
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

HYDROCARBON PUBLISHING COMPANY  
Translating Knowledge into Profitability®  

 P.O. Box 815, Paoli, PA 19301-0815 (U.S.A.) 
 

Phone: (610) 408-0117/ Fax: (610) 408-0118 

Review@Hydrocarbonpublishing.com 

  

WORLDWIDE REFINERY PROCESSING REVIEW 
Monitoring Technology Development and Competition in One Single Source 

 

 

 

 

 

 

Fourth Quarter 2017 

 

Environmental Controls 
 

Plus 

Latest Refining Technology Developments & Licensing 

 
 
 

 

 

 

 

 

 

 

 



 

4Q 2017 

i 

Hydrocarbon Publishing Co./Copyright Protected 

4Q 2017 Review 
Environmental Controls 

 
1.  ENVIRONMENTAL CONTROLS.....................................................................................................................................1 

1.1 MARKET/TECHNOLOGY TRENDS & OPPORTUNITIES.............................................................................................................. 1 
1.1.1 Introduction ...................................................................................................................................................... 1 
1.1.2 Market Conditions and Outlook ...................................................................................................................... 2 

1.1.2.1 Refinery Emissions Considerations ................................................................................................................................. 2 
1.1.2.1.1 Refinery Unit Emissions ............................................................................................................................................. 2 
1.1.2.1.2 Flaring ........................................................................................................................................................................ 4 
1.1.2.1.3 GHG Emissions ........................................................................................................................................................... 5 

1.1.2.2 Compliance Costs ............................................................................................................................................................ 6 
1.1.3 Technology Directions, Competition, and Future Prospects ............................................................................. 8 

1.1.3.1 General Pollution Control Technologies.......................................................................................................................... 8 
1.1.3.1.1 Flue Gas Scrubbing for SOX and PM Control .............................................................................................................. 8 
1.1.3.1.2 Electrostatic Precipitators for PM Control ............................................................................................................... 10 
1.1.3.1.3 Selective Catalytic Reduction for NOX Control ......................................................................................................... 10 
1.1.3.1.4 Selective Non-catalytic Reduction for NOX Control ................................................................................................. 11 
1.1.3.1.5 Low and Ultra-low NOX Burners for NOX Control .................................................................................................... 11 
1.1.3.1.6 Distal Flame Architecture for NOX control ............................................................................................................... 12 
1.1.3.1.7 Flaring for VOCs Control .......................................................................................................................................... 13 

1.1.3.2 Unit Specific Pollution Control Technologies ................................................................................................................ 14 
1.1.3.2.1 FCC ........................................................................................................................................................................... 14 
1.1.3.2.2 Sulfur Plant .............................................................................................................................................................. 14 

1.1.3.2.2.1 Acid Gas Removal ............................................................................................................................................. 15 
1.1.3.2.2.2 Claus Process .................................................................................................................................................... 16 
1.1.3.2.2.3 Tailgas Treating ................................................................................................................................................ 17 

1.1.4 Conclusion ....................................................................................................................................................... 18 
1.2 STATE-OF-THE-ART TECHNOLOGY ................................................................................................................................... 18 

1.2.1 Introduction .................................................................................................................................................... 18 
1.2.2 Commercial Processes and Hardware for General Pollution Control .............................................................. 19 

1.2.2.1 Flue Gas Scrubbing for SOX and PM Control .................................................................................................................. 19 
1.2.2.1.1 CECO Environmental ............................................................................................................................................... 20 

1.2.2.1.1.1 Multi-Purpose Scrubber ................................................................................................................................... 20 
1.2.2.1.1.2 HEE-Duall Wet Scrubbers ................................................................................................................................. 21 

1.2.2.1.2 DuPont Clean Technologies ..................................................................................................................................... 21 
1.2.2.1.2.1 BELCO EDV Wet Scrubbing ............................................................................................................................... 22 
1.2.2.1.2.2 LABSORB .......................................................................................................................................................... 24 
1.2.2.1.2.3 DynaWave ........................................................................................................................................................ 25 

1.2.2.1.3 ExxonMobil .............................................................................................................................................................. 28 
1.2.2.1.4 Haldor Topsøe ......................................................................................................................................................... 29 
1.2.2.1.5 Marsulex Environmental Technologies ................................................................................................................... 31 

1.2.2.1.5.1 Wet Flue Gas Scrubbing ................................................................................................................................... 31 
1.2.2.1.5.2 Regenerable Scrubbing .................................................................................................................................... 32 

1.2.2.1.6 Pollution Systems .................................................................................................................................................... 32 
1.2.2.1.7 Shell CANSOLV ......................................................................................................................................................... 33 

1.2.2.1.7.1 CANSOLV SO2 Scrubbing System ...................................................................................................................... 33 
1.2.2.1.7.2 CANSOLV CO2 Capture System ......................................................................................................................... 34 
1.2.2.1.7.3 CANSOLV SO2/CO2 Integrated Capture System ................................................................................................ 35 

1.2.2.1.8 Tri-Mer .................................................................................................................................................................... 35 
1.2.2.1.8.1 Cloud Chamber Scrubber ................................................................................................................................. 35 
1.2.2.1.8.2 Tri-NOX ............................................................................................................................................................. 37 



 

4Q 2017 

ii 

Hydrocarbon Publishing Co./Copyright Protected 

1.2.2.2 Electrostatic Precipitators for PM Control .................................................................................................................... 38 
1.2.2.2.1 CoorsTek ................................................................................................................................................................. 41 
1.2.2.2.2 Hamon Research-Cottrell ........................................................................................................................................ 41 
1.2.2.2.3 Marsulex Environmental Technologies ................................................................................................................... 41 
1.2.2.2.4 Nestec ..................................................................................................................................................................... 42 
1.2.2.2.5 PPC .......................................................................................................................................................................... 42 

1.2.2.3 Selective Catalytic Reduction for NOX Control .............................................................................................................. 42 
1.2.2.3.1 BASF ........................................................................................................................................................................ 43 
1.2.2.3.2 Clariant .................................................................................................................................................................... 44 
1.2.2.3.3 Cormetech .............................................................................................................................................................. 44 
1.2.2.3.4 Haldor Topsøe ......................................................................................................................................................... 44 
1.2.2.3.5 Johnson Matthey .................................................................................................................................................... 48 
1.2.2.3.6 Mitsubishi Hitachi Power Systems .......................................................................................................................... 48 

1.2.2.4 Selective Non-catalytic Reduction for NOX Control ...................................................................................................... 49 
1.2.2.4.1 ExxonMobil ............................................................................................................................................................. 50 

1.2.2.5 Low and Ultra-low NOX Burners for NOX Control .......................................................................................................... 50 
1.2.2.5.1 Alzeta ...................................................................................................................................................................... 51 
1.2.2.5.2 Honeywell UOP ....................................................................................................................................................... 51 

1.2.2.5.2.1 Low NOX ........................................................................................................................................................... 51 
1.2.2.5.2.2 Ultra-low NOX .................................................................................................................................................. 53 
1.2.2.5.2.3 CUBL ................................................................................................................................................................ 53 

1.2.2.5.3 John Zink Hamworthy Combustion ......................................................................................................................... 54 
1.2.2.5.4 NAO ......................................................................................................................................................................... 54 

1.2.2.6 Distal Flame Architecture for NOX Control .................................................................................................................... 55 
1.2.2.6.1 ClearSign Combustion Corp. ................................................................................................................................... 55 

1.2.2.7 Clean Burn Flaring for VOCs Control ............................................................................................................................. 57 
1.2.2.7.1 Baker Hughes GE ..................................................................................................................................................... 58 
1.2.2.7.2 John Zink Hamworthy Combustion ......................................................................................................................... 58 

1.2.2.7.2.1 Steam-assisted Flares ...................................................................................................................................... 59 
1.2.2.7.2.2 Air-assisted Flares ............................................................................................................................................ 59 
1.2.2.7.2.3 Enclosed Flares ................................................................................................................................................ 60 

1.2.2.7.3 NAO ......................................................................................................................................................................... 61 
1.2.2.8 Other Commercial Processes and Hardware ................................................................................................................ 62 

1.2.2.8.1 DuPont Clean Technologies .................................................................................................................................... 62 
1.2.2.8.2 Eco Power Solutions ................................................................................................................................................ 63 
1.2.2.8.3 Suez ......................................................................................................................................................................... 63 

1.2.2.9 Summary of Commercially Available Environmental Control Technologies ................................................................. 64 
1.2.3 Unit Specific Pollution Control Technology ...................................................................................................... 72 

1.2.3.1 FCC ................................................................................................................................................................................ 72 
1.2.3.1.1 FCC Hardware ......................................................................................................................................................... 72 

1.2.3.1.1.1 Feed Injection Technology ............................................................................................................................... 72 
1.2.3.1.1.1.1 CB&I.......................................................................................................................................................... 72 
1.2.3.1.1.1.2 ExxonMobil/KBR ....................................................................................................................................... 73 

1.2.3.1.1.2 Third and Fourth Stage Separators .................................................................................................................. 73 
1.2.3.1.1.2.1 KBR ........................................................................................................................................................... 73 
1.2.3.1.1.2.2 Shell .......................................................................................................................................................... 74 
1.2.3.1.1.2.3 UOP .......................................................................................................................................................... 75 

1.2.3.1.1.3 Low-NOX Regenerators .................................................................................................................................... 76 
1.2.3.1.1.3.1 KBR ........................................................................................................................................................... 76 
1.2.3.1.1.3.2 Praxair/Shell ............................................................................................................................................. 77 
1.2.3.1.1.3.3 UOP .......................................................................................................................................................... 78 

1.2.3.1.1.4 Other FCC Hardware ........................................................................................................................................ 79 
1.2.3.1.1.4.1 CECO Environmental ................................................................................................................................ 79 
1.2.3.1.1.4.2 UOP .......................................................................................................................................................... 79 

1.2.3.1.1.4.2.1 RxCat ................................................................................................................................................. 79 
1.2.3.1.1.4.2.2 Emergency Interlock System ............................................................................................................. 80 

1.2.3.1.1.5 Summary of FCC Hardware .............................................................................................................................. 81 



 

4Q 2017 

iii 

Hydrocarbon Publishing Co./Copyright Protected 

1.2.3.1.2 Commercial Catalysts and Additives ....................................................................................................................... 82 
1.2.3.1.2.1 SOX Reduction Additives .................................................................................................................................. 82 

1.2.3.1.2.1.1 Albemarle ................................................................................................................................................. 83 
1.2.3.1.2.1.2 Baker Hughes GE ...................................................................................................................................... 84 
1.2.3.1.2.1.3 BASF Catalysts ........................................................................................................................................... 84 
1.2.3.1.2.1.4 Grace Catalysts Technologies ................................................................................................................... 85 
1.2.3.1.2.1.5 JGC Catalysts and Chemicals ..................................................................................................................... 87 
1.2.3.1.2.1.6 Johnson Matthey Process Technologies ................................................................................................... 87 

1.2.3.1.2.2 NOX Reduction Additive ................................................................................................................................... 89 
1.2.3.1.2.2.1 BASF Catalysts ........................................................................................................................................... 89 
1.2.3.1.2.2.2 Grace Catalysts Technologies ................................................................................................................... 90 
1.2.3.1.2.2.3 Johnson Matthey Process Technologies ................................................................................................... 90 

1.2.3.1.2.3 CO Combustion Promoters .............................................................................................................................. 91 
1.2.3.1.2.3.1 Albemarle ................................................................................................................................................. 91 
1.2.3.1.2.3.2 Ambur Chemical Co. ................................................................................................................................. 92 
1.2.3.1.2.3.3 BASF Catalysts ........................................................................................................................................... 92 
1.2.3.1.2.3.4 Grace Catalysts Technologies ................................................................................................................... 93 
1.2.3.1.2.3.5 Inst. Mexicano del Petróleo ...................................................................................................................... 95 
1.2.3.1.2.3.6 JGC Catalysts and Chemicals ..................................................................................................................... 95 
1.2.3.1.2.3.7 Johnson Matthey Process Technologies ................................................................................................... 95 

1.2.3.1.2.4 Microfine Reduction Catalyst Technology ....................................................................................................... 96 
1.2.3.1.2.4.1 Albemarle ................................................................................................................................................. 96 
1.2.3.1.2.4.2 BASF Catalysts ........................................................................................................................................... 97 

1.2.3.1.2.5 Summary of Commercially Available Catalyst and Additive Technologies ....................................................... 97 
1.2.3.2 Sulfur Plant .................................................................................................................................................................... 98 

1.2.3.2.1 Summary of Commercially Available Sulfur Plant Technologies ........................................................................... 101 
1.2.3.2.2 Summary of Commercially Available Sulfur Plant Catalysts .................................................................................. 116 

1.2.4 Advanced Process Control/Process Models and Simulation ......................................................................... 117 
1.2.4.1 ABB .............................................................................................................................................................................. 117 
1.2.4.2 Computational Particle Fluid Dynamics ...................................................................................................................... 117 

1.3 PLANT OPERATIONS AND PRACTICES .............................................................................................................................. 118 
1.3.1 Minimizing Flaring During Unit Startup ........................................................................................................ 118 
1.3.2 Treating and Recovering VOCs ...................................................................................................................... 119 
1.3.3 Upgrading to Low or Ultra-low NOX Burners ................................................................................................. 120 
1.3.4 Calculating Emissions from Furnace and Heater Stacks ............................................................................... 120 
1.3.5 Maximum Flare System Design Temperatures ............................................................................................. 121 
1.3.6 Flare Gas Measurement ................................................................................................................................ 122 
1.3.7 End-to-End Emissions Reduction ................................................................................................................... 122 
1.3.8 Unit Specific Environmental Considerations ................................................................................................. 123 

1.3.8.1 Coker ........................................................................................................................................................................... 123 
1.3.8.1.1 Coke Drum Emission Reduction ............................................................................................................................ 123 
1.3.8.1.2 CO2 Emissions Considerations ............................................................................................................................... 124 
1.3.8.1.3 Reduce Flaring from Closed Blowdown System .................................................................................................... 124 
1.3.8.1.4 Minimizing Coke Particulate Emissions ................................................................................................................. 125 

1.3.8.2 FCC .............................................................................................................................................................................. 126 
1.3.8.3 Sulfur Plant .................................................................................................................................................................. 126 

1.3.8.3.1 Acid Gas Removal .................................................................................................................................................. 126 
1.3.8.3.1.1 Amine Solvent Replacement .......................................................................................................................... 126 
1.3.8.3.1.2 Optimizing an Amine Unit .............................................................................................................................. 128 
1.3.8.3.1.3 Amine System Operating Issues ..................................................................................................................... 129 

1.3.8.3.1.3.1 Wet Acid Gas Corrosion .......................................................................................................................... 129 
1.3.8.3.1.3.2 Amine Solution Corrosion ....................................................................................................................... 129 
1.3.8.3.1.3.3 Foaming .................................................................................................................................................. 131 
1.3.8.3.1.3.4 Amine Losses .......................................................................................................................................... 132 
1.3.8.3.1.3.5 Carbon Filters in Amine Systems ............................................................................................................ 133 

1.3.8.3.1.4 Safe Acid Gas Handling ................................................................................................................................... 133 



 

4Q 2017 

iv 

Hydrocarbon Publishing Co./Copyright Protected 

1.3.8.3.1.5 Fuel Gas Sweetening in a Hydrocracker Fractionation Section...................................................................... 134 
1.3.8.3.2 Claus Process ......................................................................................................................................................... 135 

1.3.8.3.2.1 Increasing Sulfur Recovery Capacity .............................................................................................................. 135 
1.3.8.3.2.2 The Effects of Extreme Turndowns ................................................................................................................ 137 
1.3.8.3.2.3 Benefits and Drawbacks of Oxygen Enrichment ............................................................................................ 138 
1.3.8.3.2.4 Claus Unit Shutdowns .................................................................................................................................... 139 
1.3.8.3.2.5 Claus Catalyst Life and Reuse......................................................................................................................... 140 
1.3.8.3.2.6 Analyzing Sulfur Content in Claus Tailgas ...................................................................................................... 141 

1.3.8.3.3 Tailgas Treating ..................................................................................................................................................... 142 
1.3.8.3.3.1 Experience with Designing a TGTU ................................................................................................................ 142 
1.3.8.3.3.2 Proper TGT Catalyst Selection ....................................................................................................................... 143 

1.4 REFINING R&D ALERT! ............................................................................................................................................... 144 
1.4.1 Introduction ................................................................................................................................................... 144 
1.4.2 General Pollution Control Technologies ........................................................................................................ 147 

1.4.2.1 Flue Gas Scrubbing for SOX and PM Control ............................................................................................................... 147 
1.4.2.1.1 Patents .................................................................................................................................................................. 147 
1.4.2.1.2 Research ................................................................................................................................................................ 149 

1.4.2.2 Selective Catalytic Reduction for NOX Control ............................................................................................................ 153 
1.4.2.2.1 Process .................................................................................................................................................................. 153 

1.4.2.2.1.1 Patents ........................................................................................................................................................... 153 
1.4.2.2.1.2 Research ........................................................................................................................................................ 154 

1.4.2.2.2 Catalyst ................................................................................................................................................................. 154 
1.4.2.2.2.1 Patents ........................................................................................................................................................... 154 
1.4.2.2.2.2 Research ........................................................................................................................................................ 157 

1.4.2.2.3 Other ..................................................................................................................................................................... 160 
1.4.2.3 Selective Non-catalytic Reduction for NOX Control .................................................................................................... 161 

1.4.2.3.1 Patents .................................................................................................................................................................. 161 
1.4.2.3.2 Research ................................................................................................................................................................ 162 

1.4.2.4 Flaring for VOCs Control ............................................................................................................................................. 162 
1.4.2.5 Other........................................................................................................................................................................... 163 

1.4.3 Unit Specific Control Technologies ................................................................................................................ 164 
1.4.3.1 FCC .............................................................................................................................................................................. 164 

1.4.3.1.1 Hardware Improvements ...................................................................................................................................... 164 
1.4.3.1.2 Catalyst and Additive Improvements .................................................................................................................... 165 

1.4.3.1.2.1 NOX Reduction Additives ............................................................................................................................... 165 
1.4.3.1.2.2 Multipurpose Additives ................................................................................................................................. 166 
1.4.3.1.2.3 Other ............................................................................................................................................................. 166 

1.4.3.2 Sulfur Plant ................................................................................................................................................................. 166 
1.5 REFERENCES .............................................................................................................................................................. 170 

 


	4Q 2017 Review
	Environmental Controls
	x.pdf
	WORLDWIDE REFINERY PROCESSING REVIEW
	Fourth Quarter 2017



