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Abstract: Solutions are needed to cope with the reject plastic packing waste that the plastic packaging 
industry produces. Using rejected plastic packaging waste as a coal substitute and lowering 
environmental pollution to feed a cement kiln by co-processing method are the goals of this project 
in West Java (Indonesia). Rejected plastic packaging is shredded, wrapped in large plastic packaging, 
sent to the cement factory by truck, and when it arrives at the cement factory, the plastic waste is 
mixed with other solid waste and immediately used as alternative fuel. This stage is a co-processing 
method applied in the process of managing rejected plastic packaging. With a length of less than 5 
cm, the resultant dry plastic shreds. 8.269 kcal/kg of calories, 0.54% moisture, 5.39% ash content, 
and 0.13% sulfur were found in the study's results. According to these findings, waste from rejected 
packaging plastic can be utilized to substitute coal in the cement industry (kiln) as an alternative fuel 
without having any negative effects. 
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INTRODUCTION 

Coal is an example of a fuel that is widely utilized in industry, including the cement industry, 
which requires vast quantities of coal. A cement factory in West Sumatra, Indonesia, uses 
approximately 3500 tons of coal per day for manufacturing (Sawir, 2016). Using a lot of coal will 
also raise production expenses. The limited availability of coal and the high cost of providing coal 
are major issues for the cement industry. Coal is a nonrenewable natural resource that will deplete if 
used constantly. Meanwhile, direct coal combustion provides 44% of total world CO2 (carbon 
dioxide) emissions and is the main source of greenhouse gas (GHG) emissions such as CO2 (Zaman 
et al., 2020). As a result, new alternative fuels are required to minimize and even replace coal, 
specifically plastic waste. Plastic is a superior alternative fuel since it has the same calorific value as 
fossil fuels (Helmy et al., 2020). Plastic waste is an inorganic waste that is difficult to dissolve in soil, 
taking 50–80 million years (Jambeck Jenna R. et al., 2015). Using plastic waste as an alternative fuel 
decreases environmental impact and air pollution.  

Plastic packaging is one of the primary sources of plastic waste. Plastic packaging has become 
increasingly popular as people's lifestyles have changed (Chaerul et al., 2014). This demand for 
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plastic is mostly driven by the relatively high growth rate of the food and beverage industry (8%–
10%) from year to year, which is the major user of plastic packaging. The total plastic packaging 
industry in Indonesia is composed of 1580 firms dispersed across Java (87%), with 448 companies in 
West Java (almost 40%) in 2014 and 13% outside Java (Direktur Industri Kimia Hilir dan Farmasi, 
2019). The majority of plastic consumed in Indonesia is for packaging (34.88%), followed by plastic 
for automobiles (22.09%), buildings (5.35%), electronics (4.42%), and others (33.26%). Indonesia's 
plastic packaging manufacturing grows at an average yearly rate of 4.65%. (Danareksa, 2023). Global 
challenges about the detrimental effects of plastic consumption endanger the sustainability of 
businesses and the environment. The Indonesian government released Minister of Environment and 
Forestry Regulation Number 75 of 2019 regarding the Roadmap for Producer Waste Reduction, 
which included one of the phases for Solid Waste Reduction and Processing, namely reducing solid 
waste sources. Rejected plastic packaging is an example of solid waste. 
 
METHOD 

This study was carried out in the West Java region (Indonesia), with rejected plastic packaging 
supplied from companies in Cikarang and Cibitung. Meanwhile, the cement factory in Cileungsi 
(West Java) uses recycled plastic packaging as an alternative fuel to replace coal. The rejected plastic 
packaging code used is code 1: PET/PETE (Polyethylene Terephthalate), which is used in soft drink 
and mineral water bottles, sleeping bag fillers, and textile fibers, and code 4: LDPE (Low Density 
Polyethylene), which is used in ice cream boxes, waste bags, and black plastic sheets. At the plastic 
packaging facility, the plastic material for the rejected package is first chopped to around 5 cm and 
dried. 

 
 
 
 
 
 
 
 
 

Figure.2 Rejected packaging plastics shred 
 

. Figure 2 shows a sample of rejected plastic packaging waste measuring < 5 cm. This Rejected 
plastic packaging waste was delivered by a plastic packaging company utilizing a CDD vehicle and 
wingbox. The shipping capacity of shredded rejected plastic packaging waste is 12 tons per day. The 
transportation distance for rejected plastic packaging from the factory that produces it to the cement 
factory that uses alternative fuels is less than 50 kilometers, ensuring that the unit price of this 
alternative fuel material is affordable while maintaining material quality during delivery. This study 
was carried out from July 2023 to December 2023.  

This research methodology (according to figure 3): 
1. Samples of several types of rejected plastic waste were collected at the plastic packaging facility 

and diced to a size of around 5 cm to determine their gross calorific content. 
2. The rejected plastic packaging waste is then transported to the cement factory by a CDD or wingbox 

vehicle. Rejected plastic packaging waste has been wrapped with rejected plastic also. 
3. During the co-processing of rejected plastic packaging waste, characteristic testing is carried out. 

 
 
 

packaging 
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Figure 3. Methodology flow 
 

 
Figure 4. Procedure flow for co-processing of packaging plastic rejected in cement kiln 
 
The results of these characteristic tests will be compared to the values found in coal. According 

to Lestari and Hidayatullah (2016), the cement industry requires: 
a. Coal with a high net combustion value (>6000 cal/gr) 
b. Maximum medium volatile matter (36-42%), and high efficacy.  
c. Maximum moisture content: 12%  
d. Maximum ash content: 6%  
e. Maximum sulfur content is 0.8%. 

Meanwhile, Figure 4 depicts the flow of procedures for co-processing plastic waste in a 
cement kiln, as well as the plastic waste feeding point (CPCB India, 2017). 
 
RESULT AND DISCUSSION 

Before beginning the process of destroying plastic waste from shredded rejected packaging 
using a co-processing system at this cement factory, the plastic packaging waste from reject chopped 
plastic packaging is first tested for material characteristics in the laboratory, as shown in Table 1: 

 
 
 

1 

2 
3 

Reject plastic packaging waste is burned in a kiln 

Transportation system 

Plastic packaging factory 
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Tabel 1. Characteristics of shredded plastic packaging waste 
 

No Parameter Unit Result 
1 Heat content Kcal/kg 8269 
2 Moisture % 0,54 
3 Ash % 5,39 
4 Sulphur % 0,13 
5 PSD <25 mm % 100 

 
According to Table 1, the calorific value, water, ash, and sulfur content of rejected plastic 

packaging waste exceeds the value of coal with great efficacy. The PSD (particle size distribution) of 
this rejected plastic packaging waste is similarly less than 50 mm. Meanwhile, the unit price of 
rejected plastic packaging waste is lower than the price of coal. When used as a coal substitute, this 
plastic waste from shredded rejected packaging can be combined with other waste to produce RDF 
(refused derived fuel) for the cement industry. Table 2 displays the properties of this RDF. 
 
Tabel 2. Characteristics of shredded rejected plastic packaging waste that is made into RDF 

(feeding to cement kiln) 
 

No Parameter Before 
feeding to 
kiln 

After 
feeding to 
kiln 

1 CO2 saving (ton/day) - 65,8 
2 Pengurangan Emisi (GHG) 

(USD/day) 
- 0,35 

3 Coal saving (USD/day) - 70 
 

Table 2 indicates that by combining rejected plastic packaging waste with municipal waste 
(total waste of 120 tons per day), coal and CO2 are used more efficiently, and greenhouse gas 
emissions are minimized. Aside from the technical advantages listed above, managing the use of 
rejected plastic packaging waste offers new jobs. This study is also based on prior studies. 

According to a previous study, the calorific value of employing plastic waste as an alternative 
fuel for the cement industry via co-processing is around 8500 kcal/kg, whereas the calorific value of 
coal is roughly 4500 kcal/kg. The concentration of hazardous gas emissions of dioxin and furan is 
0.019 ngTEQ/Nm3, compared to the standard of 0.1 ngTEQ/Nm3 (Suthar et al., 2020). Other research 
found that implementing waste optimization measures at PT XYZ greatly contributes to saving energy 
and raw material costs incurred by companies, thereby supporting cost leadership strategies in facing 
increasingly strong competition (Harlan & Lukman, 2020). Other studies define waste plastic 
briquettes as having a calorific value of 10.112 cal/gram, an ash content of 3.90%, a water content of 
0.36%, and a volatile content of 94.74%; these briquettes are also utilized as a substitute fuel for coal 
in factories Cement in West Sumatra (Sawir, 2016). Other experts claim that rejected plastic waste 
can be converted into plastic pellets with a high calorific value (7,207–8,730 cal/g), low sulfur content 
(0.14–0.17%), low ash mineral content, and an ash fusion temperature (AFT) above the boiler 
operating temperature (900o), which can be used as a coal substitute for paper factory boiler fuel 
(Setiawan et al., 2016). Other experts have also studied the use of plastic waste, and they claim that 
with the RDF system, plastic waste, including chopped plastic packaging, can be used as an 
alternative fuel to replace coal, with many benefits, including financial, technical, environmental, 
social, and technological. (Yansen et al., 2021). Because it is light, this plastic packaging debris may 
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be transported into and out of vehicles using human effort, making it effective and efficient, as seen 
in Figure 5. 

 
 
 
 
 
 
 
 

Figure.5 Loading and unloading shredded plastic rejected packaging manually 
 

Because plastic is light and watertight, this plastic waste from rejected packing should be stored 
in a warehouse or chamber with a ceiling to retain the water content. Given that West Java has the 
most plastic packaging factories in Indonesia, rejected plastic packaging waste is abundant, so it is 
hoped that in the future, this plastic waste will be used as much as possible as an alternative fuel to 
replace coal in the cement industry, steam power plants (PLTU) or other power plants, and industries 
that use boilers. 
 
CONCLUSION 

When plastic waste, including rejected plastic packaging, is placed at a landfill (final disposal 
site), it has negative consequences such as reducing the nutritional quality of the soil, polluting the 
ecosystem, and emitting unpleasant odors. Meanwhile, if plastic is burned (pyrolyzed), it will pollute 
the air and produce leftover ash. As a result, this rejected plastic packaging waste can be recycled into 
alternative fuel (reuse), particularly as a substitute for coal in the cement industry via a co-processing 
system, which decreases environmental, odor, and soil pollution. Aside from that, shredded plastic 
waste packaging has a higher calorific/heat value than coal (> 7000 kcal/kg), therefore its economic 
value will boost cement manufacturing. There is no combustion residue at kiln temperatures above 
1400 degrees Celsius. This study was restricted to the cement industry; the rejected plastic packaging 
waste was combined with other material waste, and other mixed material waste was not investigated. 
It is hoped that future researchers will be able to improve it based on the findings of this research. 
 
Acknowledgement 

This study was conducted at a cement factory in West Java, Indonesia. We would like to thank 
various colleagues at a cement plant in West Java, MH University Thamrin, lecturers at several 
Indonesian universities, and family members who have provided advice, help, materials, equipment, 
labor, and laboratories when needed. No funding agency provided a particular grant for this research. 
 
Conflict of Interest 

The author claims that the data presented in this publication has no conflict of interest for any 
party. If this is uncovered later, the author accepts full responsibility. 
 
REFERENCE 
Baidya, R., Kumar, S., & Parlikar, U. V. (2016). Co-processing of Industrial Waste in Cement Kiln 

– A Robust System for Co-processing of industrial waste in cement kiln – a robust system for 
material and energy recovery. Procedia Environmental Sciences, 31(June), 309–317. 
https://doi.org/10.1016/j.proenv.2016.02.041 

Chaerul, M., Fahruroji, A. R., & Fujiwara, T. (2014). Recycling of plastic packaging waste in 
Bandung City, Indonesia. Journal of Material Cycles and Waste Management, 16(3), 509–518. 

https://review.e-siber.org/SIJDB


 

https://review.e-siber.org/SIJDB,                                                                                Vol. 2, No. 2, July - September 2024 

60 | P a g e  

https://doi.org/10.1007/s10163-013-0201-2 
Chaerul, M., & Wardhani, A. K. (2020). Jurnal Presipitasi Refuse Derived Fuel ( RDF ) dari Sampah 

Perkotaan dengan Proses Biodrying : Review. Jurnal Presipitasi, 17(1), 62–74. 
CPCB India. (2017). Guidelines for Co-processing of Plastic Waste in Cement Kilns. CPCB Ministry 

of Environment, Forest and Climate Change, Government of India, 5, 1–24. 
Danareksa. (2023). Tren Produksi Dan Konsumsi Plastik Di Indonesia. Danareksa Research Institute, 

1–29. 
Direktur Industri Kimia Hilir dan Farmasi. (2019). Pengembangan Industri Plastik Nasional. 

Kemenperin. 
Dzakwan, M. A., Pramestyawati, T. N., & Alala, P. S. (2020). Perbandingan Pengangkutan Sampah 

dengan Truk Kompaktor dan Truk Arm Roll. Prosiding Seminar Nasional Sains Dan Teknologi 
Terapan, 1(1), 419–426. 

Harlan, M., & Lukman, S. (2020). Analisa Strategi Optimalisasi Limbah Dalam Upaya Meningkatkan 
Competitive Advantage Di Pt XYZ. MENARA Ilmu, XIV(02), 89–98. 

Helmy, B., Windarta, J., & Giovanni, E. H. (2020). Konversi Limbah Plastik Menjadi Bahan Bakar. 
Jurnal Energi Baru Dan Terbarukan, 1(1), 1–7. https://doi.org/10.14710/jebt.2020.8132 

Hidayati, N. U. R. A., Aziz, I. R., Muthiadin, C. U. T., Yasin, J. H. M., No, L., Gowa, K., & Selatan, 
S. (2017). Pemanfaatan Limbah Plastik Sebagai Alternatif Bahan Bakar Terbarukan. Prosiding 
Seminar Nasional Biology for Life, November, 35–37. 

Industri semen. (2015). Pengelolaan Industri Semen Dan Proses Pembuatan Semen. 
Https://Industrisemen-Prosespembuatansemen.Blogspot.Com/2015/04/Pemanfaatan-Limbah-
B3-Sebagai-Bahan.Html. 

Iskandar, T., Perbawani, S., & Anggraini, A. (2021). Pembuatan Bahan Bakar Diesel dari Limbah 
Plastik HDPE dengan Proses Pirolisis ( Production of Diesel Fuel from HDPE Plastic Waste by 
Pyrolysis Process ) Abstrak dikeluarkan kebijakan pemerintah Republik Indonesia No . 5 Tahun 
2006 yang mengatur bahan baka. Reka Buana : Jurnal Ilmiah Teknik Sipil Dan Teknik Kimia, 
6(1), 23–29. 

J, R. E., Kumaat, M. M., & Pandey, S. V. (2023). Analisis Biaya Operasional Kendaraan Truk 
Pengangkut Sampah. TEKNO, 21(86). 

Jambeck Jenna R., Geyer, Ronald., Wilcox, Chris., Siegler, Theodore R., Perryman, Miriam., 
Andrady, Anthony., Narayan, & Ramani., & Law, K. L. (2015). Plastic waste inputs from land 
into the ocean. Science, Vol.34,(No, 768–771. 

Javed, N., Muhammad, S., Iram, S., Ramay, M. W., Jaffri, S. B., Damak, M., Fekete, G., & Varga, 
Z. (2023). Analysis of Fuel Alternative Products Obtained by the Pyrolysis of Diverse Types 
of Plastic Materials Isolated from a Dumpsite Origin in Pakistan. Polymers. 

Jha, K. K., & Kannan, T. T. M. (2020). Alternate fuel preparation in low cost from waste plastic : A 
review Materials Today : Proceedings Alternate fuel preparation in low cost from waste plastic : 
A review. Elsevier, November, 9–11. https://doi.org/10.1016/j.matpr.2020.09.802 

Jiao Jianling, & Zhang Afeng, Zha Jianrui, L. J. (2022). Technological opportunity identification of 
cement kiln co-processing based on the gap between science and technology. Journal of 
Material Cycles and Waste Management. 

Kemala, D. R., Vanisha, A., Kusuma, P., & Surono, A. (2023). Efisiensi Penambahan Bahan Bakar 
Wood Pellet di Rotary Kiln pada Pabrik Semen. JURNAL TEKNIK ITS, 12(3). 

Nugraha, A. Z., Wiloso, E. I., & Yani, M. (2018). Pemanfaatan Serbuk Gergaji Sebagai Substitusi 
Bahan Bakar Pada Proses Pembakaran - Kiln Di Pabrik Semen Dengan Pendekatan Life Cycle 
Assesment (Lca). Jurnal Pengelolaan Sumberdaya Alam Dan Lingkungan (Journal of Natural 
Resources and Environmental Management), 8(2), 188–198. 
https://doi.org/10.29244/jpsl.8.2.188-198 

Nurul, A. (2022). Pengaruh Jenis Kemasan Plastik dan Lama Waktu Penyimpanan Terhadap 

https://review.e-siber.org/SIJDB


 

https://review.e-siber.org/SIJDB,                                                                                Vol. 2, No. 2, July - September 2024 

61 | P a g e  

Karakteristik Fisikokimia Jelly drink Jeruk Pomello ( Citrus maxima ). Jurnal Keteknikan 
Pertanian Tropis Dan Biosistem, 10(1), 84–91. 

Prima, A., Hamid, A., Ronoatmojo, I. S., & Sanusi, H. P. (2022). Community Awareness During The 
Pandemic Of Covid- 19 : Plastic Waste As An Alternative Energy. Jurnal Abdi Masyarakat 
Indonesia (JAMIN), 4(1), 67–74. https://doi.org/10.25105/jamin.v4i1.9767.1. 

Roni, K. A., Mufrodi, Z., & Mustakim, I. (2020). Jurnal Bahan Alam Terbarukan The Production of 
Liquid Fuel from Plastic Wastes by Using Waste Garbage Power Plant : Study on the Effect of 
Electric Load and Fuel / Gasoline to Solar Ratio. Jurnal Bahan Alam Terbarukan, 9, 1–6. 

Santhi, D. D. (2016). Plastik sebagai kemasan makanan dan minuman. In Bagian Patologi Klinik 
PSPD FK UNUD (Issue April). 

Sari, M. M., Inoue, T., Rofiah, R., Septiariva, I. Y., Prayogo, W., Suryawan, I. W. K., & Arifianingsih, 
N. N. (2023). Transforming Bubble Wrap and Packaging Plastic Waste into Valuable Fuel 
Resources. Journal of Ecological Engineering, 24(8), 260–270. 

Sawir, H. (2016). Pemanfaatan Sampah Plastik Menjadi Briket Sebagai Bahan Bakar Alternatif 
Dalam Kiln Di Pabrik PT Semen Padang. Jurnal Sains Dan Teknologi, 16(1), 1–8. 

Setiawan, Y., Purwati, S., Surachman, A., Bastari I. W., R., & Pramono, K. J. (2016). 
PEMANFAATAN PLASTIK DARI REJEK INDUSTRI KERTAS UNTUK BAHAN BAKAR 
(Utilization of Plastics Reject of Paper Industry for Fuel). Jurnal Selulosa, 6(01), 11–18. 
https://doi.org/10.25269/jsel.v6i01.70 

Suthar, M., Lata, N., & Nagar, B. (2020). Plastic Waste as an Alternate Fuel. International Journal 
of Engineering Research & Technology (IJERT), 9(07), 1254–1261. 

Tan, T. H., Mo, K. H., Lin, J., & Onn, C. C. (2023). Review Article An Overview of the Utilization 
of Common Waste as an Alternative Fuel in the Cement Industry. Hindawi Advances in Civil 
Engineering, 2023. 

Wahyudi, J., Prayitno, H. T., Astuti, A. D., Perencanaan, B., Daerah, P., & Pati, K. (2018). 
Pemanfaatan limbah plastik sebagai bahan baku pembuatan bahan bakar alternatif the 
utilization of plastic waste as raw material for producing alternative fuel. Jurnal Litbang, 
XIV(1), 58–67. 

Wajdi, B., Novianti, B. A., Zahara, L., & Korespondensi, E. (2020). Pengolahan Sampah Plastik 
Menjadi Bahan Bakar Minyak ( BBM ) Dengan Metode Pirolisis Sebagai Energi Alternatif. 
Kappa Journal Program StudiPendidikanFisika FMIPA UniversitasHamzanwadi, 4(1), 100–
112. 

Yansen, A. (2023). Manajemen Pengolahan Sampah Plastik Multilayer Menjadi Kemasan Plastik 
Multilayer. INNOVATIVE: Journal Of Social Science Research, 3, 2866–2877. 

Yansen, A., Indra Satya, D., Deutmar Londo Doaly, T., Marulitua Situmorang, D., STIE Bhakti 
Pembangunan, D., & Wicaksana, A. (2021). Limbah Ampas Kopi Sebagai Alternatif Bahan 
Bakar Industri Untuk Menggantikan Penggunaan Batubara. Seminar Nasional TREnD 
Technology of Renewable Energy and Development FTI Universitas Jayabaya, Ridwansyah, 
4–16. https://medium.com/@arifwicaksanaa/pengertian-use-case-a7e576e1b6bf 

Zaman, M. R., Widodo, S., & Suedy, A. (2020). Pemanfaatan Batubara Kalori Rendah pada IGCC ( 
Integrated Gasification Combined Cycle ). Jurnal Energi Baru & Terbarukan, 1(1), 35–44. 
https://doi.org/10.14710/jebt.2020.11156 

 
 
 
 

https://review.e-siber.org/SIJDB

