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Abstract
The raising worldwide issue of plastic waste gathering has driven the investigation of imaginative and supportable 
arrangements. Among these arrangements, the development and evaluation of fuel offices that change squander plastic 
into significant energy assets have acquired noticeable quality. This far reaching survey dives into the present status 
of information and progressions in this field, enveloping plausibility studies, arranging and preprocessing strategies, 
transformation innovation determination, facility plan, and performance assessment. By reusing waste plastic as a 
feedstock for fuel production, these undertakings present a double an open door to oversee plastic waste while at the same 
time tending to energy requests. Through a blend of examination discoveries, this research highlights the significance 
of informed direction and streamlining systems chasing building and really working this production of fuel. Besides, the 
study highlighted cooperative exploration, strategy support, mechanical development, and worldwide collaboration as 
crucial drivers for accomplishing fruitful waste plastic-to-fuel change, adding to more reasonable waste administration 
rehearses and a progress to a roundabout economy. Materials used include; plastic waste, sorting equipment, reactor 
vessel, gas burner, condenser, analytical equipment, and storage tank. The reactor was placed on the gas burner 
and connected to the condenser through the holes pipe and the fuel collect was placed under the condenser outlet to 
receive our end product. Before running the test, the weight of the plastic waste was measured. the estimated regression 
coefficients alongside their standard errors, t-values, and p-values. The coefficients address the connection between the 
independent variables and the dependent variable in the regression model. The intercept term in the relapse model shows 
the anticipated worth of the reliant variable (fuel production) when all autonomous factors are zero. In Table 4.4, the 
intercept coefficient was assessed as 8.000 with a standard error of 5.873. However, the fact that the coefficient does not 
have a statistically significant value (t = 1.363, p = 0.264) suggests that the intercept value may not have a significant 
effect on predicting fuel production.

Petro Chem Indus Intern, 2023

1Department of Agricultural and Bio-Environmental 
Engineering, Federal College of Agriculture,  Nigeria

2Department of Environmental Engineering, Tianjin 
University, China  

ISSN: 2639-7536 

Keywords: Pyrolysis, Fuel Production, Waste Plastic, OLS, Construction

1. Introduction
The increasing accumulation of plastic waste worldwide has 
posed significant environmental challenges, prompting the need 
for innovative and sustainable solutions. One such solution is the 
construction and performance evaluation of fuel facilities that 
convert waste plastic into valuable energy resources. These facilities 
offer a promising avenue for simultaneously addressing the issues of 
plastic waste management and energy demand [1]. 

The feasibility study is the initial step in assessing the viability of 
constructing a fuel facility from waste plastic. This study considers 
various factors, such as economic feasibility, environmental 
impact, and regulatory requirements. Researchers have conducted 

comprehensive feasibility studies in different regions to evaluate the 
potential of waste plastic as a valuable resource for fuel production 
[2]. By analyzing the availability and quantity of waste plastic 
feedstock in the local area, the feasibility study enables informed 
decision-making regarding the construction of such facilities.

Sorting and preprocessing waste plastic are crucial processes 
to ensure the quality and suitability of the feedstock for fuel 
production. Several studies have focused on the efficient sorting and 
preprocessing techniques for waste plastic, including methods like 
optical sorting, manual sorting, and mechanical preprocessing [3,4]. 
These studies provide valuable insights into the optimization of 
sorting and preprocessing operations, leading to enhanced feedstock 
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quality and subsequent conversion efficiency.

The selection of an appropriate conversion technology plays a 
pivotal role in the successful implementation of a fuel facility from 
waste plastic. Various conversion technologies, such as pyrolysis, 
gasification, and depolymerization, have been explored in research 
and industrial applications [5]. Comparative studies evaluating 
the performance and techno-economic feasibility of different 
conversion technologies have provided valuable information for 
decision-making during the facility design phase [6]. Such studies 
consider factors such as the quality and quantity of plastic feedstock, 
desired fuel output, and environmental considerations.

The design and construction of a fuel facility require careful 
consideration of several factors, including facility layout, equipment 
selection, storage tanks, safety measures, and waste treatment 
systems. Research articles have addressed these design aspects by 
proposing optimized layouts, selecting suitable equipment, and 
ensuring the safety of operations. Incorporating the findings from 
these studies can help in the efficient construction of a fuel facility, 
thereby enhancing operational performance and ensuring regulatory 
compliance.

The performance evaluation of a fuel facility from waste plastic 
is essential to assess its effectiveness and efficiency. Monitoring 
and evaluating various parameters, such as feedstock throughput, 
conversion efficiency, fuel quality, energy consumption, emissions, 
and waste management practices, enable researchers to optimize 
facility performance. Several studies have evaluated the performance 
of waste plastic-to-fuel conversion technologies, providing insights 
into process optimization and environmental impact mitigation 
[8,9]. These evaluations contribute to the ongoing improvement of 
fuel facilities and their compliance with environmental regulations. 

The construction and performance evaluation of fuel facilities 
utilizing waste plastic as a feedstock present a promising solution 
for managing plastic waste while meeting energy demands. 
Through feasibility studies, sorting and preprocessing techniques, 
conversion technology selection, facility design, and performance 
evaluation, researchers and practitioners can make informed 
decisions and optimize the construction and operation of such 
facilities [10]. By referring to relevant studies and research in each 
paragraph, this chapter provides a comprehensive overview of 
the current knowledge and advancements in this field, setting the 
stage for further exploration and development in the construction 
and performance evaluation of fuel facilities from waste plastic. 
New solutions and technologies are needed to address the current 
challenges facing the plastic industry, i.e., rapid growth in demand 
and production of plastics and low levels of recycling of used or 
waste plastics [11]. The population growth, economic growth, and 
global industrialization have led to the generation of huge quantities 
of wastes, including plastic wastes. Plastic wastes, in particular, 
plastic bags, bottles, and packaging materials, are visibly littered 
all over, including in water bodies. Waste combustion generates 
thousands of pollutants that are harmful to people, especially those 

living near the incineration facilities. Although landfilling has a 
lower climate impact compared to incineration, many landfills are 
full or are getting full. Landfilling also causes soil contamination, 
water pollution, and may harm to wildlife, flora and fauna [12]. 

Modern offices, homes, and industries generate huge amounts of 
plastic wastes that range from packaging materials, electronic parts 
and equipment, plastic containers, and other forms which are often 
difficult to isolate and recycle [13]. Plastic wastes are a serious 
challenge because of the huge quantities being produced and the fact 
that plastics do not biodegrade for very many years. Plastic products 
that are heavily produced are the polyolefin, such as polyethylene 
and polypropylene, which have many applications, like packaging, 
building, electricity and electronics manufacture, agriculture 
applications, and health care. Significant quantities of waste plastics 
end up in landfills and oceans where they cause pollution and require 
over 450 years to biodegrade. Conversion of plastics to fuel would 
create over 39,000 direct jobs, increase the gross domestic product 
by over $9 billion, and create a cleaner and safer avenue of plastic 
waste disposal [14]. 

The quantity and range of plastic products are so huge and continue 
to grow for various applications. This not only is economically 
important but also comes with serious challenges of waste disposal 
and recycling. There are, however, several challenges related to 
plastic-to-fuel production via pyrolysis which need to be considered. 
There are some concerns around health risks due to energy recovery 
from the waste. This is because burning waste plastics emits nitrous 
oxides, Sulphur dioxides, some particulate matter, and other harmful 
pollutants that are dangerous. However, continuous regulation and 
pollution control technologies can ensure that emissions are well 
managed and controlled [15]. The construction and performance 
evaluation of fuel facilities from waste plastic are justified due to 
their potential to mitigate environmental impact, diversify energy 
resources, recover valuable resources, provide economic benefits, 
and drive technological advancements. By converting waste plastic 
into useful fuel products, these facilities contribute to sustainable 
waste management practices, reduce greenhouse gas emissions, and 
promote a more circular and resource-efficient economy.

The objective of this study is to establish the feasibility of waste 
plastic pyrolysis to produce fuel from waste plastic materials. 
Available recyclable wastes are estimated, and a preliminary design 
specification for a pyrolysis plant was proposed in this research.

2. Methodology
2.1 Materials
a. Plastic waste (plastic bottles, containers) 
b. Sorting equipment (conveyor belts, sorting machines)
c. Reactor vessel
d. Catalyst (zeolite, and alumina)
e. Heating source (Gas Burner)
f. Condenser
g. Storage tanks for fuel
h. Analytical equipment (spectrometer)
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2.2 Method
The fuel facility settings consist of gas burner, gas cylinder, holes 
pipe, reactor, condenser, and fuel collector. The reactor was placed 
on the gas burner and connected to the condenser through the holes 
pipe and the fuel collect was placed under the condenser outlet to 
receive our end product. Before running the test, the weight of the 
plastic waste was measured. We wash the plastic waste using water 
treatment method then the plastic waste was sorted out. The plastic 
wastes will be loaded into the reactor and sealed. 

Step 1:
The plastic waste was collected from various waste sources in 
Ibadan South West Local Government. The waste was sorted based 
on their type and any non-plastic items were removed. Pretreatment 
of the waste was done with the help of water in to remove dirt and 
contaminants. While the plastic was cut into smaller pieces for ease 
of processing.

Step 2: Reactor Operation
The plastic waste was transfer into the reactor vessel. Water and 
zeolite with alumina was added as a catalyst to the reactor vessel 
and it was closed and airtight. While heat was applied using gas 
burner which allows the plastic to undergo thermal decomposition.

Step 3: Condensation and Separation
The condenser unit was connected to the reactor vessel to condense 
the gaseous products. The condensed products were channel into a 
container

Step 4: Performance Evaluation
Spectrometer an analytical equipment will be use to analyze the fuel 
produced to determine its composition and quality. The fuel will be 
test for key parameters such as conversion efficiency, yield, calorific 
value, viscosity, and chemical properties. The result obtained will 
be compare with relevant fuel standards or specifications to assess 
the quality of the produced fuel. The process will be repeated in five 
trials to record different variations in catalysts, temperatures, and 

other processing parameters to optimize the fuel production.

The following parameters will be considered for the evaluation of 
the fuel produced;

i. Conversion Efficiency
Conversion efficiency indicates the effectiveness of converting 
plastic into fuel. It will be calculated as the ratio of the mass of fuel 
produced to the mass of plastic and polythene fed into the system, 
expressed as a percentage.
Conversion Efficiency = (Mass of Fuel Produced / Mass of Plastic 
Fed) x 100%

ii. Yield
Yield represents the amount of fuel produced per unit of plastic fed 
into the system. It will be calculated by dividing the mass of fuel 
produced by the mass of plastic and polythene fed into the system, 
expressed as a percentage.
Yield = (Mass of Fuel Produced / Mass of Plastic) x 100%

iii. Calorific Value
Calorific value is the amount of heat energy released per unit mass 
of fuel. It indicates the energy content of the produced fuel and can 
be measured in joules or kilocalories per gram.
Calorific Value = Heat Energy Released / Mass of Fuel Produced

iv. Viscosity
Viscosity measures the resistance of the fuel to flow and is an 
important property for its handling and combustion. It can be 
measured in units such as centistokes (cSt) or kinematic viscosity.
Viscosity = Dynamic Viscosity / Density

v. Chemical Composition
Chemical composition analysis provides information about the 
presence and concentration of different components in the fuel, such 
as hydrocarbons, impurities, and additives. This analysis can be 
performed using gas chromatography techniques.
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Chemical composition analysis provides information about the presence and concentration of 
different components in the fuel, such as hydrocarbons, impurities, and additives. This analysis 
can be performed using gas chromatography techniques. 

Table 1: Bill of Engineering Materials and Evaluation (BEME) 

QUANTITY Description of Material Unit price/Amount 

1 

1 

1 

1  

1 

2 Yards 

18 pieces 

2 liters 

5  

Reactor 

Condenser 

Collector 

Gas cylinder & Gas burner 

Zeolite, and Alumina Solution 

Holes pipe 

Bolt/Nut 

Black paint 

Clips 

Transportation & Workmanship 

185,000 

75,000 

10,000 

25,000 

45,000 

1000 

800 

2000 

500 

45,000 

#389,300 

 
Plate 1: Obtained Plastic Waste 
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Plate 2: Manual Shredding Processes 
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Plate 3: Pyrolysis Process 

 
Plate 4: Condenser 
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Plate 5: Fuel Collector 

 
Plate 6: Product  
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Plate 6: Residue 

 
Plate 7: Flammability Test 
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3. Results and Discussion

Table 2: Statistical Analysis Result for Shredding of Waste Materials

Variable Mean Median Standard Deviation Minimum Maximum
Initial Weight (kg) 9 9 4.3205 3 15
Time (seconds) 369.4 388 231.1558 75 665
Final Weight (kg) 8.002 8.73 4.2216 2.84 14.72
Loss (kg) 0.204 0.19 0.0816 0.09 0.28
Percentage Loss (%) 2.46 1.9 1.7856 1.5 6.3
Efficiency (%) 97.4 98 1.6733 95 99

RESULTS AND DISCUSSION 
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Figure 1: Shredding Performance, Input Mass and Retention Period 
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Figure 2: Shredding Time and Input Mass 

 

Table 3: Analysis of Variance for Production of Fuel  
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Figure 3: ANOVA Mean Square Comparison 

 

Table 4: Regression Coefficient 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

    

Figure 3: ANOVA Mean Square Comparison



  Volume 6 | Issue 4 | 322Petro Chem Indus Intern, 2023

Table 5: OLS Regression Result

Table 6: Coefficient

Dep. Variable Output Value R-squared 0.272
Model OLS Adj. R-squared 0.029
Method Least Squares F-statistic 1.119
Date Sat, 08 Jul 2023 Prob (F-statistic) 0.368
Time 10:35:53 Log-Likelihood -7.8264
No. Observations 5 AIC 19.65
Df Residuals 3 BIC 18.87
Df Model 1
Covariance Type nonrobust

Table 4: Regression Coefficient

Coef Standard error t P>|t|
Intercept 8.000 5.873 1.363 0.264
Input Mass 2.071 0.983 2.107 0.121

Coef Standard error t P>|t| [0.025 0.975]
constant 95.900 1.567 61.185 0.000 90.912 100.888
Input Mass 0.1667 0.158 1.058 0.368 -0.335 0.668

Omnibus nan Durbin-Watson 2.836
Prob(Omnibus) nan Jarque-Bera (JB) 0.599
Skew 0.824 Prob(JB) 0.741
Kurtosis 2.600 Cond. No. 23.5

Table 7: Statistical Parameters Value

S/N INPUT MASS (kg) Retain time (seconds) Water (ml) Temperature (°C) Output value (ml) Residual (kg)
1 2.82 3300 73 185 - 0.91
2 5.87 6120 100 254 8 2.83
3 8.69 9240 150 315 25 4.04
4 11.79 11220 200 380 36 6.23
5 14.7 12900 250 432 45 7.88

Table 8: Pyrolysis Yield Result
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Figure 4: Sensitivity Analysis showing relationship between Input Mass and Output Value 

 

Table 9: Performance Evaluation of the liquid Produced 

S/N CONVERSION 
EFFICIENCY (%) 

Fuel YIELD 
(%) 

CALORIFIC VALUE 
(joules) 

1 0 0 0 
2 14.00 0.14 31,750 
3 0.29 0.29 12,600 
4 0.30 0.30 10,556 
5 0.31 0.31 9,600 

Figure 4: Sensitivity Analysis showing relationship between Input Mass and Output Value

Table 9: Performance Evaluation of the liquid Produced

S/N CONVERSION EFFICIENCY (%) Fuel YIELD (%) CALORIFIC VALUE (joules)
1 0 0 0
2 14.00 0.14 31,750
3 0.29 0.29 12,600
4 0.30 0.30 10,556
5 0.31 0.31 9,600

Table 10: Correlation Analysis Result

Conversion Efficiency (%) Fuel Yield (%) Calorific Value (Joules)
Conversion Efficiency (%) 1.000 -0.260 0.917
Fuel Yield (%) -0.260 1.000 0.131
Calorific Value (Joules) 0.917 0.131 1.000
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4. Discussion
In the performance evaluation of a fuel facility, a statistical analysis 
of the variables related to the shredding of waste plastic materials 
revealed significant implications from the above table 1.

The typical starting point for the shredding process indicated by 
the average initial weight of the waste plastic materials, which was 
9 kg. The scope of starting loads, traversing from 3 kg to 15 kg, 
proposes a different scope of plastic waste sizes being handled. 
The standard deviation of 4.3205 kg suggests a moderate level of 
changeability in the underlying weight, featuring the significance 
of considering different material sizes during destroying.

The mean destroying time was viewed as 369.4 seconds, addressing 
the typical length expected to handle the waste plastic materials. 
The range of shredding times, which range from 75 seconds to 
665 seconds, indicates that the shredding process takes some time 
to complete. The moderately exclusive requirement deviation of 
231.1558 seconds recommends an extensive variety of shredding 
times, which might be impacted by variables, for shredder limit 
and the size and sort of plastic waste being handled.

Following the shredding system, the typical last weight of the 
destroyed plastic materials was 8.002 kg. Shredding reduced the 
weight, as evidenced by the range of final weights that ranged 
from 2.84 kg to 14.72 kg. The standard deviation of 4.2216 kg 
recommends some changeability in how much material excess in 
the wake of shredding.

During the size reduction process, a typical deficiency of 0.204 kg 
was noticed, demonstrating the normal weight decrease from the 
underlying load to the last weight. The average amount of material 
that was lost during the shredding process was represented by the 
mean percentage loss, which is 2.46 %. The loss and percentage 
loss standard deviations of 0.0816 kg and 1.7856 %, respectively, 
suggest that there are some variations in the quantity of material 
lost.

The typical rate at which the initial weight is converted to the final 
weight after shredding was 97.4%, which is the efficiency of the 
shredding process. The efficiency values ranged from 95 to 99 %, 
indicating a relatively high level of efficiency in converting waste 
plastic into shredded materials.

In conclusion, the central tendencies, spread, and range of the 
variables can be better understood through statistical analysis of the 
shredding procedure in fuel facility construction and performance 
evaluation. The decision-making process, process optimization, 
comprehension of material loss during shredding, and evaluation 
of the fuel facility's overall efficiency can all benefit from these 
findings.

The shredding performance, input mass, and retention time are all 
included in the data shown in Figure 1.
When determining whether or not the plastic waste shredding 

process is efficient and effective, the performance of the shredding 
process is a crucial factor. The shredding performance was 
represented by variables like "Final Weight" and "Percentage 
Loss" in the data that was provided.

This variable shows the heaviness of the destroyed plastic materials 
after the destroying system. The information shows a scope of 
definite loads from 2.84 kg to 14.72 kg, which demonstrates a 
decrease in weight because of the destroying system. The shredding 
process's output or yield can be measured by the final weight. This 
variable addresses the level of weight lost during the destroying 
system. The data indicate percentage losses ranging from 0.09 
percent to 0.28 percent. A higher rate misfortune shows a more 
critical decrease in weight, proposing a more effective destroying 
process.

We can assess the efficacy of the shredding process in reducing 
the volume and weight of waste plastic materials by analyzing the 
performance of the shredding process. This is essential for waste 
management and resource utilization. The waste plastic materials' 
initial weight prior to the shredding process is referred to as the 
input mass. A fundamental boundary decides the scale and limit of 
the destroying activity. The input mass in the provided data ranges 
from 3 kg to 15 kg.

Investigating the information mass permits us to comprehend the 
connection between the size of the plastic waste materials and 
the destroying system. It decides the shredder's ability and the 
possibility of dealing with various sizes and amounts of waste 
plastic materials. The amount of time required for the shredding 
process is indicated by the retention period, which is represented 
by the variable "Time." In the gave information, the maintenance 
time frame goes from 75 seconds to 665 seconds.

The maintenance time frame assumes a pivotal part in deciding the 
effectiveness, efficiency, and throughput of the destroying system. 
Longer maintenance periods might show a slower destroying 
process, possibly influencing by and large creation limit and 
energy utilization. The retention period can be analyzed to find 
opportunities for process optimization and operational efficiency 
enhancement.

Insights into the effectiveness, scalability, and efficiency of the 
shredding procedure for waste plastic materials were obtained by 
examining the shredding performance, input mass, and retention 
period as depicted in Figure 4.1. These bits of knowledge can 
illuminate navigation, process streamlining, and asset wanting to 
upgrade the presentation and supportability of the fuel office and 
waste administration systems.

Based on the data provided, the relationship between the input 
mass of waste plastic materials and the corresponding shredding 
time is shown in Figure 4.2, which is titled "Shredding Time and 
Input Mass."
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The x-pivot of the figure addresses the info mass in kilograms (kg), 
demonstrating the underlying load of the waste plastic materials 
prior to destroying. The shredding time in seconds is shown on the 
y-axis. The graph's data points represent a specific input mass and 
the time it took to shred that mass.

By looking at Figure 2, a few perceptions can be made:
Relationship Between Shredding Time and Mass Input:

The shredding time seems to be going up in general as the input 
mass goes up. This suggests that shredding larger quantities of 
waste plastic takes longer than shredding smaller quantities.

The relationship between input mass and shredding time is not 
always linear. It is essential to keep in mind that the data points 
may not necessarily line up perfectly, indicating that other factors, 
such as the capacity of the shredder and the operational conditions, 
may also have an impact on the shredding time.

4.1 Time Variation in Shredding:
The fact that the data points are not tightly grouped around a single 
line suggests that the shredding time for a given input mass varies.

This fluctuation may be credited to elements like the particular 
qualities of the waste plastic materials, varieties in shredder 
execution, or irregularities in the functional arrangement.

4.2 Anomalies or Outliers:
In Figure 2, it is important any information focuses that go amiss 
essentially from the general pattern. If they are present, outliers may 
represent unusual or exceptional instances that call for additional 
research. During the shredding process, these points may provide 
insight into potential difficulties or exceptional circumstances.

Figure 2's graphical representation of shredding time and input 
mass makes it easier to visualize the connection between these two 
variables. It helps stakeholders and researchers understand how 
input mass affects shredding time, facilitating capacity planning, 
process optimization, and decision-making processes.

The outcomes of an ANOVA (Analysis of Variance) that were 
carried out to evaluate the effect that the variable "Input Mass" has 
on the production of fuel are presented in the table 2 above. 

The "Input Mass" factor had a significant impact on fuel production, 
according to the ANOVA (F(1, 3) = 4.44, p = 0.121). The degrees 
of freedom for the factor were reported as 1.0, indicating one 
level or group being compared. On the other hand, the "Residual" 
error term had 3 degrees of freedom, representing the remaining 
variability unexplained by the "Input Mass" factor.

The sum of squares for the "Input Mass" not entirely settled to 
be 496.75, demonstrating how much inconstancy made of by 
this component. In contrast, the unexplained variation in the data 
was represented by the "Residual" sum of squares, which was 

determined to be 799.50.

To additionally survey the effect of the "Input Mass" factor, the 
mean square for the component was figured as 496.75, while the 
mean square for the "Residual error" was assessed as 266.50. 
The mean square qualities give a sign of the typical measure of 
fluctuation credited to each source.

The F-statistic, which compares the factor's mean square to the 
"Residual" error's mean square, returned a value of 4.44. The 
magnitude of the difference between the groups being compared 
is determined by this statistic. However, the observed difference is 
not statistically significant at the usual significance level of 0.05, 
as indicated by the associated p-value of 0.121.

In light of the discoveries, it very well may be presumed that 
there is lacking proof to help the presence of a huge distinction 
in the mean result esteem among the different information masses 
utilized in the creation of fuel. Even though the "Input Mass" 
factor had some ability to explain things, the fact that the p-value 
was higher than the level of significance that was chosen suggests 
that the observed variation might be the result of chance rather 
than the actual effect of the input mass.

Recognizing that this analysis focused solely on the impact 
of the input mass variable on fuel production is essential. The 
performance of the fuel production process as a whole may also 
be affected by other variables like temperature, retention time, 
and water volume. Accordingly, further examination is justified 
to exhaustively assess the exchange of these factors and their 
consolidated effect on the fuel creation process.

In general, the "Input Mass" factor's influence on fuel production 
is highlighted by the ANOVA results shown in the table 4.2. In any 
case, the absence of measurable importance recommends that the 
information mass alone may not be a critical determinant of the 
variety in yield esteem.

The ANOVA Mean Square Correlation in the figure 3 evaluates 
the fluctuation between various wellsprings of variety in the 
examination. 
In the ANOVA table, the Mean Square section gives data about the 
normal measure of fluctuation ascribed to each source. There are 
two sources of variation in the given figure 4.3: "Residual" and 
"Input Mass".

The "Input Mass" mean square was reported to be 496.75. Divide 
the sum of the squares for "Input Mass" by its degrees of freedom 
to arrive at this number. In the analysis, the average amount of 
variability explained by the "Input Mass" factor was represented 
by the mean square.
The "Residual" mean square was reported to be 266.50. It was 
calculated by dividing the "Residual" error term's degrees of 
freedom by its sum of squares. The average amount of residual or 
unexplained variation in the data is represented by the mean square 
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of the residual.

The "Input Mass" factor and the residual error's respective 
contributions to the overall variability in the dependent variable 
(such as output value) can be better understood by comparing the 
mean squares. The residual's mean square, which is 266.50, is 
smaller than the "Input Mass" mean square, which is 496.75.

A bigger mean square for an element proposes that the component 
makes sense of a more noteworthy extent of the changeability 
in the reliant variable. On the other hand, a more modest mean 
square for the leftover demonstrates that less changeability stays 
unexplained subsequent to representing the "Info Mass" factor. It 
is essential to take note of that the correlation of mean squares 
alone does not decide the measurable importance or pragmatic 
meaning of the elements. To conclude about the factor's impact on 
the dependent variable and determine its statistical significance, a 
formal hypothesis test like the F-test and its associated p-value are 
required.

In rundown, the ANOVA Mean Square Examination gives a 
correlation of the typical measure of changeability credited to the 
"Information Mass" factor and the remaining blunder. During the 
fuel production process, it enables preliminary insights into the 
relative contributions of these sources of variation to the overall 
output value variability.

Table 4 presents the estimated regression coefficients alongside 
their standard errors, t-values, and p-values. The coefficients 
address the connection between the independent variables and the 
dependent variable in the regression model. The intercept term 
in the relapse model shows the anticipated worth of the reliant 
variable (fuel production) when all autonomous factors are zero. 
In Table 4, the intercept coefficient was assessed as 8.000 with 
a standard error of 5.873. However, the fact that the coefficient 
does not have a statistically significant value (t = 1.363, p = 0.264) 
suggests that the intercept value may not have a significant effect 
on predicting fuel production.

The coefficient for the "Input Mass" variable means the adjustment 
of the anticipated worth of the relevant variable related with a one-
unit expansion in the input mass, while holding different factors 
steady. In Table 4, the coefficient for "Input Mass" was assessed as 
2.071 with a standard error of 0.983. Nonetheless, the coefficient 
is not statistically significant (t = 2.107, p = 0.121), demonstrating 
that the input mass alone might not altogether affect fuel creation 
while thinking about different factors in the model.

The fact that neither the intercept nor the "Input Mass" variable 
exhibited statistical significance suggests that additional factors 
or variables might be required to adequately explain the variation 
in fuel production. The significance of further investigation and 
consideration of additional factors that may influence the prediction 
of fuel production in the constructed facility was emphasized by 

these findings.

In the Table 5, the OLS Regression Result was x-rayed. The 
results of the ordinary least squares (OLS) regression analysis that 
were carried out in order to evaluate the performance of the fuel 
production process from the constructed fuel production facility 
that makes use of plastic waste are presented in Table 5. The 
table incorporates different factual measurements and data with 
respect to the relapse model and its goodness of-fit. The "Output 
Value," which represents the facility's fuel production, was the 
analysis's dependent variable. It is the variable of interest that we 
are attempting to anticipate in light of the independent variable(s).

The OLS relapse model was utilized to appraise the connection 
between the dependent variable (fuel yield) and the independent 
variable(input, time, temperature) by limiting the number of 
squared residuals.
The regression coefficients that provided the best fit to the 
observed data were estimated using the least squares method. The 
R-squared value indicated that the model's independent variables 
could account for approximately 27.2% of the variation in the 
output value.

The changed R-squared esteem considers the levels of opportunity 
and punishes the model for including extra factors. The adjusted 
R-squared was 0.029 as this, indicating that the independent 
variables may not significantly explain the output value variation.

The regression model's overall significance was evaluated using 
the F-statistic. The got F-measurement worth of 1.119 shows that 
the model's general fit was not statistically significant (p > 0.05).

The F-statistic's p-value of 0.368 was higher than the usual 
0.05 level of significance. This suggests that the null hypothesis 
that the regression model lacks explanatory power cannot be 
refuted by strong evidence. The sample size was indicated by 
the 5 observations used in the regression analysis. The levels of 
opportunity related with the residuals in the relapse model was 
3. Taking into account the number of parameters, a measure of 
the model's goodness-of-fit was the Akaike Information Criterion 
(AIC). 19.65 is the obtained AIC value. The Bayesian Data 
Standard (BIC) was one more proportion of the model's integrity 
of-fit that likewise thinks about the quantity of boundaries. The 
got BIC esteem was 18.87. The levels of opportunity related with 
the model was 1, showing the quantity of autonomous factors 
remembered for the relapse examination.

Standard errors and other model estimates are calculated without 
taking into account heteroscedasticity or other potential issues in 
the data, as indicated by the nonrobust covariance type.

The data introduced in Table 5 gives experiences into the 
presentation assessment of the fuel creation from the built fuel 
creation office utilizing plastic waste. However, the regression 
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model's relatively low R-squared and adjusted R-squared values, 
in addition to the nonsignificant F-statistic, indicate that there is 
not a strong relationship between the independent variable(s) and 
the output value.

Table 6 showed the Coefficient Analysis for Fuel Production 
Facility Performance Evaluation Using Waste Plastic as Feedstock. 
This table presents the coefficients derived from the fuel production 
facility performance evaluation analysis. The relationship between 
the variables can be better understood by looking at the coefficients, 
which show the estimated effects of the independent variables on 
the dependent variable.

The consistent coefficient addresses the assessed worth of the 
dependent variable (fuel production) when all independent factors 
are set to zero. In Table 6, the consistent coefficient was determined 
as 95.900. The accuracy of this estimate was indicated by the 
standard error of 1.567. The constant's t-value of 61.185 indicates 
its statistical significance (p  0.001). Consequently, the steady term 
significantly affects the fuel production execution of the office.

The estimated change in the dependent variable—fuel 
production—associated with a one-unit increase in the input mass 
was depicted by the coefficient for the "Input Mass" variable while 
the other variables remain unchanged. The coefficient for "Input 
Mass" is given as 0.1667, with a standard error of 0.158, in this 
table. The coefficient was not statistically significant, as evidenced 
by its t-value of 1.058 and p-value of 0.368. When other model 
variables are taken into account, this suggests that the facility's 
fuel production performance may not be significantly impacted by 
the input mass.

The confidence interval for the coefficient estimates was represented 
by the [0.025, 0.975] interval. For the constant coefficient, the 
stretch reaches from 90.912 to 100.888, while for the input mass 
coefficient, the span stretches out from - 0.335 to 0.668. The true 
population values of the coefficients can be confidently predicted 
to fall within a certain range thanks to these intervals. The constant 
term's significance in determining the facility's fuel production 
performance is highlighted in the coefficient table analysis. 

The table 7 presents the aftereffects of different measurable tests 
directed to evaluate the properties of the residuals acquired from 
the investigation. The residuals represent the differences between 
the observed values and the predicted values of the dependent 
variable.

The residuals' overall distribution was examined using the 
Omnibus test. For this study, the outcome for the Omnibus test 
was not accessible, showed as "nan." The Prob(Omnibus) esteem, 
additionally demonstrated as "nan" in the table, addresses the 
importance level related with the Omnibus test. 

The Durbin-Watson test recognizes the presence of autocorrelation 
in the residuals. The determined Durbin-Watson measurement for 

the examination was 2.836. A value close to 2 indicates that there 
was no significant autocorrelation, and this value falls within the 
range of 0 to 4. The Durbin-Watson statistic of 2.836 indicated that 
the likelihood of autocorrelation in the residuals was relatively low 
in this study.

The residuals' skewness and kurtosis are evaluated using the Jarque-
Bera (JB) test to see if they conform to a normal distribution. The 
JB measurement for the investigation was 0.599, and the related 
p-esteem was 0.741. A deviation from a normal distribution 
would be indicated by a higher JB statistic or a p-value below 
the significance level (0.05). For this study, the somewhat low JB 
measurement and the non-huge p-worth of 0.741 recommend that 
the residuals follow a dissemination near typical.

The skewness esteem estimates the imbalance of the residuals' 
dispersion. In the table 7, the skewness is determined as 0.824, 
demonstrating a tolerably sure skewness. This indicates that the 
distribution of the residuals was slightly biased to the right.

When compared to a normal distribution, the kurtosis value 
indicates whether the residuals' distribution was peaked or flat. The 
kurtosis of 2.600 proposes a somewhat ordinary dispersion with 
a moderate pinnacle. The worth demonstrates that the residuals' 
dissemination was not exorbitantly crested or level contrasted with 
a typical dispersion.

The condition number evaluates the multicollinearity in the relapse 
model. In the table 7, the condition number was accounted for as 
23.5. A higher condition number recommends a more grounded 
presence of multicollinearity among the independent factors. 
However, it was challenging to assess the degree of multicollinearity 
solely on this value in the absence of additional context or 
reference values. In the study, the table 7 gives restricted data to 
the Omnibus test and its related p-esteem. There was no significant 
autocorrelation in the residuals, as indicated by the Durbin-
Watson test. The Jarque-Bera test demonstrated that the residuals' 
conveyance intently approximates a typical dissemination. The 
kurtosis value indicates a moderately peaked distribution, while 
the skewness value indicates a moderately positive skewness. The 
condition number indicates multicollinearity, but comprehensive 
comprehension necessitates additional investigation.

Data pertaining to a fuel production facility's performance 
evaluation are presented in table 8. It incorporates different 
boundaries like input mass, duration, water use, temperature, yield 
worth, and leftover.

The input mass section addresses the mass of waste plastic utilized 
as feedstock in the fuel creation process. The values, which 
indicate variations in the quantity of input material utilized, range 
from 2.82 kg to 14.70 kg.

The retention time of the waste plastic during the manufacturing 
process was shown in the retention time column. The qualities 
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range from 3,300 seconds to 12,900 seconds, showing contrasting 
handling times for various info masses. The amount of water used 
in the fuel production process is shown in the water usage column. 
The qualities range from 73 ml to 250 ml, proposing varieties in 
the water prerequisites in view of the input mass.

The operating temperature of the fuel production process is 
depicted in the temperature column. The values range from 185°C 
to 432°C, indicating that different input masses require different 
thermal conditions.

The facility's final output of fuel is shown in the output value 
column. The remaining section implies how much extra material or 
waste after the fuel creation process. The quantities of unconverted 
materials or byproducts are indicated by the values, which range 
from 0.91 kg to 7.88 kg.

The information gave in the table proposition experiences into the 
presentation of the fuel creation office involving waste plastic as 
feedstock. The varying input mass, retain time, water consumption, 
temperature, output value, and residual all suggest that these 
parameters have a significant impact on the fuel production 
process's effectiveness and efficiency.

According to the data in table 8, there was a positive correlation 
between the value of the output and the input mass, indicating that 
more fuel is typically produced when the input mass was higher. 

The retention time, water utilization, and temperature information 
feature the intricacy and inconstancy of the fuel creation process. 
These boundaries should be painstakingly controlled and improved 
to accomplish advantageous result values while limiting waste and 
augmenting proficiency. The presence of residuals suggests that 
the fuel production procedure may not be completing the input 
material's conversion. By and large, the information introduced in 
the table give important experiences into the exhibition assessment 
of the fuel creation facility.

Figure 4 showcases a scatter plot outlining the connection between 
the input mass and the result esteem in the fuel creation process. 
The purpose of the sensitivity analysis is to investigate how 
changes in the input mass affect the output value. The input mass 
is shown on the x-axis in kilograms (kg), and the output value is 
shown on the y-axis in milliliters (ml). Every significant piece of 
information on the plot addresses a particular input mass and its 
comparing yield esteem.

The following observations are shown in the scatter plot:
In general, the data points show an increasing trend. The value of 
the output typically rises in tandem with the increase in input mass. 
In terms of fuel production, this positive relationship suggests that 
a larger input mass results in a higher output value.

There is some variation in the relationship between the input mass 

and output value, as evidenced by the fact that the data points 
are not perfectly aligned along a straight line. Variations in the 
process, experimental conditions, or other influential parameters 
can all be responsible for this variability. There are no recognizable 
exceptions in the information. All of the data points are within a 
range that is fairly consistent and does not significantly deviate 
from the overall trend.

The values of the input mass range from 2.82 kg to 14.70 kg, and 
the values of the output mass range from 0.91 ml to 7.88 ml. This 
suggests that the sensitivity analysis only takes into account a 
narrow range of input mass values and output mass values.

In the fuel production process, the sensitivity analysis depicted 
in Figure 4 provides a visual representation of the relationship 
between the input mass and output value. The rising pattern 
infers that a bigger input mass can prompt a higher result esteem, 
showing the potential for improving the fuel creation process by 
changing the input mass.

Nonetheless, it is crucial for note that the connection between input 
mass and result worth might be affected by different variables, 
like interaction boundaries, feedstock qualities, or functional 
circumstances.

The findings of the correlation analysis for the variables are 
presented in Table 10: change proficiency (%), fuel yield (%), and 
calorific worth (Joules) in the exhibition assessment of the fuel 
production facility.

The relationship coefficient between conversion efficiency and 
calorific worth was found to be 0.917, showing strong positive 
correlation. This recommends that there is a huge connection 
between conversion efficiency and the energy content of the 
produced fuel. As the change proficiency expands, there is a 
propensity for the calorific worth to also increase. This suggests 
that a fuel with a higher energy content will have a higher 
conversion efficiency.

The relationship coefficient between fuel yield and calorific 
worth was 0.131, demonstrating a frail positive connection. This 
recommends that there is a slight propensity for the fuel respect 
impact the calorific worth. In any case, the connection between 
these factors was not serious areas of strength for exceptionally, 
that fuel yield alone may not be a solid mark of the energy content 
of the fuel.

The relationship coefficient between conversion efficiency and fuel 
yield was - 0.260, demonstrating a powerless negative connection. 
As a result, there may be a correlation between a higher conversion 
efficiency and a lower fuel yield. However, there is a trade-off 
between conversion efficiency and fuel yield in the fuel production 
process, as the relationship between these variables is weak.

In rundown, the connection examination results uncover that there 
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was areas of strength for a relationship between's conversion 
efficiency and calorific worth, showing that further developing the 
transformation proficiency can prompt higher energy content in 
the fuel. Fuel yield alone may not be a reliable indicator of energy 
content because the relationship between fuel yield and calorific 
value was relatively weak. Furthermore, there is a fair negative 
connection between's conversion efficiency and fuel yield, 
demonstrating a compromise between these two factors. These 
findings highlight the significance of conversion efficiency in 
achieving a higher energy content in the produced fuel and provide 
valuable insights for the performance evaluation and optimization 
of the fuel production facility.

5. Conclusions and Recommendations
The construction and performance evaluation of fuel facilities 
from waste plastic offer promising solutions for tackling the global 
challenge of plastic waste accumulation and meeting energy 
demands. Through comprehensive feasibility studies, researchers 
have evaluated the potential of waste plastic as a valuable resource 
for fuel production in different regions. Efficient sorting and 
preprocessing techniques, such as optical sorting, manual sorting, 
and mechanical preprocessing, have been explored to ensure the 
quality and suitability of feedstock. The selection of appropriate 
conversion technologies, including pyrolysis, gasification, and 
depolymerization, has been investigated to optimize facility 
performance and techno-economic feasibility. Additionally, the 
design and construction of these facilities, considering factors 
like layout, equipment selection, storage tanks, safety measures, 
and waste treatment systems, play a crucial role in enhancing 
operational performance and ensuring regulatory compliance. 
Performance evaluations have provided valuable insights into 
optimizing facility performance, reducing greenhouse gas 
emissions, and mitigating environmental impacts.

5.1 Recommendations
Collaborative Research and Development: Encourage collaboration 
between research institutions, industries, and governments to 
foster ongoing research and development in waste plastic-to-fuel 
technologies. This collaboration can lead to improved conversion 
efficiency, enhanced facility design, and the implementation of 
best practices for waste plastic management.

Policy Support and Incentives: Governments should establish 
supportive policies and provide financial incentives to encourage 
investments in fuel facilities from waste plastic. These incentives 
can promote the adoption of eco-friendly technologies, bolster 
recycling efforts, and accelerate the transition to a circular 
economy.

Public Awareness and Education: Launch public awareness 
campaigns to educate communities about the benefits of waste 
plastic-to-fuel conversion facilities and the importance of 
responsible plastic waste management. Encouraging individuals 
to reduce, reuse, and recycle plastic products can contribute to a 

sustainable waste management ecosystem.

Continuous Monitoring and Regulation: Enforce stringent 
monitoring and regulatory measures to control emissions and 
ensure the safe operation of fuel facilities. Regular inspections and 
compliance checks can help maintain environmental standards and 
safeguard public health.

Technological Advancements: Support research and development 
in innovative sorting and preprocessing techniques, conversion 
technologies, and performance evaluation methodologies. 
Advancements in these areas can lead to increased efficiency, 
reduced costs, and better overall performance of fuel facilities.

International Collaboration: Promote international collaboration to 
share knowledge, experiences, and best practices in waste plastic-
to-fuel technologies. Cooperation among nations can accelerate 
progress in addressing plastic waste challenges on a global scale.

Integration of Waste Management Practices: Integrate waste 
plastic-to-fuel technologies into existing waste management 
systems to create a more comprehensive approach to plastic waste 
management. This integration can contribute to a more sustainable 
and circular approach to waste disposal.

Life Cycle Analysis: Conduct life cycle assessments of waste 
plastic-to-fuel conversion processes to understand their overall 
environmental impact. This analysis can identify areas for 
improvement and guide decision-making to ensure the most 
sustainable solutions are implemented.

In conclusion, the construction and performance evaluation of 
fuel facilities from waste plastic hold significant promise for 
addressing plastic waste challenges while providing valuable 
energy resources. By implementing the above recommendations 
and building on the existing knowledge base, researchers, 
industries, and policymakers can work together to create a more 
sustainable and environmentally responsible future.
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