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Abstract 

Invasive Lantana camara biomass and plastic waste represent persistent environmental burdens, while offering 

opportunities for valorisation through waste-to-energy pathways. This study presents a life cycle assessment 

(LCA) of a Lantana–plastic cogasification system, using experimentally derived performance data to evaluate 

environmental impacts across the energy conversion chain. The assessment is based on a downdraft gasifier 

coupled with an engine–alternator system and considers plastic blending ratios of 0%, 10%, 20%, and 30% wt%. 

Inventory data were developed from measured mass and energy balances, producer gas composition, tar and 

particulate generation, emission characteristics, and system efficiencies. Results indicate that plastic blending 

improves producer gas quality, increasing the lower heating value to above 12 MJ/Nm³ and cold gas efficiency to 

over 91% at a 30 wt% blending ratio, but at the cost of higher tar formation and reduced gas yield. Life cycle 

greenhouse gas analysis shows a marked reduction in effective CO2 emissions with blending, decreasing from 

~1477 to ~835 g/kWh of electricity. Considering the biogenic origin of Lantana, net life cycle CO2 emissions are 

estimated to be reduced by approximately 90–95% compared to fossil-based power generation, resulting in 

effective emissions of ~74–110 g/kWh. NOₓ+HC emissions were within Indian and global regulatory limits, and 

SOₓ emissions were negligible due to the low sulphur content of the feedstock. The LCA highlights that the 

environmental performance of the system is strongly influenced by equivalence ratio, engine capacity, and tar 

management. Overall, the results demonstrate that Lantana–plastic cogasification can deliver substantial climate 

benefits while enabling sustainable management of invasive biomass and plastic waste, particularly when scaled 

up and optimised for integrated energy recovery. 
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