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Abstract — Removing CO,, which is the major cause of the global warming, and recycling it to the energy source are very
important socially and environmentally. For these, we developed a new process that synthesizes methanol by reacting CQ, and
H,. First, this process converts CO, to CO and H,O by the water-gas shift reaction. Then, it produces methanol by the meth-
anol-synthesizing reaction. The main purpose of this study is to develop a new process of reducing CO, coming from various
plants and of producing methanel. This study focuses on designing and cost estimating of the two-step process, using the experi-
mental data of reaction condition and catalyst. The experiments and simulations are done simultaneously to minimize the num-
ber of experiments. This study also adepts design hierarchy(Douglas) to find the best flowsheet systematically. By choosing the
best one among numerous alternative processes and operating condition, an optimal flowsheet is designed. This new process is
also proved to be economically sound compared with conventional methanol synthesis processes.
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Senematic Diagram 0

Fig. 1. Schematic diagram of MeOH synthesis process.
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Fig. 2. Design hierarchy[1].
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Methanol

Fig. 6. MeOH separation.
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Table 1. Conversion ratio of CO,(Cat.: Fe,0;)

Reaction temp.(°C) 300 350 406 450 500

COy(ce/min) 21.38 17.47 1245 it67 1033
CO(ce/min) 1.62 5.46 176 819 9.62
Conv. to CO(%) 70 24.06 41.9 49.2 55.1

Table 2. Conversion ratio of CQ,(Cat.: Cr,0;)

Reaction temp.(°C) 300 350 400 450 500 550

CO,(cc/min}) 23 2126 1485 1111 9.56 8
CO(cc/min) 0 175 625 868 1023 1044
Conv. to CO(%) 0 176 354 47.1 5645 632
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Table 3. Yield of MeOH(CO,=40 cc/min, H,=120 cc/min}

Reaction temp.(°C) 210 230 250 270 290
CO,(cc/min) 38.32 36.8 35.6 33.16 31.52
CO(cc/min) 092 0.92 1.36 4.2 6.24
MeOH{cc/min) 0.76 1.52 2.68 2.04 1.6

Table 4. Yield of MeOH{(CO,=16 cc/min, H,=120 c¢/min)

Reaction temp(°C) 210 230 250 270 290
CO,(cc/min) 15.16 14.08 144 14.48 14.24
CO{ce/min) 238 24.32 22.52 2272 23.32
MeOH(cc/min) 1.04 1.6 348 3.12 2.88
1
-
o™ 700
8 0.89 ——
ks MeCH
5
@ 0.6
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E 04'
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Fig. 8. Equilibrium conversion at CO, at atmospheric pressure.
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Table 5. Stream condition of new procees 1
Feed MIX-10I_out reactorl_out water_out separator out syn gas split stream  MI1X-100_out
Vapour fraction 1.000 1.000 1.000 0.0000 1.000 1.000 1.000 1.000
Temperature(°C) 25.00 2500 500.0 5.000 5.000 5.000 5.000 73.04
Pressure(kPa} 101.3 101.3 91.32 1003 1003 1003 1003 3040
Molar flow(kgmole/h) 10.00 1573 15.73 1.399 14.33 §.601 5.734 17.96
Mass flow(kg/h) 116.7 177.6 177.6 2524 1524 91.41 60.94 179.0
Liquid vohune flow(m/h) 0.3449 0.3306 0.4897 0.02530 0.4644 0.2786 0.1857 0.5758
Heat flow{kl/h) —9.058e+05 —124de+06  —9.498e+35  —4.016e+05  —B562e+05 5137405  —3.425e+05 -9.373e+05
coolerl_out  complO_out  comp2 out heaterl_out recycle comp3_out  comp30_out rec2_out
Vapour fraction 1.000 1.000 1.000 1,000 1.000 [RLLY 1.000 1.000
Temperature(°C) 10.00 135.5 -3.51 2500 2500 139.3 10.72 10.72
Pressure(kPa) 101.3 1013 111.5 1013 101.3 3040 3040 3040
Molar flow(kgmole/h) 1573 1373 5734 5.734 5.734 8.601 9.389 9.356
Mass flow(kg/h) 177.6 177.6 60.94 60.94 60.85 91.41 83.02 97.60
Liquid volume flow(m3/h) 0.4897 0.4897 0.1857 0.1857 0.1857 0.2786 0.2983 0.2972
Heat flow(kI/h) —1.248e+06  -1.123e+06 —3.587e+05 —3.390e+05 —3.384e+05 —4.79te+05  —4.608e+05 —4.582e+03
reactor_out sep2_liq sep2_vap tee_out2 tee_outl gas H,0O Methanol
Vapour fraction 1000 0.0000 1.000 1.000 1000 1.000 0.0000 0.0000
Temperature(°C) 250.0 10.00 10.00 10.00 10.00 50.90 95.53 50.90
Pressure{kPa) 3030 3020 3020 3020 3020 101.3 101.3 101.3
Motar flow{kgmole/h) 1531 1.894 1341 4.024 9.389 0.0500 0.6445 1.200
Mass flow(kg/h) 179.0 5320 1257 3172 88.02 1.815 12.95 3849
Liquid volume ftow(m*/h) 0.4905 0.06441 0.4261 0.1278 0.2983 0.002281 0.01376 0.04837
Heat flow(kJ/h) —9.495e+05 —4.504e+05  —6.586e+05  —1.976e+05  -4.610e+05  -138%+Md  —1.765¢+05 —2.873e+05
Table 6. Mass flow for each component of new process 1
Feed MIX-101_out  reactori_out water_out separator out syn gas split stream MIX-100_out
cO 0.00000 2614710 65.53020 0.00006 65.53010 39.31810 2621200 79.21980
CO, 10122200 127.35900 6548190 0.05096 65.43000 39.25850 26.17240 7197170
Hydrogen 15.52530 23.99230 21.15780 0.0000 21.15780 12.69470 8.46312 27.15340
H,O 3.00000 0.09531 2542440 2518610 0.23829 0.14298 0.09532 0.15837
Methanol 0.00000 0.00000 0.000000 0.00000 (.0GO00 0.00000 G00000 0.50652
reactor_out sep2_liq sep2_vap tee_out? tee_outl gas H,O Methanol
CO 57.26410 0.01598 5724810 17.17440 40.07370 (.01589 0.00000 (L00009
Cco, 48.16070 1.12386 47.03680 14.11110 3292580 0.97473 0.00000 0.14913
Hydrogen 20.72080 0.00336 2071740 6.21523 12.50220 0.00335 0.00000 0.00001
H,0 9.90525 9.88318 0.02207 0.00662 0.01545 0.00000 9.8829] 0.00027
Methanol 4295780 42.23360 0.72417 021725 0.50692 0.82103 3.07176 38.34080
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Table 7. Stream condition of new procees 2

Feed reactor]_out MIX-101_out water_out  separator out feed_H, MIX-100_out coolerl_out complQ_out
Vapour fraction 1.0000 1.000 1.000 0.0000 1.000 1.000 1000 1.000 1.000
Temperature(°C) 25.00 500.0 28.28 3.000 3.000 139.2 139.8 10.00 101.9
Pressure(kPa) 101.3 91.32 113 1003 1003 3040 3040 101.3 1013
Moiar flow(kgmoie/h) 10.00 10.00 117.9 3124 114.8 1.200 116.0 10.00 10.00
Mass flow{kg/h) 125.1 125.1 1238 7224 1166 2419 1168 1251 1251
Liguid velume flow(m>/h) 0.3497 0.3049 3772 0.08163 3.690 0.03463 3.725 0.3049 0.3049
Heat flow(k}/h) ~0.845e+05 -7.679e+05 -7.109e+06 -8.54le+)5 —6.364e+06 3965 =5.898e+06 —9.889s+05 —9.15%+05
reactor_out  tec_out2 tee _outl comp3_out comp30_out cooler2_out gas methanol H.,0
Vapour fraction 1.000 1.000 1000 1.00G 1.000 1.000 1000 0.000¢ 0.0000
Temperature(°C) 250.0 250.0 2500 149.9 1499 10.00 .64 34,641 99.641
Pressure(kPa) 3030 3030 3030 1013 1013 1013 101.3 101.3 1013
Molar flow(kgmole/h) 113.6 113.6 108.0 1079 108.0 1079 000300 1.0933 20219
Mass flow(kg/h) il68 1168 1110 1113 110 1113 011535 35277 36.849
Liguid volume flow(m>/h} 3.648 3.648 3466 3.467 3.466 3467 0.00015 0.04432 0.03717
Heat Flow(kJ/h) ~5.601le+06 —5.601e+06 —5.321e+06 —5.678e+06 —3.657e+06 —6.193c+06 ~1026 —2.515405 —1.736e+05
Tabie 8. Mass flow for each component of new process 2
Feed reactorl _out MIX-101_out water_out separator out feed_H, MIX-100_out
(6:0] 0.00000 43.21370 518.35600 0.00184 518.35500 0.00000 518.35500
Co, 110.02400 42.12960 470.37600 0.34591 470.03000 0.00000 470.03000
Hydrogen 15.12000 12.00990 172.22600 0.00036 172.22600 241920 174.64500
H,O 0.00000 2779270 36.87100 35.89770 0.97328 0.00000 097328
Methanol Q00000 0.00000 40.489500 35.99560 4.49391 0.00000 4.49391
reactor_out tee_out2 tee_outl cooler2_out gas methanol H,O
CcO 498.39700 2491980 47347700 47347700 0.00171 0.00013 0.00000
cO, 44906700 2245330 42661300 42661300 0.09060 0.25532 (0.00000
Hydrogen 168.89100 8.44456 16044700 160.44700 0.00035 0.00002 0.00000
H,O 9.55436 047772 9.07603 9.07665 0.00000 0.01865 35.87900
Methanol 42.58620 2.12931 40.45680 40.45680 0.02269 35.00300 0.96958
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Table 9, Cost comparison new processes with current processes

24 - Y

New MeOH synthesis process

Current MeOH synthesis process

Process 1 Process 2 Process by natural gas reforming Process by coal
Equipment cost $16,100,000 $19,300,000 $26,269,000 $30.130,000
Qperating cost($/yr) $4,134,000 $12,250,000 $2,805,000 $53,568,000
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