
Olefins from Mixed Plastics Waste – Are Thermolysis Routes Viable?  September 2020 Report Contents 

 
SPECIAL REPORTS 

  Olefins from Mixed Plastics Waste – Are Thermolysis Routes Viable? 

1 

101390.300.2020.02 

SPECIAL REPORTS 

 

Olefins from Mixed Plastics Waste – Are 
Thermolysis Routes Viable? 

Table of Contents 

A Report by E&CA Americas LLC.  

Published Date: September 2020 

www.nexanteca.com/subscriptions-and-reports 

Contents 

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

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

1.2 Mixed Plastics Waste Feedstock .......................................................................................... 3 

1.2.1 Plastic Waste Overview ............................................................................................ 3 

1.2.2 Recycling Regulation/Legislation ............................................................................. 4 

1.2.3 Challenges of Mixed Plastics Waste Recycling ....................................................... 4 

1.3 Thermolysis Processes ......................................................................................................... 5 

1.4 Thermolysis Plant Location ................................................................................................... 6 

1.5 Pyrolysis (Catalytic and Non-Catalytic) of Mixed Plastics Waste .......................................... 7 

1.5.1 Introduction ............................................................................................................... 7 

1.5.2 Profiles of Selected Pyrolysis Technology Developers ............................................ 8 

1.5.3 Ranking of Pyrolysis Technology Developers .......................................................... 9 

1.6 Gasification of Mixed Plastics Waste/MSW ........................................................................ 10 

1.6.1 Introduction ............................................................................................................. 10 

1.6.2 Profiles of Selected Gasification Technology Developers ..................................... 11 

1.6.3 Ranking of Gasification Technology Developers ................................................... 11 

1.7 Economic Analysis of Thermolysis Technologies and Olefins Production ......................... 13 

1.7.1 Production Cost Estimates of Pyrolysis Products .................................................. 13 

1.7.2 Production Cost Estimates of Gasification Products .............................................. 13 

1.7.3 Production Cost Estimates of Olefins from Pyrolysis Products .............................. 14 

1.7.4 Production Cost Estimates of Olefins from Gasification Products ......................... 15 

1.7.5 Conclusions ............................................................................................................ 16 

1.8 Competitiveness of Olefins Production ............................................................................... 17 

1.8.1 Feedstock from Mixed Plastics Waste ................................................................... 17 

1.8.2 Historical Petrochemical Prices .............................................................................. 20 

1.9 Strategic and Business Considerations .............................................................................. 22 

1.9.1 Is Thermolysis Profitable? ...................................................................................... 22 



Olefins from Mixed Plastics Waste – Are Thermolysis Routes Viable?  September 2020 Report Contents 

 
SPECIAL REPORTS 

  Olefins from Mixed Plastics Waste – Are Thermolysis Routes Viable? 

2 

101390.300.2020.02 

1.9.2 Potential Price Premium ......................................................................................... 23 

1.9.3 SWOT Analysis ...................................................................................................... 24 

1.9.4 Mixed Plastics Waste Requirement ....................................................................... 24 

1.9.5 Thermolysis Trends for the Future ......................................................................... 25 

2 Mixed Plastics Waste Feedstock...................................................................................................... 26 

2.1 Drivers for Thermolysis of Mixed Plastics Waste ................................................................ 26 

2.2 Waste Overview .................................................................................................................. 28 

2.3 Plastic Waste Stream .......................................................................................................... 29 

2.3.1 Packaging Introduction ........................................................................................... 29 

2.3.2 Composition/Contaminants of Plastic Waste Streams ........................................... 34 

2.3.3 Availability and Prices of Plastic Waste Stream ..................................................... 37 

2.3.4 Major Suppliers of Plastic Waste ........................................................................... 41 

2.3.5 Issues Associated with Plastic Waste Management .............................................. 46 

2.4 Recycling Regulation/Legislation ........................................................................................ 47 

2.4.1 United States .......................................................................................................... 48 

2.4.2 Europe .................................................................................................................... 55 

2.4.3 Asia Pacific ............................................................................................................. 64 

2.5 Mixed Plastics Waste Value Chain ..................................................................................... 73 

2.5.1 Plastics Collection/Sorting/Recycling/Re-fabrication ............................................. 73 

2.5.2 Mixed Plastics Supply ............................................................................................ 82 

2.5.3 Challenges of Mixed Plastics Waste Recycling ..................................................... 90 

3 Thermolysis Processes .................................................................................................................... 91 

3.1 Introduction .......................................................................................................................... 91 

3.2 Thermolysis Overview ......................................................................................................... 92 

3.3 Thermolysis Technologies and Conversion to Olefins ........................................................ 95 

3.3.1 Thermolytic Conversion of Mixed Plastics Waste .................................................. 96 

3.3.2 Conversion of Plastic Waste-Derived Materials to Olefins ................................... 103 

4 Thermolysis Plant Location Analysis .............................................................................................. 107 

4.1 Issues and Challenges/Factors Affecting Location ........................................................... 107 

4.1.1 Permitting/Environmental Regulations ................................................................. 108 

4.1.2 Waste Availability ................................................................................................. 110 

4.1.3 Product Markets ................................................................................................... 110 

4.2 Delivery of Mixed Plastics Waste Feedstock .................................................................... 115 

4.2.1 United States ........................................................................................................ 115 

4.2.2 United Kingdom .................................................................................................... 116 

4.3 Supply Analysis Associated with Products ........................................................................ 116 

4.3.1 Products ............................................................................................................... 116 

4.3.2 Use/Trade ............................................................................................................. 117 

5 Pyrolysis (Catalytic and Non-Catalytic) of Mixed Plastics Waste ................................................... 120 

5.1 Introduction to Pyrolysis .................................................................................................... 120 

5.1.1 General Factors Affecting Pyrolysis Process ....................................................... 123 

5.1.2 Types of Pyrolysis Reactors ................................................................................. 125 



Olefins from Mixed Plastics Waste – Are Thermolysis Routes Viable?  September 2020 Report Contents 

 
SPECIAL REPORTS 

  Olefins from Mixed Plastics Waste – Are Thermolysis Routes Viable? 

3 

101390.300.2020.02 

5.1.3 Feedstock Characteristics .................................................................................... 127 

5.1.4 Catalyst ................................................................................................................ 128 

5.1.5 Pyrolysis Products ................................................................................................ 129 

5.2 High Level Profiles of Pyrolysis Technology Developers .................................................. 129 

5.2.1 Agilyx (Non-Catalytic) ........................................................................................... 130 

5.2.2 Braven Environmental (formerly Golden Renewable Energy)  
(Non-Catalytic) ..................................................................................................... 133 

5.2.3 Brightmark (formerly Brightmark Energy) (Non-Catalytic) ................................... 134 

5.2.4 Clariter (Non-Catalytic) ......................................................................................... 136 

5.2.5 Fuenix Ecogy/Dow (Non-Catalytic) ...................................................................... 137 

5.2.6 GreenMantra (Catalytic) ....................................................................................... 138 

5.2.7 Klean Industries (Catalytic) .................................................................................. 139 

5.2.8 Licella (Mura Technology) (Catalytic) ................................................................... 143 

5.2.9 LyondellBasell (MoReTec) with Karlsruhe Institute of Technology 
(Catalytic) ............................................................................................................. 146 

5.2.10 Nexus Fuels (Non-Catalytic) ................................................................................ 146 

5.2.11 OMV (Non-Catalytic) ............................................................................................ 148 

5.2.12 Plastic Energy (Non-Catalytic) ............................................................................. 149 

5.2.13 Pyrowave (Catalytic) ............................................................................................ 153 

5.2.14 Quantafuel (Non-Catalytic) ................................................................................... 154 

5.2.15 Recenso/CARBOLIQ (Catalytic) .......................................................................... 158 

5.2.16 Recycling Technologies (Non-Catalytic) .............................................................. 161 

5.2.17 Renewlogy (Catalytic) .......................................................................................... 163 

5.2.18 Vadxx (Non-Catalytic) .......................................................................................... 167 

5.3 Additional Mixed Plastics Waste Pyrolysis Technology Developers ................................. 168 

5.4 Ranking of Profiled Pyrolysis Technology Developers ..................................................... 170 

5.4.1 Background (KT Decision-Making Model) ............................................................ 170 

5.4.2 Evaluation Criteria and Weighting ........................................................................ 170 

5.4.3 Ranking Results ................................................................................................... 176 

6 Gasification of Mixed Plastics Waste/MSW ................................................................................... 178 

6.1 Introduction to Gasification Technology ............................................................................ 178 

6.1.1 Types of Gasifiers ................................................................................................ 179 

6.1.2 Feedstock Characteristics .................................................................................... 181 

6.1.3 Gasification Product - Syngas .............................................................................. 182 

6.2 High Level Profiles of Gasification Technology Developers ............................................. 186 

6.2.1 Advanced Plasma Power/Wood Group ................................................................ 186 

6.2.2 Concord Blue ........................................................................................................ 188 

6.2.3 Covanta ................................................................................................................ 189 

6.2.4 Eastman ............................................................................................................... 191 

6.2.5 Ebara Environmental Plant .................................................................................. 192 

6.2.6 Ecoloop GmbH ..................................................................................................... 193 

6.2.7 Enerkem ............................................................................................................... 195 

6.2.8 EnerSol Technologies .......................................................................................... 196 



Olefins from Mixed Plastics Waste – Are Thermolysis Routes Viable?  September 2020 Report Contents 

 
SPECIAL REPORTS 

  Olefins from Mixed Plastics Waste – Are Thermolysis Routes Viable? 

4 

101390.300.2020.02 

6.2.9 Entech Renewable Energy Solutions ................................................................... 197 

6.2.10 Fulcrum Bioenergy ............................................................................................... 199 

6.2.11 InEnTec ................................................................................................................ 199 

6.2.12 Interstate Waste Technologies ............................................................................. 201 

6.2.13 Maverick Synfuels ................................................................................................ 202 

6.2.14 NIPPON STEEL ENGINEERING ......................................................................... 204 

6.2.15 Plasco Conversion Technologies ......................................................................... 205 

6.2.16 PowerHouse Energy Group ................................................................................. 207 

6.2.17 PyroGenesis Canada Inc. .................................................................................... 208 

6.2.18 TCG Global .......................................................................................................... 210 

6.2.19 Wuhan Kaidi/Alter NRG ........................................................................................ 212 

6.3 Additional Gasification Technology Developers ................................................................ 214 

6.4 Ranking of Profiled Gasification Technology Developers ................................................. 215 

6.4.1 Background (KT Decision- Making Model) ........................................................... 215 

6.4.2 K-T Evaluation Criteria and Weighting ................................................................. 215 

6.4.3 Ranking Results ................................................................................................... 221 

7 Economic Analysis of Thermolysis Technologies and Olefins Production .................................... 223 

7.1 Economic Basis ................................................................................................................. 223 

7.1.1 Investment Basis .................................................................................................. 223 

7.1.2 Pricing Basis ......................................................................................................... 223 

7.1.3 Cost of Production Basis ...................................................................................... 224 

7.2 Economic Analysis of Thermolysis Technologies ............................................................. 225 

7.2.1 Production Cost Estimates of Pyrolysis Products ................................................ 225 

7.2.2 Production Cost Estimates of Gasification Products ............................................ 228 

7.3 Economic Analysis of Olefins Production .......................................................................... 233 

7.3.1 Production Cost Estimates of Olefins from Pyrolysis Products ............................ 233 

7.3.2 Production Cost Estimates of Olefins from Gasification Products ....................... 236 

7.4 Conclusions ....................................................................................................................... 238 

7.4.1 Pyrolysis ............................................................................................................... 238 

7.4.2 Gasification ........................................................................................................... 239 

8 Competitiveness of Olefins Production .......................................................................................... 240 

8.1 Oil Price Scenarios and Petrochemical Price Forecasts ................................................... 240 

8.1.1 Introduction ........................................................................................................... 240 

8.1.2 Scenarios ............................................................................................................. 241 

8.1.3 Crude Oil .............................................................................................................. 241 

8.1.4 Crude Oil Scenarios ............................................................................................. 242 

8.1.5 Naphtha Forecasts ............................................................................................... 243 

8.1.6 Methanol Forecasts .............................................................................................. 244 

8.1.7 Ethylene Forecasts ............................................................................................... 245 

8.2 Regional Competitiveness Analysis .................................................................................. 248 

8.2.1 Plant Scale ........................................................................................................... 248 

8.2.2 Feedstock from Mixed Plastics Waste ................................................................. 250 



Olefins from Mixed Plastics Waste – Are Thermolysis Routes Viable?  September 2020 Report Contents 

 
SPECIAL REPORTS 

  Olefins from Mixed Plastics Waste – Are Thermolysis Routes Viable? 

5 

101390.300.2020.02 

8.2.3 Historical Petrochemical Prices ............................................................................ 253 

8.2.4 Forecast Petrochemical Prices ............................................................................ 257 

9 Strategic and Business Considerations ......................................................................................... 260 

9.1 Introduction ........................................................................................................................ 260 

9.2 Importance of Material Recovery Facilities ....................................................................... 261 

9.3 Is Thermolysis Profitable? ................................................................................................. 263 

9.4 Thermolysis Feedstock Sources ....................................................................................... 265 

9.4.1 Mixed Plastics Waste ........................................................................................... 265 

9.4.2 Municipal Solid Waste .......................................................................................... 266 

9.5 Potential Price Premium .................................................................................................... 269 

9.6 Certifications ...................................................................................................................... 270 

9.7 Development and Structure of the Recycling Industry - A look at Industrial 
Plastic Scrap ..................................................................................................................... 271 

9.7.1 Captive versus Merchant Recycling ..................................................................... 271 

9.8 Types of Recycling Companies ......................................................................................... 273 

9.8.1 Brand Owners ...................................................................................................... 274 

9.8.2 Resin Producers ................................................................................................... 274 

9.8.3 Waste Companies ................................................................................................ 275 

9.9 SWOT Analysis ................................................................................................................. 275 

9.10 Porter’s Five Forces Analysis ............................................................................................ 276 

9.11 Multilayer Packaging Recycling ........................................................................................ 276 

9.11.1 Selective Dissolution and Precipitation ................................................................ 277 

9.12 Conclusions ....................................................................................................................... 283 

9.12.1 Pyrolysis versus Gasification ............................................................................... 283 

9.12.2 Contamination ...................................................................................................... 283 

9.12.3 Economics and Mixed Plastics Waste Requirement ............................................ 284 

9.12.4 Sustainability ........................................................................................................ 285 

9.12.5 Strategy of Brand Owners to Reduce Plastic Litter .............................................. 287 

9.12.6 Thermolysis Trends for the Future ....................................................................... 288 
A  

 

Appendices 

A Pyrolysis Products and Olefins Cost of Production Estimates ....................................................... 291 

B Gasification Products and Olefins Cost of Production Estimates .................................................. 301 

C Definitions of Capital Cost Terms Used in Process Economics ..................................................... 316 

D Definitions of Operating Cost Terms Used in Process Economics ................................................ 321 

E References ..................................................................................................................................... 324 
B  

  



Olefins from Mixed Plastics Waste – Are Thermolysis Routes Viable?  September 2020 Report Contents 

 
SPECIAL REPORTS 

  Olefins from Mixed Plastics Waste – Are Thermolysis Routes Viable? 

6 

101390.300.2020.02 

Figures 

Figure 1 Using Thermolysis to Create a Circular Economy ................................................................... 2 

Figure 2 Global Waste Composition, 2018 ............................................................................................ 3 

Figure 3 Pyrolysis Schematic ................................................................................................................ 5 

Figure 4 Gasification Schematic ............................................................................................................ 6 

Figure 5 Thermal Plastic Waste Conversion Technologies ................................................................... 6 

Figure 6 Summary of Pyrolysis Technology Ranking .......................................................................... 10 

Figure 7 Summary of Gasification Technology Ranking ..................................................................... 12 

Figure 8 Summary of Syn-Naphtha Production Costs ......................................................................... 13 

Figure 9 Summary of Methanol Production Costs ............................................................................... 14 

Figure 10 Summary of Olefins from Naphtha Production Costs - Pyrolysis .......................................... 15 

Figure 11 Summary of Olefins from Methanol Production Costs - Gasification .................................... 16 

Figure 12 Sensitivity of Ethylene Cost of Production and ROCE to MPW Feed - Pyrolysis ................. 18 

Figure 13 Sensitivity of Ethylene Cost of Production and ROCE to MPW Feed - Gasification ............. 19 

Figure 14 Historical Global Ethylene Prices with MPW-Ethylene Costs (Naphtha and MTO) .............. 20 

Figure 15 Historical Global Ethylene Prices with MPW-Naphtha Cracker Feed ................................... 21 

Figure 16 Historical Global Ethylene Prices with MPW-Methanol MTO Feed ....................................... 21 

Figure 17 Global Waste Composition, 2018 .......................................................................................... 28 

Figure 18 Global Plastics Consumption by Sector, 2016 ...................................................................... 29 

Figure 19 Global Plastics Packaging Consumption by Plastic, 2019 .................................................... 30 

Figure 20 Global Packaging Market Value Breakdown ......................................................................... 31 

Figure 21 Global Packaging Market by End Use, 2019 ......................................................................... 33 

Figure 22 Global Flexible Plastic Packaging, 2019 ............................................................................... 34 

Figure 23 Plastic Waste Management in the United States .................................................................. 37 

Figure 24 Plastic Waste Management in the United Kingdom .............................................................. 38 

Figure 25 Global Post-Consumer Plastics Recycled Market ................................................................. 38 

Figure 26 Plastic Waste Prices in the United States and United Kingdom ........................................... 39 

Figure 27 Plastic Scrap Prices in the United States .............................................................................. 40 

Figure 28 Plastic Scrap Prices in the United Kingdom .......................................................................... 40 

Figure 29 Top Five Exporters of Plastic Waste in the World ................................................................. 46 

Figure 30 States with Mandatory Recycling Laws ................................................................................. 50 

Figure 31 Most Commonly Banned Materials in the United States ....................................................... 50 

Figure 32 Materials Affected by Mandatory Recycling .......................................................................... 51 

Figure 33 State with Enacted Plastic Bag Legislation ........................................................................... 52 

Figure 34 Global Plastic Recycling Rates .............................................................................................. 55 

Figure 35 Countries with Plastic Bag Bans ............................................................................................ 56 

Figure 36 Circular Economy Concept for Plastics - 2017 ...................................................................... 57 

Figure 37 Plastic Packaging Recycling Rates ....................................................................................... 59 

Figure 38 Summary of Regulation on Plastics in China ........................................................................ 64 

Figure 39 MRFs Facilities in the United States, 2019 ........................................................................... 77 

Figure 40 Recycling Options for Plastics ............................................................................................... 81 

Figure 41  Sorting Facility (Duales System in Germany) ........................................................................ 84 



Olefins from Mixed Plastics Waste – Are Thermolysis Routes Viable?  September 2020 Report Contents 

 
SPECIAL REPORTS 

  Olefins from Mixed Plastics Waste – Are Thermolysis Routes Viable? 

7 

101390.300.2020.02 

Figure 42  ASR Flow Diagram ................................................................................................................ 86 

Figure 43 Global E-Waste Breakdown by Source ................................................................................. 87 

Figure 44 Electronics Waste Recycling Process ................................................................................... 88 

Figure 45 Europe Building and Construction Post-consumer Plastic Waste, 2018 ............................... 89 

Figure 46 Chemical Recycling Categories ............................................................................................. 92 

Figure 47 Pyrolysis Schematic .............................................................................................................. 92 

Figure 48 Gasification Schematic .......................................................................................................... 93 

Figure 49 Incineration Schematic .......................................................................................................... 93 

Figure 50 Carbon Dioxide-Equivalent Emissions .................................................................................. 94 

Figure 51 Thermal Plastic Waste Conversion Technologies ................................................................. 95 

Figure 52  Plastics to Liquid Fuel Recycling Process ............................................................................. 97 

Figure 53 Methanol Production Schematic ............................................................................................ 98 

Figure 54  Generic Gasification Process Train ..................................................................................... 100 

Figure 55  Air Liquide Single Stage Methanol Simplified Process Flow Diagram ................................ 102 

Figure 56  TechnipFMC Liquids Cracker Simplified Process Flow, Stone & Webster Design ............. 104 

Figure 57  UOP Advanced MTO Process: Reaction and Olefins Recovery ......................................... 106 

Figure 58 States with Advanced Recycling Legislation ....................................................................... 109 

Figure 59 Cracker Locations in North America .................................................................................... 111 

Figure 60 Cracker Locations in Western Europe ................................................................................. 111 

Figure 61 Cracker Locations in Northeast Asia ................................................................................... 112 

Figure 62 Cracker Locations in Rest of Asia ....................................................................................... 112 

Figure 63 Methanol Plant Locations in North America ........................................................................ 113 

Figure 64 Methanol Plant Locations in Western Europe ..................................................................... 114 

Figure 65 Methanol Plant Locations in China ...................................................................................... 114 

Figure 66 Methanol Plant Locations in Rest of Asia ............................................................................ 115 

Figure 67 Global Net Trade of Naphtha ............................................................................................... 118 

Figure 68 Steam Cracker Product Ratios ............................................................................................ 119 

Figure 69 Global Methanol Trade Flows .............................................................................................. 119 

Figure 70  Plastics to Liquid Fuel Recycling Process ........................................................................... 122 

Figure 71 Reactor Comparison for Plastic Pyrolysis ........................................................................... 127 

Figure 72 Main Products from Catalytic Pyrolysis of Polyolefins with Different Catalysts .................. 128 

Figure 73 Typical Pyrolysis Products ................................................................................................... 129 

Figure 74  Agilyx Pyrolysis Process ...................................................................................................... 132 

Figure 75  Klean Industries/Sapporo Plastics  Recycling Plastic to Fuel Flow Diagram ...................... 141 

Figure 76  Mura Technology Cat-HTR™ Process ................................................................................ 145 

Figure 77  Nexus Fuels - Plastics to  Fuel Pyrolysis Technology ......................................................... 147 

Figure 78  Plastic Energy – TAC Process ............................................................................................ 152 

Figure 79 Quantafuel Plastic to Liquid Fuel Process Schematic ......................................................... 156 

Figure 80 Quantafuel Simplified Process Steps .................................................................................. 156 

Figure 81 Quantafuel Product Distribution for PTL Process – Initial Focus ........................................ 157 

Figure 82 Quantafuel Product Distribution for PTL Process – Current Focus ..................................... 158 

Figure 83  CARBOLIQ Process ............................................................................................................ 160 

Figure 84 Recycling Technologies RT7000 Flow Diagram ................................................................. 162 



Olefins from Mixed Plastics Waste – Are Thermolysis Routes Viable?  September 2020 Report Contents 

 
SPECIAL REPORTS 

  Olefins from Mixed Plastics Waste – Are Thermolysis Routes Viable? 

8 

101390.300.2020.02 

Figure 85  Renewlogy Plastics to Fuels Process ................................................................................. 166 

Figure 86 Ranking on Investment Cost – Pyrolysis ............................................................................. 172 

Figure 87 Ranking on Status of the Technology – Pyrolysis ............................................................... 173 

Figure 88 Ranking on Feedstock Flexibility/Availability/Cost – Pyrolysis ............................................ 174 

Figure 89 Ranking on Product Usefulness as Cracker Feedstock – Pyrolysis ................................... 175 

Figure 90 Ranking on Patent Protection – Pyrolysis ........................................................................... 176 

Figure 91 Summary of Pyrolysis Technology Ranking ........................................................................ 177 

Figure 92  Generic Gasification Process Train ..................................................................................... 180 

Figure 93 Chemicals and Fuels from Syngas ...................................................................................... 184 

Figure 94 Advanced Plasma Power Gasplasma® Process ................................................................. 186 

Figure 95 Wood/APP Waste Gasification to SNG Process ................................................................. 187 

Figure 96 Concord Blue Gasification Technology ............................................................................... 188 

Figure 97  Covanta Tulsa Renewable Energy Facility .......................................................................... 190 

Figure 98 Eastman Carbon Renewable Technology ........................................................................... 191 

Figure 99 Ebara EUP Process Scheme .............................................................................................. 192 

Figure 100 Ecoloop Shaft Reactor ......................................................................................................... 194 

Figure 101 Enerkem MSW to Fuels and Chemicals Processes ............................................................ 196 

Figure 102 EnerSol PEGS® Waste to Syngas Technology .................................................................... 197 

Figure 103  Entech WtGas System Process Flow Diagram ................................................................... 198 

Figure 104 InEnTec PEM® Process ....................................................................................................... 200 

Figure 105 Interstate Waste Technologies Thermoselect Process ....................................................... 202 

Figure 106 Maverick Synfuels Olefinity™ Technology Process ............................................................ 204 

Figure 107 NIPPON STEEL Direct Melting System .............................................................................. 205 

Figure 108 Plasco Conversion Technologies Gasification and Plasma Refining System ..................... 206 

Figure 109 PowerHouse Energy Group DMG® System ........................................................................ 208 

Figure 110 PyroGenesis Plasma Resource Recovery System ............................................................. 209 

Figure 111 TCG Global Process Schematic .......................................................................................... 211 

Figure 112 Alter NRG Gasification Technology ..................................................................................... 213 

Figure 113 Ranking on Investment Cost – Gasification ........................................................................ 217 

Figure 114 Ranking on Status of the Technology – Gasification .......................................................... 218 

Figure 115 Ranking on Feedstock Flexibility/Sorting Requirement – Gasification ................................ 219 

Figure 116 Ranking on Product Usefulness, as Offered – Gasification ................................................ 220 

Figure 117 Patent Protection – Gasification .......................................................................................... 221 

Figure 118 Summary of Gasification Technology Ranking ................................................................... 222 

Figure 119 Summary of Syn-Naphtha Production Costs ....................................................................... 226 

Figure 120 Sensitivity of Syn-Naphtha Costs of Production to Feed Price ........................................... 227 

Figure 121 Sensitivity of Syn-Naphtha Costs of Production to Economy of Scale................................ 228 

Figure 122 Summary of Syngas Production Costs ................................................................................ 229 

Figure 123 Summary of Methanol Production Costs ............................................................................. 231 

Figure 124 Sensitivity of Methanol Costs of Production to Feed Price ................................................. 232 

Figure 125 Sensitivity of Methanol Costs of Production to Economy of Scale ...................................... 233 

Figure 126 Summary of Olefins from Naphtha Production Costs - Pyrolysis ........................................ 234 

Figure 127 Sensitivity of Olefins Costs of Production to MPW Feed and Feed Price - Pyrolysis ......... 235 



Olefins from Mixed Plastics Waste – Are Thermolysis Routes Viable?  September 2020 Report Contents 

 
SPECIAL REPORTS 

  Olefins from Mixed Plastics Waste – Are Thermolysis Routes Viable? 

9 

101390.300.2020.02 

Figure 128 Summary of Olefins from Methanol Production Costs - Gasification .................................. 237 

Figure 129 Sensitivity of Olefins Costs of Production to MPW Feed and Feed Price - Gasification ......... 238 

Figure 130 Crude Oil Price Scenarios ................................................................................................... 243 

Figure 131 Global Naphtha Prices ......................................................................................................... 244 

Figure 132 Global Methanol Prices ....................................................................................................... 245 

Figure 133 Global Ethylene Prices ........................................................................................................ 247 

Figure 134 Sensitivity of Syn-Naphtha Cost of Production and ROCE to Scale-up Method ................. 248 

Figure 135 Sensitivity of Methanol Cost of Production and ROCE to Scale-up Method ....................... 249 

Figure 136 Sensitivity of Ethylene Cost of Production and ROCE to MPW Feed - Pyrolysis ............... 251 

Figure 137 Sensitivity of Ethylene Cost of Production and ROCE to MPW Feed - Gasification ........... 252 

Figure 138 Historical Global Naphtha Prices with MPW-Naphtha Costs .............................................. 253 

Figure 139 Historical Global Methanol Prices with MPW-Methanol Costs ............................................ 255 

Figure 140 Historical Global Ethylene Prices with MPW-Ethylene Costs (Naphtha and MTO) ............ 255 

Figure 141 Historical Global Ethylene Prices with MPW-Naphtha Cracker Feed ................................. 256 

Figure 142 Historical Global Ethylene Prices with MPW-Methanol MTO Feed ..................................... 257 

Figure 143 Forecast Ethylene Prices with MPW-Ethylene Costs (Naphtha and MTO), USGC ............ 258 

Figure 144 Forecast Ethylene Prices with MPW-Ethylene Costs (Naphtha and MTO),  
Western Europe ................................................................................................................... 258 

Figure 145 Forecast Ethylene Prices with MPW-Ethylene Costs (Naphtha and MTO), China ............. 259 

Figure 146 Typical Material Recovery Facility ....................................................................................... 262 

Figure 147 Plastic Waste Value Chain .................................................................................................. 264 

Figure 148 Worldwide MSW Generation (2016, 2030, and 2050)......................................................... 267 

Figure 149 Worldwide MSW Composition ............................................................................................. 267 

Figure 150 Worldwide MSW Collection Rates ....................................................................................... 268 

Figure 151 Worldwide MSW Disposal Methods .................................................................................... 269 

Figure 152 Captive and Merchant Recycling ......................................................................................... 271 

Figure 153 Porter Five Forces Analysis ................................................................................................. 276 

Figure 154 Methods for Recycling Multilayer Packaging ....................................................................... 277 

Figure 155  Process Flow Diagram of  Newcycling® Process ................................................................ 279 

Figure 156 CreaSolv® Process .............................................................................................................. 281 

Figure 157 PureCycle Process .............................................................................................................. 282 

Figure 158 Sustainability ........................................................................................................................ 286 

Figure 159 Ellen MacArthur Foundation Partners ................................................................................. 286 

Figure 160 Using Thermolysis to Create a Circular Economy ............................................................... 290 
C  

 

  



Olefins from Mixed Plastics Waste – Are Thermolysis Routes Viable?  September 2020 Report Contents 

 
SPECIAL REPORTS 

  Olefins from Mixed Plastics Waste – Are Thermolysis Routes Viable? 

10 

101390.300.2020.02 

Tables 

Table 1 Regional Recycling Drivers ..................................................................................................... 4 

Table 2 Pyrolysis of Mixed Plastics Waste Technology Developers Profiled ....................................... 8 

Table 3 Pyrolysis of Mixed Plastics Waste Technology Evaluation Criteria ......................................... 9 

Table 4 Gasification of Mixed Plastics Waste Technology Developers Profiled ................................ 11 

Table 5 Gasification of Mixed Plastics Waste Technology Evaluation Criteria .................................. 12 

Table 6 Ethylene ROCE Analysis - Pyrolysis ..................................................................................... 16 

Table 7 Ethylene ROCE Analysis - Gasification ................................................................................. 17 

Table 8 Ethylene Price Premium Analysis - Pyrolysis ........................................................................ 18 

Table 9 Ethylene Price Premium Analysis - Gasification ................................................................... 19 

Table 10 Plastics Recycling Potential Profit ......................................................................................... 22 

Table 11 Ethylene Price Premium Analysis - Pyrolysis ........................................................................ 23 

Table 12 SWOT Analysis...................................................................................................................... 24 

Table 13 MPW Required for 25 percent Feed of Olefins Plant Capacity ............................................. 24 

Table 14 Recycling Comparison of Different Materials ........................................................................ 29 

Table 15 Packaging Segments and Sub-segments ............................................................................. 31 

Table 16 Typical MRF Plastic Stream Composition .............................................................................. 35 

Table 17 Commercial Guidelines for Baled Recycled Plastic Scrap .................................................... 36 

Table 18 Regional Recycling Drivers ................................................................................................... 48 

Table 19 United States Communities that have Cancelled Curbside Recycling Programs ................. 49 

Table 20 States with Enacted Bag Legislation ..................................................................................... 53 

Table 21 Plastic Packaging Fees in the EU-28 EPR Schemes............................................................ 62 

Table 22 Cost Comparison of Single- versus Dual- Stream Facilities ................................................. 76 

Table 23 ASR Typical Composition ...................................................................................................... 85 

Table 24 Film Recycling Type and Contamination Levels ................................................................... 90 

Table 25 Calorific Values of Polymers and Fuels ................................................................................. 95 

Table 26 Regional Naphtha Prices ..................................................................................................... 118 

Table 27 Plastic Feedstock Type and Pyrolysis Product Type .......................................................... 120 

Table 28 Results from Selected Pyrolysis Studies ............................................................................. 123 

Table 29 Energy Values of Polymers and Fuels ................................................................................ 125 

Table 30 Advantages and Disadvantages of Furnace Type for Plastic Pyrolysis .............................. 126 

Table 31 RES Polyflow – Patent Feed Mixture Compositions ........................................................... 135 

Table 32 RES Polyflow – Patent Results ........................................................................................... 135 

Table 33 GreenMantra CERANOVUS Products ................................................................................ 138 

Table 34 Mass Balances for Plastic Energy TAC Process ................................................................. 153 

Table 35 Recycling Technologies RT7000 Parameters ..................................................................... 162 

Table 36 Accepted/Rejected Plastics Based on Specific Gravity....................................................... 164 

Table 37 Mixed Plastics Waste Pyrolysis Technology Developers Not Profiled ................................ 169 

Table 38 Pyrolysis of Mixed Plastics Waste Technology Evaluation Criteria ..................................... 171 

Table 39 Summary of Pyrolysis Technology Ranking ........................................................................ 177 

Table 40 Typical Metrics of Various Gasifier Types ........................................................................... 181 

Table 41 Compositions of Syngas Based on Raw Materials .............................................................. 182 



Olefins from Mixed Plastics Waste – Are Thermolysis Routes Viable?  September 2020 Report Contents 

 
SPECIAL REPORTS 

  Olefins from Mixed Plastics Waste – Are Thermolysis Routes Viable? 

11 

101390.300.2020.02 

Table 42 Gasification of Mixed Plastics Waste/MSW Technology Developers Not Profiled .............. 214 

Table 43 Gasification of Mixed Plastics Waste/MSW Technology Evaluation Criteria ...................... 216 

Table 44 Summary Gasification Technology Ranking ....................................................................... 222 

Table 45 Prices of Raw Materials, Products, Utilities, and Labor....................................................... 224 

Table 46 Summary of Syn-Naphtha Production Costs ....................................................................... 226 

Table 47 Summary of Syngas Production Costs ................................................................................ 229 

Table 48 Summary of Methanol Production Costs ............................................................................. 230 

Table 49 Summary of Olefins from Naphtha Production Costs - Pyrolysis ........................................ 234 

Table 50 Summary of Olefins from Methanol Production Costs - Gasification .................................. 236 

Table 51 Ethylene ROCE Analysis - Pyrolysis ................................................................................... 238 

Table 52 Ethylene ROCE Analysis - Gasification ............................................................................... 239 

Table 53 Syn-Naphtha ROCE Analysis - Pyrolysis ............................................................................ 248 

Table 54 Methanol ROCE Analysis - Gasification .............................................................................. 249 

Table 55 Ethylene ROCE Analysis - Pyrolysis ................................................................................... 250 

Table 56 Ethylene Price Premium Analysis - Pyrolysis ...................................................................... 251 

Table 57 Ethylene ROCE Analysis - Gasification ............................................................................... 252 

Table 58 Ethylene Price Premium Analysis - Gasification ................................................................. 252 

Table 59 Syn-Naphtha ROCE Analysis - Pyrolysis ............................................................................ 254 

Table 60 Methods for Reduction of Plastic Waste ............................................................................. 261 

Table 61 Plastics Recycling Potential Profit ....................................................................................... 264 

Table 62 Types of Plastic in Municipal Solid Waste ........................................................................... 266 

Table 63 Worldwide Income Categories for Countries, 2016 ............................................................. 266 

Table 64 Ethylene Price Premium Analysis - Pyrolysis ...................................................................... 269 

Table 65 Traditional Types of Processing/Recycling Companies ...................................................... 273 

Table 66 New Participants in the Recycling Business ....................................................................... 273 

Table 67 SWOT Analysis.................................................................................................................... 275 

Table 68 Differences between Pyrolysis and Gasification ................................................................. 283 

Table 69 MPW Required for 25 percent Feed of Olefins Plant Capacity ........................................... 285 

Table 70 Views on Environmental Merit of Alternative Plastic Waste Disposal Methods .................. 289 

Table 71 Cost of Production Estimate for: Synthetic Naphtha  
Process: Thermal Cracking of Mixed Plastics Waste; USGC Basis ................................... 291 

Table 72 Cost of Production Estimate for: Synthetic Naphtha  
Process: Thermal Cracking of Mixed Plastics Waste; Western Europe Basis .................... 292 

Table 73 Cost of Production Estimate for: Synthetic Naphtha  
Process: Thermal Cracking of Mixed Plastics Waste; China Basis .................................... 293 

Table 74 Cost of Production Estimate for: Synthetic Naphtha  
Process: Thermal Cracking of Mixed Plastics Waste; Japan Basis .................................... 294 

Table 75 Cost of Production Estimate for: Synthetic Naphtha  
Process: Thermal Cracking of Mixed Plastics Waste; Southeast Asia Basis ..................... 295 

Table 76 Cost of Production Estimate for: Ethylene  
Process: Steam Cracking of Naphtha (Moderate Severity); USGC Basis .......................... 296 

Table 77 Cost of Production Estimate for: Ethylene  
Process: Steam Cracking of Naphtha (Moderate Severity); Western Europe Basis .......... 297 



Olefins from Mixed Plastics Waste – Are Thermolysis Routes Viable?  September 2020 Report Contents 

 
SPECIAL REPORTS 

  Olefins from Mixed Plastics Waste – Are Thermolysis Routes Viable? 

12 

101390.300.2020.02 

Table 78 Cost of Production Estimate for: Ethylene  
Process: Steam Cracking of Naphtha (Moderate Severity); China Basis ........................... 298 

Table 79 Cost of Production Estimate for: Ethylene  
Process: Steam Cracking of Naphtha (Moderate Severity); Japan Basis ........................... 299 

Table 80 Cost of Production Estimate for: Ethylene  
Process: Steam Cracking of Naphtha (Moderate Severity); Southeast Asia Basis ............ 300 

Table 81 Cost of Production Estimate for: Synthesis Gas (2:1)  
Process: Gasification of Mixed Plastics Waste; USGC Basis ............................................. 301 

Table 82 Cost of Production Estimate for: Synthesis Gas (2:1)  
Process: Gasification of Mixed Plastics Waste; Western Europe Basis ............................. 302 

Table 83 Cost of Production Estimate for: Synthesis Gas (2:1)  
Process: Gasification of Mixed Plastics Waste; China Basis .............................................. 303 

Table 84 Cost of Production Estimate for: Synthesis Gas (2:1)  
Process: Gasification of Mixed Plastics Waste; Japan Basis .............................................. 304 

Table 85 Cost of Production Estimate for: Synthesis Gas (2:1)  
Process: Gasification of Mixed Plastics Waste; Southeast Asia Basis ............................... 305 

Table 86 Cost of Production Estimate for: Methanol  
Process: Methanol Synthesis from Syngas 2:1 (H2: CO); USGC Basis .............................. 306 

Table 87 Cost of Production Estimate for: Methanol  
Process: Methanol Synthesis from Syngas 2:1 (H2: CO); Western Europe Basis .............. 307 

Table 88 Cost of Production Estimate for: Methanol  
Process: Methanol Synthesis from Syngas 2:1 (H2: CO); China Basis ............................... 308 

Table 89 Cost of Production Estimate for: Methanol  
Process: Methanol Synthesis from Syngas 2:1 (H2: CO); Japan Basis .............................. 309 

Table 90 Cost of Production Estimate for: Methanol  
Process: Methanol Synthesis from Syngas 2:1 (H2: CO); Southeast Asia Basis ................ 310 

Table 91 Cost of Production Estimate for: Ethylene  
Process: Methanol-to-Olefins; USGC Basis ........................................................................ 311 

Table 92 Cost of Production Estimate for: Ethylene  
Process: Methanol-to-Olefins; Western Europe Basis ........................................................ 312 

Table 93 Cost of Production Estimate for: Ethylene  
Process: Methanol-to-Olefins; China Basis ......................................................................... 313 

Table 94 Cost of Production Estimate for: Ethylene  
Process: Methanol-to-Olefins; Japan Basis ........................................................................ 314 

Table 95 Cost of Production Estimate for: Ethylene  
Process: Methanol-to-Olefins; Southeast Asia Basis .......................................................... 315 

D  

 

  



Olefins from Mixed Plastics Waste – Are Thermolysis Routes Viable?  September 2020 Report Contents 

 
SPECIAL REPORTS 

  Olefins from Mixed Plastics Waste – Are Thermolysis Routes Viable? 

13 

101390.300.2020.02 

 
 

SPECIAL REPORTS 

 

 

 
 

The Nexant Subscriptions’ Special Reports are recognized globally as the 
industry standard source for information relevant to the chemical process and 
refining industries.  

 
Contact Details: 
 

Americas:   
Marcos Nogueira Cesar, Vice President, Global Products, NexantECA Subscriptions 
Phone: + 1-914-609-0324, e-mail: mcesar@nexant.com 
 
Erica Hill, Client Services Coordinator, E&CA-Products 
Phone: + 1-914-609-0386, e-mail: ehill@nexant.com 
 
EMEA: 
Anna Ibbotson, Director, NexantECA Subscriptions 
Phone: +44-207-950-1528, aibbotson@nexant.com 
 
Asia: 
Chommanad Thammanayakatip, Managing Consultant, Energy & Chemicals Advisory 
Phone: +66-2793-4606, email: chommanadt@nexant.com  
 
NexantECA (www.nexantECA.com) is a leading management consultancy to the global energy, chemical, and related industries. For over 
38 years, Nexant has helped clients increase business value through assistance in all aspects of business strategy, including business 
intelligence, project feasibility and implementation, operational improvement, portfolio planning, and growth through M&A activities.  
Nexant has its main offices in San Francisco (California), White Plains (New York), and London (UK), and satellite offices worldwide. 
 

Copyright © by NexantECA Americas, LLC. 2020.  All Rights Reserved.   

 


