
Butadiene/Butylenes  July 2021 Report Contents 

 
TECHNOLOGY & COSTS 

 TECH 2021-8 Butadiene/Butylenes 

1 

100101.200.2021.008 

TECHNOLOGY & COSTS 

Technoeconomics - Energy & Chemicals (TECH) 

TECH 2021-8 Butadiene/Butylenes 
Table of Contents 

A Report by NexantECA, the Energy and Chemical Advisory company  

Published Date: July 2021 

www.nexanteca.com/subscriptions-and-reports 

Contents 

1 Executive Summary ........................................................................................................................... 1 

1.1 Introduction ............................................................................................................................ 1 

1.2 Processing of Mixed C4 Streams........................................................................................... 2 

1.3 Technology Overview ............................................................................................................ 3 

1.4 Economic Analysis ................................................................................................................ 3 

1.5 Commercial Overview ........................................................................................................... 6 

1.5.1 Butadiene ................................................................................................................. 7 

1.5.2 Isobutylene ............................................................................................................... 9 

1.5.3 Butene-1 ................................................................................................................... 9 

2 Introduction ....................................................................................................................................... 12 

2.1 Overview/Value Chain ......................................................................................................... 12 

2.2 Processing Overview ........................................................................................................... 13 

2.3 Business Developments ...................................................................................................... 14 

2.4 Technology Holders/Licensors ............................................................................................ 17 

2.5 Physical and Thermodynamic Properties............................................................................ 19 

2.6 Specifications ...................................................................................................................... 20 

2.7 Health Hazards .................................................................................................................... 21 

2.8 Storage and Transportation ................................................................................................ 21 

3 Commercial Technologies ................................................................................................................ 22 

3.1 Processing of Mixed C4 Streams......................................................................................... 22 

3.1.1 Introduction ............................................................................................................. 22 

3.1.2 Overview of C4 Processing Chain .......................................................................... 22 

3.1.3 Recycle Co-Cracking.............................................................................................. 24 

3.1.4 Selective and Full Hydrogenation of Cracker Mixed C4s ....................................... 26 

3.2 Butadiene Technologies ...................................................................................................... 34 

3.2.1 Introduction ............................................................................................................. 34 

3.2.2 Extractive Distillation .............................................................................................. 36 

3.2.3 Liquid-Liquid Extraction .......................................................................................... 48 

3.2.4 Butane/Butene Dehydrogenation ........................................................................... 48 



Butadiene/Butylenes  July 2021 Report Contents 

 
TECHNOLOGY & COSTS 

 TECH 2021-8 Butadiene/Butylenes 

2 

100101.200.2021.008 

3.2.5 Oxidative Dehydrogenation of Butenes.................................................................. 53 

3.2.6 Additional On-Purpose Routes ............................................................................... 61 

3.3 Isobutylene Technologies.................................................................................................... 63 

3.3.1 Introduction ............................................................................................................. 63 

3.3.2 MTBE Decomposition/Cracking ............................................................................. 64 

3.3.3 TBA Decomposition/Cracking ................................................................................ 68 

3.3.4 Isobutane Dehydrogenation ................................................................................... 69 

3.3.5 Cold Acid Extraction ............................................................................................... 86 

3.3.6 High Purity Isobutylene .......................................................................................... 88 

3.4 Butene-1 Technologies ....................................................................................................... 91 

3.4.1 Introduction ............................................................................................................. 91 

3.4.2 Extractive Distillation .............................................................................................. 92 

3.4.3 Ethylene Dimerization ............................................................................................ 94 

3.4.4 Ethylene Oligomerization for Full-Range Linear Alpha Olefin Production ............. 97 

3.4.5 Isomerization/Fractionation .................................................................................. 100 

3.4.6 Selective Hydrogenation/Fractionation ................................................................ 103 

3.4.7 Super Fractionation .............................................................................................. 106 

3.4.8 MTBE/Butene-1 Process ...................................................................................... 107 

3.4.9 UOP Sorbutene Process ...................................................................................... 111 

3.5 C4 Site Optimization/Integration ....................................................................................... 113 

3.5.1 Introduction ........................................................................................................... 113 

3.5.2 Skeletal Isomerization .......................................................................................... 113 

3.5.3 C4 Olefin/Paraffin Separation ............................................................................... 121 

3.5.4 C4 Site Optimization/Integration ........................................................................... 123 

4 Developing Technologies ............................................................................................................... 130 

4.1 Bio Routes ......................................................................................................................... 130 

4.1.1 Butadiene ............................................................................................................. 130 

4.1.2 Isobutylene ........................................................................................................... 132 

4.2 Patent Review ................................................................................................................... 134 

4.2.1 Butadiene ............................................................................................................. 134 

4.2.2 Isobutylene ........................................................................................................... 137 

4.2.3 Butene-1 ............................................................................................................... 137 

5 Process Economics ........................................................................................................................ 139 

5.1 Costing Basis .................................................................................................................... 139 

5.1.1 Investment Basis .................................................................................................. 139 

5.1.2 Pricing Basis ......................................................................................................... 140 

5.1.3 Cost of Production Basis ...................................................................................... 142 

5.2 Cost of Production Analysis .............................................................................................. 143 

5.2.1 Processing of Cracker Mixed C4 Stream .............................................................. 143 

5.2.2 Butadiene Production ........................................................................................... 157 

5.2.3 Isobutylene Production ......................................................................................... 166 

5.2.4 Butene-1 Production............................................................................................. 174 



Butadiene/Butylenes  July 2021 Report Contents 

 
TECHNOLOGY & COSTS 

 TECH 2021-8 Butadiene/Butylenes 

3 

100101.200.2021.008 

5.2.5 Other Value-Added C4 Processes ........................................................................ 183 

5.2.6 C4 Site Optimization/Integration ........................................................................... 188 

5.2.7 Historical Perspective ........................................................................................... 199 

6 Commercial Applications ................................................................................................................ 201 

6.1 C4 Stream Derivatives Chain ............................................................................................. 201 

6.2 Mixed C4 ............................................................................................................................ 202 

6.3 Butadiene .......................................................................................................................... 203 

6.4 Isobutylene ........................................................................................................................ 204 

6.5 Butene-1 ............................................................................................................................ 206 

6.6 Others ................................................................................................................................ 206 

6.6.1 Normal Butenes .................................................................................................... 206 

6.6.2 Mixed Butanes ...................................................................................................... 207 

6.6.3 C4 Acetylenes ....................................................................................................... 207 

7 Market Analysis .............................................................................................................................. 208 

7.1 Butadiene .......................................................................................................................... 208 

7.1.1 Global ................................................................................................................... 208 

7.1.2 North America ...................................................................................................... 211 

7.1.3 Western Europe ................................................................................................... 215 

7.1.4 Asia Pacific ........................................................................................................... 218 

7.2 Butene-1 ............................................................................................................................ 224 

7.2.1 Global ................................................................................................................... 224 

7.2.2 North America ...................................................................................................... 227 

7.2.3 Western Europe ................................................................................................... 230 

7.2.4 Asia Pacific ........................................................................................................... 232 

8 Glossary ......................................................................................................................................... 237 
A  

Appendices 

A USGC Cost of Production Tables .................................................................................................. 240 

B China Cost of Production Tables ................................................................................................... 268 

C Definitions of Capital Cost Terms Used in Process Economics ..................................................... 296 

D Definitions of Operating Cost Terms Used in Process Economics ................................................ 301 

E TECH Program Title Index (2011-2021) ........................................................................................ 304 

F References ..................................................................................................................................... 307 
B  

 

  



Butadiene/Butylenes  July 2021 Report Contents 

 
TECHNOLOGY & COSTS 

 TECH 2021-8 Butadiene/Butylenes 

4 

100101.200.2021.008 

Figures 

Figure 1 C4 Stream Derivatives Chain ................................................................................................... 1 

Figure 2 Integrated C4 Production Chain ............................................................................................... 2 

Figure 3 Comparison of Butadiene Cost of Production, USGC ............................................................. 4 

Figure 4 Comparison of Isobutylene Cost of Production, USGC .......................................................... 4 

Figure 5 Comparison of Butene-1 Cost of Production, USGC .............................................................. 5 

Figure 6 Comparison of Butadiene Cost of Production (Upgrading Schemes), USGC ........................ 5 

Figure 7 Butadiene Cost of Production (Upgrading Schemes) and Pricing, USGC .............................. 6 

Figure 8 Estimated Global Mixed C4 Demand by End Use, 2020 ......................................................... 6 

Figure 9 Global Butadiene Demand by End Use, 2020 ......................................................................... 7 

Figure 10 Global Butadiene Demand by Region, 2020 ........................................................................... 7 

Figure 11 Global Butadiene Capacity by Region, 2020 ........................................................................... 8 

Figure 12 Global Butadiene Supply, Demand, and Trade Balance ......................................................... 8 

Figure 13 Estimated Isobutylene Availability from Steam Crackers and Refinery FCC Units, 2020 .............. 9 

Figure 14 Global Butene-1 Demand by End Use, 2020 .......................................................................... 9 

Figure 15 Global Butene-1 Demand by Region, 2020 ........................................................................... 10 

Figure 16 Global Butene-1 Capacity by Region, 2020 .......................................................................... 10 

Figure 17 Global Butene-1 Supply, Demand, and Trade Balance ........................................................ 11 

Figure 18 C4 Stream Derivatives Chain ................................................................................................. 12 

Figure 19 Integrated C4 Production Chain ............................................................................................. 13 

Figure 20 Historical USGC Prices, 2010-2021 ...................................................................................... 14 

Figure 21 Historical NEA Prices, 2010-2021 ......................................................................................... 14 

Figure 22 Global Butadiene Capacity by Marketer, 2020 ...................................................................... 15 

Figure 23 Global Butadiene Capacity by Marketer, 2025 ...................................................................... 15 

Figure 24 Global Butene-1 Capacity by Marketer, 2020 ....................................................................... 16 

Figure 25 Global Butene-1 Capacity by Marketer, 2025 ....................................................................... 16 

Figure 26 Integrated C4 Production Chain ............................................................................................. 23 

Figure 27 Axens Selective Hydrogenation of C4 Streams Process ....................................................... 28 

Figure 28 Lummus Full Hydrogenation of C4 Stream to Butanes Process............................................ 32 

Figure 29 BASF Butadiene Extractive Distillation Process, with Separate Rectifier and After-
Wash Columns ...................................................................................................................... 38 

Figure 30 BASF Butadiene Extractive Distillation Process, with Dividing Wall Column ........................ 39 

Figure 31 Zeon GPB Butadiene Extraction Process ............................................................................. 41 

Figure 32 UOP KLP Process for Acetylene Dehydrogenation .............................................................. 45 

Figure 33 BASF Butadiene Extraction/SELOP Configurations for Selective Hydrogenation of 
C4 Acetylenes ........................................................................................................................ 47 

Figure 34 C4 Thermodynamic Equilibrium, Atmospheric Pressure ....................................................... 48 

Figure 35 C4 Thermodynamic Equilibrium, Sub-Atmospheric Pressure ................................................ 49 

Figure 36 Lummus CATADIENE® Process for Butadiene Production via n-Butane 
Dehydrogenation ................................................................................................................... 51 

Figure 37 OXO-D™ Process for Production of Butadiene .................................................................... 55 

Figure 38 Mitsubishi BTcB Oxidative Dehydrogenation Process .......................................................... 58 



Butadiene/Butylenes  July 2021 Report Contents 

 
TECHNOLOGY & COSTS 

 TECH 2021-8 Butadiene/Butylenes 

5 

100101.200.2021.008 

Figure 39 Block Flow Diagram for Wison  Engineering ODB Process .................................................. 60 

Figure 40 Block Flow Diagram of Integrated C4 Complex for Isobutylene Derivatives ......................... 66 

Figure 41 Isobutylene Synthesis from MTBE and Purification .............................................................. 67 

Figure 42 Paraffin Dehydrogenation ...................................................................................................... 69 

Figure 43 Lummus CATOFIN® Process Flow Diagram ......................................................................... 73 

Figure 44 UOP Oleflex™ Process Flow Diagram .................................................................................. 77 

Figure 45 thyssenkrupp STAR Process®  Flow Diagram ...................................................................... 79 

Figure 46 Yarsintez/Snamprogetti Isobutane Dehydrogenation Process Flow Diagram ...................... 82 

Figure 47 Chemical Equilibrium for Butane/Isobutane Mixtures............................................................ 83 

Figure 48 UOP Butamer™ Process Flow Diagram ............................................................................... 85 

Figure 49 Cold Acid Extraction of Isobutylene Process ......................................................................... 87 

Figure 50 Axens Isopure™ Process Flow Diagram ............................................................................... 89 

Figure 51 Zeon Extractive Distillation Process for Butene-1 ................................................................. 93 

Figure 52 Axens AlphaButol® Ethylene Dimerization Process for Butene-1 ......................................... 96 

Figure 53 Chevron Phillips Full-Range LAO Distributions ..................................................................... 97 

Figure 54 Chevron Phillips Full-Range LAO Ethylene Oligomerization Process .................................. 98 

Figure 55 Lummus Technology CPT Process for Butene-1 Production .............................................. 102 

Figure 56 UOP/Hüls Selective Hydrogenation/Fractionation Routes to Butene-1 .............................. 104 

Figure 57 Selective Hydrogenation and Fractionation for Butene-1 Production ................................. 105 

Figure 58 Sinopec MTBE/Butene-1 Process, MTBE Section .............................................................. 109 

Figure 59 Sinopec MTBE/Butene-1 Process, Butene-1 Section ......................................................... 110 

Figure 60 Selective Hydrogenation with UOP Sorbutene Process for Butene-1 Production .............. 112 

Figure 61 Butylene Thermodynamic Composition at Atmospheric Pressure ...................................... 113 

Figure 62 Axens ISO-4 Skeletal Isomerization Process and Catalyst Regeneration System ............. 116 

Figure 63 SKIP Skeletal Isomerization Process Flow Diagram ........................................................... 119 

Figure 64 Butenex Process for Separation of n-Butanes and n-Butenes by Extractive 
Distillation ............................................................................................................................ 122 

Figure 65 C4 Processing Configuration for Case 1 (Option A) ............................................................ 124 

Figure 66 C4 Processing Configuration for Case 1 (Option B) ............................................................ 125 

Figure 67 C4 Processing Configuration for Case 1 (Option C) ............................................................ 126 

Figure 68 Typical Compositions of C4 Streams for Case 2 ................................................................. 127 

Figure 69 C4 Processing Configuration for Case 2 (Option A) ............................................................ 127 

Figure 70 C4 Processing Configuration for Case 2 (Option B) ............................................................ 128 

Figure 71 C4 Processing Configuration for Case 2 (Option C) ............................................................ 128 

Figure 72 C4 Processing Configuration for Case 3 .............................................................................. 129 

Figure 73 Cost of Production Comparison for Hydrogenation Processes, USGC .............................. 144 

Figure 74 Cost of Production Comparison for Ethylene for Cracker Options, USGC ......................... 145 

Figure 75 Cost of Production Comparison for Hydrogenation Processes, China ............................... 146 

Figure 76 Cost of Production Comparison for Ethylene for Cracker Options, China .......................... 147 

Figure 77 Cost of Production Comparison for Hydrogenation Processes, Middle East ...................... 148 

Figure 78 Cost of Production Comparison for Ethylene for Cracker Options, Middle East ................. 149 

Figure 79 Cost of Production Comparison for Hydrogenation Processes, Southeast Asia ................ 150 

Figure 80 Cost of Production Comparison for Ethylene for Cracker Options, Southeast Asia ........... 151 



Butadiene/Butylenes  July 2021 Report Contents 

 
TECHNOLOGY & COSTS 

 TECH 2021-8 Butadiene/Butylenes 

6 

100101.200.2021.008 

Figure 81 Cost of Production Comparison for Hydrogenation Processes, Western Europe ............... 152 

Figure 82 Cost of Production Comparison for Ethylene for Cracker Options, Western Europe .......... 153 

Figure 83 Regional Cost of Production Comparison for Selective Hydrogenation .............................. 154 

Figure 84 Regional Cost of Production Comparison for Full Hydrogenation ....................................... 154 

Figure 85 Regional Cost of Production Comparison for Ethylene from Naphtha Cracker with 
Butadiene Extraction ........................................................................................................... 155 

Figure 86 Regional Cost of Production Comparison for Ethylene from Naphtha Cracker with 
Full Hydrogenation and Recycle of Mixed C4s .................................................................... 155 

Figure 87 Regional Cost of Production Comparison for Ethylene from Naphtha Cracker with 
Selective Hydrogenation and Metathesis ............................................................................ 156 

Figure 88 Cost of Production Comparison for Butadiene Production, USGC ..................................... 158 

Figure 89 Cost of Production Comparison for Butadiene Production, China ...................................... 159 

Figure 90 Cost of Production Comparison for Butadiene Production, Middle East ............................. 160 

Figure 91 Cost of Production Comparison for Butadiene Production, Southeast Asia ....................... 161 

Figure 92 Cost of Production Comparison for Butadiene Production, Western Europe ..................... 162 

Figure 93 Regional Cost of Production Comparison for Butadiene via Extractive Distillation ............. 163 

Figure 94 Regional Cost of Production Comparison for Butadiene via Lummus CATADIENE 
Technology .......................................................................................................................... 163 

Figure 95 Regional Cost of Production Comparison for Butadiene via TPC/UOP OXO-D 
Technology .......................................................................................................................... 164 

Figure 96 Regional Cost of Production Comparison for Butadiene via Mitsubishi BTcB 
Technology .......................................................................................................................... 164 

Figure 97 Regional Cost of Production Comparison for Butadiene via UOP KLP Technology ........... 165 

Figure 98 Cost of Production Comparison for Isobutylene Production, USGC ................................... 167 

Figure 99 Cost of Production Comparison for Isobutylene Production, China .................................... 168 

Figure 100 Cost of Production Comparison for Isobutylene Production, Middle East........................... 169 

Figure 101 Cost of Production Comparison for Isobutylene Production, Southeast Asia ..................... 170 

Figure 102 Cost of Production Comparison for Isobutylene Production, Western Europe ................... 171 

Figure 103 Regional Cost of Production Comparison for Isobutylene via MTBE Cracking .................. 172 

Figure 104 Regional Cost of Production Comparison for Isobutylene via TBA Cracking ..................... 172 

Figure 105 Regional Cost of Production Comparison for Isobutylene via Lummus CATOFIN 
Technology .......................................................................................................................... 173 

Figure 106 Regional Cost of Production Comparison for Isobutylene via UOP Oleflex 
Technology .......................................................................................................................... 173 

Figure 107 Cost of Production Comparison for Butene-1 Production, USGC ....................................... 175 

Figure 108 Cost of Production Comparison for Butene-1 Production, China ........................................ 176 

Figure 109 Cost of Production Comparison for Butene-1 Production, Middle East .............................. 177 

Figure 110 Cost of Production Comparison for Butene-1 Production, Southeast Asia ......................... 178 

Figure 111 Cost of Production Comparison for Butene-1 Production, Western Europe ....................... 179 

Figure 112 Regional Cost of Production Comparison for Butene-1 vis Extractive Distillation .............. 180 

Figure 113 Regional Cost of Production Comparison for Butene-1 vis Ethylene Dimerization ............. 180 

Figure 114 Regional Cost of Production Comparison for Butene-1 via 
Isomerization/Fractionation ................................................................................................. 181 

Figure 115 Regional Cost of Production Comparison for Butene-1 via 
Hydrogenation/Fractionation ............................................................................................... 181 



Butadiene/Butylenes  July 2021 Report Contents 

 
TECHNOLOGY & COSTS 

 TECH 2021-8 Butadiene/Butylenes 

7 

100101.200.2021.008 

Figure 116 Regional Cost of Production Comparison for Butene-1 via Super Fractionation ................ 182 

Figure 117 Regional Cost of Production Comparison for Lummus CATOFIN Technology .................. 186 

Figure 118 Regional Cost of Production Comparison for UOP Butamer Technology ........................... 186 

Figure 119 Regional Cost of Production Comparison for Skeletal Isomerization Process ................... 187 

Figure 120 Regional Cost of Production Comparison for thyssenkrupp/Uhde Butenex 
Technology .......................................................................................................................... 187 

Figure 121 Simplified C4 Upgrading Configuration ................................................................................ 188 

Figure 122 Complex C4 Upgrading Configuration ................................................................................. 189 

Figure 123 Cost of Production Comparison for Butadiene Production, USGC ..................................... 191 

Figure 124 Cost of Production Comparison for Butadiene Production, China ...................................... 192 

Figure 125 Cost of Production Comparison for Butadiene Production, Middle East ............................. 193 

Figure 126 Cost of Production Comparison for Butadiene Production, Southeast Asia ....................... 194 

Figure 127 Cost of Production Comparison for Butadiene Production, Western Europe ..................... 195 

Figure 128 Regional Cost of Production Comparison for Butadiene via the Simple A 
Configuration ....................................................................................................................... 196 

Figure 129 Regional Cost of Production Comparison for Butadiene via the Simple B 
Configuration ....................................................................................................................... 196 

Figure 130 Regional Cost of Production Comparison for Butadiene via the Complex A 
Configuration ....................................................................................................................... 197 

Figure 131 Regional Cost of Production Comparison for Butadiene via the Complex B 
Configuration ....................................................................................................................... 197 

Figure 132 Regional Cost of Production Comparison for Butadiene via the Complex C 
Configuration ....................................................................................................................... 198 

Figure 133 Historical USGC Prices, 2010-2021 .................................................................................... 199 

Figure 134 Historical NEA/China Prices, 2010-2021 ............................................................................. 199 

Figure 135 Butadiene Cost of Production and Pricing, USGC .............................................................. 200 

Figure 136 Butadiene Cost of Production and Pricing, China ............................................................... 200 

Figure 137 C4 Stream Derivatives Chain ............................................................................................... 201 

Figure 138 Estimated Global Mixed C4 Demand by End Use, 2020 ..................................................... 202 

Figure 139 Estimated Isobutylene Availability from Steam Crackers and Refinery FCC Units, 
2020 ..................................................................................................................................... 205 

Figure 140 Global Butadiene Demand by End Use, 2020 ..................................................................... 208 

Figure 141 Global Butadiene Demand by Region, 2020 ....................................................................... 209 

Figure 142 Global Butadiene Capacity by Region, 2020 ....................................................................... 209 

Figure 143 Butadiene Supply, Demand, and Trade, Global .................................................................. 210 

Figure 144 Global Butadiene Net Trade ................................................................................................ 211 

Figure 145 North America Butadiene Demand by End Use, 2020 ........................................................ 212 

Figure 146 North America Butadiene Supply, Demand, and Trade ...................................................... 214 

Figure 147 Western Europe Butadiene Demand by End Use, 2020 ..................................................... 215 

Figure 148 Western Europe Butadiene Supply, Demand, and Trade ................................................... 218 

Figure 149 Asia Pacific Butadiene Demand by End Use, 2020 ............................................................ 219 

Figure 150 Asia Pacific Butadiene Demand by Country, 2020 .............................................................. 219 

Figure 151 Asia Pacific Butadiene Supply, Demand, and Trade........................................................... 223 

Figure 152 Global Butene-1 Demand by End Use, 2020 ...................................................................... 224 



Butadiene/Butylenes  July 2021 Report Contents 

 
TECHNOLOGY & COSTS 

 TECH 2021-8 Butadiene/Butylenes 

8 

100101.200.2021.008 

Figure 153 Global Butene-1 Demand by Region, 2020 ......................................................................... 224 

Figure 154 Global Butene-1 Capacity by Region, 2020 ........................................................................ 225 

Figure 155 Global Butene-1 Capacity by Process, 2020 ....................................................................... 225 

Figure 156 Global Butene-1 Supply, Demand and Trade ..................................................................... 226 

Figure 157 Global Butene-1 Net Trade .................................................................................................. 227 

Figure 158 North America Butene-1 Demand by End Use, 2020.......................................................... 227 

Figure 159 North America Butene-1 Supply, Demand, and Trade ........................................................ 229 

Figure 160 Western Europe Butene-1 Demand by End Use, 2020 ...................................................... 230 

Figure 161 Western Europe Butene-1 Supply, Demand, and Trade ..................................................... 232 

Figure 162 Asia Pacific Butene-1 Demand by End Use 2020 ............................................................... 232 

Figure 163 Asia Pacific Butene-1 Demand by Country, 2020 ............................................................... 233 

Figure 164 Butene-1 Supply, Demand, and Trade, Asia Pacific ........................................................... 236 
C  

  



Butadiene/Butylenes  July 2021 Report Contents 

 
TECHNOLOGY & COSTS 

 TECH 2021-8 Butadiene/Butylenes 

9 

100101.200.2021.008 

Tables 

Table 1 Hydrogenation Technology Developers and Licensors ......................................................... 17 

Table 2 Butadiene Technology Developers and Licensors ................................................................ 17 

Table 3 Isobutylene Technology Developers and Licensors .............................................................. 18 

Table 4 Butene-1 Technology Developers and Licensors .................................................................. 18 

Table 5 Key Physical and Thermodynamic Properties of Butadiene, Isobutylene, and 
Butene-1 ................................................................................................................................ 19 

Table 6 Typical Butadiene Specification ............................................................................................. 20 

Table 7 Typical High Purity Isobutylene Specifications ...................................................................... 20 

Table 8 Typical Butene-1 Specification .............................................................................................. 20 

Table 9 Naphtha Steam Cracker Mass Balance ................................................................................ 25 

Table 10 Hydrogenation Technology Developers and Licensors ......................................................... 26 

Table 11 Industrial Performance of a Selective Hydrogenation Unit Converting a Butadiene-
Rich Cut  for Maximum Butene-1 Production ........................................................................ 29 

Table 12 Composition of Various C4 Streams ...................................................................................... 33 

Table 13 Butadiene Technology Developers and Licensors ................................................................ 35 

Table 14 Typical Compositions of C4 Streams from Naphtha Cracking ............................................... 36 

Table 15 Typical C4 Feed Specifications for BASF Extractive Distillation Process .............................. 37 

Table 16 Component Boiling Point and Solubility in DMF .................................................................... 42 

Table 17 Typical Feedstock for CATADIENE® Process ....................................................................... 50 

Table 18 BTcB Process Performance with Various Feedstocks .......................................................... 57 

Table 19 Isobutylene Technology Developers and Licensors .............................................................. 63 

Table 20 Commercial Isobutane Dehydrogenation Technologies ....................................................... 70 

Table 21 Performance of Commercial Isobutane Dehydrogenation Technologies .............................. 71 

Table 22 Summary of Commercial Dehydrogenation Technologies .................................................... 71 

Table 23 STAR Process Conditions ..................................................................................................... 80 

Table 24 Butene-1 Technology Developers and Licensors .................................................................. 91 

Table 25 Component Solubility in DMF ................................................................................................ 92 

Table 26 Typical Specifications for Butene-1 from AlphaButol ............................................................ 94 

Table 27 Product Quality for Butene-1 from Lummus CPT ................................................................ 101 

Table 28 Composition of Feed Stream and Butene-1 Fractionation Product ..................................... 103 

Table 29 Stream Compositions and Mass Flow Rates for Sorbutene Butene-1 Production 
from Standard Conversion MTBE C4 Raffinate ................................................................... 111 

Table 30 Axens Isomerization Data .................................................................................................... 115 

Table 31 Axens ISO-4 Process Material Balances ............................................................................ 115 

Table 32 Snamprogetti Isomerization Operating Conditions .............................................................. 118 

Table 33 SKIP Process Material Balance ........................................................................................... 120 

Table 34 Mixed C4 and Butadiene Make as a Function of Cracker Feedstock and Severity ............. 123 

Table 35 Pricing Basis ........................................................................................................................ 141 

Table 36 Cost of Production Summary for Hydrogenation Processes, USGC .................................. 144 

Table 37 Cost of Production Summary for Ethylene for Cracker Options, USGC ............................. 145 

Table 38 Cost of Production Summary for Hydrogenation Processes, China ................................... 146 



Butadiene/Butylenes  July 2021 Report Contents 

 
TECHNOLOGY & COSTS 

 TECH 2021-8 Butadiene/Butylenes 

10 

100101.200.2021.008 

Table 39 Cost of Production Summary for Ethylene for Cracker Options, China .............................. 147 

Table 40 Cost of Production Summary for Hydrogenation Processes, Middle East .......................... 148 

Table 41 Cost of Production Summary for Ethylene for Cracker Options, Middle East ..................... 149 

Table 42 Cost of Production Summary for Hydrogenation Processes, Southeast Asia .................... 150 

Table 43 Cost of Production Summary for Ethylene for Cracker Options, Southeast Asia ............... 151 

Table 44 Cost of Production Summary for Hydrogenation Processes, Western Europe ................... 152 

Table 45 Cost of Production Summary for Ethylene for Cracker Options, Western Europe .............. 153 

Table 46 Cost of Production Summary for Butadiene Production, USGC ......................................... 158 

Table 47 Cost of Production Summary for Butadiene Production, China .......................................... 159 

Table 48 Cost of Production Summary for Butadiene Production, Middle East ................................. 160 

Table 49 Cost of Production Summary for Butadiene Production, Southeast Asia ........................... 161 

Table 50 Cost of Production Summary for Butadiene Production, Western Europe.......................... 162 

Table 51 Cost of Production Summary for Isobutylene Production, USGC ....................................... 167 

Table 52 Cost of Production Summary for Isobutylene Production, China ........................................ 168 

Table 53 Cost of Production Summary for Isobutylene Production, Middle East ............................... 169 

Table 54 Cost of Production Summary for Isobutylene Production, Southeast Asia ......................... 170 

Table 55 Cost of Production Summary for Isobutylene Production, Western Europe ....................... 171 

Table 56 Cost of Production Summary for Butene-1 Production, USGC ........................................... 175 

Table 57 Cost of Production Summary for Butene-1 Production, China ............................................ 176 

Table 58 Cost of Production Summary for Butene-1 Production, Middle East .................................. 177 

Table 59 Cost of Production Summary for Butene-1 Production, Southeast Asia ............................. 178 

Table 60 Cost of Production Summary for Butene-1 Production, Western Europe ........................... 179 

Table 61 Cost of Production Summary of Value-Added Processes, USGC ...................................... 183 

Table 62 Cost of Production Summary of Value-Added Processes, China ....................................... 184 

Table 63 Cost of Production Summary of Value-Added Processes, Middle East .............................. 184 

Table 64 Cost of Production Summary of Value-Added Processes, Southeast Asia ........................ 185 

Table 65 Cost of Production Summary of Value-Added Processes, Western Europe ...................... 185 

Table 66 Cost of Production Summary for Butadiene Production from Upgrading 
Configurations, USGC ......................................................................................................... 191 

Table 67 Cost of Production Summary for Butadiene Production from Upgrading 
Configurations, China .......................................................................................................... 192 

Table 68 Cost of Production Summary for Butadiene Production from Upgrading 
Configurations,  Middle East ................................................................................................ 193 

Table 69 Cost of Production Summary for Butadiene Production from Upgrading 
Configurations, Southeast Asia ........................................................................................... 194 

Table 70 Cost of Production Summary for Butadiene Production from Upgrading 
Configurations, Western Europe ......................................................................................... 195 

Table 71 Isobutylene Yield from Ethylene Production by Feedstock ................................................. 205 

Table 72 Global Butadiene Supply, Demand, and Trade ................................................................... 210 

Table 73 North America Butadiene Capacity, 2020 ........................................................................... 213 

Table 74 North America Butadiene Supply, Demand, and Trade ...................................................... 214 

Table 75 Western Europe Butadiene Capacity, 2020 ........................................................................ 216 

Table 76 Western Europe Butadiene Supply, Demand, and Trade ................................................... 218 

Table 77 Asia Pacific Butadiene Capacity, 2020 ................................................................................ 220 



Butadiene/Butylenes  July 2021 Report Contents 

 
TECHNOLOGY & COSTS 

 TECH 2021-8 Butadiene/Butylenes 

11 

100101.200.2021.008 

Table 78 Asia Pacific Butadiene Supply, Demand, and Trade........................................................... 223 

Table 79 Global Butene-1 Supply, Demand and Trade ..................................................................... 226 

Table 80 North America Butene-1 Capacity, 2020 ............................................................................. 228 

Table 81 North America Butene-1 Supply, Demand, and Trade ........................................................ 229 

Table 82 Western Europe Butene-1 Capacity, 2020 .......................................................................... 231 

Table 83 Western Europe Butene-1 Supply, Demand, and Trade ..................................................... 231 

Table 84 Asia Pacific Butene-1 Capacity, 2020 ................................................................................. 234 

Table 85 Butene-1 Supply, Demand, and Trade, Asia Pacific ........................................................... 236 

Table 86 Cost of Production Estimate for: C4 Olefins  
Process: Axens, Selective Hydrogenation of Cracker Mixed C4s, USGC Basis ................. 240 

Table 87 Cost of Production Estimate for: Mixed Butanes  
Process: Lummus, Full Hydrogenation of Cracker Mixed C4s, USGC Basis ...................... 241 

Table 88 Cost of Production Estimate for: Ethylene  
Process: Steam Cracking of Naphtha with Butadiene Extraction, USGC Basis ................. 242 

Table 89 Cost of Production Estimate for: Ethylene  
Process: Steam Cracking of Naphtha with Full Hydrogenation and Recycle of 
Mixed C4s, USGC Basis ...................................................................................................... 243 

Table 90 Cost of Production Estimate for: Ethylene  
Process: Steam Cracking of Naphtha with Selective Hydrogenation and 
Metathesis, USGC Basis ..................................................................................................... 244 

Table 91 Cost of Production Estimate for: Butadiene  
Process: BASF, Extractive Distillation using NMP, USGC Basis ........................................ 245 

Table 92 Cost of Production Estimate for: Butadiene  
Process: Lummus, CATADIENE + Extractive Distillation, USGC Basis ............................. 246 

Table 93 Cost of Production Estimate for: Butadiene  
Process: TPC/UOP, OXO-D + Extractive Distillation, USGC Basis .................................... 247 

Table 94 Cost of Production Estimate for: Butadiene  
Process: Mitsubishi, BTcB + Extractive Distillation, USGC Basis ....................................... 248 

Table 95 Cost of Production Estimate for: Butadiene  
Process: UOP, KLP + Single-Stage Extractive Distillation, USGC Basis ........................... 249 

Table 96 Cost of Production Estimate for: Isobutylene  
Process: MTBE Cracking, USGC Basis .............................................................................. 250 

Table 97 Cost of Production Estimate for: Isobutylene  
Process: TBA Cracking, USGC Basis ................................................................................. 251 

Table 98 Cost of Production Estimate for: Isobutylene  
Process: Lummus, CATOFIN, Isobutane Dehydrogenation, USGC Basis ......................... 252 

Table 99 Cost of Production Estimate for: Isobutylene  
Process: UOP, Olefex, Isobutane Dehydrogenation, USGC Basis ..................................... 253 

Table 100 Cost of Production Estimate for: Butene-1  
Process: Zeon, Extractive Distillation, USGC Basis ............................................................ 254 

Table 101 Cost of Production Estimate for: Butene-1  
Process: Axens, AlphaButol, Ethylene Dimerization, USGC Basis ..................................... 255 

Table 102 Cost of Production Estimate for: Butene-1  
Process: Lummus, CPT, Isomerization/Fractionation, USGC Basis ................................... 256 

Table 103 Cost of Production Estimate for: Butene-1  
Process: UOP/Hüls, Selective Hydrogenation/Fractionation, USGC Basis ........................ 257 



Butadiene/Butylenes  July 2021 Report Contents 

 
TECHNOLOGY & COSTS 

 TECH 2021-8 Butadiene/Butylenes 

12 

100101.200.2021.008 

Table 104 Cost of Production Estimate for: Butene-1  
Process: Super Fractionation, USGC Basis ........................................................................ 258 

Table 105 Cost of Production Estimate for: n-Butenes  
Process: Lummus, CATOFIN, n-Butane Dehydrogenation, USGC Basis .......................... 259 

Table 106 Cost of Production Estimate for: Isobutane  
Process: UOP, Butamer, Butane to Isobutane Isomerization, USGC Basis ....................... 260 

Table 107 Cost of Production Estimate for: Pseudo Raffinate-1  
Process: Skeletal Isomerization, n-Butene to Isobutylene USGC Basis ............................. 261 

Table 108 Cost of Production Estimate for: Butenes  
Process: thyssenkrupp/Uhde, Butenex, Butane/Butene Separation, USGC Basis ............ 262 

Table 109 Cost of Production Estimate for: Butadiene  
Process: Simplified Upgrading Chain including Selective Hydrogenation and MTBE 
Cracking, with Isobutylene and Butene-1, USGC Basis...................................................... 263 

Table 110 Cost of Production Estimate for: Butadiene  
Process: Simplified Upgrading Chain including Selective Hydrogenation, with 
MTBE and Butene-1,  USGC Basis ..................................................................................... 264 

Table 111 Cost of Production Estimate for: Butadiene  
Process: Complex Upgrading Chain including MTBE Cracking, with Isobutylene 
and Butene-1, USGC Basis ................................................................................................. 265 

Table 112 Cost of Production Estimate for: Butadiene  
Process: Complex Upgrading Chain including MTBE Cracking and OXO-D, with 
Isobutylene and Butene-1, USGC Basis ............................................................................. 266 

Table 113 Cost of Production Estimate for: Butadiene  
Process: Complex Upgrading Chain including MTBE Cracking, Butenex, and 
Skeletal Isomerization, with Isobutylene and Butene-1, USGC Basis ................................ 267 

Table 114 Cost of Production Estimate for: C4 Olefins  
Process: Axens, Selective Hydrogenation of Cracker Mixed C4s, China Basis ................. 268 

Table 115 Cost of Production Estimate for: Mixed Butanes  
Process: Lummus, Full Hydrogenation of Cracker Mixed C4s, China Basis ...................... 269 

Table 116 Cost of Production Estimate for: Ethylene  
Process: Steam Cracking of Naphtha with Butadiene Extraction, China Basis .................. 270 

Table 117 Cost of Production Estimate for: Ethylene  
Process: Steam Cracking of Naphtha with Full Hydrogenation and Recycle of 
Mixed C4s, China Basis ....................................................................................................... 271 

Table 118 Cost of Production Estimate for: Ethylene  
Process: Steam Cracking of Naphtha with Selective Hydrogenation and 
Metathesis, China Basis ...................................................................................................... 272 

Table 119 Cost of Production Estimate for: Butadiene  
Process: BASF, Extractive Distillation using NMP, China Basis ......................................... 273 

Table 120 Cost of Production Estimate for: Butadiene  
Process: Lummus, CATADIENE + Extractive Distillation, China Basis .............................. 274 

Table 121 Cost of Production Estimate for: Butadiene  
Process: TPC/UOP, OXO-D + Extractive Distillation, China Basis ..................................... 275 

Table 122 Cost of Production Estimate for: Butadiene  
Process: Mitsubishi, BTcB + Extractive Distillation, China Basis ........................................ 276 

Table 123 Cost of Production Estimate for: Butadiene  
Process: UOP, KLP + Single-Stage Extractive Distillation, China Basis ............................ 277 



Butadiene/Butylenes  July 2021 Report Contents 

 
TECHNOLOGY & COSTS 

 TECH 2021-8 Butadiene/Butylenes 

13 

100101.200.2021.008 

Table 124 Cost of Production Estimate for: Isobutylene  
Process: MTBE Cracking, China Basis ............................................................................... 278 

Table 125 Cost of Production Estimate for: Isobutylene  
Process: TBA Cracking, China Basis .................................................................................. 279 

Table 126 Cost of Production Estimate for: Isobutylene  
Process: Lummus, CATOFIN, Isobutane Dehydrogenation, China Basis .......................... 280 

Table 127 Cost of Production Estimate for: Isobutylene  
Process: UOP, Olefex, Isobutane Dehydrogenation, China Basis ...................................... 281 

Table 128 Cost of Production Estimate for: Butene-1  
Process: Zeon, Extractive Distillation, China Basis ............................................................. 282 

Table 129 Cost of Production Estimate for: Butene-1  
Process: Axens, AlphaButol, Ethylene Dimerization, China Basis ...................................... 283 

Table 130 Cost of Production Estimate for: Butene-1  
Process: Lummus, CPT, Isomerization/Fractionation, China Basis .................................... 284 

Table 131 Cost of Production Estimate for: Butene-1  
Process: UOP/Hüls, Selective Hydrogenation/Fractionation, China Basis ......................... 285 

Table 132 Cost of Production Estimate for: Butene-1  
Process: Super Fractionation, China Basis ......................................................................... 286 

Table 133 Cost of Production Estimate for: n-Butenes  
Process: Lummus, CATOFIN, n-Butane Dehydrogenation, China Basis ........................... 287 

Table 134 Cost of Production Estimate for: Isobutane  
Process: UOP, Butamer, Butane to Isobutane Isomerization, China Basis ........................ 288 

Table 135 Cost of Production Estimate for: Pseudo Raffinate-1  
Process: Skeletal Isomerization, n-Butene to Isobutylene, China Basis ............................. 289 

Table 136 Cost of Production Estimate for: Butenes  
Process: thyssenkrupp/Uhde, Butenex, Butane/Butene Separation, China Basis ............. 290 

Table 137 Cost of Production Estimate for: Butadiene  
Process: Simplified Upgrading Chain including Selective Hydrogenation and MTBE 
Cracking, with Isobutylene and Butene-1, China Basis....................................................... 291 

Table 138 Cost of Production Estimate for: Butadiene  
Process: Simplified Upgrading Chain including Selective Hydrogenation, with 
MTBE and Butene-1,  China Basis ...................................................................................... 292 

Table 139 Cost of Production Estimate for: Butadiene  
Process: Complex Upgrading Chain including MTBE Cracking, with Isobutylene 
and Butene-1,  China Basis ................................................................................................. 293 

Table 140 Cost of Production Estimate for: Butadiene  
Process: Complex Upgrading Chain including MTBE Cracking and OXO-D, with 
Isobutylene and Butene-1, China Basis .............................................................................. 294 

Table 141 Cost of Production Estimate for: Butadiene  
Process: Complex Upgrading Chain including MTBE Cracking, Butenex, and 
Skeletal Isomerization, with Isobutylene and Butene-1, China Basis ................................. 295 

D  

 

 

  



Butadiene/Butylenes  July 2021 Report Contents 

 
TECHNOLOGY & COSTS 

 TECH 2021-8 Butadiene/Butylenes 

14 

100101.200.2021.008 

 
 

TECHNOLOGY & COSTS 

 

Technoeconomics - Energy & Chemicals 
(TECH) 

 
 

The NexantECA Subscriptions’ Technoeconomics - Energy & Chemicals (TECH) 
program is recognized globally as the industry standard source for information 
relevant to the chemical process and refining industries.  Technoeconomics - 
Energy & Chemicals (TECH) reports are available as a subscription program or 
on a single report basis. 

 
Contact Details: 
 

Americas: 
Marcos Nogueira Cesar, Vice President, Global Subscriptions and Reports 
Phone: + 1-914-609-0324, e-mail: mcesar@NexantECA.com 
 
Erica Hill, Client Services Coordinator, Subscriptions and Reports 
Phone: + 1-914-609-0386, e-mail: ehill@NexantECA.com 
 
EMEA: 
Anna Ibbotson, Vice President, Sales and Marketing 
Phone: +44-207-950-1528, aibbotson@NexantECA.com 
 
Asia: 
Chommanad Thammanayakatip, Managing Consultant 
Phone: +66-2793-4606, email: chommanadt@NexantECA.com  
 
NexantECA Subscriptions and Reports provide clients with comprehensive analytics, forecasts and insights for the chemicals, polymers, 
energy and cleantech industries.  Using a combination of business and technical expertise, with deep and broad understanding of markets, 
technologies and economics, NexantECA provides solutions that our clients have relied upon for over 50 years. 
 

Copyright © 2000-2021 NexantECA (BVI) Limited.  All rights reserved 

 


