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Abstract
This research work is carried out to evaluate the effect of using diesel plastic oil blends in a CRDI diesel engine. This paper 
shows the potential of utilizing waste plastic oil extracted by pyrolysis of waste plastic as an alternative fuel for diesel 
engine. The plastic is not an ingredient component in environment due to the adhesive bond between their elements. The 
oil that can be removed from waste plastic contaminant is like inexhaustible energy resource. The plastic oil facilitate to 
reduce the obligation of fossil fuel as well as it can be used as an alternative fuel in engine without changing description 
of the engine as it can also be used in pure form or blended form. In this study the diesel engine is fuelled with plastic oil, 
diesel blends. The performance and emission characteristics is evaluated. The blends PO10,PO20 and PO30 are prepared 
on mass basis. The experimental results inferring that, thermal efficiency of all blends gradually decreases compare to 
diesel at all loading condition. CO emission is decreasing considerably with increasing the percentage of plastic oil in 
blends, NOX emission and CO2 emission is increasing slightly with increase in blends percentage and loads. 

1.  Introduction

The plastic is a material consisting of wide range of 
synthetic organic compounds. The plastic has become 
essential in our day to day life because of is attrac-
tive ability like very light weight, less costly and easy 
to carry. In1860 the plastic had invented but it is 
used in the last 30 years. The production of plastic 
has continued to rise each and every year. According 
to the global production of plastic the consump-
tion of plastic is 5 million tonnes in 1950 and 260 
million tonnes in 20091. The consumption of plas-
tic is increasing day by day and in 2013 it has been 
recorded to 299 million tonnes According to the new 
study the global production of plastic has come up to 
302 million tonnes in 2015. According to the report 

of central pollution control board (CPCB) it is found 
that the Polyvinyl(PVC) Industry growth is 16-18% 
per year. In the year of 2000 the plastic consump-
tion in India was reported to be 3 million tonnes and 
in 2007 it is increased up to 8.5 million tonnes. The 
Indian government is planning to increase the plas-
tic consumption approximately 20 kg per person in 
2022. Whereas the maximum consumption of plastic 
in Europe is 90 kg per capita and in America it is 60 kg 
per capita. Basically plastic are made long hydrocar-
bon chain and manufacture from petroleum product 
it contains poly vinyl chloride, Polypropylene and high 
density polyethylene5,6,7. In actual land filling is not a 
solution for waste plastic because land filling plastic 
produces harmful gases like carbon dioxide, nitride  
of oxygen, and greenhouse gases. This gases affects 
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the environment and increases the global warming. 
Due to the fast growth of automobile industry the con-
sumption of oil increases so it is required to find out 
alternative fuel for diesel engine3, 4.

Pyrolysis method is one of the best technique to 
utilize waste plastic in to the energy10. In this study, an 
attempt is made to determine alternative fuel which is 
having  same or similar properties of fossil fuel. The 
waste plastic oil it can be used in CRDI engine as an 
alternative fuel with pure and different blending 
ratio14. The oil production from the waste plastic has 
major role in the recent year can be used at various 
scale and study13,16.The required temperature is gener-
ally 450 to 700 degree centigrade but it is very difficult 
to maintain the temperature during the reaction11. For 
the better output of the pyrolysis process the catalyst 
like calcium oxide (CaO) Silica (SiO2) alumina(Al2O3) 
and zeolite can be used as it help to increase the reac-
tion rate and reduced the temperature requirement for 
the reaction2,12.

2.  Methods and Materials

2.1 � Materials Characterization And 
Preparation Of Plastic Oil. 

The waste plastic material like water bottle, plas-
tic cover, milk cover is collected from Amrita plastic 
recycle centre Bangalore. These collected wastes are 
cut into small pieces of around 1cm2. The pyrolysis 
chamber is fabricated using mild steal material as it 
withstand high temperature. Coal burning is used as a 
heating source to maintain the temperature of the reac-
tor 550-750oC with blower arrangement. The required 
coal is collected from Vinayak coal suppliers S.P road 
Bangalore. To condense the condensable gases which 
is coming out from the reactor, concentric tube and 
shell and tube type heat exchangers are used with the 
constant circulation of water. There is one vertical pipe 
provided at the reactor to remove non condensable 
gases. A silicon gasket is used to prevent the leakage 
from the reactor. The raw plastic oil which is coming 
out from the other end of the heat exchanger is col-
lected and purified before it used for preparation of the 
blends. A reactor and coal burning setup is used for 
pyrolysis process. 

For the cooling of high temperature gas which is 
coming out from the reactor outlet two different types 

of heat exchanger have been used. One is parallel flow 
concentric heat exchanger and second is multiple chan-
nel flow heat exchanger. In purification process 100g of 
KOH is mixed properly with one litre of water and equal 
proportion of plastic oil is added. The mixture is kept for 
2-3 hours in a conical flask as shown in Figure(3). As the 
heavy particles with water will settle at bottom portion 
of the flask and pure plastic oil settle at the upper level 
because of density difference. Then the water with heavy 
particles are removed at the bottom section of the flask. 
The blends of 10%, 20% and 30% are prepared on the 
mass basis. 

Figure 1.  Coal burning setup

 

Figure 2.  Waste plastic material
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Figure 3.  Purification setup

2.2 � Experimental Setup Crdi Engine and 
Experimental Details

The specification of the engine is shown in Table 1. For 
loading the engine brake drum rope dynamometer is used. 
The engine is operated at different loads at constant speed 
of 1500rpm. The water circulation to the engine head and 
exhaust gas calorimeter is provided through rota meter. 
The fuel consumption was measured with the help of 
burette and stopwatch. The time required for 10g of fuel 
consumption was taken and mass flow rate for the same is 
calculated. With the help of thermocouples at the different 
points the temperatures are measured. The engine is con-
nected U-tube manometer to measure the flow rate of air to 
the engine. A five gas analyser was used to measure the CO, 
CO2 and NOx.  Initially the engine was run by using neat 
diesel as fuel at all load conditions. In the second step the 
fuel tank was completely cleaned and blend having 10% of 
plastic oil is filled. The test was conducted at all load condi-
tions and emission values were taken. The same procedure 
is repeated for other two blends by loading the engine as 
previous cases. The performance and emission character-
istics are showing decreasing trend with increasing blends 
percentage. But PO20 and PO30 are showing almost simi-
lar variation in case of NOX

Table 1.
Engine specification:
Type -4-stroke, single cylinder diesel 

engine.
Make - kirloskar AV-1
Rated power -3.7 KW, 1500 RPM
Bore and stroke length - 85mm x 110mm
Compression ratio -16.5:1.
Dynamometer - Rope brake dynamometer.
Diameter of brake 
drum

-0.36m

3.  Results And Discussions

Figure 4.  Variation of flash and fire point with blends 
percentage

Figure 5.  Variation of calorific value with blends 
percentage
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The Figure 4 shows that the comparison between fire 
point and flash point with increase in blends percentage. 
It shows that the flash and fire points are increasing with 
increasing the plastic oil quantity in the blends compared 
with pure diesel. This increment in the flash and fire point 
is due to higher viscosity and density of the plastic oil 
is higher than diesel also plastic oil is less volatile. The 
increase in flash point is only 1% for PO10 and it 10% 
increase for PO30. 

The variation of calorific value for the different plastic 
oil-diesel blends is elaborated in the Figure 5 the calo-
rific value of the plastic oil is low as it has lesser cetane 
number. By increasing the quantity of plastic oil in the 
blends showing decreasing trend in calorific value. This 
is because of lesser calorific value of plastic oil compared 
to diesel. The PO shows 5.7% decrease and for PO30 it is 
12.5% reduction.  

4.  Engine Performance

4.1 � Brake Specific Fuel Consumption (BSFC)

Figure 6.  Variation of BSFC with BP at 1500 rpm

Figure 7.  Relation between BTE with BP at 1500 rpm

The BSFC v/s BP shows the decrease in fuel con-
sumption at higher loads. However the fuel consumption 
follows increasing trend by increasing the plastic oil 
quantity in the blends. The reason for getting higher fuel 
consumption is less calorific value of plastic oil. At the 
same load rich mixture has to be supplied compared to 
diesel. The efficiency is decreasing by 12% for PO10, 31% 
for PO20 and 48% for PO30. 

4.2  Brake Thermal Efficiency
The variation of BTE with respect to brake power is 
shown in Figure 8. BTE is decreasing by increasing the 
blend percentage because of increasing in fuel consump-
tion.  The reason is plastic oil has lower calorific value 
and at the higher loads large amount of heat release 
makes increased heat loss. At the full load running 
under diesel gives 29% BTE and it is slightly decreasing 
for PO10, PO20, and PO30. 

4.3  Exhaust Temperature
The exhaust gas temperature is increasing by increasing 
the BP. The exhaust gas temperature is about 140oCat 
zero load and 240oC at full load for pure diesel. In case 
of PO10 the exhaust temperature showing less in the 
beginning and it increased to 268oC. The temperature 
is increasing by increasing the blend percentages. This 
is due to lower thermal efficiency as the work done will 
be less and heat release is more. The one more reason is 
of having high oxygen content plastic oil has constitu-
ents having higher boiling point increases the exhaust 
temperature.

Figure 8.  Variation of exhaust temperature with BP at 
1500 rpm
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5.  Emissions Test

5.1  Carbon Monoxide

Figure 9.  Varition of carbon monoxide with BP at 1500 
rpm

Figure 10.  Variation of Carbon dioxide with BP at 1500 
rpm

The Figure 9. shows that carbon monoxide incresses with 
increase in brake power. The  PO10 varies from 0.117 % 
to 0.21%, for PO20 is varies from 0.111% to 0.18% and 
PO30 it is varies from 0.1% to 0.17%. The CO emmision is 
depend on the air fuel ratio. The CO is varies from 0.14% 
to 0.21% for diesel.The blends shows at full load decrease 
of 5% for PO10, 16% for PO20 and 19% for PO30. The 
reason is present of oxygenated hydrocarbon present in 
the plastic oil. 

5.2  Carbon Dioxide
The variation in CO2 with respect to BP shows increas-
ing trend in figure as the plastic oil is higher oxygenated 
fuel. The PO10 varies from 0.17% to 2.05%, for PO20 

is varies from 0.11% to 2.72% and PO30 is varies from 
0.15% to 2.86%. The reason for increasing CO2is using 
the same compression ratio and A/F ratio for plastic oil- 
diesel blends as the plastic oil shows less calorific value 
and lesser higher flash and fire pints. This may lead to 
improper combustion in the engine. 

5.3  Oxides of Nitrogen
The Figure 11. shows that variation of oxide of nitrogen 
is directly proportional to the brake power. The NOX is 
depend on the so many parameter like (temperature of 
combustion chamber, Air -fuel ratio, Time for combus-
tion of fuel, etc). The oxide of nitrogen rises with increase 
blends percentage. NOX varies from 85ppm to 290ppm 
for diesel oil. From 101ppm to 170ppm for plastic oil 
10%. And PO20 and PO30 the oxide of nitrogen it is 
slightly high as compare to diesel and PO10. The reason 
for increasing NO X may be due to the higher temperature 
at higher loads. 

Figure 11.  Variation of oxide of nitrogen with BP at 1500 
rpm.

6.  Conclusions

In this work the plastic oil is extracted from the dry plastic 
wastes by pyrolysis method. This provide us an alternative 
fuel which is having almost similar properties as fossil 
fuel,an efficient substitute to the fossil fuel being used 
in energy sector. The flash and fire points are increased, 
calorific value as shown little lesser values for the blends. 
By blending the pyrolysis oil with the diesel oil the engine 
performance was found to be acceptable by comparing 
the performance of engine working on neat diesel. The 
brake specific fuel consumption is more as compare to 
diesel fuel. And brake thermal efficiency is slightly reduc-
ing by increasing plastic oil quantity in blend.
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The blends of plastic oil- diesel is influenced signifi-
cantly on CO, CO2, NOX and exhaust gas temperature. 
The CO is decreased by increasing the blend percentage 
and CO2 is increasing. The NOX as well as exhaust gas 
temperature increasing significantly for PO20 and PO30. 
By observing the acceptable properties of plastic oil- die-
sel blends the plastic fuel can be used in the pure form 
also with little modifications to the engine. 
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