 bar and 220 bar injection 
pressures are compared with the values obtained for pure 
diesel in similar conditions and injection pressures. The 
methyl ester B20 of chlorella species is also tested for their 
emission characteristics at 180 bar, 200 bar and 220 bar 
injection pressures for Carbon Monoxide (CO), Carbon 
Dioxide (CO2), Oxygen (O2), Hydrocarbons (HC) and 
Oxides of Nitrogen (NOx) using 5 gas analyzer and 
compared with the values obtained for pure diesel. It is 
found that the performance and emission characteristics for 
B20 at 220 bar injection pressures are more or less matching 
with the values obtained for pure diesel and can be 
considered as an alternate fuel in future by improving its 
combustion properties using suitable additives. The present 
requirement is to search and develop an alternate to fossil 
fuels to reduce high emissions of green house gas i.e. carbon 
dioxide gas for which burning of fossil fuels has become the 
major source of emissions. In future, the properties of the oil 
extracted from this biomass can be improved further by 
reducing its viscosity by adding additives and can become a 
major source of biodiesel. 
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