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Abstract— Due to excess use of fossil fuel and waste plastic 

disposal and causes environment concern in all over the 

world. Elements of Carbon and Hydrogen are contents in 

hydrocarbon and both plastic and petroleum are derived fuels. 

In case of plastic there is long molecular chain of Carbon 

where as in case of LPG, petroleum, and diesel fuel it is low. 

Hence, we can easily convert waste plastics into the fuel. 

Throughout the world many researchers and companies 

starting to produce fuel from waste plastic by pyrolysis 

reaction. In U.S. only 8% plastic is recycled and 15% in 

western Europe and very less as compared to these in 

developing nations. The remaining plastic which is not cycled 

are thrown in the ocean or in the environment Many amounts 

of plastic is manufactured every year and out of which only 

few amounts is recycled i.e. only 33%. Only 33% plastic is 

recycled hence we must manage plastic waste or plastics 

which is buried under lands. If we buried plastic under land 

like this then defiantly in future, we will get plastic in mines, 

but currently all plastic waste does not make it into our 

landfills. The United Nations estimates plastic accounts for 

four-fifth of the accumulated garbage in the world's oceans. 

We need to stop polluting our oceans with plastic before it is 

too late, and start collecting all plastics suitable for this new 

fairly simple technology, a technology that is available now. 
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I. INTRODUCTION 

Plastic is a high molecular weight material that was invented 

by Alexander Parkes in 1862.Plastics are also called 

polymers. The term polymer means a molecule made up by 

repetition of simple unit. For example, the structure of 

polystyrene can be written in a form as shown in Figure 1.1  

 
Fig. 1.1: Common expression of polystyrene molecular 

structure 

 The repeating unit of the polymer is in the brackets 

with a subscript, n, to represent the number of the unit in this 

polymer molecule [1]. Plastic is one of the most commonly 

used materials in daily life which can be classified in many 

ways such as based on its chemical structure, synthesis 

process, density, another property. In order to assist recycling 

of the waste plastic, Society of Plastic Industry (SPI) defined 

a resin identification code system that divides plastics into the 

following seven groups based on the chemical structure and 

applications [5]. Due to the convenience to manufacturing 

and use, the world plastic production has been increasing 

since it was firstly commercially manufactured, from 1.5 

million tons in1950 to 260 million tons in 2007.  One of the 

major concerns for extensive use of the plastics is the disposal 

of the waste plastic. In addition, the plastics are produced 

from non-sustainable oil or coal, and thus it is a non-

sustainable product. There were 30.7 million tons of waste 

plastic generated in the U.S. in 2007, which accounts for 

12.1% of the total municipal solid wastes. In U.K., 4.9 million 

tons of plastics were consumed in 2007. Europe consumes 

about 25% of the global plastic production, which is 

equivalent to 60 million tons per year.  

 This device works on electricity (3 phase), it has one 

nichrome coils as heating elements and consumes a total of 

2kW (1kW each coil). Heat the plastic slowly to about 350 

degrees and just wait till it then. Our device has a capacity of 

1 litre and can hold about 2 kg of shredded plastic. The 

process takes about 1 to 1.5 hours, but it can be shortened 

considerably by tweaking the design a bit. As we said, this 

makes a liquid fuel that can be used as multifuel, that means 

it can be used on diesel engines and also on gasoline engines, 

but we still need to test it will work on gasoline [7]. It works 

for diesel engines just fine, that has already been tested. There 

is a difference in what plastic we use, if we use polyethylene 

(plastic cans, plastic foil, and all kind of flexible non-break 

plastics) we will get out liquid fuel that will solidify as it cools 

into paraffin, it is still good for diesel engines as long as we 

use a heated fuel tank, because it needs to be heated just about 

at 30 degrees Celsius to be liquid and transparent.[6] If we 

don't want that, we can put the paraffin through the device for 

one more time and we will chop those hydrocarbons even 

smaller and half of the paraffin will turn to liquid fuel and 

other half will remain a paraffin, but much denser and will 

melt at higher temperatures, this is the stuff we can make 

candles out of and it does not smell at all when burned, maybe 

a bit like candles. 

II. LITERATURE REVIEW 

A. Background 

All around the globe companies and individuals are starting 

to produce fuel from waste plastic. As only 8% of waste 

plastic is recycled in the U.S., 15% in Western Europe, and 

much less in developing countries, this reuse of plastic could 

potentially keep enormous amounts of plastic out of landfills 

and out of the oceans. Over 500 billion pounds of new plastic 

is manufactured each year and roughly 33% of that is single 

use and thrown away. As so little plastic is recycled, we need 

to reframe plastic waste as an underused resource vs landfill 

destined. If all plastic waste made it into the landfill, it would 

surely be mined in the future, but currently all plastic waste 

does not make it into our landfills. The United Nations 

estimates plastic accounts for four-fifths of the accumulated 

garbage in the world's oceans. We need to stop polluting our 

oceans with plastic before it is too late, and start collecting all 

plastics suitable fo]=4=y-8thy5o97pn vjgkbiohp ‘nm] this 

new fairly simple technology, a technology that is available 

now.  

B. Pyrolysis  

Prof.S.l. wong, n. Ngadi, t.a.t. abdullah, i.m. inuwa studied 

the polymer pyrolysis on different polymer and in different 
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reactor. Approach of this study is recent progress in 

production of fuels and chemicals from virgin and post-

consumer plastic waste. Chika muhammad, jude a. Onwudili, 

paul t. Williams done study on pyrolysis in the presence of 

zeolite catalysts and they found Pyrolysis of plastics 

produced from commercial. Waste electrical and electronic 

equipment produces a mainly oil product containing mostly. 

S.J. Pickering found that the composites. Industry is 

responding with a Composites Recycling Concept to manage 

waste from composites and stimulate recycling activities. A. 

López , I. de Marco, B.M. Caballero, M.F. Laresgoiti, A. 

Adrados, A. Torres has done study on Thermogravimetric 

analyses and catalytic pyrolysis and they analyse the 

behaviour of different real packaging samples in pyrolysis. 

M. Punčochářa, B. Rujb, P. K. Chatterjeeb they studied 

plasma pyrolysis technology and conversion of high calorific 

value plastic into synthesis gas. Mochamad Syamsiroa, 

Harwin Saptoadi, Tinton Norsujianto, Putri Noviasria, Shuo 

Chen work on Sequential pyrolysis and   they found that the 

feedstock types strongly affect the product yields and the 

quality of liquid and solid product. 

C. Co pyrolysis 

M. Sajdak, r. Muzyka done study on Co pyrolysis of plastic 

waste as fuel with biomass and he found that the co-pyrolysis 

of biomass with polypropylene as an additional fuel. Chunfei 

Wu and Paul T. Williams work on Pyrolysis -gasification and 

the approach was the influence of steam and the presence of 

catalyst on gas and hydrogen production from the pyrolysis–

gasification of polypropylene and they found that the amount 

of reacted water, gas production and hydrogen production 

were increased with both the increase of gasification 

temperature from 600 to 900˚C. 

D. Hydro-cracking 

Wiwin Sriningsih, Monica GarbySaerodji, Wega 

Trisunaryanti, Triyono, Ria Armunanto, IipIzulFalah works 

on Hydro-cracking of LDPE plastics into fuel over bi 

functional catalysts and Chemical analysis of fuel. Dezhen 

Chen, Lijie Yin, Huan Wang, Pinjing studied Pyrolysis by 4 

types of reactors viz. Fixed-bed, Rotary kiln, Fluidized-bed, 

Tubular.The pyrolysis of MSW has shown that most the 

industrial 

 Pyrolysis facilities are coupled with gasification or 

combustion stage and they all equipped with gas scrubbing 

devices. 

III. MATERIALS AND METHODOLOGY 

A. Shell 

A cylinder is considered thin when the ratio of its inner 

diameter (d) to the wall thickness (t) is more than 15 or equal. 

When the ratio of inner diameter (d) to the wall thickness (t) 

is less than 15 it is considered as a thick cylinder. Boiler 

shells, pipe tubes, storage tanks are the examples of thin-

walled cylinders while hydraulic cylinders, high pressure 

pipes, gun barrels, submarines are thick-walled cylinders. In 

this design, the shell used is a thin cylinder type as the shell 

thickness required is less as compared to the storage capacity 

or the inner diameter of the vessel. 

 
Fig. 3.1: Shell 

B. Compound cylinder  

Compound cylinders are advantageous as against simple 

single layered thickness shell. Such shells are made by a 

process called Auto frottage wherein two concentric cylinders 

with outer cylinder is shrunk in the inner one. This induces 

compressive stresses in the inner one and reduces the net 

pressure acting on the cylinder. This is carried out by heating 

the outer cylinder and expanding its diameter and then put on 

the inner one under gradual cooling which makes it press 

fitted. 

 
Fig. 3.2: Cylinder (Heating chamber) 

C. Anchor Bolt 

 The bottom of skirt of vessel must be securely anchored to 

the concrete foundations by means of anchor bolts embedded 

in the concrete to prevent over turning from bending moments 

induced by seismic and wind loads. The concrete foundation 

is poured with adequate reinforcing steel to carry tensile 

loads. The anchor bolts may be  

 
Fig. 3.3: Anchor Bolt 

formed from steel rounds threaded at one end and usually 

with a curved or hooked end embedded in the concrete will 

bond to the embedded surface of the steel. 

D. Condenser Coil 

The condenser coil is as shown in below fig. 4.2. The 

condenser coil is made of cooper material has diameter 6 mm 

and it is used to cool the vapours after heating the plastic 

material.  
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Fig. 3.4: Condenser Coil 

E. Gasket and Assembly 

The gasket is used to seal the heating chamber and the 

opening is connected to the condenser. The gasket is as shown 

fig. below. 

 
Fig. 3.5: Gasket 

IV. EXPERIMENTATION 

The process is really simple; it is similar to how alcohol is 

made. If we heat plastic waste in non-oxygen environment, it 

will melt, but will not burn. After it has melted, it will start to 

boil and evaporate, we just need to put those vapours through 

a cooling pipe and when cooled the vapour will condense to 

a liquid and some of the vapour with shorter hydrocarbon 

lengths will remain as a gas. The exit of the cooling pipe is 

then going through a bubbler containing water to capture the 

last liquid forms of fuel and leave only gas that is then burned. 

If the cooling of the cooling tube is sufficient, there will be 

no fuel in the bubbler, but if not, the water will  

 
Fig. 4.1: Experiment Set Up. 

 capture all the remaining fuel that will float above 

the water and can be poured off the water. On the bottom of 

the cooling tube is a steel reservoir that collects all the liquid 

and it has a release valve on the bottom so that the liquid fuel 

can be poured out. Here are some pictures to better 

understand the design as shown in fig. 4.3. This device works 

on electricity (3 phase), it has nichrome coils as heating 

elements and consumes a total of 2 kW. We need to heat the 

plastic slowly to about 350⁰ C. This device has a capacity of 

1 litre and can hold about 2 kg of shredded plastic. The 

process takes about 1 to 1.5 hours, but it can be shortened 

considerably by tweaking the design a bit. As we said, this 

makes a liquid fuel that can be used as multi fuel, that means 

it can be used on diesel engines and also on gasoline engines, 

but we still need to test it will work on gasoline. There is a 

difference in the type of plastic we use, if we use polyethylene 

(plastic cans, plastic foil, and all kind of flexible non-break 

plastics) we will get out liquid fuel that will solidify as it cools 

into paraffin, it is still good for diesel engines as long as we 

use a heated fuel tank, because it needs to be heated just about 

at 30 degrees Celsius to be liquid and transparent. If we don't 

want that, we can put the paraffin through the device for one 

more time and we will chop those hydrocarbons even smaller 

and half of the paraffin will turn to liquid fuel and other half 

will remain a paraffin, but much denser and will melt at 

higher temperatures, this is the material out of which candles 

are made and it does not smell at all when burned. But if we 

use polypropylene (computer monitor cases, printer cases, 

other plastics that break easily), we get out only liquid fuel, 

no paraffin at all. All we need is just filter the fuel out of 

solids and we are good to go and put it in the gas tank. We 

have made the analysis and it is almost the perfect diesel 

fraction. It has no acids or alkaline in it, like fuel from tires 

does. The unit in the pictures can convert about 8 kg of plastic 

into 40litres of fuel in one day. Some Japanese companies 

manufacture such devices, but their price for this size unit is 

more. We use aluminium oxide bricks to insulate the heat, 

they are light as foam and can be easily cut in any shape, but 

any kind of insulator can be used.  It can also be made using 

liquid fuel burners to heat the reactor, this will enable to make 

the device self-sustainable by using about 10-15% of the 

produced fuel along with the produced gas. A small farm can 

use a device of this size and make fuel for itself by converting 

plastic waste to fuel, farms have very much plastic waste and 

it is a big problem, at least in our country. The following 

figure shows actual model of converting fuel from waste 

plastic. 

V. RESULT AND DISCUSSION 

I have conducted an experiment on our setup, on the basis of 

that experiment I got the following results. For performing 

the experiment, we needed a heating coil which consumed a 

power of 2kw. Generally, for 1 unit of electricity the rate Rs. 

5 it means Rs. 10 for 1 hour. According to the experiment our 

project takes near about 1.5 hours for producing oil from 1 kg 

of plastic waste, so the cost of total consumption of power is 

Rs.15 approximately. 

A. Relation between Heating Time and Heat Input 

As we have seen in previously that heating input increases 

with heating time. Initially the Heat input is 50 Watt on the 

10 min of trial. I have taken 280 min trial in that maximum 

heat input is 1400 W is noted. The following fig. 5.1 shows 

the relationship between Heating and Heat Input. 
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Fig. 5.1: Heating time vs Heat Input 

 As we can see in the graph that the relation is linear 

which means that as the heating time or time of process 

increases the heating input is also increases as the time passes 

heat require to melt the is also increases and it increases up to 

the limit where the chemical bond gets breaks and we will get 

the fuel from waste plastic by pyrolysis reaction.   

B. Relation between Heat Input, Condenser input 

temperature and Condenser output temperature 

As the condenser input and output temperature is depend 

upon the pyrolysis reaction and heater input so there is a 

relation between all these parameters are considered. In Fig. 

5.2 the relation between all these parameters is shown below. 

 
Fig. 5.2: Relation between Heat Input, Condenser input 

temperature and Condenser output temperature 

 From above graph it is clearly seen that Heater input 

with time is linearly increasing and somewhere the 

Condenser input is slightly changing but Condenser output 

temperature is slightly deviating which means the difference 

between the Condenser input and Condenser output is slightly 

increases as the heater input increases which indicates that at 

higher temperature the difference is more and ultimately the 

heat transfer increases. Due to this increased heat transfer we 

will get more amount of oil from the waste plastic through 

pyrolysis reaction. Initially, it is seen that the temperature 

difference is low this is happened because the temperature at 

the start of the reaction is low as the heater input increases the 

temperature also increases and resulting the increased heat 

transfer. Another relationship of overall heat transfer 

coefficient with the heater input is shown in below graph. 5.3 

in which we can clearly see the effect of overall heat transfer 

to the heater input. 

C. Relation between Heater Input, LMTD and Overall Heat 

Transfer Coefficient “U” 

 
Fig. 5.3: Relation between Heater Input, LMTD and Overall 

Heat Transfer Coefficient 

 We can see from the above graph. 5.3 that as 

reaction time increases the heater input is also increases. The 

LMTD values are also increase but the overall heat transfer 

coefficient value i.e., U is increasing up to certain limit then 

it become falling and maintaining its constant value ranging 

from 167.79 W/m2ᵒC to 178.39 W/m2ᵒC. Initially, the value 

of LMTD is low and U value is more but as the time passes 

the values are changes after 140 min of trial it is observed that 

U values are falling and LMTD values are continuously 

increasing this happened because of the temperature 

difference between condenser input and output temperatures. 

This reduces the U value and we will get a constant U value 

as we can see in above graph. Heater input is responsible for 

all these values because as the heater input increases it 

increases the temperature of reactor and it also increases the 

input temperature of the condenser and we will get LMTD. 

So, from this we can we can say that after certain limit 

whatever may be the heater value and LMTD value there is 

no significant changes on Overall heat transfer coefficient 

i.e., U. 

VI. CONCLUSION 

The production of thermo fuel from waste plastics is one of 

the better methods to save the environment profitably. From 

1kg of raw plastic material we can get up to 100-

150g(approximate) of fuel & after distillation we will 

produce petrol, diesel, kerosene, neptha, carbon & other 

contents separately. One of the most beneficial part of this 

project is that “it provides alternative to existing sources of 

fuels.” We here by conclude that our project will be a pillar 

to save the environment and source for fuel. The contributors 

also focus on the effectiveness of recent technologies in 

mitigating environmental impacts, particularly those for 

managing plastics in the solid waste stream. Plastic and 

design engineers, polymers chemists, material scientists, and 

ecologists will find plastics and the environment to be a vital 

resource to this critical industry. 

0

500

1000

1500

0 50 100 150 200 250 300

Heating time vs Heat Input 

0

500

1000

1500

2000

2500

3000

T
im

e

2
0

4
0

6
0

8
0

1
0
0

1
2
0

1
4
0

1
6
0

1
8
0

2
0
0

2
2
0

2
4
0

2
6
0

Conder O/P Temp.

Conder I/P Temp

Heater Input

0

200

400

600

800

1000

1200

1400

1600

0 153045607590105120135150165180195210225240255270285300

Heater I/P LMTD U



Heat Transfer Analysis of Pyrolysis Reaction Unit 

 (IJSRD/Vol. 10/Issue 6/2022/017) 

 

 All rights reserved by www.ijsrd.com 78 

REFERENCES 

[1] A. Demirbas, “pyrolysis of municipal plastic wastes for 

recovery of gasoline-range hydrocarbons,” journal of 

analytical and applied pyrolysis, vol. 72, 2004, pp. 97-

102. Doi:10.1016/j.jaap.2004.03.001  

[2] Binoy C N & Joseph George, Sijo M T. “Cost Reduction 

Using Alternative Fuel In A Forging Industry”  

[3] C. Wongkhorsub, n. Chindaprasert D. Rutz, and r. 

Janssen, “a comparison of the use of pyrolysis oils in 

diesel engine” wip renewable energies, 2007. 

[4] Dr.S.Vinothkumar, P.Sudarventhan “Production Of 

Crude Oil From The Plastic Bags” Asst. Professor, 

Research Scholar,dept. Of Chemical Engineering, St. 

Michael College Of Engineering And Technology, 

Sivaganga 

[5] Environmental Protection Agency. Common Wastes & 

Materials. Retrieved From, 

Http://Www.Epa.Gov/Osw/Conserve/Materials/Plastics

.Htm.  Last Updated, November 19, 2012. 

[6] Feasibility Study Of Conversion Of Selected Plastic In 

To Synthetic Fuel(synthetic Diesel) – A Review Dohare 

Devendra1 And Nagori Kaustubh2 Research Journal Of 

Engineering Sciences Issn 2278 – 9472 Vol. 3(7), 17-21, 

July (2014) Res. J. Engineering Sci. 

[7] Frank d. Graham , “Audels  power plant engineers guide”  

[8] G.R.Nagpal, “Power plant engineering.” 

[9] Gaurav, Madhukar M, Arunkumar K.N., “Conversion Of 

Ldpe Plastic Waste Into Liquid Fuel” Thermal 

Degradation 4n S Lingegowda International Journal Of 

Mechanical And Production Engineering, Issn: 2320-

2092, Volume- 2, Issue- 4, April-2014 Conversion Of 

Ldpe Plastic Waste Into Liquid Fuel By Thermal 

Degradation 104  

[10] Harwin Saptoadi And Nosal N. Pratama “Utilization Of 

Plastics Waste Oil As Partial Substitute For Kerosene In 

Pressurized Cookstoves 

[11] Http://Biomassmagazine.Com/Articles/2067/Power-

and-fuel-from-plastic-wastes.  

[12] Http://Www.Inspirationgreen.Com/Plastic-waste-as-

fuel.Html. & Articles From Times Of India.  

[13] International Journal Of Environmental Science And 

Development, Vol. 6, No. 5, May 2015 Doi: 

10.7763/Ijesd.2015.V6.619 

[14] J. G. Rogers And J. G. Brammer, “Estimation of The Pro-

duction Cost Of Fast Pyrolysis Bio-oil,” Biomass And 

Bioenergy, Vol. 36, 2012, Pp.208-217. 

Doi:10.1016/J.Biombioe.2011.10.028  

[15] J. Scheirs and w. Kaminsky, “feedstock recycling and 

pyrolysis of waste plastics: converting waste plastics into 

diesel and other fuels,” john wiley & sons ltd., chichester, 

2006. Doi:10.1002/0470021543  

[16] M. Mani, c. Subash and g. Nagarajan, “performance, 

emission and combustion characteristics of a di diesel 

engine using waste plastic oil,” applied thermal 

engineering, vol. 29, 2009, pp. 2738-2744. 

Doi:10.1016/j.applthermaleng.2009.01.007 

[17] M.A. Connor And G.H. Covey Turning Mixed Plastic 

Wastes Into A Useable Liquid Fuel S.L. Low 

Department Of Chemical Engineering University Of 

Melbourne Melbourne, Victoria 3010 Australia. 

[18] Murugan S., Ramaswamy M.C. And Nagarajan G., The 

Use Of Tyre Pyrolysis Oil In Diesel Engines, Waste 

Management, 28, (12), 2743-2749 (2008) 

[19] Prajakta Sontakke “Fuels From Plastic Wastes” Dist-

thane, Mumbai, India.  International Journal Of 

Technical Research And Applications E-issn: 2320-

8163, Www.Ijtra. Com Volume 2, Issue 5 (Sep-oct 

2014), Pp. 89-90  

[20] Prof.Y.M.Patil. “Thermal engineering.”  

[21] R.A Beg, M. R. I. Sarker, And Md. Riaz Pervez(2010). 

Production Of Diesel Fuel From Used Engine Oil. 

Ijmme-ijens Vol:10 No:02  

[22] S. Murugan, m. C. Ramaswamy and g. Narajan, 

“performance, emission and combustion studies of a di 

diesel engine using distilled tyre pyrolysis oil-diesel 

blends,” fuel processing technology, vol. 89, 2008, pp. 

152-159. Doi:10.1016/j.fuproc.2007.08.005 

[23] Vijaykumar B. Chana Shetty And B.M. Patil “Fuel From 

Plastic Waste “department Of Mechanical Engineering, 

Bheemanna Khandre Institute Of Technology, Bhalki, 

Bidar, Karnataka, India. 


