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Abstract: - The objective of this study is to assess the environmental impacts (EIs) of mixed plastic waste 
(MPW). According to the results, MPW powder, a blend of polyethylene (PE) and polypropylene (PP), 
significantly reduces climate change (CC) impacts when compared with industry standards. Furthermore, solar 
photovoltaic (PV) technology is assessed as an alternative to natural gas for producing MPW. When compared 
to natural gas, PV reduces the effect of MPW on climate change from 1.11 kg CO2 eq to 0.94 kg CO2 eq. 
Therefore, this research demonstrates how the use of PV technology in MPW powder production can reduce 
emissions by integrating renewable energy into the recycling process. 
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1  Introduction 
Oil and gas reserves in the Middle East make this 
region a major player in the global plastics industry, 
[1]. According to the Gulf Petrochemicals and 
Chemicals Association (GPCA), the petrochemical 
sector in the Gulf has grown by 5.9% annually until 
2020, reaching 108 billion USD, [2]. It illustrates 
how plastic waste plays a significant role in global 
supply chains and environmental impact (EI) 
assessments, making it particularly relevant to life 
cycle assessment (LCA) studies of plastic waste.  

Plastic waste is largely incinerated or disposed of 
in landfills, with less than 10% recycled, posing 
serious environmental and health risks, [3]. Plastic 
production is growing rapidly, which has led to 
issues such as harmful emissions, carbon footprints, 
fossil fuel depletion, and microplastics in food 
chains, [4]. The accumulation of plastic waste in 
landfills also contributes to long-term soil 
degradation, resulting in further ecological damage. 
This has necessitated the development of effective 
recycling and waste management strategies. 

Although many studies on plastic recycling focus 
on its use in construction, such as in concrete, these 
solutions do not often produce high-value-added 

products, [5], [6], [7], [8]. Several alternative 
applications have been explored for plastic waste, 
including porous oil sorption materials for water 
treatment, [9]. Mechanical and chemical recycling 
processes, however, require energy and chemicals, 
which can reduce economic and environmental 
efficiency, [10]. To determine whether these 
recycling methods are truly beneficial to the 
environment or if they simply shift the burden to 
other stages, a comprehensive sustainability 
assessment is imperative.  

LCA is used to evaluate the environmental 
impacts (EI) of a product or system from raw 
material extraction to disposal or recycling. 
Researchers apply LCA to evaluate the 
environmental footprint of various materials and 
processes, [11]. One study found that incorporating 
recycled polypropylene (PP) fibers into concrete 
footpaths could lower carbon emissions by up to 
93% and reduce water consumption by 99% 
compared to steel wire mesh, [12]. Another 
investigation revealed that using low-density 
polyethylene (LDPE) as an aggregate in concrete 
could lead to a reduction of more than 7% in 
concrete and steel usage, [13]. Additionally, 
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research demonstrated that blending recycled 
plastics with fly ash in concrete could decrease 
carbon emissions by approximately 13% compared 
to traditional methods, [14].  

Almost 60% of all plastic wastage comprises 
polyethylene (PE) and PP, [15]. These plastics are 
frequently thrown away as waste after being utilized 
for single-use purposes. Separating or blending 
these polymers is highly challenging due to their 
immiscibility, similar densities, and lack of 
compatibility, [16]. Thus, recycling the mixture 
from plastic waste without segregation would be 
easier and more efficient. The present study was 
focused on evaluating the environmental impacts in 
terms of embodied energy and carbon footprints for 
production via plastic waste recycling. A 
commercial LCA tool, i.e. Gabi by Sphera, was used 
for this work.  

This research presents an LCA for producing 1 
kg of powdered material per batch from MPW. 
Using real experimental data, the study offers an 
accurate evaluation of the EI associated with this 
process. The results highlight key factors that 
influence the feasibility of this production method 
for effectively managing MPW. 
 

 

2  Materials and Methods 
MPW recycling involves collecting plastic waste, 
separation, and shredding. The shredded plastics 
were dissolved in xylene, which was later recovered 
using a vacuum and condenser system. The final 
powder was produced with electricity as the primary 
energy source. Water was reused to minimize 
energy demand and carbon emissions, which are 
higher in Qatar due to desalination. Figure 1 
(Appendix) represents the steps for the production 
of MPW powder. 

The LCA assesses the EI of a system or product 
throughout the course of its full life cycle, from the 
extraction of raw materials to disposal or recycling. 
The LCA methodology consists of four steps, as 
shown in Figure 2.  

The objective was to assess the embodied 
energy and carbon emissions from waste collection 
to production. The transportation of waste back to 
the dumpster was excluded, and only electricity, 
xylene, and water were considered as inputs. The 
study focused on the operational phase, excluding 
the embodied energy and emissions from the 
equipment. For consistency, one kg of powder was 
used as the functional unit. Unit production data is 
provided in Table 1. Calculations were carried out 
using the GaBi software by Sphera. Net energy 
calculations are summarized in Table 2. All data 

were sourced from experiments and the GaBi 
database. 

 

 
Fig. 2: Four phases of the LCA 

 
Table 1.  Inputs required for MPW powder 

production  
Input Value 

Wastage 1.67 kg 
Water 2.08 L 

Electrical Energy 0.3688 kWh 
Xylene 0.71 L 

 
Table 2. Energy calculation for the inputs  

Input Energy (MJ) 

Electricity 1.48 
Xylene 47.60 
Water 0.92 

 
 

3   Results and Discussion 
Figure 3 illustrates the CC and net energy results for 
MPW powder, virgin PE, and PP pellets, using PE 
as the baseline for normalization. The normalized 
climate change values are 1 for PE, 0.905 for PP, 
and 0.622 for MPW, while the normalized net 
energy values are 1 for PE, 0.957 for PP, and 0.647 
for MPW. The actual unnormalized values are 1.79 
kg CO2 eq. for PE, 1.62 kg CO2 eq. for PP, and 1.11 
kg CO2 eq. for MPW, along with 81.5 MJ for PE, 78 
MJ for PP, and 52.74 MJ for MPW. 

The reduced carbon emissions and net energy 
for MPW can be attributed to its use of recycled 
plastics, which require significantly less energy 
compared to producing new materials. The 
production of virgin PE and PP, derived from crude 
oil and natural gas, involves energy-intensive 
processes from raw material extraction to 
manufacturing. This results in higher energy 
consumption and carbon emissions for virgin PE 
and PP. In contrast, recycling MPW helps conserve 
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energy and reduces overall EI, making it a more 
sustainable choice compared to virgin plastics. 

 
Fig.  3: Comparison of the normalized values: MPW 
vs. PE vs. PP 

 
The choice of fuel significantly impacts both 

emissions and net energy. The results presented are 
based on electricity from natural gas for production, 
but using solar photovoltaic (PV) technology as an 
alternative would lead to different outcomes. Figure 
4 compares the normalized CC for MPW produced 
using PV technology versus natural gas, along with 
PP and PE. When MPW is produced with natural 
gas, the carbon emissions are 1 kg CO2 eq. per kg of 
MPW, while using PV technology reduces 
emissions to 0.85 kg CO2 eq. This demonstrates the 
environmental advantages of PV technology, which 
results in significantly lower carbon emissions 
compared to natural gas. Additionally, MPW 
produced with PV technology has a lower carbon 
footprint than both PP and PE, highlighting the 
substantial environmental benefit of using PV 
technology in MPW production. 

 

 
Fig.  4: Normalized climate change values 
 
 

4   Conclusion 
In summary, this study conducted an LCA of 
recycled plastic, assessing the EI across the entire 
life cycle, from waste plastic collection to 
production. The results showed that recycling 
plastic waste leads to reduced greenhouse gas 
emissions and energy usage. Additionally, 
incorporating renewable energy such as PV offers 
the potential for further reducing carbon emissions 
during powder production. By adopting renewable 
energy solutions, the sustainability of the production 
process can be significantly improved. 
 
 
Acknowledgement: 

This publication was made possible by NPRP grant 
number NPRP12S-0325-190443 from the Qatar 
National Research Fund (a member of the Qatar 
Foundation). 
 

 

References: 

[1] A. Alsabri, F. Tahir, and S. G. Al-Ghamdi, 
“Life-Cycle Assessment of Polypropylene 
Production in the Gulf Cooperation Council 
(GCC) Region,” Polymers (Basel)., vol. 13, 
no. 21, p. 3793, Nov. 2021, doi: 
10.3390/polym13213793. 

[2] Gulf Petrochemicals and Chemicals 
Association, “The GCC Petrochemical and 
Chemical Industry,” Facts & Figures, 
[Online]. www.gpca.org.ae/wp-
content/uploads/2021/12/GPCA-Facts-and-
Figures_2021.pdf (Accessed Date: October 
8, 2024). 

[3] UN Environment Programme, “Our planet is 
choking on plastic”, [Online]. 
https://www.unep.org/news-and-
stories/story/everything-you-need-know-
about-plastic-pollution (Accessed Date: 
October 8, 2024). 

[4] A. Antelava et al., “Plastic Solid Waste 
(PSW) in the Context of Life Cycle 
Assessment (LCA) and Sustainable 
Management,” Environ. Manage., vol. 64, 
no. 2, pp. 230–244, Aug. 2019, doi: 
10.1007/s00267-019-01178-3. 

[5] Z. Z. Ismail and E. A. AL-Hashmi, “Use of 
waste plastic in concrete mixture as 
aggregate replacement,” Waste Manag., vol. 
28, no. 11, pp. 2041–2047, Nov. 2008, doi: 
10.1016/j.wasman.2007.08.023. 

[6] S. Yin, R. Tuladhar, F. Shi, M. Combe, T. 
Collister, and N. Sivakugan, “Use of macro 
plastic fibres in concrete: A review,” Constr. 

WSEAS TRANSACTIONS on ENVIRONMENT and DEVELOPMENT 
DOI: 10.37394/232015.2024.20.97

Junaid Saleem, Zubair Khalid Baig Moghal, 
 Furqan Tahir, Gordon Mckay

E-ISSN: 2224-3496 1069 Volume 20, 2024

www.gpca.org.ae/wp-content/uploads/2021/12/GPCA-Facts-and-Figures_2021.pdf
www.gpca.org.ae/wp-content/uploads/2021/12/GPCA-Facts-and-Figures_2021.pdf
www.gpca.org.ae/wp-content/uploads/2021/12/GPCA-Facts-and-Figures_2021.pdf
https://www.unep.org/news-and-stories/story/everything-you-need-know-about-plastic-pollution
https://www.unep.org/news-and-stories/story/everything-you-need-know-about-plastic-pollution
https://www.unep.org/news-and-stories/story/everything-you-need-know-about-plastic-pollution


Build. Mater., vol. 93, pp. 180–188, Sep. 
2015, doi: 
10.1016/j.conbuildmat.2015.05.105. 

[7] T. R. da Silva et al., “Application of Plastic 
Wastes in Construction Materials: A Review 
Using the Concept of Life-Cycle Assessment 
in the Context of Recent Research for Future 
Perspectives,” Materials (Basel)., vol. 14, 
no. 13, p. 3549, Jun. 2021, doi: 
10.3390/ma14133549. 

[8] R. Siddique, J. Khatib, and I. Kaur, “Use of 
recycled plastic in concrete: a review.,” 
Waste Manag., vol. 28, no. 10, pp. 1835–52, 
Jan. 2008, doi: 
10.1016/j.wasman.2007.09.011. 

[9] J. Saleem, Z. K. B. Moghal, R. A. Shakoor, 
and G. McKay, “Sustainable Solution for 
Plastic Pollution: Upcycling Waste 
Polypropylene Masks for Effective Oil-Spill 
Management,” Int. J. Mol. Sci., vol. 24, no. 
15, p. 12368, Aug. 2023, doi: 
10.3390/ijms241512368. 

[10] K. Ragaert, L. Delva, and K. Van Geem, 
“Mechanical and chemical recycling of solid 
plastic waste,” Waste Manag., vol. 69, pp. 
24–58, Nov. 2017, doi: 
10.1016/j.wasman.2017.07.044. 

[11] F. Tahir et al., “Sustainability Assessment 
and Techno-Economic Analysis of 
Thermally Enhanced Polymer Tube for 
Multi-Effect Distillation (MED) 
Technology,” Polymers (Basel)., vol. 13, no. 
5, p. 681, Feb. 2021, doi: 
10.3390/polym13050681. 

[12] S. Yin, R. Tuladhar, M. Sheehan, M. Combe, 
and T. Collister, “A life cycle assessment of 
recycled polypropylene fibre in concrete 
footpaths,” J. Clean. Prod., vol. 112, pp. 
2231–2242, Jan. 2016, doi: 
10.1016/j.jclepro.2015.09.073. 

[13] F. K. Alqahtani, I. S. Abotaleb, and M. 
ElMenshawy, “Life cycle cost analysis of 
lightweight green concrete utilizing recycled 
plastic aggregates,” J. Build. Eng., vol. 40, p. 
102670, Aug. 2021, doi: 
10.1016/j.jobe.2021.102670. 

[14] Y. C. Ersan, S. Gulcimen, T. N. Imis, O. 
Saygin, and N. Uzal, “Life cycle assessment 
of lightweight concrete containing recycled 
plastics and fly ash,” Eur. J. Environ. Civ. 

Eng., pp. 1–14, Jun. 2020, doi: 
10.1080/19648189.2020.1767216. 

[15] A. R. Rahimi and J. M. Garciá, “Chemical 
recycling of waste plastics for new materials 
production,” Nat. Rev. Chem., vol. 1, pp. 1–

11, 2017, doi: 10.1038/s41570-017-0046. 
[16] J. Saleem, M. Z. Khalid Baig, U. Bin Shahid, 

R. Luque, and G. McKay, “Mixed plastics 
waste valorization to high-added value 
products via thermally induced phase 
separation and spin-casting,” Green Energy 

Environ., Aug. 2023, doi: 
10.1016/j.gee.2023.08.004. 

 

 

Contribution of Individual Authors to the 

Creation of a Scientific Article (Ghostwriting 

Policy) 

The authors equally contributed in the present 
research, at all stages from the formulation of the 
problem to the final findings and solution. 
 
Sources of Funding for Research Presented in a 

Scientific Article or Scientific Article Itself 

This research was funded by NPRP grant number 
NPRP12S-0325-190443 from the Qatar National 
Research Fund (a member of the Qatar Foundation). 
 

Conflict of Interest 

The authors have no conflicts of interest to declare. 
 
Creative Commons Attribution License 4.0 

(Attribution 4.0 International, CC BY 4.0) 

This article is published under the terms of the 
Creative Commons Attribution License 4.0 
https://creativecommons.org/licenses/by/4.0/deed.en
_US 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

WSEAS TRANSACTIONS on ENVIRONMENT and DEVELOPMENT 
DOI: 10.37394/232015.2024.20.97

Junaid Saleem, Zubair Khalid Baig Moghal, 
 Furqan Tahir, Gordon Mckay

E-ISSN: 2224-3496 1070 Volume 20, 2024

https://creativecommons.org/licenses/by/4.0/deed.en_US
https://creativecommons.org/licenses/by/4.0/deed.en_US


 
APPENDIX 

 

 
Fig. 1: Schematic representation of the steps for the production of MPW powder 
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