
Comparative Life Cycle Assessment of Pyrolysis vs. Incineration for the Valorization of 

Plastic-Organic Scraps from Anaerobic Digestion Plants 

 
Davide Sorino1, Lorenzo Bartolucci2, Stefano Cordiner2, Giulia Costa1, Francesco Lombardi1, Mario Mercurio1 

 
1Department of Civil Engineering and Computer Science Engineering, University of Rome “Tor Vergata”, Via 

del Politecnico, 1, 00133, Rome, Italy 
2Department of Industrial Engineering, University of Rome “Tor Vergata”, Via del Politecnico, 1, 00133, Rome, 

Italy 

Presenting author email: davide.sorino@uniroma2.it 

 

Key Words: LCA, Pyrolysis, Mixed Plastic Waste, waste-to-energy, recyling 

 

Global plastics production reached 400.7 Mt in 2022, with approximately 90% derived from fossil fuels [1]. 

Despite the environmental urgency, European data indicates that only 30% of plastic waste is recycled, while 70% 

is either incinerated or landfilled, resulting in significant environmental degradation and the loss of high-value 

chemical resources [2], [3]. While primary and secondary recycling are standard, tertiary (chemical) recycling 

emerges as a crucial complementary path when mechanical processes fail, offering a way to recover high-value 

compounds or alternative fuels. 
Current literature often focuses on the pyrolysis of virgin plastics, overlooking the complexities of post-

consumer waste contamination [4] [5]. A critical, yet under-investigated, issue is the presence of plastics in 

anaerobic digestion (AD) and composting plants. These plastics not only degrade compost quality through 

microplastic contamination but also, when it separated before AD process, carry significant amounts of organic 

matter—often 2 to 3 times their own weight—due to "transportation factors" [6]. Currently, this stream is typically 

incinerated or landfilled, leading to high operational costs and environmental burdens. 

This study presents a comparative Life Cycle Assessment (LCA) of two management strategies within the 

Italian context: 

1. Disposal of AD plastic residues in centralized large-scale incineration plants. 

2. Decentralized chemical recycling via small-scale pyrolysis units integrated into, or adjacent to, AD plants. 

The LCA methodology follows the ISO 14040/44 standards with a gate-to-grave perspective, using the 
software SimaPro. 

The LCA addresses the challenges of evaluating pyrolysis for bio-treatment scraps, such as non-standardized 

processes and complex feedstock compositions. A multi-scenario assessment was conducted, varying pyrolysis 

temperatures (450°C, 500°C,550°C), fluctuating waste volumes, and different end-uses for the resulting pyrolytic 

oil. The functional unit is defined as the annual scrap output of an AD plant treating 50,000 Mg/year. Assuming 5 

wt. % of plastic waste from pretreatment section of AD plant, and assuming a transportation factor of 2, in the base 

case the total amount of waste from AD plant is approx. 7,722 Mg/year [6]. 

To fill data gaps regarding pyrolysis, a compositional analysis was performed on an Italian AD waste stream 

(EER code 191212), revealing 72.18% plastic, 26.79% biomass, and minor fractions of paper and other materials. 

Densimetric and chloroform tests identified the plastic fraction as 100% traditional polymers, specifically LDPE 

(62.18%), PP (28.07%), and HDPE (9.81%)  
Feedstock characterization (TGA, CHNS, FT-IR, ICP-OES) provided the inputs for an Aspen Plus model 

available in Fig. 1, simulating the pyrolysis process including pretreatment (drying, shredding, sieving), the reactor 

(operating at 400-500°C), and condensation stages. The model evaluates energy requirements and product yields, 

assuming the process is self-sustained by the combustion of produced pyrolytic gas. TGA results are shown in 

Table 1, while useful information about product yields during pyrolysis at certain reactor temperatures are shown 

in Fig. 2. 

 

 
Table 1 - Plastic thermogravimetric results 

Polymer Moisture (wt%) Volatile (wt%) Fixed carbon 

(wt%) 

Ash (wt%) 

PP 1.796 ± 0.635 94.520 ± 0.938 0.698 ± 0.119 2.982 ± 0.328 
LDPE 0.356 ± 0.028 95.588 ± 0.1496 0.910 ± 0.028 3.128 ± 0.328 

HDPE 0.725 ± 0.037 94.822 ± 0.327 1.507 ± 0.136 2.945 ± 0.175 
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Figure 1 - Aspen plus pyrolysis plant layout 

 

 
Figure 2 - Mixed plastic waste yields alongside reactor temperature 

 

The results shown by thermogravimetric analysis and Aspen plus simulations show that these polymers lend 

themselves very well to a pyrolytic process. In fact, the high amount of volatile matter, allows for high recovery 

of high value-added gaseous and liquid compounds, including olefins, naftha and diesel carbon range (light and 

heavy liquid). These information will feed SimaPro input section to allow the comparative LCA. 
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