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Table 1. Comparison of olefins catalytic cracking processes

Processes Omega ocCP Superflex Propylur MOl
. . . KBR/ . .
License Asahi Kasei Total /UOP LyondellBasell Lurgi/Linde ExxonMobil
Commercial Plant
Capacity (MT/Y) 50,000 295,000* 240,000 --- ---
Started (Year) 2006 2013 2006 2003 ---
Location Okayama, Japan  Nanjing, China South Africa BP’s Worringen/ --
Germany
Reactor Adiabatic Fixed-bed Fluidized-bed ~ AdidbaticFixed- ) L ed-bed
Fixed-bed bed
Temperature (°C) 530-600 500-600 500-700 500 400-600
Pressure (atm) 1-5 1-5 1-2 1-2 1-2
Feedstock
Light Catalytic FCC Naphtha or

C4 Raffinate

di-Olefin Content <2.5%
Catalyst Ag/Na/ZSM-5
Si/Al 800-2000
Modified by
Raw Material Consumption 516 b
(per Ib propylene)
Propylene Yield (wt%) 46
P/E 4:1
P/E
(integrated with Naphtha 0.8
Cracker/MTO)

*MTO/UOP process

Naphtha (LCN)
C5 fraction of
LCN

C4 Raffinate-ll

<0.1%
MFI
280-1000

2491b

40
4:1

1.25-1.8

C4s
Cracked Naphtha

BTX

MTBE Raffinate
C5 Olefins from
Gasoline

H-ZSM-5
20-60

1wt%
Phospherous

3.031b

33-48
2:1

0.8

C4 Raffinate-l
Raffinete-lI

PYolysis Gasoline

<1.5%
ZSM-5

1911b

50-60
4:1

1.0

Cracked C4s

Light PYolysis
Gasoline
FCC
Light Naphtha

MCM-22
20-40

3.801b

14-26
2:1

0.75
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Table 2. Comparison of total fixed capital of olefins catalytic cracking processes

Processes Omega ocp Superflex Propylur Mol
Capacity (Million LB/Y) 110.00 110.00 513.00 326 448
Cost Index (Y) Q12017 Q12017 2008 2001 1999
Investment ($Millions)
Battery limits (BLI) 23.50 27.90 125.80 43.20 122.00
Offsites 19.30 21.60 166.50 17.10 70.00
Total Fixed Capital (TFC) 42.80 49.50 292.30 60.30 192.00
Cost Index Update (Y)12% Q2 2020 Q2 2020 Q2 2020 Q2 2020 Q2 2020
Investment ($Millions)
Battery limits (BLI) 25.70 30.51 195.46 84.79 241.02
Offsites 21.11 23.62 258.69 33.56 138.29
Total Fixed Capital (TFC) 46.81 54.13 454.15 118.36 379.32
Investment ($/LB/Y)?
Battery limits (BLI) 0.23 0.28 0.38 0.26 0.54
Offsites 0.19 0.21 0.50 0.10 0.31
Total Fixed Capital (TFC) 0.43 0.49 0.89 0.36 0.85
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Figure 1. Total fixed capital - Olefins catalytic cracking processes

Capacity: 1Ib/y (propylene)
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Table 3. Total investment- Olefins catalytic cracking processes- Capacity: 10001b/y (propylene)

Omega ocp Superflex Propylur Mol
Battery Limits Equipment
Reactors 0.6 0.7 23.3 16.3 16.8
Columns 4.5 6.2 21.6 16.6 2.1
Vessels 1.7 2.4 6.5 1.2 15.7
Heat Exchangers 4.6 5.8 22.2 29.0 11.2
Furnaces 4.1 4.5 7.8 4.8 21.0
Compressors 18.7 19.5 25.1 11.1 71.5
Pumps 1.6 2.6 1.7 0.6 1.1
Miscellaneous Equipment 3.2
Total 35.8 41.7 1114 79.6 1394
Direct Installation Costs 81.8 98.6 129.6 78.2 141.1
Indirect Costs 52.6 61.4 36.2 57.3 110.7
Unscheduled Equipment, 10% 17.0 20.2 27.7 10.8 39.1
Battery Limits, Installed 187.3 221.8 304.9 225.9 430.3
Contingency, 25% 46.8 55.5 76.2 33.9 107.6
Battery Limits Investment 234.1 277.3 381.1 259.8 537.9
Off-Sites, Installed
Clarified water 6.6 6.6 6.9 2.0 4.4
Cooling Water 9.1 14.4 36.7 0.5 22.4
Prosses Water 34 34 4.0 1.0 2.8
Boiler Feed Water 11.6 11.6 12.6 6.7 7.5
Steam 26.7 26.7 58.9 35.8 30.1
Refrigeration 49.2 56.6 252.2
Tankage 17.6 18.3 1.8 26.7
Utilities and Storage 124.1 137.5 373.3 46.0 93.8
General Service Facilities 17.9 20.7 12.6 30.6 126.4
Waste Treatment 11.7 13.9 17.5 13.0 26.9
Total 153.7 172.1 403.4 89.6 247.1
Contingency, 25% 384 43.0 100.8 134 61.8
Off-Sites Investment 192.2 215.1 504.2 103.0 308.9
Total Fixed Capital 426.2 492.4 885.3 362.9 846.8
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Table 4. Utilities summary- Olefins catalytic cracking processes- Capacity: 1lb/y (propylene)

Processes Omega ocCP Superflex Propylur MOl
Utilities Unit Con:::n:;tion Con:::nlr;tion Con;::nlr:ion Con;::nlr:ion Con;::n&tion
Cooling Water GAL 6.2 11.7 28.9 0.257 32.6
Steam, 150 PSIG BL 0.948 1.8 4.15 6.29 3.02
Steam, 600 PSIG BL -- -- -- -- 0.216
Electricity KWH 0.0685 0.0766 0.147 0.238 0.136
Natural Gas BTU 1420 1640 2520 1090 1200
Fuel Oil BTU -- -- -- -- 3600
Refrigeration, -45F TON-HR 0.00638 0.00609 -- -- --
Refrigeration,20F TON-HR 0.0415 0.0573 -- -- --
Refrigeration, -140F  TON-HR -- -- 0.00476 -- --
Refrigeration,-40F TON-HR -- -- 0.177 -- --
Refrigeration,50F TON-HR -- -- 0.013 -- --
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Table 5. Environmental footprints of Olefins catalytic cracking processes
Processes Asahi Kasei Omega Total/UOP OCP

Carbon footprint

Direct Emissions (Ib CO2/Ib propylene) 0.381 0.588
Indirect Emissions (Ib CO2/lb propylene) 0.179 0.210
Total Emissions (lb CO2/Ib propylene) 0.560 0.798
Water Requirement (Ib water/lb propylene) 2.45 3.49

I, OCP ¢ Kol anT8 90 10 ©f Gpas g 0,5 suST g0 Ll 5l glawolie ¥ IS o ¥ S
Sisots Bazly il Glag i Blas b boes O Gpas 5 0,5 el ass oo lis
JBe g b 55 YL Gjlas 5l b aS canl s OCP al)8 5l S aukiians HLaisl o)l
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Figure 2. Carbon emissions of Olefins catalytic cracking processes

4
3.5
3
2.5
2
1.5
1
0.5

0 T T T T 1

Asahi Kasei Total/UOP OCP

Omega
m Water Requirement (Ib water/Ib propylene)

Pl pid] B S o130 Ol Gpas -1 S
Figure 3. Water footprint of Olefins catalytic cracking processes
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Processes Review of Propylene Production by Catalytic Cracking of C4-C8 Olefins
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Abstract

Propylene is the second most widely product in the world after ethylene. The amount
of propylene produced by steam cracking processes as the first source of ethylene and
propylene production is limited. New methods of propylene production
(dehydrogenation of propane, conversion of methanol to olefins, conversion of
methanol to propylene, etc.) can supply some of its growing demands. The
intermediate conversion processes of olefins can meet part of the market demand by
converting some of the lighter or heavier olefins from thermal cracking furnaces and
by increasing the amount of propylene product. In this paper, we study the technology
and economics of a number of catalytic cracking processes of C4 to C8 carbon
olefins. The processes investigated in this report for the catalytic conversion of the by-
product of heavier olefins to propylene include omega, OCP, superflex, propylur, and

MOI processes.

Keywords: Propylene, Catalytic Cracking, Olefin
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