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ABSTRACT 

 

Methanol production from natural gas generates greenhouse gas (GHG) emissions, 

particularly from purge gas combustion in flare systems. This study evaluates the effects of natural 

gas composition and catalyst replacement in the Methanol Synthesis Unit of PT Kaltim Methanol 

Industri (PT KMI) on process performance and environmental impacts. Operational data from 

2022 to 2024 were analyzed to assess catalyst activity, syngas quality, stoichiometric number 

(SN), purge gas generation, and CO₂-equivalent (CO₂-eq) emissions. Environmental performance 

was evaluated using a gate-to-gate Life Cycle Assessment (LCA) approach in OpenLCA. The 

results show that catalyst replacement significantly improved reactor performance, increasing 

CO₂ conversion from approximately 27-33% to above 40% and CO conversion from 70-76% to 

more than 85%. It also substantially reduced the purge gas-to-flare ratio and associated emissions. 

Natural gas composition influenced syngas quality, where lean gas with higher methane content 

increased SN and purge gas generation, resulting in higher emissions. Average emissions 

decreased from 1,389.81 tCO₂-eq/month under aged catalyst conditions to 211.61 tCO₂-eq/month 

after catalyst replacement. LCA results indicate that the New Catalyst-Rich Gas scenario achieved 

the best environmental performance, reducing climate change impacts from 45.70 to 7.95 kg CO₂-

eq per ton of methanol compared with the Old Catalyst-Lean Gas scenario. These findings 

demonstrate that catalyst renewal and optimization of natural gas composition can improve 

methanol synthesis efficiency while significantly reducing GHG emissions. 
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