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Ethylene glycol is a good antifreeze and commercially important raw material for the manufacture of polyester fibers. Global ethylene glycol market is expected to grow, especially in Asia Pacific, which means an increasing demand in the future. Ethylene and oxygen are used as raw material to produce ethylene oxide via direct oxidation process. Then the ethylene glycol is produced by direct hydration of ethylene oxide. After separating from the by-product diethylene glycol and triethylene glycol with distillations, the ethylene glycol (EG) is obtained with 99.9% purity. The annual production is 3.2*10^4 t. The objective of this project is to analyze and optimize the process design, especially with respect to economic potential and sustainability.
The production of ethylene glycol is made up of direct oxidation process and ethylene oxide hydrate process. In the first part, the reactants are introduced into a tubular catalytic reactor and methane is chosen as a diluent to control the temperature. The main product, ethylene oxide, is separated by an ethylene oxide absorber. The recycle is needed to increase the yield of ethylene oxide and a carbon dioxide absorber where quicklime is used to absorb carbon dioxide is also necessary to prevent the accumulation of carbon dioxide. In the second part, ethylene oxide and distilled water are mixed and passed over a non-catalyst tubular reactor. Ethylene oxide is fully converted to ethylene glycol, diethylene glycol and triethylene glycol. Distillation columns are used to separate the product from by-products and water. A recycle is also needed to reduce the consumption of distilled water. 
[bookmark: _GoBack]After base case design, economic evaluation was performed which identified the utilities as the variables which could be optimized. In order to improve the base case design, heat integration was performed thereby reducing the utility cost. After optimization with heat integration, sustainability analysis and LCA was done to identify the hotspots. Then an optimized sustainable process were realized which can save 22% cost of utilities and reduce 12% carbon dioxide production, compared with the conventional process.
