Techno-economic analysis of solid recovered fuel gasification for methanol production
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1. Introduction

Among the numerous strategies steering the transition toward a circular economy, strongly driven by
European policy frameworks, chemical recycling is considered as a possible solution for the valorisation of non-
recyclable plastic waste and Solid Recovered Fuels (SRF). In this context, gasification-based waste-to-methanol
pathways are attracting attention within the scientific community, as they enable the conversion of heterogeneous
waste streams into syngas and subsequently into methanol. This product is emerging as a strategic low-carbon
energy carrier and chemical platform molecule in light of major regulatory initiatives such as the EU Green Deal,
FuelEU Maritime, and RED III, which promote renewable fuels and require substantial lifecycle greenhouse-gas
emission reductions. Moreover, methanol benefits from a high degree of compatibility with existing storage,
transport, and end-use infrastructures. Moreover, when synthesised from renewable hydrogen, it represents an
option for the decarbonisation of hard-to-abate sectors, particularly maritime transport and the chemical industry
[1]. Nevertheless, its effective contribution to climate-change mitigation remains closely dependent on feedstock
origin, process performance, and compliance with robust certification schemes consistent with international
carbon-accounting methodologies and fuel sustainability criteria.

Although substantial literature has investigated methanol production via gasification of biomass and municipal
solid waste, studies specifically addressing the systemic performance of waste-to-methanol (WtM) processes based
on SRF are still limited. This work aims to fill this research gap by providing a comprehensive techno-economic
assessment of an SRF-fed WtM pathway, thereby contributing to the ongoing discussion on the role of waste-
derived fuels (i.e., RCF — recycled carbon fuels) in the transition toward a circular and low-carbon energy system.

2. Material and methods

The simulation of the Waste-to-Methanol (WtM) process was performed using Aspen Plus® software to
establish rigorous mass and energy balances for the entire production chain. The study focuses on a Solid
Recovered Fuel (SRF) (see Table 1) which is derived from non-recyclable plastic residues and characterized by a
small fraction of biogenic content. The technical configuration of the WtM plant includes a high-temperature two-
stage gasification unit operating at 5 bar and 1200°C, followed by syngas cleaning and a water-gas shift reactor to
adjust the syngas module. The process further integrates an Acid Gas Removal (AGR) system for CO; and sulfur
removal before entering the methanol synthesis section, which operates at 250°C and 60 bar [2]. Final product
purification is achieved through two flash stages and a distillation column to ensure chemical-grade quality.

Table 1: SRF properties [3].

SRF
Moisture (wt%, as received) 10.00
C (wt%, dry basis) 61.80
O (Wt%, dry basis) 15.60
N (Wt%, dry basis) 0.01
S (wt%, dry basis) 0.28
CI (wt%, dry basis) 1.33
Ash (wt%, dry basis) 13.39
LHV [MJ/kg] 24.63

% Biogenic CO, emissions 14.89
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3. Results and discussion

The design of the process is reported in Figure 1 showing the sequence of processing units. The process
flow diagram involves gasification carried out in two steps, with the second reactor operating at about 5 bar and
1200 °C, followed by a section for to syngas purification. The conditioned gas then enters a single water—gas shift
reactor, fed at roughly 350 °C and 20 bar. Subsequently, an acid gas removal unit working at 37.5 bar eliminates
sulfur species and carbon dioxide so that the syngas reaches the stoichiometric molar ratio required for methanol
synthesis (around 2.1). The synthesis itself takes place in a methanol reactor at approximately 250 °C and 60 bar,
and the final stage consists of product upgrading through two flash separators and a distillation column. A summary
of the performance is reported in Table 2.
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Figure 1: Waste-to-Methanol process flow diagram [4].
Table 2: summary performance table for the SRF-to-methanol process.

Stream Description Value Unit
1 SRF 15.97 t/h
11 Dry syngas 25.70 t/h
40 Produced MeOH 8.52 t’h
Indicator Value Unit
Specific MeOH production 0.53 kg MeOH / kg SRF
Specific electric consumption 1.23 MWhel / t MeOH
Specific fossil CO, emission 2.21 kg CO, / kg MeOH
Energy efficiency 0.43 GJ MeOH / GJ SRF

4. Conclusion
This study explores gasification-based chemical recycling processes to treat solid recovered fuel obtained from
the residual streams of plastic sorting activities. The design aims at methanol production and shows a producibility
indicator equal to 0.53 kgMeOH/kgSRF. The analysis will be complemented with an economic evaluation to
estimate the LCOM — levelized cost of methanol for the investigated route.
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