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ABSTRACT 
Through this plant we will be able to recover considerable amount of energy from waste polythene bags 

which if not recycled will have devastating effects on our environment. The harms such as sewerage 

block, reducing fertility of land etc. are discussed in detail later. The main criteria for selecting feed is 

lower calorific value. In our case it is above 40MJ/kg which is more than sufficient for using waste 

polythene bags as a feed. While recovering energy treatment of toxic exhaust is also main concern 

which can be treated through heat. Tests were conducted which are elaborated in next few pages.  

WHY WE NEED POLYTHENE TREATMENT PLANT? 

HARMS: 
The effects of plastic bags on the environment are really quite devastating. While there are many 

objections to the banning of plastic bags based solely on their convenience, the damage to the 

environment needs to be controlled. 

There is no way to strictly limit the effects of plastic bags on the environment because there is no 

disposal method that will really help eliminate the problem. While reusing them is the first step, most 

people either don't or can't based on store policies. They are not durable enough to stand up to 

numerous trips to the store so often the best that citizens can do is reuse them when following pooper 

scooper laws. 

PLASTIC BAG LITTER: 
Even when citizens try to manage their plastic bag disposal wind plays a role in carrying them away as 

litter. A bag that is eventually ripped to shreds from high winds or other factors doesn't disappear but 

instead is spread in smaller amounts throughout the area. This can cause more problems as these 

smaller pieces are carried away through storm drains and often end up in the waterways. With more the 

500 billion and possibly as many as a trillion plastic bags in circulation annually this can lead to a 

catastrophic littering problem.  

THE EFFECTS OF PLASTIC BAGS IN WATERWAYS: 
One of the greatest problems is that an estimated 300 million plastic bags end up in the Atlantic Ocean 

alone. These bags are very dangerous for sea life, especially those of the mammal variety. Any hunting 

mammal can easily mistake the size, shape, and texture of the plastic bag for a meal and find its airway 

is cut off. Needless deaths from plastic bags are increasing every year. 
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THE EFFECTS OF PLASTIC BAGS ON LAND 
Every bag that ends up in the woodlands of the country threatens the natural progression of wildlife. 

The land litter that is made up of plastic bags has the potential to kill over and over again. It has been 

estimated that one bag has the potential to unintentionally kill one animal per every three months due 

to unintentional digestion or inhalation. If you consider the number of littered plastic bags ranges from 

1.5 million to 3 million depending on location, this equals a lot of ecosystem sustaining lives lost.  

RECYCLING PLASTIC BAGS: 
While it's a noble thought to place the plastic bags in the recycling bin every week, studies have proven 

that there are very few plants that actually recycle them. Most municipalities either burn them or send 

them off to the landfill after sorting. This is because it can be expensive to recycle this type of plastic. It 

doesn't melt down easily and is often not realistically able to be reused from its original form without 

considerable overhaul to the facility. Less than 1% of all bags sent to recycling plants worldwide end up 

in the recycling project. Most are left to become a pollution problem in one way or another. 

ALTERNATIVES TO PLASTIC BAGS: 
There are always alternatives to plastic bags and the search for more alternatives continues. Paper bags 

are a possible option but they also take their toll on the environment. The use of trees to increase the 

production of paper products combined with the increased energy that is required to make paper bags 

will also have a negative environmental effect. 

However the reusable cloth bag is becoming a favorite among environmental supporters. While thus far 

no bag is without its issues these are the bags that are currently recommended for use to help protect 

environmental concerns. 

USAGE OF POLYTHENENE BAGS IN PAKISTAN: 
Statistics show that an average of 167 bags is being used per person in Pakistan, and 260 million tons 

worth worldwide. Only one in every 200 of these bags is recycled, leaving a high risk and threat to the 

world we live in. Stray plastic bags are normally thrown everywhere after it is used that results in 

blocked sewers, create an overall unaesthetic view of the environment, spread bacterial germinations, 

water borne diseases and also become good breeding grounds for mosquitoes which later on cause 

malaria and dengue. 80percent of the total litter in Pakistan is estimated to be plastic bags and above 

80% of drainage blockages take place because of plastic bags. They cannot be broken down into the 

three elements of carbon dioxide, water and bio mass. 

 Instead, when plastic bags or any plastics are recycled, harmful toxicants are emitted which in turn 

eventually cause further ozone depletion. Despite a ban on the usage of plastic bags implemented by 

the provincial governments of Pakistan, the prohibition on the sale and use of polythene bags has failed.  
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ENERGY CONSUMPTION FOR PRODUCTION OF BAGS AND 

ENVIRONMENTAL IMPACT: 

 

 

CRITERIA FOR SELECTING FEED: 

Key criteria: 
 The average lower calorific value of the waste must be at least 6 MJ/kg throughout all seasons. 

The annual average lower calorific value must not be less than 7 MJ/kg. 

 Forecasts of waste generation and composition are established on the basis of waste surveys in 

the collection area for the planned incineration plant. This task must be carried out by an 

experienced (and independent) institution. 

 Assumptions on the delivery of combustible industrial and commercial waste to an incineration 

plant should be founded on an assessment of positive and negative incentives for the various 

stakeholders to use the incineration facility.( 

http://www.unep.or.jp/Ietc/Publications/spc/WastePlasticsEST_Compendium.pdf) 

ENERGY RECOVERY: 
Polythene bags could be used as feed because their lower caloric value is above 40MJ/kg.                        

Plastics have a very high heating value, often exceeding 40 MJ/kg. It results from a high content of 

carbon and hydrogen, and low ash content. Higher heating value is observed only for natural gas (48 

MJ/kg), and comparable for heating oil (about 43 MJ/kg). Whereas, coal has a heating value of about 28 

MJ/kg, and paper and wood approximately 15-16 MJ/kg. Such high heating value of plastics causes that 

plastic wastes can partially substitute fossil fuels, so that in direct way saves natural resources. 

Therefore, in case when recycling leading to the recovery of the material can’t be carried out due to 

technical limitations or lack of economic viability energy recovery is definitely the best way to recover 

the value of waste plastics. 

http://www.unep.or.jp/Ietc/Publications/spc/WastePlasticsEST_Compendium.pdf
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http://www.chemikinternational.com/year-2013/year-2013-issue-5/energy-recovery-from-waste-

plastics/ 

 

A mixture of paper and plastics of a 1:1 weight ratio gives a heating value of approximately 7,000kcal/kg 

or higher. 

 

(http://rstb.royalsocietypublishing.org/content/364/1526/2115.full). 

PLASTIC TYPE SELECTION: 

Polymer as feedstock for fuel production: 

http://rstb.royalsocietypublishing.org/content/364/1526/2115.full
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All of the above harms and extensive usage are compelling us to install polythene bags treatment plant 

to safely use or dispose them. In our project we will consider their usage as well as their exhausts will 

also be taken into consideration. End product of this will be used to produce steam. 

You can get only 50 to 55 percent fuel from the distillation of petroleum crude oil. "But since this plastic 

is made from petroleum in the first place, we can recover almost 80 percent fuel from it through 

distillation."  

(http://www.sciencedaily.com/releases/2014/02/140212132853.htm). 

COMPARISON WITH OTHER FUELS: 

 

http://www.sciencedaily.com/releases/2014/02/140212132853.htm
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 (Polymers and the Environment By Gerald Scott) 

EXHAUST OF PLASTIC ON BURNING: 
Evaluation of fuel gases produced from pyrolysis of waste polyethylene was carried out. Waste 

polyethylene (pure water sachets) was pyrolysed at low and high temperatures. Pyrolysis of the waste 

for 300secs at temperatures of 250C -1400C produced 2.53% ethane, 21.67% propane and 75.82 % 

propylene. The volume of the gaseous products at this low temperature is far less than the initial 

volume of the waste resulting into over 80% reduction in the volume of waste generated by discarding 

the polyethylene waste. Fresh samples of the waste were pyrolysed at higher temperature range from 

500C – 2500C and cooled in a condenser. The non-condensable gas produced were collected and 

analyzed with Shimadzu gas chromatography. The analysis shows that C1 – C6, and other alkenes and 

isoparaffins (18 ethylene monomers) were produced. The gaseous products being 75.82% propylene at 

low temperatures and 48.6% (normal and Iso) butane at higher temperatures. The flame test carried out 

shows that the gaseous products burns with a blue flame at lower temperature range. Above 3000C the 

flame becomes more luminous and production of fuel gases stops at 5500C. Production of fuel oil from 

waste polyethylene led to production of large volume of gaseous products, some of which are non-

condensable at room temperature. The gaseous products can serve as feedstock and as fuel gas. 

(Fuel gases from pyrolysis of waste Polyethylene sachets ADEMILUYI, T; 2ADEBAYO, T A                   

Department of Chemical/ petrochemical Engineering, Rivers State University of Science and Technology, 

Port Harcourt. 2Department of Petroleum Engineering, Rivers State University of Science and 

Technology, Port Harcourt.) 

COMPARISON OF FOSSIL FUELS AND PALSTIC BAGS EMMISSION 
The carbon footprint of plastic (LDPE or PET, poyethylene) is about 6 kg CO2 per kg of plastic. If you 

know the weight of your plastic bags, you can multiply it with the number of plastic bag you are using 

per year. Then you can easily calculate the carbon dioxide emitted by your own usage of plastic bags. 

See below for some background information. 

 The production of 1 kg of polyethylene (PET or LDPE), requires the equivalent of 2 kg of oil for 

energy and raw material. Polyethylene PE ist the most commonly used plastic for plastic bags. 

 Burning 1 kg of oil creates about 3 kg of carbon dioxide. In other words: Per kg of plastic, about 

6 kg carbon dioxide is created during production and incineration. 
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 A plastic bag has a weight in the range of about 8 g to 60 g depending on size and thickness. For 

the further calculation, it now depends on which weight for a plastic bag you actually use. A 

common plastic carrying bag in our household had a weight between 25 g and 40 g. So I took the 

average of 32.5 g. 

 Take the above relation between kg plastics and kg of carbon dioxide, and you get about 200 g 

carbon dioxide for 32.5 g of plastic, which is the equivalent of the average plastic carrying bag in 

our household. Or in other words: For 5 plastic bags you get 1 kg of CO2. 

 (http://timeforchange.org/plastic-bags-and-plastic-bottles-CO2-emissions) 

TREATMENT AND IDENTIFICATION OF EXHAUST: 
Polyethylene emits fumes that include compounds such as methane, ethane, aldehydes, ketones and 

acrolein, plus additional compounds. None of these exhaust are good for the environment. So their 

treatment is necessary. 

Possible treatment of hydrocarbon exhaust is as follows; 

 SER(Steam Enhanced Remediation) 

 DPVE( Dual Phase Vacuum Extraction) 

 Chemical Oxidation 

 Air Sparge/Vacuum Extraction 

 In-situ Bioremediation 

 Reactive Barriers 

http://www.churngold.com/remediation/problems/hydrocarbon-contamination.html 

APPARATUS USED FOR THE TEST: 
 

 

http://www.churngold.com/remediation/problems/hydrocarbon-contamination.html
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BURNING AND MELTING TEMPERATURE: 
Plastic type Melting point Ignition temperature 

polyethylene 

LDPE 

107C-124C 349C 

Polyethylene 

HDPE 

122C-137C 349C 

 http://www.tcforensic.com.au/docs/article10.html 

TEST AT MRC FOR MEASURING MELTING TEMPERATURE: 

 

MATERIAL TESTING: 
A test was performed to test material to check material which material is suitable for us. First we went 

with mild steel. Its main problem was sticking. The moment polythene bags melted got stuck with 

material. After consulting to supervisors we studied the theory of stainless steel. 

What Is Stainless Steel? 
Stainless steel is an alloy of Iron with a minimum of 10.5% Chromium. Chromium produces a thin layer 

of oxide on the surface of the steel known as the 'passive layer'. This prevents any further corrosion of 

http://www.tcforensic.com.au/docs/article10.html
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the surface. Increasing the amount of Chromium gives an increased resistance to corrosion. Stainless 

steel also contains varying amounts of Carbon, Silicon and Manganese. Other elements such as Nickel 

and Molybdenum may be added to impart other useful properties such as enhanced formability and 

increased corrosion resistance. 

Stainless steel is usually divided into 5 types: 

a. Ferritic – These steels are based on Chromium with small amounts of Carbon usually less than 
0.10%. These steels have a similar microstructure to carbon and low alloy steels. They are 
usually limited in use to relatively thin sections due to lack of toughness in welds. However, 
where welding is not required they offer a wide range of applications. They cannot be hardened 
by heat treatment. High Chromium steels with additions of Molybdenum can be used in quite 
aggressive conditions such as sea water. Ferritic steels are also chosen for their resistance to 
stress corrosion cracking. They are not as formable as austenitic stainless steels. They are 
magnetic. 

b. Austenitic – These steels are the most common. Their microstructure is derived from the 
addition of Nickel, Manganese and Nitrogen. It is the same structure as occurs in ordinary steels 
at much higher temperatures. This structure gives these steels their characteristic combination 
of weldability and formability. Corrosion resistance can be enhanced by adding Chromium, 
Molybdenum and Nitrogen. They cannot be hardened by heat treatment but have the useful 
property of being able to be work hardened to high strength levels whilst retaining a useful level 
of ductility and toughness. Standard austenitic steels are vulnerable to stress corrosion cracking. 
Higher nickel austenitic steels have increased resistance to stress corrosion cracking. They are 
nominally non-magnetic but usually exhibit some magnetic response depending on the 
composition and the work hardening of the steel. 

c. Martensitic – These steels are similar to ferritic steels in being based on Chromium but have 
higher Carbon levels up as high as 1%. This allows them to be hardened and tempered much like 
carbon and low-alloy steels. They are used where high strength and moderate corrosion 
resistance is required. They are more common in long products than in sheet and plate form. 
They have generally low weldability and formability. They are magnetic. 

d. Duplex – These steels have a microstructure which is approximately 50% ferritic and 50% 
austenitic. This gives them a higher strength than either ferritic or austenitic steels. They are 
resistant to stress corrosion cracking. So called “lean duplex” steels are formulated to have 
comparable corrosion resistance to standard austenitic steels but with enhanced strength and 
resistance to stress corrosion cracking. “Superduplex” steels have enhanced strength and 
resistance to all forms of corrosion compared to standard austenitic steels. They are weldable 
but need care in selection of welding consumables and heat input. They have moderate 
formability. They are magnetic but not so much as the ferritic, martensitic and PH grades due to 
the 50% austenitic phase. 

e. Precipitation hardening (PH) - These steels can develop very high strength by adding elements 
such as Copper, Niobium and Aluminium to the steel. With a suitable “aging” heat treatment, 
very fine particles form in the matrix of the steel which imparts strength. These steels can be 
machined to quite intricate shapes requiring good tolerances before the final aging treatment as 
there is minimal distortion from the final treatment. This is in contrast to conventional 
hardening and tempering in martensitic steels where distortion is more of a problem. Corrosion 
resistance is comparable to standard austenitic steels like 1.4301 (304). 

http://www.bssa.org.uk/topics.php?article=20
http://www.bssa.org.uk/topics.php?article=22
http://www.bssa.org.uk/topics.php?article=253
http://www.bssa.org.uk/topics.php?article=23
http://www.bssa.org.uk/topics.php?article=24
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http://www.bssa.org.uk/faq.php?id=10 
 
 

FERITIC 430:  
This type of steel was available in market and we conducted test on it. This solved the problem of 

sticking. As previously mentioned our main problem was sticking of molten polythene bags with the 

combustion chamber. This there was no sticking. So the feritic 430 was the best available option for us. 

DESIGN: 

PARTS: 

1-CONTAINER: 
This is the most important and critical part of apparatus. Its components are as follows. 

Cone 

http://www.bssa.org.uk/faq.php?id=10
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Burner 

                                                                                                                                                                                                                                

                                                                                                                                                                                                                                                                            

Piston:                                                                                                                                                                                                                                                    
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2-DYE: 
It is made up of stainless steel to avoid sticking. Semi-solid material is poured into the dye mold. This 

part is designed in such a manner that it is self-stopping. A sheet of mild steel is used to avoid sticking. 

 

3-STAND: 
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COMPLETE ASSEMBLY: 
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FINITE ELEMENT ANALYSIS: 
Following were the analysis performed on polythene bricks manufacturing plant. 

                         1) Static analysis 

                         2) Thermal analysis 

PROPERTIES OF SOLID BODY OR CONTAINER: 

 

MATERIAL PROPERTIES: 
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STATIC ANALYSIS: 

LOAD AND FIXTURES: 
 

 

LOAD: 

 

 

MESH INFORMATION: 
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RESULTANT FORCES: 
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VON MISES STRESS: 

 

 

STRAIN: 
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THERMAL ANALYSIS: 
 

LOAD AND FIXTURES: 
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MESH INFORMATION: 
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RESULTANT FORCES: 
 

 

STRESS: 
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STRAIN: 
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CALCULATIONS: 

NUMBER OF BRICKS: 
Volume of container=𝜋𝑟2ℎ = 23825.8𝑐𝑚3                                                                                                                                                           

Volume of pipes=1181017𝑐𝑚3                                                                                                                                                                 

Volume of frustum=
𝜋ℎ(𝑅2+𝑟2+𝑅𝑟)

3
= 1189.4𝑐𝑚3                                                                                                                                      

Total volume of container=22652.9𝑐𝑚3                                                                                                                                                                   

Volume of brick=443.54𝑐𝑚3                                                                                                                                                                                        

As 80% reduction in volume of polythene bags occurs after burning so container tightly filled with 

polythene bags can produce 10.2 bricks. 

WEIGHT OF BRICK: 

THEORETICAL WEIGHT: 

𝜌 = 0.940𝑔𝑐𝑚−3 𝑎𝑡 200℃                                                                                                                                                                        

m=𝜌𝑉=0.940× 443.54𝑔𝑟𝑎𝑚𝑠 = 416.9𝑔𝑟𝑎𝑚𝑠 

ACTUAL WEIGHT: 
m=342𝑔𝑟𝑎𝑚𝑠 

ENERGY PER BRICK: 

THEORETICAL: 
LHV=43𝑀𝐽𝑘𝑔−1                                                                                                                                                                                                                                                                          

Energy per brick=43 × 0.415𝑀𝐽 = 17.8𝑀𝐽                                                                                 

ACTUAL: 
Energy per brick=43 × 0.342𝑀𝐽 = 14.7𝑀𝐽    

COMPARISON WITH DIESEL AND PETROL IN TERMS OF ENERGY AND NUMBER OF BRICKS: 
Diesel LHV=43.400𝑀𝐽𝑘𝑔−1                                                                                                                                                                                      

Diesel LHV=44.00𝑀𝐽𝑘𝑔−1                                                                                                                                            

Diesel LHV per liter=35.8𝑀𝐽/𝑙𝑖𝑡𝑒𝑟                                                                                                                                                                                

Petrol LHV per liter=32.4𝑀𝐽/𝑙𝑖𝑡𝑒𝑟                                                                                                                                                                                          

One liter petrol=1.82 bricks                                                                                                                                                                                  

One liter diesel=2 bricks 

MELTING TIME REQUIRED FOR FULLY FILLED CONTAINER: 
Melting time for fully filled container=54 minutes 

HEAT INPUT: 
𝑇𝑚𝑒𝑙𝑡𝑖𝑛𝑔 = 220℃                                                                                                                                                                                      

𝑄 = 𝑚𝐶𝑃∆𝑇 = 4150 × 2.56 × 195 = 2.071𝑀𝐽                                                                                                                                                      

So for one brick 𝑄𝑂𝑛𝑒 𝑏𝑟𝑖𝑐𝑘 = 0.207𝑀𝐽        
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EFFICIENCY OF BURNER: 
Burner at full valve open uses LPG= 0.86𝑙𝑖𝑡𝑒𝑟/ℎ𝑜𝑢𝑟 at 0.39psi                                                                                                                                                                      

Density of LPG= 495𝑘𝑔/𝑚3                                                                                                                                                                                              

Mass flowrate at full valve open= 0.424𝑘𝑔/ℎ𝑜𝑢𝑟                                                                                                                                         

Mass flowrate of valve position used= 0.105𝑘𝑔/ℎ𝑜𝑢𝑟                                                                                                                                                                                   

LHV of LPG= 50𝑀𝐽/𝑘𝑔                                                                                                                                                                                          

Energy flow at stove= 50 × 0.105𝑘𝐽/ℎ𝑜𝑢𝑟 =  5.25𝑘𝐽/ℎ𝑜𝑢𝑟                                                                                                                  

As time for 10 bricks material= 54𝑚𝑖𝑛𝑢𝑡𝑒𝑠                                                                                                                                     

Energy input for 10 bricks= 4.72𝑀𝐽                                                                                                                                     

Efficiency of burner=
2.07

4.72
= 0.43 𝑜𝑟 43% 
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COMPARISON WITH LPG IN TERMS OF ENERGY AND NUMBER OF BRICKS: 
LHV of LPG= 43𝑀𝐽/𝑘𝑔                                                                                                                                                                                                            

1kg of LPG= 2.4 𝑏𝑟𝑖𝑐𝑘𝑠                                                                                                                                                                                    

LHV of natural gas= 48.6𝑀𝐽/𝑘𝑔                                                                                                                                                                                                                                       

1kg of natural gas = 2.73 𝑏𝑟𝑖𝑐𝑘𝑠                                                                                                                                                                                                                         

PROBLEMS FACED: 
Following were the problems faced while designing and fabricating. 

 The upper part of apparatus was difficult to make. 

 Uniformity of cylinder was critical to maintain as the piston was needed to move smoothly 

throughout to move the molten material down. This took a lot of time. We had to conduct a 

thorough survey for required and suitable equipment.  

 Stainless sheet used for cylinder was quite difficult to round and maintain uniformity as its 

thickness and strength was quite problem. This problem was solved carefully rolling the sheet 

using roller. 

 The problem with using stainless steel was that we were required to use special tools at some 

stages. More robust tools were required because of strength of steel. 

 Stopping material in combustion was another design problem. Stopper was required which was 

quite difficult to put into the structure. This problem was solved by changing the structure of 

lower part. This lower part design changing made the structure self-stopping. 

 One of the main concerns was exhaust identification. Main problem was the availability of 

proper apparatus. So we have to with available apparatus and also studied exhaust related 

research papers.  
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