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Abstract: Management of solid waste is one of the major problems in the urban city environment in developing nations. 

In Solid waste use of plastic is continuous increasing problem in the worldwide, national and local level. Solid waste 
includes bio-degradable and non- biodegradable waste material generated through various activities within the society. 
Unsafe disposal and improper management of solid waste pollute all the major component of the living environment i.e. air, 
water and land. The planet is being choked with the products which cannot re-enter the existence cycle. If we all take a 
second and come to be conscious about the waste it could be the beginning of a focus that can be have an effect on the 
advantageous exchange. Plastic may be one of the most confusing materials to identify for recycling additionally Paper and 
cardboard grades may be a task to become aware of for smooth recycling. In this context, this paper gives a comparative 
study and some facts paper v/s plastic and the concept of dynamics modelling and reverses logistic management to recycle 
and model to predict discarded the plastic waste material. 
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Introduction: The term ‘Biodegradable’ is used for those matters that can be without problems 
decomposed with the aid of natural retailers like water, oxygen, ultraviolet rays of the sun, acid rains, 
micro-organisms, etc. The natural factors like oxygen, water, moisture, and warmth facilitate the 
decomposition thereby breaking the complicated natural forms to less complicated gadgets. The 
decomposed count number ultimately mixes or returns back to the soil and consequently, the soil is 
yet again nourished with numerous nutrients and minerals. Those materials which can't be broken 
down or decomposed into the soil by means of natural sellers are labelled as non-biodegradable. 
These materials encompass plastic substances, steel scraps, aluminium cans and bottles, hazardous 
chemicals etc. The utilization of plastic has exploded worldwide leading to increases in researches to 
search for a changing utility of used plastics. Plastics are non-biodegradable polymers more often than 
not containing carbon, hydrogen, and a few other elements. Due to its non-biodegradable nature, the 
plastic waste contributes good sized hassle for waste management. The main category of plastics 
includes: 

 Biodegradable Plastics (Thermoplastics): PET, HDPE, LDPE, PP, PVC, PS, etc.  
 Non-Recyclable Plastics (Thermo-set & others): Multilayer & Laminated Plastics, PUF, Bakelite, 

Polycarbonate, Melamine, Nylon etc.)  
As per BIS Codification as notified in Rule 8 (b) of the Plastic Waste (Management and Handling) 
(Amendment) Rules, 2011, there are seven categories of plastics10:  
 

 

       Figure 1: Types of Plastic 
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Types of Paper: Essentially, paper and cardboard are very fine man-made slithers of wood – forced 
to take those shapes using water, chemical compounds, warmness and strain. To ensure quality of 
product, all source recyclable paper and cardboard ought to be suitable for use without impurities 
(especially any waxes or oils, and cross-infection of Ground Wood and Wood Free paper stocks). 

There are two basic types of paper: 

 Mechanical Paper/Ground wood Paper is made from timber pulp that has genuinely been 
floor down. This kind of fibre paper work susceptible bonds and is utilized in paper made for 
brief use inclusive of newsprint. It is high in lignin which when exposed to light turns the 
paper yellow. It is one of our lowest grades of paper. 

 Wood Free Paper is made from a wood pulp that has been chemically treated and is free 
from wood impurities (our highest grades of paper, Kraft, offset papers, whites, and ledger). 
The process removes the lignum (wood glue) which holds the tree together. Due to this 
process this paper is known as being Wood Free paper. 

Some important facts related to Plastic and Paper11:  

1. Production 
Plastic: Plastics are derived from a finite supply of fossil fuels. Plastics embody a large and 
varied group of substances consisting of various combinations or formulations of carbon, 
oxygen, hydrogen, nitrogen and different natural and inorganic factors. It is a waste product 
of oil refining. Plastic bags are made from polyethylene, which comes from oil refineries as 
small resin pellets. 
Paper: Paper comes from tree. Trees are grown or determined then marked felled. Logs are 
moved from the woodland to a mill, where there's a three years look forward to the logs to dry 
before they can be used. 

2. Pollution 
Plastic: Plastic production required toxic chemical. In an EPA( Environmental protection 
Agency) ranking in chemical that generate the most hazardous waste, five of the top six were 
commonly used by the plastic industry. Hundred of thousands of aquatic animals die every 
year after eating discarded plastic bags. Turtle thinks the bags are Jellyfish their primary food 
source. Bags choke animals or block their intestines. 

Paper: The use of toxic chemicals during the production of paper for bags contributes to air 
pollution such as acid rain and water pollution. 

 
3. Recycling 

Plastic: Recycling nearly any type of plastic includes re-melting and re-forming it due to the 

fact different products of plastic must first be separated by using the types of plastic they had 
been made from the technique is time ingesting and extra high priced. 

International Journal of Scientific Research and Review

Volume 8, Issue 2, 2019

ISSN NO: 2279-543X

Page No: 2



3 
 

Paper: Paper must be return to pulp through the usage of many chemical compounds to 
bleach and disperse the fibres despite the fact that paper a higher recycling rate than 
 plastic, every new paper grocery bag is made from commonly virgin pulp for higher energy 
and elasticity. Bags which might be recycled are frequently was corrugated cardboard now 
not new paper bag. 

 
 

4. Biodegradable 
Plastic: Petroleum based plastics are not biodegradable, means that they will not decompose 
over time. But they do take up less space than paper in a landfill.(2000 plastic bags weight 30 
pounds while 2000 paper bags weight 280 pounds.) 

Paper: Paper is degradable, but it cannot completely break down in modern landfills because 
of the lack of water, light, oxygen and other necessary elements. About 95% of garbage is 
buried lower layer of soil that makes it difficult for air and sunlight to reach it. 

5. Consumption 
Plastic: Worldwide 4 billion plastic bags end up as litter each year. Tide end to end the bags 
could circle the earth 63 times. 

Paper:  Americans consume more than 10 billion paper bags every year. Some 14 billion 
trees are cut down annually for paper bag production.3 

The following table 1 also gives a brief comparison of plastic and paper bags based on some 
essential parameters 

                    Table1. Comparison of plastic and paper bags based on Essential parameters. 

Parameter Paper Plastic 

No. of bags 1000 1000 
 

Weight 63.503Kg. 6.804Kg.   
Cubic Feet 17.8 cu. feet 0.4 cu. feet   

Cost Rs. 16571.27 Rs. 2521.72   
Shipping Rs. 2017.37 Rs. 216.15   

Total Cost Rs. 18588.64 Rs. 2737.86   
Diesel used in transit 2.19554 litres 0.227125 litre   

Biodegradable yes yes   
Recyclable yes yes   

Air Emissions 
1462.8354 gm. 

solids 
734.81964 gm. 

solids 
  

Petroleum used 1.66 litres. .73 litre   
BTUs required 1,629,000 649,000   

Indefinite recycled life? no yes   
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                                    Figure 2: Plastic and Paper Bag Life Span 

With the help of figure 2 we can easily understand the life span analysis of paper and plastic 
recycling. 
Reverse Logistics in Waste Management: Reverse logistics is a process whereby organizations 
can become better environmentally proficient through recycling, reusing, and reducing the quantity of 
substances used. A greater holistic view of reverse logistics consists of reduction of substances in the 
ahead gadget in this type of way that fewer substances glide lower back, reuse of materials is feasible, 
and recycling is facilitated. Reverse logistics differs from waste control in that it focuses on the 
addition of value to a product to be recovered. On the opposite hand, waste control includes, in 
particular, the collection and remedy of the waste products which have were given no new use. A 
reverse supply chain is the community of activities concerned in the reuse, recycling, and very last 
disposal of merchandise and their associated components and substances. The public is only worried 
about the aftermath environmental impacts of the goods on the cease-of-use existence2. 

Life cycle analysis (LCA) is a crucial tool in reverse logistics and includes assessing alternative 
materials and aspect standards from the begin of the improved system and at some stage in the whole 
product existence cycle, from the retrieval of raw materials via the utilization section to recuperation. 

There are more than 15,000 tons of plastic wastes generated in India daily; more than 40% of this 

quantity is disposed unsafely. An increasing fraction of this plastic waste is found in rural areas, as 
the reach of retail corporations and commercial organizations grows, and also as SMEs for plastic 
production increase in number 

In spite of a paucity of reliable data on the volume and mix of plastic waste in rural and urban areas, it 
is becoming increasingly clear that plastics are posing significant environmental and health challenges 
in rural and urban communities. Plastics are disturbing local ecological balances and show up in water 
and land as micro-plastics. In their macro-form, they act as physical barriers, degrade soil quality, and 
get ingested by livestock and also other fauna, lead to blockages in drains and streams.  
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A properly-managed reverse logistics programme can bring about widespread price savings in 
procurement, disposal, stock preserving and transportation. This can be achieved via the authentic 
product producers or by way of third party reverse logistics providers. With expanded 
industrialization and globalization, reverse logistics is certain to gain momentum in coming years 
inside the developing international locations if you want to not only cause financial profits but 
additionally safeguard the atmosphere. 
Recent trend of plastic waste management in India: Growth in population, elevated 
urbanization and the growing common earning are attributed to issues dealing with SWM in India. 
According to the CPCB estimates, urban India generates near sixty-two million tonnes of municipal 
solid waste (MSW) annually with the natural fraction within the range of 40%–60%. Plastic waste is 
close to 8% of the generated solid waste within the country. The per capita waste generation has seen 
a steady rise from 0.44 kg/day in 2001 to 0.5 kg/day and has been estimated to be growing at a rate of 
1.33% per annum.31 .Further; the CPCB has estimated the collection efficiency as 80.28% in 2014, 
out of which only 28.4% was treated. A study conducted by the CIPET- CPCB on the ‘Assessment 
and Characterization of Plastic Waste in 60 Major Indian cities’ observes a few important findings as 
has been mentioned below7: 

 94% of plastic waste generated is recyclable and belongs to the thermoplastics family, while 
the rest 6% are non-recyclable thermo-set plastics.   

  67% of the plastic waste belonged to the HDPE/ LDPE, 10% to PP, and 8.66% to PET 
amongst others.  
The data indicates that the majority of the plastic waste generated comprised the HDPE/LDPE 
materials, such as poly-bags and multilayer pouches used for food packaging. Further, the 
study also observes that households are the biggest source of this plastic waste. 

Collection and segregation: Source separation of waste coupled with the segregated series and 
transportation have been susceptible links within the waste supply chain. While it's far the primary 
and most important step, it's far frequently left out. The report by the CIPET-CPCB observes that in 
the Indian smaller towns, waste is deposited with the aid of the residents on the kerbside/community 
rubbish packing containers which might be picked up with the aid of municipal trucks and transferred 
to the disposal site. In large towns, the house-to-house series systems were adapted wherein residents 
deposit their waste with the contractual or municipal crew who acquire it from the homes. The report 
further observes that most of the cities lack a processing plant with a sanitary landfill site and follow 
crude methods of waste dumping such as land-filling of mixed waste. The waste control snowballs 
into larger issues in large cities thanks to the scale and quantity of un-segregated waste. In the absence 
of supply segregation, green SWM, especially in large cities. Calls for a decentralized technique with 
segregated series of dry and wet waste. Municipalities need to look at strategies to broaden an in-
depth ward-wise waste collection plan coupled with the IEC outreach activities to sensitize the 
residents on waste segregation and its benefits. Modalities, which includes separate collection days for 
dry and wet waste and engagement with self assist organizations for the casual sector integration may 
be explored. 

Recycling and Related problems problems8:  

Effect of toxic components: The main problems in the homogeneous plastics recycling are 
simplest associated with the degradative phenomena happening at some stage in recycling strategies. 
These phenomena are usually a great deal more complex compared to virgin polymers for the reason 
that oxygenated organizations shaped throughout the processing or at some stage in the use 
remarkably boost up the degradation of plastic materials.This causes critical deterioration of giving up 
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residences of the secondary substances. In order to achieve recycled materials with proper houses, it's 
miles essential to defend substances from thermo-mechanical degradation happening for the duration 
of recycling operations. Further, to enhance the residences of the secondary substances, benign 
stabilizers and modifier marketers need to be delivered to make the blends of blended plastics 
compatible. The recycled plastics are greater harmful to the surroundings than the virgin products 
because of the integration of additives, colours, stabilizers, halogenated flame retardants, and so forth. 
There is a considerable controversy about the extent to which these additives are released and their 
adverse effects on the environment. 

Number of instances to be recycled: We can optimize the lifespan of plastics by recycling and 
reusing them. However, there is usually a finite variety of times that plastic is recycled earlier than it 
finally ends up in a landfill. Some of these plastics have fibres which shorten whenever it's miles 
recycled. Thus, a plastic may be recycled 7–9 times earlier than it's miles not recyclable. 

Lack of alternatives: The high increase price of plastic consumption and stringent guidelines 
propel us to explore alternative techniques. Boost for an alternative plastics market may end result 
from the subsequent interventions. 

Biodegradable plastics: The rate of biodegradable plastic merchandise is better than their artificial 
plastic counterparts. Hence, tax exemptions, subsidies, and incentive primarily based mechanisms are 
important to help increase the market for those merchandises. The attention for these plastics ought to 
be more on ‘bio-primarily based content material’ in place of biodegradability. 

The high-quality and performance in phrases of strength and thermal balance need to be at par or 
close to that of artificial polymers. There is no devoted checking out and certification facility which is 
of important significance to assess the first-class parameters. As the market demand increases, there 
might be a developing need for a good enough deliver of biomass feedstock. 

Research investment has to focus on the improvement of innovative biodegradable products with an 
emphasis on performance, generation development, shelf lifestyles, and related economic elements. 
On a long-time period basis, problems along with specific uncooked substances for growing synthetic 
polymers also can be investigated. A precise instance entails the production of Nylon11 from castor 
beans. The bodily homes may additionally vary from commercial polyamides but then this opens an 
entire new line of growing sustainable feedstock which need now not overlap with the ones related to 
livelihood. Alternatives to plant sugars, namely, microalgae also can be appeared into, wherein the 
growth may be included with CO2 seize, thereby proving wonderful for both the sectors. 

 

Co-processing of plastic: Co-processing refers to the use of waste substances as an trade gasoline 
or raw material in industrial strategies which include cement plant life. Waste materials, which 
includes plastic waste, segregated non-recyclable MSW, and pick unsafe waste, might be applied as 
exchange fuel and uncooked fabric, consequently substituting using coal. Cement plant life offer an 
most efficient possibility to stability the act among resource performance and waste control. Fossil 
fuels, which include coal and petroleum coke, have traditionally been used as electricity resources 
within the cement production industry. 

By analyzing the pattern of plastic discarded into landfills, we assume that the trend is sigmoidal. This 
assumption is possible because even though a higher population will demand more plastic production 
and thus waste generated but many factors also limit the amount of the total plastic generated that is 
discarded. Such factors include: recycling, limited resources to create plastic, and higher-awareness of 
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the importance of recycling. We assume that the rate of recycling will be proportional to the rate of 
waste generated. Thus the difference between waste generated and recycled, the total amount 
discarded, will remain constant. This is consistent with our sigmoid model. 

𝑃(𝑡) =
𝐾𝑃  𝑒

𝐾 +  𝑃 (𝑒 − 1)
 

     We let assume that 𝑃 = 𝑒  and -1 is negligible. We can demonstrate that this is a reasonable 
assumption. Thus, we have the sigmoid equation: 

𝑃(𝑡) =  
𝐾𝑒

𝐾 + 𝑒
 

       Where P(t) is equal to the rate of plastic discarded per year and where t is time in year. By 
collecting and analysing the data we can calculate and predict the maximum value of plastic 
discarded. 

Sustainable Plastic Waste Management Solutions:  

Value-added products from plastic waste: In order to manage the plastic waste disposal, some of the 
alternative options to expand Value-added products from post-customer plastic wastes are as 
follows1,9: 

Plastic waste to fuel: A quality-based assessment should be made to assess the methane number and 
also the quantity of waste plastic oil (in terms of percentage) to be blended with diesel (25%–75%) to 
ensure optimal engine performance. The emission characteristics should also be quantified (Chintala, 
et.al. 2018) found that such a solution is feasible although the bottlenecks—that is, hydrocarbon 
emissions and performance have to be studied in detail. As a future strategy, plastic waste to fuel 
technology may be incorporated as a part of a circular economy. 

Recycled product:  Recycled plastics have an extraordinary capacity and impact on the 
surroundings. It allows dealing with the pre-existing plastic waste problem and saves oil resources 
(every tonne of plastic waste recycled results in saving about 3.8 barrels of petroleum). Some of the 
key product sectors that incorporate post-customer plastics include construction, furniture, 
landscaping, shipping, soft toys, and so on. Scientists from the National Chemical Laboratory, Pune 
have taken steps in the direction of the improvement of cloth from the recycling of PET bottles. This 
material is being used for making of T-shirts, scarves, denim, and pillows. In truth, the jersey of the 
Indian cricket team is constructed from recycled PET bottles. 

Bio-based products: India has a huge ability in producing bio-plastics because of the rich 
availability of assets. According to a survey through DuPont in India, approximately 63% of 
customers are familiar with bio-based plastics. A take a look at published via Frost & Sullivan 
suggests that the yearly boom rate of the bio plastics market is expected at 45.8% in 2019. The bio-
plastics marketplace in India is gradually improving and lots of industries have explored the 
manufacturing of bio-based products. 

Plastic waste in Road Construction: There is a continuous need for boosting the high-quality of 
roads and pathways. Utilization of plastic waste for this reason is being achieved at diverse cities in 
India. The preference of modifier for the road laying system relies upon on cost and the expected 
overall performance. Modification is attained via two main processes, specifically, dry system and 
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moist procedure. The waste plastic is blended with aggregates earlier than adding it in bitumen within 
the dry technique, even as the wet system entails a simultaneous blending of bitumen and plastic. 
Better effects were located for a long term with polymer-modified bitumen. 

The ICPE (Indian Centre of Plastic in the environment) has been helping the use of waste plastic in 
making tar roads. In 2015/16, the National Rural Road Development Agency laid around 7,500 km of 
roads the usage of plastic waste. Today, there are greater than 21,000 miles of plastic roads in India 
and for every km of the avenue (3.75 m width), 1 tonne of plastic (10,00,000 convey bags) is used for 
every tonne of bitumen this is stored. 

Pyrolysis: Pyrolysis is the breaking down of polymers into smaller molecules by thermal 
decomposition at temperatures close to 300 °C–400 °C in the presence of a catalyst (such as 
aluminium oxides, fly ash, red mud, and calcium hydroxide) in an inert atmosphere. The kinetic 
parameters have to be optimized to improve both the quality and yield.  

Depending upon the process followed, pyrolysis of plastics has an average yield of 45%–50% oil, 
35%–40% gases, and 10%–20% tar. The oil produced in pyrolysis method indicates similarity to 
standard diesel. Therefore, this could be an effective way to recycle plastic waste into fuels. In 
evaluation with many developed countries, India is but to generate a enterprise version for the 
conversion of plastic waste to gasoline. 

Gasification: Gasification of plastic waste has these days received improved interest as thermo-
chemical recycling approach. This procedure includes partial oxidation of plastic waste at excessive 
temperature. The important benefit of this procedure is using air as a gasification agent rather than 
oxygen alone. This makes gasification an easy method with decreased operational charges. 

In this method, hydrocarbon-primarily based substances are oxidized in controlled situations to supply 
a gaseous mixture containing carbon monoxide and hydrogen with minor quantities of hydrocarbons. 
This combination is referred to as ‘syngas’ and may be used instead for herbal fuel. . It can be used 
for heating, lighting, and power generation. 

Conclusion: Despite the fact that Solid waste management practices has been improving in recent 
years, the pace of improvement needs to be accelerated. Measures mentioned in manage solid waste 
material, rules must be implemented. Time has come to encourage technology based entrepreneurship 
to achieve effective solid waste management. NGOs should be involved in various components of 
plastic waste management including public awareness. Public involvement in management of solid 
waste is of significant importance. Authorities must protect fundamental right of citizens by 
implementing best practices and citizens must perform fundamental duties by their contribution to 
those practices. 
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