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Abstract— Waste plastic disposal and excessive use of fossil 

fuels have caused environment concerns in the world. Both 

plastics and petroleum derived fuels are hydrocarbons that 

contain the elements of carbon and hydrogen. The difference 

between them is that plastic molecules have longer carbon 

chains than those in LPG, petrol, and diesel fuels. Therefore, 

it is possible to convert waste plastic into fuels. 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 for this new fairly simple technology, a 

technology that is available now. 
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I. INTRODUCTION 

The main objectives of this study were to understand and 

optimize the processes of plastic pyrolysis for maximizing the 

diesel range products. The technology is not overly 

complicated, plastics are shredded and then heated in an 

oxygen-free chamber (known as pyrolysis) to about 400 

degrees Celsius. As the plastics boil, gas is separated out and 

often reused to fuel the machine itself. The fuel is then 

distilled and filtered. Because the entire process takes place 

inside a vacuum and the plastic is melted - not burned, 

minimal to no resultant toxins are released into the air, as all 

the gases and or sludge are reused to fuel the machine. For 

this technology, the type of plastic you convert to fuel is 

important. If you burn pure hydrocarbons, such as 

polyethylene (PE) and polypropylene (PP), you will produce 

a fuel that burns fairly clean. But burn PVC (Polyvinyl 

chloride), and large amounts of chlorine will corrode the 

reactor and pollute the environment. The process is really 

simple; it is similar to how alcohol is made. If you 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, 

you just need to put those vapors through a cooling pipe and 

when cooled the vapors will condense to a liquid and some of 

the vapors 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 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.  

A. Problem Statement 

Design and develop a prototype model of showing the 

concept of Pyrolysis of waste plastic to generate alternative 

source of fuel. 

B. Objective 

 To Design and develop a prototype model of showing the 

concept of Pyrolysis of waste plastic to generate 

alternative source of fuel. 

 To fabricate the model of the same which will show the 

pyrolysis of waste plastic to generate fuel 

 To provide solution for plastic pollution which causes 

problems for plants, animals and on human being. 

 To provide solution for problems created by 

conventional fuel whose burning leads to global 

warming. 

C. Scope 

As I 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. It works for diesel engines just fine, that has already 

been tested. There is a difference in what plastic you use, if 

you use polyethylene (plastic cans, plastic foil, and all kind 

of flexible non break plastics) you will get out liquid fuel that 

will solidify as it cools into paraffin, it is still good for diesel 

engines as long as you use a heated fuel tank, because it needs 

to be heated just about at 30 degrees Celsius to be liquid and 

transparent. If you don't want that, you can put the paraffin 

through the device for one more time and you 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 

you can make candles out of and it does not smell at all when 

burned, maybe a bit like candles. But if you use 

polypropylene (computer monitor cases, printer cases, other 

plastics that break easily), you get out only liquid fuel, no 

paraffin at all. All you need is just filter the fuel out of solids 

and you good to go and put it in your 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 60 kg of plastic into 60 liters 

of fuel in one day. Other methods of heating the reactor can 

be employed, electricity is just easier to work with and 

control. Some Japanese companies manufacture such 

devices, but their prices for this size unit is more than 100 

000$, our home made device cost us 900$ max. We use 
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aluminum 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. The bricks make the highest costs for 

this device. 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. 

1) Why plastic to oil 

 It’s an alternative energy investment that makes sense 

 It stimulates local economies and strengths communities. 

 It creates partnership for sustainable energy production 

 It’s an innovation that redefines recycling for a greener 

future 

 
Fig. 1: Overview of Pyrolysis process 

II. WORKING PRINCIPLE 

A. The pyrolysis of Plastic Materials 

Pyrolysis is a thermal cracking reaction of the large molecular 

weight polymer carbonchains under an oxygen free 

environment and produces small molecular weight 

molecules. Traditional treatments for post-consumed plastics 

were landfills or incineration. However, landfill of the post-

consumed plastics has potential problems because of limited 

land resource and high durability of plastics. Incomplete 

incineration may generate poisonous substances and causes 

serious health problems. Other methods like gasification and 

bioconversion are mainly used for organic materials. HDPE, 

LDPE, PP and PS are all hydrocarbons consisting entirely of 

carbon and hydrogen, which are similar to hydrocarbon fuels 

such as liquefied petroleum gas (LPG), petrol and diesel. 

Plastics are derived from petroleum and have calorific values 

in a similar range as those of LPG, petrol and diesel as given 

in Table 1. 

 
Table 1: Comparison of energy density of plastics and 

different types of fuels 

B. Processor 

 The processor requires only 4,500 sq. fs. Of operating 

space. 

 Height requirement is approximately 20 fs. 

 Highly automated; very low operator to processor ratio. 

 Modular design allows for easy deployment. 

C. Inputs 

 The processor accepts unwashed, unsorted waste 

plastics. Optimal feedstock includes polyethylene and 

polypropylene. 

D. Process 

 The conversion ratio for waste plastic into fuel averages 

86%. 

 Approximately 1 gallon of fuel is extracted from 8.3 lbs. 

of plastic. 

 The processor uses its own off-gases as fuel 

(approximately 10-12% of process output); minimal 

energy is required to run the machine. 

 Approximately 2-4% of the resulting product is Petcoke 

(Carbon Black), a high BTU fuel. 

 Emissions are lower than a natural gas furnace of similar 

size, and the quality of the emissions improve with 

increased feed rates. 

 The process operates at atmospheric pressure, and is not 

susceptible to pinhole leaks and/or other problems with 

pressure and vacuum-based system. 

 The reusable catalyst is produced economically. 

 The fuel produced is refined and separated without the 

high cost of a distillation tower. 

E. Resource Usage 

 The processor is designed to use minimal amounts of 

external energy. 

 As well as being beneficial for the environment, this is 

also a significant factor in the commercial viability of the 

process. 

 Water is used for cooling only and usage is minimized 

through recycling the water in a non-contact closed loop. 

The water is not in contact with the process itself, 

keeping it clean and uncontaminated. 

 Only 53 kWh electricity is required to run the fans, 

pumps and small motors. No electricity is used in the 

transformation of the plastic to fuel. 

 Natural gas is only used on start-up to heat the reactor – 

once the processor is running, the reactor is heated with 

its own off-gases. 

A facility-wide gas compression system governs 

natural gas usage throughout the entire production process. 

III. MATERIAL SELECTION 

The proper selection of material for the different part of a 

machine is the main objective in the fabrication of machine. 

For a design engineer it is must that he be familiar with the 

effect, which the manufacturing process and heat treatment 

have on the properties of materials. The Choice of material 

for engineering purposes depends upon the Factors like 

availability of the materials, suitability of materials for the 

working condition in service, the cost of materials, physical 

http://www.sciencedirect.com/science/article/pii/S0378382014000290#fx1
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and chemical properties of material and mechanical 

properties of material. 

The mechanical properties of the metals are those, 

which are associated with the ability of the material to resist 

mechanical forces and load. These factors are Strength, stress, 

stiffness, elasticity, plasticity, ductility, brittleness, 

malleability, toughness, resilience, creep and hardness. 

The science of the metal is a specialized and 

although it overflows in to realms of knowledge it tends to 

shut away from the general reader. The knowledge of 

materials and their properties is of great significance for a 

design engineer. The machine elements should be made of 

such a material which has properties suitable for the 

conditions of operations. In addition to this a design engineer 

must be familiar with the manufacturing processes and the 

heat treatments have on the properties of the materials. In 

designing the various part of the machine it is necessary to 

know how the material will function in service. In 

engineering practice, the machine parts are subjected to 

various forces, which may be due to either one or more of the 

following. 

 Energy transmitted 

 Weight of machine 

 Frictional resistance 

 Inertia of reciprocating parts 

 Change of temperature 

 Lack of balance of moving parts 

The selection of the materials depends upon the 

various types of stresses that are set up during operation. The 

material selected should with stand it. Another criteria for 

selection of metal depend upon the type of load because a 

machine part resist load more easily than a live load and live 

load more easily than a shock load. 

Selection of the material depends upon factor of 

safety, which in turn depends upon the following factors. 

 Reliabilities of properties 

 Reliability of applied load 

 The certainty as to exact mode of failure 

 The extent of simplifying assumptions 

 The extent of localized 

 The extent of initial stresses set up during manufacturing 

A. Materials selected in m/c 

1) Material used 

a) Mild steel 

Reasons: 

 Mild steel is readily available in market 

 It is economical to use 

 It is available in standard sizes 

 It has good mechanical properties  i.e. it is easily 

machinable 

 It has moderate factor of safety, because factor of safety 

results in unnecessary wastage of material and heavy 

selection. Low factor of safety results in unnecessary risk 

of failure 

 It has high tensile strength 

 Low co-efficient of thermal expansion 

B. Properties of Mild Steel 

M.S. has carbon content from 0.15% to 0.30%. They are 

easily wieldable thus can be hardened only. They are similar 

to wrought iron in properties. Both ultimate tensile and 

compressive strength of these steel increases with increasing 

carbon content. They can be easily gas welded or electric or 

arc welded. With increase in the carbon percentage weld 

ability decreases. Mild steel serve the purpose and was hence 

was selected because of the above purpose. 

It is a machine drawned. The main basic difference 

between mild steel and bright metal is that mild steel plates 

and bars are forged in the forging machine by means is not 

forged. But the materials are drawn from the dies in the plastic 

state. Therefore the material has good surface finish than mild 

steel and has no carbon deposits on its surface for extrusion 

and formation of engineering materials thus giving them a 

good surface finish and though retaining their metallic 

properties 

C. Design specification and requirements 

The design is so made as to obtain a ratio for waste plastic 

into fuel to average upto approximately 74%. In this part of 

the study, a continuous pyrolysis apparatus was designed and 

built for investigating and optimisation of the waste plastic 

pyrolysis process in a reactor. 

The theoretical energy demand for pyrolysis of 1 kg 

PE is 1048 kJ to generate a product of 10% w/w C3H6, 30% 

C8H16, 40% C16H32 and 20% C28H56. The further 

calculations for energy demand feeding rate in the designed 

system are based on this product distribution. The feeding 

rate of the waste plastic (kg/min) to the pyrolysis system is 

mainly determined by the performance of the pyrolysis 

reactor section. Therefore, the calculations of energy demand 

and feeding rate begin with the pyrolyzer. There is a Total 

6kW (1kw for each coil) energy supply to the pyrolyzer. This 

device works on electricity (3 phase), it has six nichrome coils 

as heating elements. 

Assuming that 30% of the energy is lost during the 

pyrolysis process, the estimated maximum capacity of the 

pyrolyzer is then estimated to 50 liters and can hold about 30 

kg of shredded plastic. It is hoped that the products from this 

continuous process apparatus designed in this study would be 

able to meet these requirements. 

 Plastic crude oil – 74% 

 Gases – 9% 

 Solid residue – 17% 

The processor should have 4,500 sq. fs. of operating 

space. 

Height requirement is approximately 20 fs. 

It should be highly automated; very low operator to 

processor ratio. 

Its modular design allows for easy deployment. 

IV. DESIGN CALCULATION 

A. Shell of the pressure vessel 

1) Types of shell 

The main categories on large, in which the shells are 

classified, are 

 Thin shells 

 Thick shells 

A cylinder is considered thin when the ratio of its 

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

equal. 
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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 our 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. In thin 

shells the stresses are assumed to be uniformly distributed 

over the wall thickness and hence even the analysis becomes 

simple and convenient. 

B. Material of the Shell for design 

The material selected for the shell part of the vessel is SA-

106 grade B steel, selected from standard boiler plate and 

pressure vessel application materials. It falls in the low 

carbon steel category, with good strength and ductility 

required for manufacturing the vessel. The low carbon 

content eases the rolling or forging operation by which the 

shell is made. Silicon, nickel and manganese are added in 

varying proportions to increase hardness, depth of hardening 

and impact resistance respectively without sacrificing ductile 

nature of steel. Chromium is added to increase the wear 

resistance and corrosion resistance of the material required 

for the storage of the liquid in the vessel during its 

application. Phosphorus is added in very low percentages to 

improve machinability of the shell and less content keeps a 

check on the cracking tendency during welding of the parts. 

Molybdenum, when added improves resistance to pitting 

corrosion especially by chlorides and sulphur chemicals, 

which is required in our storage vessel. 

C. Factor of safety in the design 

A higher factor of safety is taken because- 

1) As the any unknown force which is not been accounted 

in the design or which cannot be estimated is taken care 

of. 

2) After manufacturing of the shell the homogeneity of the 

material is always a doubt and the material may be 

weaker at some of the parts. 

3) Failure in service can cause huge losses in terms of 

property and lives. 

4) Stress concentrations at various cross sections may fail 

the component. 

5) Higher reliability is achieved. 

Also the vessel is operated in a corrosive 

environment in the given case. 

D. Design failure of shell 

1) Stresses acting on the shell- 

a) Tangential or circumferential stress σt 

One such type of stress is the hoop stress, which is defined 

for rotationally-symmetric objects as the 

average force exerted circumferentially (perpendicular both 

to the axis and to the radius of the object) in both directions 

on every particle in the cylinder wall. 

σt = Pi*Di/2*t 

 
Fig. 2: Tangential or circumferential stress σt 

b) Longitudinal Stresses σ1 

 
Fig. 3: Longitudinal Stresses σ1 

It is defined for rotationally-symmetric objects as the 

average force exerted lengthwise (parallel to the axis of the 

object) in both directions on every particle in the cylinder 

ends. 

σ1= Pi*Di/4*t 

As the formulas for both the stresses suggest that 

circumferential stress is twice more than longitudinal and 

hence, failure of the shell occurs because of this, and the shell 

is cut lengthwise as shown in fig above. Hence this is taken 

as the design constraint for the shell. 

Thickness obtained above is added with a corrosion 

allowance of 1.5 to 4 mm. 

2) Compound cylinder 

Compound cylinders are used in high pressure applications, 

as it helps the structure straight down in 2 ways- 

 Provides external pressure fitting. 

 Acts as insulation when high or low temperature fluid is 

stored in vessel. 

Compound cylinders are advantageous as against 

simple single layered thickness shell. Such shells are made by 

a process called Autofrettage 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. 

Hence this is used in the design. 

E. Supports for Vessels 

Cylindrical and other types of vessels have to be supported 

by different methods. Vertical vessels are supported by 

brackets, column, skirt, or stool supports, while saddles 

support horizontal vessels. The choice of type of support 

depends on the height and diameter of the vessel, available 

floor space, convenience of location, operating variables, the 

size of these vessel, the operating temperature and pressure 

and the materials of construction. 

Brackets of lugs offer many advantages over other 

types of supports. They are inexpensive, can absorb 

diametrical expansions by sliding over greased or bronze 

plates, are easily attached to the vessel by minimum amounts 

of welding, and easily leveled or shimmed in the field. Lug 

supports are ideal for thick-walled vessels, but in thin-walled 

vessels, this type of support is not convenient unless the 

proper reinforcements are used or many lugs are welded to 

the vessel. 

It is also necessary to ensure that, the attachment of 

the support to the vessel, which is usually by fillet welds 

should be able to transfer the load safely from vessel to 

support and that, the support should be strong enough to 

withstand the load of the vessel. 
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F. Skirt 

Vertical vessels are normally supported by means of suitable 

structure resting on a reinforced concrete foundation. This 

support structure between the vessel and the foundation may 

consist of a cylindrical shell termed as skirt. The skirt is 

usually welded to the vessel because the skirts are not 

required to withstand the pressure in the vessel; the selection 

of material is not limited to codes. The skirt may be welded 

directly to the bottom dished head, flush with the shell or to 

the outside of shell. There will be no stress from internal and 

external pressure for the skirt, unlike for the shell, but the 

stresses from dead weight and from wind or seismic bending 

moments will be maximum. 

G. 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 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. 

V. NOMENCLATURE 

 P: design pressure, MPa 

 C: corrosion allowance, mm 

 D1: inside diameter of the vessel, mm 

 D2: outside diameter of the vessel, mm 

 R1: inside radius of the vessel, mm 

 R2: outside radius of the vessel, mm 

 S: maximum allowable stress, N/mm2 

 E: Joint efficiency, % 

 T: required the thickness, mm 

Material for shell selected = C45 = 0.45 % carbon. 

Design pressure pi = 4bar = 0.4N/mm2: 

Operating temperature: 4500c 

Material C45 – 0.45 % carbon 

σut= 320 N/mm2 

FOS for pressure vessel, take = 4 

Now, 

σt = σ b = σ ultimate / FOS = 320/4 = 80 N/mm2. 

σs = σ t / 2  = 80/2 = 40 N/mm2. 

Joint efficiency of fillet welding ήT: 80% 

Thickness of shell obtained from formulas: 

By circumferential stress criteria:- 

t = (Pi x Di) / (2 x σt x ήt) 

t = (0.4 x 135) / (2 x 80 x 0.8) 

=54/128 = 0.42 mm 

Adding corrosion allowance of 1.5mm 

t = 0.42 + 1.5=1.92 mm 

Let t = 2mm (say) 

Based on theory of thin cylinders with modifications 

t = (Pi x Di) / (2 x σt x ήt) - pi 

= (0.4 x 135) / (2 x 80 x 0.8) - 0.4 

= 54 / (128 -0.4) = 0.4231 mm 

Adding corrosion allowance of 1.5mm 

t = 0.42 + 1.5=1.92 mm 

Let t = 2mm (say) 

The values obtained from both the above formulas 

are approximately equal to 2mm. 

Hence final value of thickness t = 2mm but we are 

using 5 mm thick cylinder, so our design is safe. 

Outer diameter of shell will be D2 = 135 + 10 = 145. 

A. Design of Condenser 

 Power of compressor =125watt 

 20% of compressor power adds due to friction 

 Actual power of compressor = 1.2 * Power of 

Compressor =1.2 * 125 =150 watt 

1) Notation 

 T1 = Temp. at inlet of Condenser tube = 1000 C 

 T2 = Temp. at outlet of Condenser  tube = 400 C 

 Tatm = Temp. of water =300 C 

We know that, 

Q = U * A * ΔT 

Where U =Overall heat transfer 

Then, 

ΔT= ((Өi - Өo)/(ln (Өi / Өo ))) 

Өi = T1 – Tatm = 100-30 =700 C 

Өo = T2 – Tatm =40-30 =100 C 

Put in above equation, we get, 

ΔT=(70-10)/ ln(70/10) = 30.830 C 

Taking U=28 w/m2 0 C will be the best selection 

(from Heat & Mass transfer handbook) 

Therefore 

Q = U * A * ΔT 

150 = 28*A * 30.83 

A contact = 0.2512 m2 

Now, 

Acontact = Π * Dtube * Ltube 

Take diameter of tube = 12.7 mm 

0.2512 = Π*12.7 x 10-3 x L tube 

:. L tube =12.79 m 

For design purpose, 

:. L tube=13 m 

Now since, 

Ltube=Perimeter * number of tubes 

We know, 

Box size = 230 x 340 

Perimeter = (340 + 230) x 2 =1140 mm 

13= 1140* 10 -3 *Number of turns 

Number of turns =11.4 

Number of turns=13 

13 turns/// 200 mm /// id 12.7 mm.. od 13 mm 

Let the total weight (P) of our machine be 60 kg, 

now this 60 kg weight is kept on four angle, 

P = 60/4 = 15 kg. 

P = 15 x 9.8 = 147 N. 

L = 300 mm. 

M = WL/4 = 147 × 300/4 = 11025 N-mm 

Z= Bᶟ/6 - b⁴ /(6 x B) 

Z= 30ᶟ/6-26⁴ /(6×30) 

Z= 1961mmᶟ 

= M/Z = 11025/1961 = 5.622 N/mm² 

As induced bending stress is less then allowable 

bending stress i.e. 160 N/mm2 design is safe. 

VI. CONCLUSION 

This mechanism is solution for not only to conventional fuel 

but also to plastic pollution. This device uses waste plastic 
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such as polyethylene, polypropylene, syringe etc. and then 

convert those gases to ecofriendly fuel with catalytic action. 

This project of Pyrolysis of waste plastic has been 

successfully designed and tested. 

Presence of every component has been reasoned out 

and placed carefully thus contributing to the best working of 

the unit. Secondly, using highly advanced IC’s and with the 

help of growing technology the project has been successfully 

implemented. 

ACKNOWLEDGMENT 

The authors wish to thanks Prof. V.S.Jadhav for their 

valuable support and also wish to thanks all contributors for 

their valuable contributions. 

REFERENCES 

[1] T.J. Prabu,Design of Transmission system,volume 

6,April 1955 

[2] Mahesh shahapuri,Anti-roll back system for manual 

transmission vehicles ,volume 4,July 1985 

[3] H. Poor, A Hypertext History of Multiuser Dimensions, 

August 1972. 

[4] S.P. Bingulac, On the Compatibility of Adaptive 

Controllers, volume 2, November 1989. 

[5] Cook George ,Anti creep and hill holder brake system, 

January 1974 

[6] William kent, Improved release mechanism for a hill 

holder device,February 1987. 

[7] Rodolf  Walter, Theory of machines, volume 2,March 

1981 

[8] R. E. Sorace, V. S. Reinhardt, and S. A. Vaughn, “High-

speed digital-to-RF converter,” U.S. Patent 5 668 842, 

Sept. 16, 1997. 


