
 

WORLDWIDE REFINERY PROCESSING REVIEW – 3Q2007 
Fluid Catalytic Cracking and Lube Oil Production 

2008 
1 

Hydrocarbon Publishing Co./Copyright Protected 

Table of Contents 

I. Introduction.................................................................................................................................................................. 1 

II. Fluid Catalytic Cracking.............................................................................................................................................. 3 
2.1 Market/Technology Trends & Opportunities.......................................................................................................... 3 

2.1.1 Market Conditions and Outlook.................................................................................................................. 3 
2.1.1.1 Catalyst Market Competition ....................................................................................................... 6 

2.1.2 Technology Directions and Future Prospects ............................................................................................ 7 
2.1.2.1 Catalyst Developments and Competition .................................................................................... 9 
2.1.2.2 Process Developments and Competition .................................................................................. 11 

2.2 State-of-the-Art Technology ................................................................................................................................ 13 
2.2.1 Introduction .............................................................................................................................................. 13 
2.2.2 Commercial Processes and Hardware .................................................................................................... 13 

2.2.2.1 CB&I Lummus Global ................................................................................................................ 14 
2.2.2.2 ExxonMobil/KBR........................................................................................................................ 17 

2.2.2.2.1 Flexicracking IIIR...................................................................................................... 17 
2.2.2.2.2 Orthoflow.................................................................................................................. 19 

2.2.2.3 Fisher-Klosterman ..................................................................................................................... 23 
2.2.2.4 Lawrence Pumps....................................................................................................................... 23 
2.2.2.5 Petrobras................................................................................................................................... 23 
2.2.2.6 Research Institute of Petroleum Processing (RIPP)-Sinopec.................................................... 25 
2.2.2.7 Shaw Stone & Webster/Axens .................................................................................................. 26 
2.2.2.8 Shell Global Solutions ............................................................................................................... 29 
2.2.2.9 UOP........................................................................................................................................... 32 

2.2.2.9.1 FCC.......................................................................................................................... 32 
2.2.2.9.2 MSCC....................................................................................................................... 37 

2.2.3 Summary of Commercial FCC Processes and Hardware........................................................................ 38 
2.2.4 Commercial Catalysts and Additives ....................................................................................................... 41 

2.2.4.1 Albemarle .................................................................................................................................. 41 
2.2.4.1.1 JADE and TOPAZ Catalysts .................................................................................... 43 
2.2.4.1.2 Increased Diesel Components ................................................................................. 49 
2.2.4.1.3 Total Olefins Management Technology.................................................................... 49 
2.2.4.1.4 Gasoline Sulfur Reduction Additives ........................................................................ 50 
2.2.4.1.5 Catalyst Circulation Improvement Additive............................................................... 53 
2.2.4.1.6 Bottoms Cracking Additives ..................................................................................... 53 
2.2.4.1.7 Combustion Promotion Technology ......................................................................... 54 
2.2.4.1.8 Emission Reduction Technologies ........................................................................... 54 
2.2.4.1.9 Proprietary Tests ...................................................................................................... 55 

2.2.4.2 Ambur Chemical Co. ................................................................................................................. 56 
2.2.4.3 BASF Catalysts ......................................................................................................................... 56 

2.2.4.3.1 SCT Cracking Catalysts ........................................................................................... 56 
2.2.4.3.2 Gasoline Sulfur Reduction Catalyst.......................................................................... 57 
2.2.4.3.3 Gasoline Olefins Reduction Catalyst ........................................................................ 58 
2.2.4.3.4 Low Microfines Materials.......................................................................................... 58 
2.2.4.3.5 Catalyst Circulation Improvement Additive............................................................... 59 



 

WORLDWIDE REFINERY PROCESSING REVIEW – 3Q2007 
Fluid Catalytic Cracking and Lube Oil Production 

2008 
2 

Hydrocarbon Publishing Co./Copyright Protected 

2.2.4.3.6 Resid Catalysts and Additives.................................................................................. 60 
2.2.4.3.7 LCO Maximizing Catalyst ......................................................................................... 62 
2.2.4.3.8 Maximum Octane Barrels......................................................................................... 63 
2.2.4.3.9 Combustion Promotion Additives ............................................................................. 63 

2.2.4.4 Catalysts & Chemicals Ind. (C&CI)............................................................................................ 63 
2.2.4.5 Grace Davison........................................................................................................................... 64 

2.2.4.5.1 Gasoline Sulfur Reduction Technology .................................................................... 64 
2.2.4.5.2 Gasoline Olefins Reduction Catalysts ...................................................................... 67 
2.2.4.5.3 SCT Cracking Catalyst ............................................................................................. 68 
2.2.4.5.4 Resid Catalysts ........................................................................................................ 68 
2.2.4.5.5 Combustion Promotion Additives ............................................................................. 75 

2.2.4.6 Inst. Mexicano del Petróleo ....................................................................................................... 76 
2.2.4.7 INTERCAT ................................................................................................................................ 76 

2.2.4.7.1 Gasoline Sulfur Reduction Additives ........................................................................ 76 
2.2.4.7.2 Bottoms Cracking Additives ..................................................................................... 77 
2.2.4.7.3 Catalyst Enhancement Additives.............................................................................. 78 
2.2.4.7.4 Combustion Promotion Additives ............................................................................. 79 

2.2.4.8 Research Institute of Petroleum Processing (RIPP)-Sinopec, Sinopec Catalyst Co. ................ 79 
2.2.4.8.1 Gasoline Olefins Reduction Catalysts ...................................................................... 79 
2.2.4.8.2 Diesel Maximizing Catalysts..................................................................................... 81 
2.2.4.8.3 Resid Catalyst .......................................................................................................... 82 

2.2.5 Comparison of Commercially Available FCC Catalysts ........................................................................... 82 
2.2.6 Comparison of Commercially Available FCC Additives ........................................................................... 84 
2.2.7 Spent Catalyst Separation and Rejuvenation Technologies .................................................................... 85 

2.2.7.1 Coastal Catalyst Technology..................................................................................................... 86 
2.2.7.2 KBR ........................................................................................................................................... 87 
2.2.7.3 Nippon Oil Corp. ........................................................................................................................ 88 

2.2.8 Advanced Process Control Systems........................................................................................................ 89 
2.2.8.1 ABB ........................................................................................................................................... 89 
2.2.8.2 AspenTech ................................................................................................................................ 89 
2.2.8.3 Cutler Technology Corp............................................................................................................. 90 
2.2.8.4 Expertune .................................................................................................................................. 91 
2.2.8.5 Honeywell Industry Solutions .................................................................................................... 91 
2.2.8.6 Invensys .................................................................................................................................... 91 
2.2.8.7 Petrocontrol ............................................................................................................................... 92 
2.2.8.8 Yokogawa.................................................................................................................................. 92 

2.2.9 Summary of Commercially Available Advanced Control Systems ........................................................... 93 
2.2.10 Process Models and Simulators .............................................................................................................. 94 

2.2.10.1 AspenTech ................................................................................................................................ 96 
2.2.10.2 Eurotek Refining Services ......................................................................................................... 96 
2.2.10.3 KBC Advanced Technologies.................................................................................................... 97 
2.2.10.4 Petrobras................................................................................................................................... 97 
2.2.10.5 Shell .......................................................................................................................................... 97 

2.2.11 Summary of Commercially Available Process Models and Simulators.................................................... 98 
2.3 Plant Operations and Practices........................................................................................................................... 99 

2.3.1 Feedstock Quality .................................................................................................................................... 99 
2.3.1.1 FCC Feed Contaminants........................................................................................................... 99 
2.3.1.2 Effect of Sulfur Compound in FCC Feed ................................................................................. 100 



 

WORLDWIDE REFINERY PROCESSING REVIEW – 3Q2007 
Fluid Catalytic Cracking and Lube Oil Production 

2008 
3 

Hydrocarbon Publishing Co./Copyright Protected 

2.3.1.3 Impact of Adding Diesel-Range Material to FCC Feedstocks ................................................. 101 
2.3.1.4 Running an RFCCU on Lighter Feeds: Maintaining Regenerator Temperature ...................... 102 
2.3.1.5 Responding to Opportunity Crudes ......................................................................................... 103 
2.3.1.6 Fouling Prevention for Heavy Feed Processing ...................................................................... 103 
2.3.1.7 Coker Naphtha Streams in FCC Feed..................................................................................... 104 

2.3.2 Process.................................................................................................................................................. 104 
2.3.2.1 Configuration ........................................................................................................................... 104 

2.3.2.1.1 Minimizing Delta Coke............................................................................................ 104 
2.3.2.1.2 Benefits and Drawbacks of Oxygen Enrichment .................................................... 105 
2.3.2.1.3 Catalyst Coolers Versus Quench Injection ............................................................. 106 
2.3.2.1.4 FCC-Hydrocracker Integration ............................................................................... 107 

2.3.2.2 Monitoring, Controls, and Modeling......................................................................................... 107 
2.3.2.2.1 Benchmarking the Performance of Riser Termination Devices and E-cat.............. 107 
2.3.2.2.2 Larson Miller Parameter and Life Fraction Approach for Stress Measurment........ 108 
2.3.2.2.3 Monitoring FCC Slurry Exchanger Fouling ............................................................. 108 
2.3.2.2.4 Controlling Naphtha Stabilizers .............................................................................. 109 
2.3.2.2.5 Benefits of Dynamic Modeling in FCCUs ............................................................... 109 

2.3.3 Product Composition ............................................................................................................................. 109 
2.3.3.1 FCC Gasoline Sulfur Reduction .............................................................................................. 109 
2.3.3.2 Lowering FCC Gasoline Olefinicity .......................................................................................... 110 
2.3.3.3 Variables Influencing Gasoline Aromatics Content.................................................................. 111 
2.3.3.4 FCC Gasoline Stability ............................................................................................................ 111 
2.3.3.5 Minimizing Slurry Oil Production.............................................................................................. 112 
2.3.3.6 Shifting Product Selectivity with Minimum Impact on Light Olefins Yield................................. 113 

2.3.4 Catalyst.................................................................................................................................................. 113 
2.3.4.1 Potential Pitfalls ....................................................................................................................... 113 

2.3.4.1.1 Catalyst Losses from the FCCU............................................................................. 113 
2.3.4.1.2 Catalyst Circulation Problems ................................................................................ 115 

2.3.4.2 Regeneration........................................................................................................................... 116 
2.3.4.2.1 Meeting Regenerator Temperature Constraints ..................................................... 116 
2.3.4.2.2 Optimizing Regenerator Efficiency ......................................................................... 118 
2.3.4.2.3 Operating Partial Burn Units in Total Combustion Mode........................................ 118 

2.3.5 Hardware ............................................................................................................................................... 119 
2.3.5.1 Main Fractionator..................................................................................................................... 119 

2.3.5.1.1 FCCU Operating Problems: Coking, Salt Deposition, Catalyst Standpipe  
Hotspots, Carbonate Stress Corrosion, Fractionator Bottoms Ash ........................ 119 

2.3.5.2 Stripper Vessel ........................................................................................................................ 121 
2.3.5.2.1 Measuring Stripper Performance............................................................................ 121 

2.3.5.3 Auxiliary Equipment................................................................................................................. 122 
2.3.5.3.1 Slide Valve Failure ................................................................................................. 122 
2.3.5.3.2 FCCU Cyclone Dipleg Trickle Valves ..................................................................... 122 
2.3.5.3.3 High Catalyst Withdrawal Rate—Impact on Valves and Withdrawal Lines ............ 123 
2.3.5.3.4 Preventing Catalyst Backflow with proper steam and Air Distribution .................... 124 
2.3.5.3.5 Improving FCC Flue Gas Turbo-Expander Reliability ............................................ 124 

2.3.6 Emissions .............................................................................................................................................. 124 
2.3.6.1 Controlling FCC SOX Emissions with Flue Gas Scrubber........................................................ 124 
2.3.6.2 Performance of Electrostatic Precipitators Over Time............................................................. 124 
2.3.6.3 Predicting Regenerator Flue Gas NOX Emissions................................................................... 125 



 

WORLDWIDE REFINERY PROCESSING REVIEW – 3Q2007 
Fluid Catalytic Cracking and Lube Oil Production 

2008 
4 

Hydrocarbon Publishing Co./Copyright Protected 

2.3.6.4 Effect of Oxygen Availability and Discharge Design on Regenerator NOX Emissions............. 126 
2.3.6.5 NOX Reduction Additives......................................................................................................... 126 
2.3.6.6 Reducing Deposits in Selective Catalytic Reduction Units ...................................................... 126 

2.3.7 Reliability, Maintenance, and Turnarounds............................................................................................ 127 
2.3.7.1 FCCU Turnarounds, Frequency, and Safe Entry..................................................................... 127 
2.3.7.2 Improving Unit Reliability and Profitability................................................................................ 128 
2.3.7.3 Revamping FCCUs for Improved Plant Performance.............................................................. 129 

2.3.7.3.1 Arpechim ................................................................................................................ 130 
2.3.7.3.2 ConocoPhillips........................................................................................................ 130 
2.3.7.3.3 Hindustan Petroleum Corp. .................................................................................... 131 
2.3.7.3.4 Marathon Petroleum Co. ........................................................................................ 131 
2.3.7.3.5 Navajo Refining Co. ............................................................................................... 132 
2.3.7.3.6 Sinopec .................................................................................................................. 133 
2.3.7.3.7 Suncor Energy........................................................................................................ 133 
2.3.7.3.8 Williams Refining.................................................................................................... 134 

2.3.7.4 Role of Reliability and Downtime in FCC Revamp Projects .................................................... 135 
2.4 Refining R&D Alert! ........................................................................................................................................... 136 

2.4.1 Introduction ............................................................................................................................................ 136 
2.4.2 Cracking Catalysts................................................................................................................................. 139 

2.4.2.1 Patents .................................................................................................................................... 139 
2.4.2.2 Research ................................................................................................................................. 151 

2.4.3 Process Technology .............................................................................................................................. 154 
2.4.3.1 Patents .................................................................................................................................... 154 
2.4.3.2 Research ................................................................................................................................. 165 

2.4.4 SOX, NOX, and CO2 Emission Reduction............................................................................................... 165 
2.4.4.1 Patents .................................................................................................................................... 165 
2.4.4.2 Research ................................................................................................................................. 171 

2.4.5 Alternative Feeds................................................................................................................................... 172 
2.4.5.1 Patents .................................................................................................................................... 172 
2.4.5.2 Research ................................................................................................................................. 174 

2.4.6 Hardware 176 
2.4.6.1 Patents .................................................................................................................................... 176 

2.4.7 Miscellaneous ........................................................................................................................................ 179 
2.4.7.1 Patents .................................................................................................................................... 179 
2.4.7.2 Research ................................................................................................................................. 182 

2.5 Worldwide Installed Capacity ............................................................................................................................ 183 
2.6 Construction ...................................................................................................................................................... 186 

2.6.1 Recent Construction Activity .................................................................................................................. 186 
2.6.2 Completed Construction Projects .......................................................................................................... 191 

2.7 References........................................................................................................................................................ 202 
III. Lube Oil Production ................................................................................................................................................ 219 

3.1 Market/Technology Trends & Opportunities...................................................................................................... 219 
3.1.1 Market Conditions and Outlook.............................................................................................................. 220 

3.1.1.1 Supply and Demand................................................................................................................ 221 
3.1.1.1.1 World...................................................................................................................... 221 
3.1.1.1.2 North America ........................................................................................................ 223 
3.1.1.1.3 Europe.................................................................................................................... 223 



 

WORLDWIDE REFINERY PROCESSING REVIEW – 3Q2007 
Fluid Catalytic Cracking and Lube Oil Production 

2008 
5 

Hydrocarbon Publishing Co./Copyright Protected 

3.1.1.1.4 Asia ........................................................................................................................ 224 
3.1.1.2 Market Competition ................................................................................................................. 224 

3.1.1.2.1 Base Oils ................................................................................................................ 224 
3.1.1.2.2 Finished Lubricants ................................................................................................ 225 

3.1.2 Technology Directions and Prospects ................................................................................................... 226 
3.1.2.1 Process Developments............................................................................................................ 226 
3.1.2.2 Catalyst Developments............................................................................................................ 227 
3.1.2.3 Competition ............................................................................................................................. 227 

3.2 State-of-the-Art Technology .............................................................................................................................. 229 
3.2.1 Introduction ............................................................................................................................................ 229 
3.2.2 Commercial Processes.......................................................................................................................... 230 

3.2.2.1 Axens ...................................................................................................................................... 231 
3.2.2.1.1 Solvent Refining ..................................................................................................... 231 
3.2.2.1.2 Hydroprocessing .................................................................................................... 231 

3.2.2.1.2.1 Hydrocracking .................................................................................... 231 
3.2.2.1.2.2 Hydrorefining ...................................................................................... 232 
3.2.2.1.2.3 Hydrotreating...................................................................................... 232 
3.2.2.1.2.4 Hydrofinishing..................................................................................... 233 

3.2.2.2 Bechtel .................................................................................................................................... 233 
3.2.2.2.1 Solvent Refining ..................................................................................................... 233 

3.2.2.2.1.1 MP Refining........................................................................................ 233 
3.2.2.2.1.2 Furfural Refining................................................................................. 235 
3.2.2.2.1.3 Solvent Dewaxing............................................................................... 236 
3.2.2.2.1.4 Wax Fractionation .............................................................................. 237 

3.2.2.2.2 Hydroprocessing .................................................................................................... 237 
3.2.2.2.2.1 Hy-Raff ............................................................................................... 237 
3.2.2.2.2.2 Hy-Finishing ....................................................................................... 239 
3.2.2.2.2.3 Hy-Starting ......................................................................................... 239 
3.2.2.2.2.4 Wax and White Oil Hy-Finishing......................................................... 240 

3.2.2.3 Chevron Lummus Global......................................................................................................... 240 
3.2.2.3.1 Hydroprocessing .................................................................................................... 240 

3.2.2.3.1.1 Isocracking ......................................................................................... 240 
3.2.2.3.1.2 Isodewaxing ....................................................................................... 242 
3.2.2.3.1.3 Isofinishing ......................................................................................... 244 

3.2.2.3.2 Integration Opportunities ........................................................................................ 244 
3.2.2.4 ExxonMobil .............................................................................................................................. 245 

3.2.2.4.1 Solvent Refining ..................................................................................................... 246 
3.2.2.4.1.1 Propane Deasphalting........................................................................ 246 
3.2.2.4.1.2 EXOL N Extraction ............................................................................. 246 
3.2.2.4.1.3 DILCHILL............................................................................................ 247 
3.2.2.4.1.4 Propane Dewaxing ............................................................................. 249 

3.2.2.4.2 Hydroprocessing .................................................................................................... 250 
3.2.2.4.2.1 Lube HYDROFINING ......................................................................... 250 
3.2.2.4.2.2 LHDC ................................................................................................. 251 
3.2.2.4.2.3 Raffinate Hydroconversion ................................................................. 251 
3.2.2.4.2.4 MSDW................................................................................................ 252 
3.2.2.4.2.5 MLDW ................................................................................................ 253 
3.2.2.4.2.6 MWI.................................................................................................... 254 



 

WORLDWIDE REFINERY PROCESSING REVIEW – 3Q2007 
Fluid Catalytic Cracking and Lube Oil Production 

2008 
6 

Hydrocarbon Publishing Co./Copyright Protected 

3.2.2.4.2.7 Wax HYDROFINING .......................................................................... 255 
3.2.2.4.2.8 MAXSAT............................................................................................. 255 

3.2.2.4.3 Membrane Separation............................................................................................ 256 
3.2.2.4.3.1 MAX-DEWAX ..................................................................................... 256 
3.2.2.4.3.2 MAX-DEOIL........................................................................................ 257 

3.2.2.4.4 Integration Opportunities ........................................................................................ 257 
3.2.2.5 Lyondell Chemical Co.............................................................................................................. 259 

3.2.2.5.1 Hydroprocessing .................................................................................................... 259 
3.2.2.5.1.1 H-H..................................................................................................... 259 
3.2.2.5.1.2 ISOM-CDW ........................................................................................ 259 
3.2.2.5.1.3 HydrotreatPlus.................................................................................... 259 
3.2.2.5.1.4 Lubes Hydrofinishing.......................................................................... 259 
3.2.2.5.1.5 Duotreat ............................................................................................. 259 
3.2.2.5.1.6 Wax H-T ............................................................................................. 260 

3.2.2.6 Neste Oil.................................................................................................................................. 260 
3.2.2.7 Petro-Canada .......................................................................................................................... 260 

3.2.2.7.1 HT Severe Hydrocracking ...................................................................................... 260 
3.2.2.7.2 Hydroisomerization................................................................................................. 261 

3.2.2.8 Process Dynamics................................................................................................................... 261 
3.2.2.8.1 Integrated Extraction/dewaxing .............................................................................. 261 
3.2.2.8.2 IsoTherming ........................................................................................................... 262 

3.2.2.9 Shell Global Solutions ............................................................................................................. 263 
3.2.2.9.1 Solvent Refining ..................................................................................................... 263 
3.2.2.9.2 Hydroprocessing .................................................................................................... 263 

3.2.2.9.2.1 Hydrofinishing/pretreating .................................................................. 263 
3.2.2.9.2.2 Hydrocracking .................................................................................... 264 
3.2.2.9.2.3 Catalytic Dewaxing and Wax Isomerization ....................................... 264 
3.2.2.9.2.4 Food Grade Oils and Wax.................................................................. 264 

3.2.2.9.3 Hybrid Process ....................................................................................................... 264 
3.2.2.10 Uhde Edeleanu........................................................................................................................ 266 

3.2.2.10.1 Solvent Refining ..................................................................................................... 266 
3.2.2.10.1.1 Propane deasphalting ........................................................................ 266 
3.2.2.10.1.2 Liquid-liquid Extraction ....................................................................... 266 
3.2.2.10.1.3 MP Refining........................................................................................ 267 
3.2.2.10.1.4 Solvent dewaxing and wax deoiling.................................................... 268 

3.2.2.10.2 Hydroprocessing .................................................................................................... 268 
3.2.2.10.2.1 Hydrofinishing..................................................................................... 268 
3.2.2.10.2.2 White Oil and Wax Hydrotreating ....................................................... 269 

3.2.2.11 UOP......................................................................................................................................... 270 
3.2.2.11.1 Hydroprocessing .................................................................................................... 270 

3.2.2.11.1.1 Catalytic Dewaxing............................................................................. 270 
3.2.2.11.1.2 Hydrocracking .................................................................................... 271 

3.2.2.12 Washington Group International/SK Energy............................................................................ 271 
3.2.3 Summary of Commercial Lube Oil Manufacturing Processes................................................................ 273 
3.2.4 Summary of Commercial Lube Oil Manufacturing Catalysts.................................................................. 278 

3.3 Plant Operations and Practices......................................................................................................................... 280 
3.3.1 Process 280 

3.3.1.1 Selecting a Lube Production Process...................................................................................... 280 



 

WORLDWIDE REFINERY PROCESSING REVIEW – 3Q2007 
Fluid Catalytic Cracking and Lube Oil Production 

2008 
7 

Hydrocarbon Publishing Co./Copyright Protected 

3.3.1.2 Modifications to Improve Lube Plant Efficiency, Performance, and Profitability ...................... 280 
3.3.1.2.1 Vacuum Distillation Unit ......................................................................................... 281 
3.3.1.2.2 Propane Deasphalting Unit .................................................................................... 282 
3.3.1.2.3 Solvent Extraction Unit ........................................................................................... 282 
3.3.1.2.4 Solvent Dewaxing Unit ........................................................................................... 282 
3.3.1.2.5 Lube and Wax Hydrotreating and Hydrofinishing Units .......................................... 284 

3.3.1.3 Optimum Dewaxing Solvent-to-Oil Ratio ................................................................................. 284 
3.3.2 Product Quality ...................................................................................................................................... 285 

3.3.2.1 Meeting Base Stock Viscosity and Volatility Specifications ..................................................... 285 
3.3.2.2 Causes of Haze Formation...................................................................................................... 285 
3.3.2.3 Required Saturate Levels in Base Oils .................................................................................... 286 

3.3.3 Reliability and Maintenance................................................................................................................... 286 
3.3.3.1 Prevention of NMP Corrosion Problems.................................................................................. 286 
3.3.3.2 Contamination of NMP Solvent ............................................................................................... 286 
3.3.3.3 Advantages and Disadvantages of Dewaxing Aid Usage........................................................ 287 
3.3.3.4 Minimizing Scraped-Surface Exchanger Plugging and Fouling............................................... 287 

3.3.4 Process to Recycle Used Lubricants ..................................................................................................... 288 
3.4 Refining R&D Alert! ........................................................................................................................................... 288 

3.4.1 Introduction ............................................................................................................................................ 288 
3.4.2 Solvent-based Lube Production............................................................................................................. 289 

3.4.2.1 Fractionation............................................................................................................................ 289 
3.4.2.1.1 Patents ................................................................................................................... 289 
3.4.2.1.2 Research................................................................................................................ 290 

3.4.2.2 Solvent Extraction.................................................................................................................... 290 
3.4.2.2.1 Patents ................................................................................................................... 290 
3.4.2.2.2 Research................................................................................................................ 291 

3.4.2.3 Solvent Dewaxing.................................................................................................................... 292 
3.4.3 Hydroprocessing-based lube production ............................................................................................... 293 

3.4.3.1 Process ................................................................................................................................... 293 
3.4.3.1.1 Patents ................................................................................................................... 293 
3.4.3.1.2 Research................................................................................................................ 300 

3.4.3.2 Catalysts.................................................................................................................................. 301 
3.4.3.2.1 Patents ................................................................................................................... 301 
3.4.3.2.2 Research................................................................................................................ 303 

3.4.4 Hybrid lube production processes.......................................................................................................... 303 
3.4.5 Alternative feeds .................................................................................................................................... 306 

3.4.5.1 GTL ......................................................................................................................................... 306 
3.4.5.2 Re-refining............................................................................................................................... 308 
3.4.5.3 Biofeeds .................................................................................................................................. 309 

3.5 Worldwide Installed Capacity ............................................................................................................................ 309 
3.6 Construction ...................................................................................................................................................... 311 

3.6.1 Recent Construction Activity .................................................................................................................. 311 
3.6.2 Completed Construction Projects .......................................................................................................... 315 

3.7 References........................................................................................................................................................ 319 



 

WORLDWIDE REFINERY PROCESSING REVIEW – 3Q2007 
Fluid Catalytic Cracking and Lube Oil Production 

2008 
8 

Hydrocarbon Publishing Co./Copyright Protected 

IV. Latest Refining Technology Developments & Licensing ..................................................................................... 324 
4.1 Fluid Catalytic Cracking .................................................................................................................................... 324 
4.2 Hydrotreating (including HDS)........................................................................................................................... 324 
4.3 Hydrocracking ................................................................................................................................................... 326 
4.4 Crude Treatment ............................................................................................................................................... 326 
4.5 Coking ............................................................................................................................................................... 327 
4.6 Heavy Oil, Extra-heavy Oil, and Bitumen Upgrading......................................................................................... 327 
4.7 Hydrogen Production and Purification............................................................................................................... 328 
4.8 Cogeneration and Integrated Gasification Combined Cycle.............................................................................. 329 
4.9 Sulfur Plant........................................................................................................................................................ 329 
4.10 Gas-to-liquid and Coal-to-liquid......................................................................................................................... 330 
4.11 Biofuels Production ........................................................................................................................................... 331 
4.12 CO2 Emissions (Carbon Capture and Sequestration) ....................................................................................... 337 
4.13 Site Emissions................................................................................................................................................... 339 
4.14 Automobile Engine Design Innovations............................................................................................................. 339 

 
 
 
 
 
 
 
 




