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Abstract

The impact of greenhouse gas emissions from improper waste disposal is widespread and profound; affecting
environment, economies, public health, and the global climate system. This study compared the carbon footprint
associated with the conversion of plastic wastes into gasoline for fueling generator, and the carbon footprint for using
unsanitary landfill to dispose of the plastic wastes. Pyrolysis fixed bed reactor was fabricated for the conversion of 10
kg of ground LDPE to 400 ml of liquid oil from which 213.33 ml of gasoline was obtained. The findings indicated that
that usage of unsanitary landfill for the disposal of 1000 kg of LDPE plastic wastes led to the emission of 1,188 kg GHG
per megajoule (M]) while usage of pyrolysis process for the conversion of 1000 kg of plastic wastes to gasoline for
generator usage resulted in the emission of 1,203.113 kg GHG/M]. Both waste management techniques emitted a
significant amount of greenhouse gases, with pyrolysis emitting a marginally higher amount. The higher emission from
the pyrolysis process might be due to the ineffective design of air-fuel mixing port of the pyrolysis furnace, as well as,
the usage of liquefied petroleum gas as fuel for the pyrolysis process. Further improvement on the design and process
parameters could make the carbon footprint of using pyrolysis technique for plastic waste management to be drastically
reduced, thereby, making the technique to be environmentally friendly and sustainable.
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1. Introduction

The increasing rate of plastic usage due to various factors, including population growth, urbanization, lifestyle changes,
and evolving socio-economic conditions has led to a corresponding rise in plastic waste generation. This poses
significant challenges for disposal, especially considering that plastics, including low-density polyethylene (LDPE), take
hundreds of years to degrade, which exacerbates the environmental burden [1, 2]. Large quantity of plastic waste
produced across the world is composed of plastics, including high-density polyethylene (HDPE), low-density
polyethylene (LDPE), polypropylene (PP), polyethylene terephthalate (PET), polystyrene, and polyvinyl chloride (PVC),
with global production about 15, 18, 21, 7, 8 and 17 %, respectively [3]. These percentages reflect the varied applications
of plastics across industries, such as packaging, construction, textiles, and consumer goods. LDPE, for instance, is
commonly used in packaging, especially for products like water sachets, while PET is widely used in beverage bottles.
Polystyrene and PVC have applications in various sectors like food containers and construction materials. The high
proportion of plastic waste made up of these materials underscores the challenges of plastic waste management, as each
type of plastic requires specific methods for recycling or disposal. About 400 million tonnes of plastics including single-
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use plastics (drink bottles, wet wipes, cotton bud sticks, sanitary items) are produced globally every year [4, 5] with
about 40 % of it landfilled [5, 6]. LDPE is mostly used in packaging many goods, including packaging of potable water
locally known as pure water in Nigeria. The use of LDPE as water sachet in Nigeria is popular in Nigerian communities,
as it is viewed as a practical solution to economic challenges faced by the country. However, the LDPE sachets are often
found littering and defacing the environment since LDPE plastics have extremely low degradation rate [7, 8, 9].

Plastic waste disposal is a major waste management challenge worldwide because of its abundance, widespread
presence, and versatility. Furthermore, plastics contain chemicals that can have harmful effects on both animal and
human health when consumed [10]. In developing countries, including Nigeria, the absence of effective waste
management systems leads to the use of harmful disposal methods such as burning, ocean dumping, and unsanitary
landfilling. A significant amount of plastic waste is either dumped in landfills, incinerated, or ends up contaminating the
environment, including land and water bodies [11, 12]. As plastics eventually degrade, they fragment into smaller
particles known as microplastics, which can be consumed by wildlife and enter the food chain, resulting in indirect
environmental and health consequences [13 - 18). Improper plastic waste disposal has led to a range of environmental
issues, including flooding, clogged drainage systems, global warming, and threats to biodiversity. The carbon footprint
of landfilling plastic waste from human consumption of food and products plays a major role in climate change,
environmental degradation, and resource depletion. To minimize the harmful environmental effects of plastic waste
landfilling, an efficient waste management system is necessary. The disposal of plastic waste, typically through
incineration or landfilling, releases more greenhouse gases into the atmosphere. Waste combustion produces thousands
of harmful pollutants, particularly affecting people living near incineration facilities [5]. Therefore, alternative methods
for effective plastic waste disposal are essential.

Effective plastic waste management, using techniques such as pyrolysis, can help reduce the carbon footprint of plastics
and lessen their environmental impact. Many researchers have selected pyrolysis as an effective method for plastic
waste disposal, as it promotes a circular economy approach. Pyrolysis is the process of breaking down long-chain
polymer molecules into smaller, simpler molecules through the application of heat and pressure. The process requires
high heat for a short duration and occurs in the absence of oxygen. The three main products produced during pyrolysis
are oil, gas, and char, which are valuable to industries, particularly in production and refining processes [19, 20, 12, 21].
Pyrolysis gas can be further processed into fuels and chemicals or used as an energy source within the process itself.
Meanwhile, pyrolysis oil can be applied in various settings, such as furnaces, boilers, turbines, and diesel engines,
without the need for upgrading or treatment. Although he oil produced from plastic waste typically contains higher
sulfur levels compared to conventional fuel oil [22], The loil has combustible properties similar to conventional diesel,
making it a viable alternative to fossil fuels for power generation [23, 5, 11]. The char produced from the pyrolysis
process can be utilized for heating, soil and water remediation, carbon sequestration, and as printer black ink. Plastic
pyrolysis is an effective method for managing plastic waste and helping prevent the depletion of fossil fuels.

The emission-reducing potential of the pyrolysis technique for plastic waste management can be assessed by calculating
its carbon footprint. This refers to the total amount of greenhouse gases produced directly and indirectly to support
human activities, typically expressed in equivalent tons of carbon dioxide (CO2). It represents the sum of all CO:
emissions induced by human activities over a specific period, usually one year. For example, the calculation of
greenhouse gas emissions (GHGem) contributed by an individual household from the disposal of 1000 kg of plastic waste
in a developing country can be represented by Equation 1, where the emission factor for plastic is 3.3. The GHGem from
the use of a household generator is provided by Equation 2, while the GHGem from burning liquefied petroleum gas (LPG)
required for heating the feedstock is given by Equation 3. In these expressions for determining carbon footprint, carbon
dioxide equivalents (CO; ¢q), which account for all greenhouse gases, are used.

Number of bins/week * Average mass of waste/ year* Emission factor

GHG,, =
Number of Household Occupants D
GHG. — 12months*Volumeof fuel(Litres)/month* Energy density of fuel* Emission factor of fuel
o Number of Household Occupants @
GHG. - 12months*Volumeof fuel(Litres)/month*Energy density of fuel* Emission factor of fuel
o Number of Household Occupants 3)
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Different researchers have worked on using pyrolysis technique for plastic waste management. For example, Kabeyi &
Olanrewaju [22] established the feasibility of waste plastic pyrolysis to produce fuel from a wide range of plastic
materials, such as, high-density polyethylene (HDPE), polyethylene terephthalate (PET), polystyrene (PS), and
polypropylene (PP). In addition, the various studies conducted by Patni et al. [24], Verma et al. [25], Kabeyi &
Olanrewaju [26], Glingor et al. [27] and Kaimal & Vijayabalan [28] indicated that the brake thermal efficiency of
pyrolysis oil, when used as an engine fuel, was comparable to that of conventional diesel though the engine emissions
were notably higher with pyrolysis oil. Also, Sharuddin et al. [29] observed that the physical properties including
calorific value, density, viscosity, and flash point of pyrolysis oil produced from different plastic wastes (PET, HDPE,
PVC, LDPE, PP, PS) were found comparable with commercial gasoline and diesel [29]. Although several studies have
been conducted on the production of diesel oil and gasoline from plastic wastes, there is dearth of studies on the
comparative study of emissions when unsanitary landfill and pyrolysis are used for plastic waste management.
Therefore, this study examined the difference in carbon footprints for conversion of LDPE plastic wastes into gasoline
for generator usage, and when landfilling is used for plastic waste disposal.

2. Material and methods

2.1. Experimental material

The ground LDPE plastic waste, sourced from a local recycler in the Idimu area of Lagos State, Nigeria, served as the
primary feedstock for the research study. Approximately 10 kg of the feedstock was measured and placed into a
fabricated pyrolysis reactor made of 12 mm thick mild steel, with a height of 1000 mm and a diameter of 300 mm. A 20
mm thick perforated steel rod was integrated into the reactor to ensure uniform heat transfer from the gas source into
the reactor. The joints and fittings of the pipelines and flange plates were sealed using a high-temperature adjustable
gasket. The pyrolysis reactor, insulated with firebricks to minimize heat loss, featured a feeder with a 300 mm diameter,
which was covered by a flat plate secured with nuts and bolts. The pyrolysis system included a gas-fired furnace, a
pyrolysis reactor, a heavy oil condenser, a light oil condenser, and two scrubbers designed to eliminate impurities from
the pyrolytic gas (Figure 1). There were pipes of 5 mm thickness that connected the reactor, heavy and light oil
condensers, as well as, scrubbers together. A solar-powered temperature sensor was attached to the pyrolysis reactor
to monitor. Pipes with a thickness of 5 mm connected the reactor, heavy and light oil condensers, and scrubbers. A solar-
powered temperature sensor was installed on the pyrolysis reactor to monitor the temperature the pyrolysis process.
The LPG cylinder provided the gas used to heat the feedstock in the reactor. The gaseous products from the scrubbers
were collected in a gas bag via a rubber tube.

Heavy oil
condenser

Light oil condenser
Gas-fired
furnace

Gas scrubber

Gas scrubber

Figure 1 AutoCAD drawing of pyrolysis system Setup

2.2. Experimental procedure

The reactor, containing 10 kg of LDPE plastic, was heated with LPG gas, causing the temperature of the LDPE to increase
from its initial temperature of 35.5°C. Gas production was observed when the LDPE reached a temperature of 345°C,
approximately 3 hours into the experiment. Liquid production was noticed at 353°C, 45 minutes after the gas production
had begun. The total volume of liquid oil produced was approximately 400 ml, of which 75 ml was extracted for further
separation via fractional distillation. The liquid product, believed to be diesel from the pyrolysis of LDPE, was placed in
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a round-bottom flask, clamped to a retort stand, and gradually heated until it began to boil. The boiling point at this
stage was observed to be 27°C. The vapor emerging from the flask traveled through the delivery tube and condensed in
a test tube, which was placed inside a cold-water bath within a beaker. After about 7 minutes, when the liquid stopped
boiling, the Bunsen burner flame was increased, causing the liquid to resume boiling at a temperature of 42°C. The
vaporized liquid condensed in another test tube placed in a cold-water bath inside a beaker. This process continued for
about five minutes before the boiling ceased. The Bunsen burner flame was maintained at this level, and the
thermometer reading remained steady at 42°C for 10 minutes. Afterward, the Bunsen burner flame was increased again,
causing the remaining liquid in the flask to begin boiling. At this point, the thermometer reading reached 75°C. The
vapor emerging from the flask passed through the delivery tube and condensed in another test tube, which was placed
in a beaker filled with cold water. At this point, the thermometer reading reached 75°C. The vapor emerging from the
flask passed through the delivery tube and condensed in another test tube, which was placed in a beaker filled with cold
water.

2.3. Greenhouse gas emission (GHGem) from landfilling of 1000 kg of plastic waste
According to Energy Research Centre, 2012 [30 - 33], emission factor for every 1000 kg of plastic waste disposed of is

3.3. therefore, the greenhouse gas emission can be calculated using Equation 1:

Number of bins/week * Average mass of waste/ year* Emission factor

GHG,, =
Number of Household Occupants

~ 30*12*tonsof CO2,
Person x day

This implies that every household or individual disposing of 1000 kg of plastic waste is emitting a greenhouse gas
emission (GHGem), which can be calculated by multiplying the amount of plastic waste by the emission factor of 3.3:

GHGenm, = 30 x 12 x 3.3 kg GHG /M]J = 1188 kg GHG/ MJ

2.4. Greenhouse gas emission (GHGem) from the use of household generator

The Greenhouse gas emission (GHGem) from the use of household generator is given in Equation 2:

GHG. — 12months*Volumeof fuel(Litres)/month*Energy density of fuel*Emission factor of fuel
o Number of Household Occupants

From the 10 kg of LDPE plastic wastes used as feedstock in this research study, 400 ml of liquid oil was obtained. About
75 ml of the liquid oil obtained from the pyrolysis process yielded 40 ml of gasoline. This indicates that 400 ml of liquid
oil will produce 213.33 ml of gasoline. Therefore, 10 kg of plastic waste will yield 213.33 ml of gasoline, and 1000 kg of
plastic waste will yield 21, 333 ml of gasoline, which is equivalent to 21.33 liters.

If 21.33 liters of gasoline is used to power a generator, and given the emission factor (0.069549 kg/M] ) and energy
density (34.2 MJ/L) of the gasoline[[30 - 33], we can calculate the greenhouse gas emissions and the total energy
produced. Equation 2 gives the greenhouse gases emission from the use of household generator:

12months*Volumeof fuel(Litres)/month*Energy density of fuel* Emission factor of fuel
Number of Household Occupants

GHG,, =

=(12x21.33x34.2x0.069549) GHG kg/L = 608.82 GHG kg/L
= 24.353 GHG kg/M] (since 1 litre = 25 M] of energy from LPG)

This implies that the greenhouse gas emission from using 1000 kg of plastic waste to obtain 21.33 L of gasoline for
fueling generator is 24.353 GHG kg/M]

2.5. Greenhouse gas emission (GHGem) from using liquefied petroleum gas (LPG) as fuel for the pyrolysis
process

The greenhouse gas emission from burning liquefied petroleum gas as fuel for heating is given in Equation 3:
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12months *Volumeof fuel(Litres)/month*Energy density of fuel* Emission factor of fuel
Number of Household Occupants

GHG,, =

The amount of LPG used to produce the liquid oil from the pyrolysis reaction and distillation process is estimated as 4
kg which is equivalent to 7.84 L (Since 1 kg LPG gas is 1.96 litres of LPG). This indicated that 7.84 L of LPG was required
for the pyrolysis of 10 kg of LDPE plastic wastes. Therefore, for 1000 kg of LDPE plastic wastes, 784 L of LPG would be
required. The energy density and emission factor of LPG are given as 49.6 M] /kg and 0.063152 kg GHG/ M], respectively.
This implies that the greenhouse gas emission (GHGen) from using liquefied petroleum gas (LPG) as fuel for the pyrolysis
of 1000 kg of LDPE plastic wastes is:

GHG. - 12months*Volumeof fuel(Litres)/month*Energy density of fuel*Emission factor of fuel
o Number of Household Occupants

=(12x784x49.6 x0.063152) = 29,469 GHG kg/L = 1,178.76 GHG kg/M] (since 1 litre = 25 M] of energy from LPG)

3. Results and discussion

Table 1 shows the summary of results obtained from the comparison between the carbon footprint of two waste
management techniques, including usage of unsanitary landfill for LGPE plastic waste disposal, and pyrolysis process
for conversion of LDPE plastic waste to gasoline for generator usage. Their corresponding greenhouse gas (GHG)
emissions were measured in kg GHG per megajoule (M]). A comparison analysis of the two waste management
techniques based on their greenhouse gas (GHG) emissions indicates that usage of Unsanitary Land(fill for the disposal
of 1000 kg of LDPE plastic wastes led to the emission of 1,188 kg GHG per megajoule (M]) indicates that this method is
quite harmful to the environment while usage of pyrolysis process for the conversion of 1000 kg of plastic waste to
gasoline for generator usage caused the emission of 1,203.113 kg GHG/M]. Regarding impact on the environment; both
waste management techniques emit a significant amount of greenhouse gases, with pyrolysis emitting a marginally
higher amount (1,203.113 kg GHG/M]) compared to unsanitary landfills (1,188 kg GHG/M]). Although pyrolysis might
be considered more environmentally friendly compared to landfills since it can convert waste into useful products like
fuels or chemicals; the emissions are still significant. The emission of 1,203.113 kg GHG per M] is slightly higher than
that of landfills, which suggests that the pyrolysis process might still involve considerable GHG release, especially if the
energy required for the process is not derived from clean sources, as in the case of this study where LPG was used as
the energy source for the pyrolysis process. Given that pyrolysis involves energy-intensive processes, it is possible that
its higher emissions come from the fossil fuel (LPG) energy source used. Additionally, the design of the air to fuel mixture
port was not efficient leading to incomplete combustion, and consequent energy waste during the pyrolysis process.
The emissions from pyrolysis might be reduced by using renewable energy sources for the process. Also, optimizing the
process to increase efficiency and reduce waste during the transformation of materials could help mitigate GHG
emissions. Regarding the usage of landfill waste management technique, controlled landfills with proper waste
management techniques such as using liners, leachate collection and gas collection; can also lower the environmental
impact

Table 1 Comparison of carbon footprint of LDPE plastic waste landfilling and valorization to gasoline for generator
usage

S/No | Waste Waste Management Techniques for | Greenhouse gas | Total greenhouse gas
Management | 1000 kg of LDPE plastic wastes emission (GHGem) | emission (GHGem)
Techniques equivalent equivalent

1 Usage of | Landfilling of 1000 kg of LDPE plastic | 1,188 1,188
unsanitary wastes kg GHG/ M] kg GHG/ M]
landfill

2 Usage of | Greenhouse gas emission (GHGem) from | 24.353 1,203.113
pyrolysis using 21.33 L gasoline obtained from 1000 kg GHG / MJ kg GHG / MJ
process kg of LDPE plastic wastes to fuel generator

Greenhouse gas emission (GHGem) from | 1,178.76
using liquefied petroleum gas (LPG) as fuel | gyg kg/ M]
for the pyrolysis process
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4., Conclusion

This study, which focused on the comparison between two waste management techniques, unsanitary landfilling and
pyrolysis of LDPE plastic waste to produce gasoline for generator usage; reveals that both methods emit significant
greenhouse gases. Pyrolysis results in a slightly higher emission (1,203.113 kg GHG/M]) compared to unsanitary
landfilling (1,188 kg GHG/M]). Despite pyrolysis being potentially more environmentally friendly by converting waste
into useful products like fuels, the process still releases considerable GHG emissions, primarily due to the use of liquefied
petroleum gas (LPG) as an energy source and inefficiencies in the air-fuel mixture design during pyrolysis. A comparison
of these techniques or how they might impact overall sustainability indicates that neither technique is particularly ideal
from the sustainable perspective, as both produce high GHG emissions. However, between the two, pyrolysis, though
having marginally higher GHG emissions than unsanitary landfill, could be more favourable if non-fossil fuel is used for
the pyrolysis process in addition to improving the design for the air to fuel ratio. With improved design and process
parameters, the carbon footprint of the pyrolysis technique could be significantly reduced, making it a more
environmentally friendly and sustainable method for plastic waste management. Similarly, controlled landfills with
proper management techniques could minimize the environmental impact of the plastic waste disposal.
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