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Abstract — Light olefins are important petrochemicals as well as primary building blocks for various chemical
intermediates. As the number of ethane cracking center (ECC) process, in which ethylene accounts for most of the production,
has increased in recent years, propylene supply is not catching up with steadily increasing propylene demand. This trend
makes the conversion of methanol to olefins to get more industrial importance. The methanol to olefins (MTO) process
produces methanol through syngas and obtain olefins such as propylene through methanol. Since the reaction from
methanol to olefins provides different product compositions depending on the catalyst used for the reaction, it is
important to choose an appropriate separation process for the reaction product with different composition. Four different
separation processes are considered for four representative cases of product compositions. The separation processes for
the reaction products are evaluated by techno-economic analysis based on the simulation results using Aspen plus.
Guidelines are provided for selecting a suitable separation process for each of representative case of product compositions in
the MTO process.
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Table 1. Typical product compositions for different olefin producing processes

Ethylene (C2) Propylene (C3) Butadiene (C4) BTX’ (C6) Etc.
NCC Process 31% 15% 11% 24% 19%
CTO Process 100% X X
ECC Process 75% 2% 3% 5% 15%
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Table 2. The type, conditions and cost of the utilities used in the process simulation

Type T (K) P (bar) Utility Cost ($/GJ)

Low Pressure Steam LPS 432 6.0 7.78

Cooling Water CwW 298~313 6.0 0.354

Electricity ELEC - - 16.8
Propylene refrigerants 1% level P-1 280 7.20 -
Propylene refrigerants 2™ level P-2 256 3.45 -
Propylene refrigerants 3 level P-3 243 2.10 -
Propylene refrigerants 4% level P-4 233 1.25 -
Ethylene refrigerants 1% level E-1 218 8.95 -
Ethylene refrigerants 2™ level E-2 198 4.20 -
Ethylene refrigerants 3™ level E-3 173 1.25 -
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Table 3. Compositions of the reactor effluent in MTO process
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Reactor Effluent Composition (wt%)

Case 1 Case 2 Case 3 Case 4
Nitrogen N, 0.40 0.40 0.16 0.16
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Carbon Monoxide CcO 0.49 0.49 0.10 0.10
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Table 4. Product stream specification in MTO process

Product Temperature (K) Pressure (bar) Recovery (wt%) Purity (mol%)
Fuel gas 303.2 6 - -
Ethylene 303.2 21 99.50 99.95
Ethane 3032 6 - ;
Propylene 313.2 16 99.50 99.60
Propane 313.2 16 - -
Ca 3132 1 ; ;
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Fig. 1. Mole fraction profile of products for various modified H-ZSM-5 catalyst in the MTO reaction (O: olefin, P: paraffin).
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Fig. 3. Process flow diagram of propylene and ethylene refrigeration.
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Fig. 14. Condenser and reboiler duties in the splitter and HMD for different paraffins compositions: (a) cryogenic separation combined with
splitter and HMD; (b) absorption separation combined with splitter and HMD.
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