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Carbon dioxide (CO2) emissions are a great concern for the environment resulting in many 
new technologies and policies in order to mitigate these emissions. This ongoing issue has 
gained significant attention in recent years and poses a challenge for the 21st century. CO2 
utilization can be achieved in three ways; conversion into a fuel, a feedstock for producing 
important chemical compounds and lastly via non-conversion utilization such as for 
enhanced oil recovery and as a solvent [1].

One particularly important chemical which CO2 can be converted into is dimethyl 
carbonate (DMC). DMC is a good replacement for toxic methylating agents and phosgene. 
Additionally, it can also be used as an octane booster in fuel as it significantly increases the 
octane number due to the high oxygen content (53.3 wt%) in comparison to other 
alkylcarbonates [2]. DMC can be produced from CO2 by either reacting CO2 directly with 
methanol or by firstly reacting ethylene oxide with CO2 to produce ethylene carbonate as 
an intermediate followed by a subsequent reaction with methanol [4]. 

In this project, a process plant was designed using the two step reactions utilising CO2 to 
produce DMC as well as the by-product ethylene glycol and any unconverted ethylene 
carbonate. A hierarchical decomposition approach was used for designing the process, by 
decomposing the synthesis into 12 hierarchical tasks. According to the design, the process 
will produce on a yearly basis around 15,000 metric tonnes of DMC (10% of the Chinese 
market, excluding the largest producer). 

This design of the process is unique as it does not use conventional separation procedures 
like pressure-swing, reactive distillation or extractive distillation to break azeotropes that 
are commonly encountered during the separation of products, hence, avoiding the use of 
toxic chemicals. Instead, the separation of DMC and methanol utilises a pressure 
distillation column as the azeotrope is pressure sensitive and can be broken at 20 bar. 
Additionally, the azeotrope between ethylene glycol and ethylene carbonate is not sensitive 
to pressure so the possibilities of membrane separation were explored. A membrane that 
could separate the two compounds based on polarity was chosen, which could result in 
pure ethylene carbonate and almost pure ethylene glycol. Further, this membrane 
separation also reduces the consumption of energy in comparison to the installation of 
distillation columns. 



Heat integration and process optimisation were then performed in attempt to reduce 
energy consumption and unnecessary costing according to the economic evaluation of the 
process. In order to meet the design targets these limitations need to be eliminated. Finally, 
a LCA and sustainability analysis were performed in order to reduce other limitations in 
the process design [3], [5]. 

This poster will present the 12 step hierarchical approach to synthesise a more sustainable 
process design for utilising CO2 to produce DMC. The results from each task and the 
important considerations for each stage will be highlighted. 
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