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Large-scale thermal power plants remain essential for reliable electricity supply, yet they operate under tightening 
constraints on greenhouse-gas emissions to mitigate climate change and global warming effects. Concurrently, 
mixed plastic waste remains a significant environmental concern, especially for plastics that are challenging to 
recycle mechanically. Thermal conversion pathways, most notably pyrolysis, can complement recycling by 
transforming heterogeneous plastics into energy carriers and chemical feedstocks. In autogenic-pressure pyrolysis, 
operating conditions strongly govern the resulting products, with moderate temperatures favoring condensable 
liquid fractions, while higher temperatures shift production toward non-condensable gas and solid carbon. 
 This study uses Aspen Plus flowsheet modeling to investigate the technical and economic performance of 
1,000 MW coal and coal-biomass (i.e., sawdust) direct co-firing power plant configurations, both with and without 
post-combustion CO2 capture (CC). A novel integration layer is added by coupling a plastic-waste pyrolysis island, 
operated at 450 °C, to the fossil/biomass power plant platform extending the assessment to four core 
configurations: 

1. Coal / Without CC / Plastic pyrolysis 450 °C. 
2. Coal / With CC / Plastic pyrolysis 450 °C. 
3. Coal and biomass / Without CC / Plastic pyrolysis 450 °C. 
4. Coal and biomass / With CC / Plastic pyrolysis 450 °C. 

 In addition, to capture the effect of biomass substitution on integration performance, multiple coal-to-
sawdust co-firing ratios are examined (i.e., 0 – 100% sawdust in five increments). The biomass co-firing power 
plant consisted of the following main components: biomass drying unit, flue gas desulphurization, acid gas 
removal unit, CO2 drying and compression.  For the case studies involving carbon capture, CO2 removal was 
performed by gas-liquid absorption using methyl-di-ethanolamine (MDEA). The process flowsheet scheme is 
shown in Figure 1. 
 

 
 

Figure 1. Process flowsheet for the coal/biomass-fired power plant with G/L MDEA-based CCS (Fogarasi and 
Cormos (2015)) 

 
 The treatment capacity of plastic waste was assumed to be 40 kt per year. The proportion of different plastic 
polymers was 31.4% low-density polyethylene (LDPE), 22.1% high-density polyethylene (HDPE), 34.6% 
polypropylene (PP) and 11.9% polystyrene (PS), with particle sizes of plastic waste between 20 to 40 cm. Mixed 
plastic waste was first crushed and screened to <5 cm, with oversized material recycled back to the crusher. The 
prepared feed was then pyrolyzed at 450 °C and 1 MPa (i.e., autogenic pressure), after which solids were separated 



from organic vapors. The vapors were filtered and condensed in two stages to recover diesel-range liquids at 170 
°C and gasoline-range liquids at 60 °C, while the remaining non-condensable gas was sent to an energy-recovery 
combustor to supply heat back to the pyrolysis reactor, with solids and filter residues routed to disposal. The 
process flowsheet scheme is shown in Figure 2. 
 

 
 

Figure 2. Process flowsheet for the integrated pyrolysis of plastic waste at 450 °C (Zhou et al. (2023)) 
 
The integrated configurations (i.e., power plant, optional CC and plastic-waste pyrolysis island) were evaluated 
using a consistent set of technical, environmental and economic key performance indicators (KPIs). Technical 
performance was quantified by net electric efficiency based on LHV, net power output and auxiliary electricity 
consumption which included contributions from all subsystems. Environmental performance was assessed through 
specific CO2 emissions, as well as CO2 avoidance for the CC cases. Economic performance was characterized by 
using capital expenditure (i.e., total and specific investment cost), O&M costs (i.e., fixed and variable) and the 
resulting electricity production cost as levelized cost of electricity (LCOE), complemented by CO2 avoidance cost 
(euro/t CO2 avoided). The role of the plastic-waste pyrolysis island was examined under alternative value pathways 
that changed how the products contributed to the overall concept economics: 

1. Internal energy substitution (i.e., fuel-displacement case): pyrolysis-derived non-condensable gas and/or a 
specified share of condensable liquids are combusted on-site to partially replace coal/sawdust firing at 
constant net power output. 

2. Product export (i.e., sales case): diesel- and gasoline-range liquids recovered were exported as saleable 
products, with revenues treated as credits against the integrated system cost, while the non-condensable 
gas was primarily used for pyrolysis heat supply. 

3. Hybrid routing: one liquid cut was exported while the other was used internally, representing an 
operationally flexible strategy to balance product-market value against on-site fuel-cost avoidance. 

4. Plastic feedstock pricing boundary: plastic waste was evaluated under alternative procurement assumptions 
(i.e., transport/handling cost only, neutral cost, and gate-fee supported intake), capturing the economic 
range observed in waste-management practice. 

5. Market and operation sensitivity studies were performed by varying the main cost and revenue drivers (e.g., 
capital cost, fuel cost, O&M cost, interest rate, capacity factor, and, for cases when products were sold, 
diesel/gasoline prices and plastic feed cost or gate fee). 

 Results suggest that increasing the percentage of biomass in the coal-sawdust feedstock increases auxiliary 
demands, particularly for drying. This leads to lower net electric output and the gradual deterioration of technical 
and economic performance. The CC cases exhibited a greater net power penalty than the no-CC cases, while 
integration of the 450 °C plastic waste pyrolysis unit further increased auxiliary consumption. However, higher 
prices of pyrolysis liquids to be sold and a high plastic waste capacity/load factor were seen to heavily influence 
and improve overall economic feasibility. 
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