Ethylene July 2018 Report Contents

TECHNOLOGY & COSTS
TECHNOECONOMICS - ENERGY & CHEMICALS

TECH 2018-1, Ethylene

Table of Contents
A Report by Nexant, Inc.
Published Date: July 2018

www.nexantsubscriptions.com

Contents
1 EXECULIVE SUIMIMAIY ..ttt s 1
1.1 The Ethylene Value Chain ..., 1
1.2 BUSINESS DEVEIOPMENLS ... 2
1.3 Technology Holders and LICENSOIS .......ccooiiiiiiieieee e, 3
1.3.1  Steam Cracker Technology LICENSOIS ..........uuiuiiiuiiiiiiiiiiiiieiiiiiiiiiieiieseeeieeeeeeeeeeeeees 3
1.3.2 Non-Steam Cracking Technology LICENSOIS ............uuuuiiviiiiiiiiiiiiiiiiiiiiiiieiieieiiieieees 4
1.4 [ o Tod XISl oo o] o 1t 5
1.4.1  Steam Cracking EtNANE..........ooiiiiiiiiiiiiiiiiieie e 5
1.4.2 Steam Cracking MiXed FEEA ..........iiiiiiiiiiieiie e 6
1.4.3 Steam Cracking Naphtha ..........oouuiiiiiiccii e 6
1.4.4  Steam Cracking Ethane versus OCM TechnolOgy .........ceeeeeeeiiiiiiiiiiiee e 7
1.4.5 Ethylene Production in ChiN@ ..........ccoiieeeiiiiiiiis e 8
1.4.6  Changing Dynamics of Ethylene Production ...............ceeeeieeiiiiiiiiiiiie e 10
1.5 Global EthylENe MarketS..........iiii e it e e e e e e e s e e e e e e e eaaanneeeeaeees 12
T A 1= YA B 1= V=1 (o] o] 1 41T | £ 12
ST o] o 110 1101 o] 1o 12
T U | o o | 14
1.5.4  Supply, Demand, and Trade.........cccceeeeeiiiiiiiiiee e e e e 15
2 INEFOAUCTION L.t s 17
2.1 The Ethylene Value CRain .........cooviiiiiiii i e e e e e e e aaaees 17
2.2 ETNYIENE ENO-USES....ceeiiiiiii e e e e e e e e e e e e e e e e e e e aenannnnn 18
2.3 Technology/Chemistry OVEIVIEW. ..........iiii e e e e e e e e e e e e e e e e eaaaees 19
2.3.1  StEAM CraCKiNg......uuuui i e e e aaaaaa 19
2.3.2  COAl tO OlEFINS ..uuiiiiiiiiiiiiiiii s 21
2.3.3  BIO-ENANOL .. .uiiiiiiiiiiiiiiiii s 21
2.3.4 Oxidative Coupling of Methane............ouuiiiiii i e 21
2.4 BUSINESS DEVEIOPMENLS ... e e e e e e e e e e e e e e e e e e e aeaaannas 22
25 Technology Holders and LICENSOIS ......ccoovieiiiieieeeeeeee e, 24
2.5.1 Steam Cracker Technology LICENSOIS ........uuuiiiiiiiiiiee e 24
2.5.2 Non-Steam Cracking Technology LICENSOIS ........ccooiieiiiiiiiiiiiieiiieee e 26
2.6 SPECITICALIONS ..ttt s 29
2.7 Health Hazards. ... 29
2.8 Storage and TranSPOITALION .........uuuuueeiiiiiiiii s 30
3 Commercial TECANOIOGIES ......cooiiiiiiiieeeee e 31
O Nexanr TECHNOLOGY & COSTS 1

TECH 2018-1 Ethylene
100101.200.2018.001



Ethylene July 2018 Report Contents
3.1 Steam Cracking (Pyrolysis) of HydroCarbons ............ccoooii 31
T O R O =T 0 1 2 31

3.1.2  PrOCESS OVEIVIEW ..euvuiiieeeiieeiiie e e e et et e e e e e e ettt e e e e e e e eeaa e e e e e e e eeesnnnaaeeeeeees 32

3.1.3  ProCesS VariableS .......ciiie i 36

314 HOUENG PrOCESS ...ccvtiiiiie ettt e e e e e e e et e e e e e e e eeeannnnaeeeaeees 40

3.1.5  COId ENU PrOCESS ...vvuuiieeiiiiiiiii ettt e e e e e e e e e e eeeann e e e eaaaees 53

.16 DESIGN TTENUS. ...ttt s 66

3.2 Steam Cracking Technology LICENSOIS ........uuuuuuiiiiiiiii s 67
0 R = 67

G 72 1 1T [ 72

3.2.3  McDermott Lummus TECHNOIOGY ......uuuumiiiiiiiiii s 82

3.2.4  TECHNIPFMOC .. s 85

3.3 Coal-Based Ethylene via Methanol t0 OlefinS............i 95
3.3 1 PrOCESS OVEIVIEW ..euiuiiieeeeieeiiiie e e e e ettt e e e e e e e et e e e e e e eaeat e e e eeeeeesannnnaeeeaeees 95

.32 CNBIMISIIY ..ttt s 96

3.3.3  TeChNOIOGY LICENSOIS .....uuiiiiiiiiiiiiiiiiiiii s 98

3.3.4  Honeywell UOP Advanced MTO........uuuuuiiii s 101

3.4 Ethylene via BIio-Ethanol.............oooo 110
I R = 7= Tox (o | (o oo 110

3.4.2  Bioethanol to EtNYIENE ........uuiiiiiiiii s 110

4 DeVeloping TECNNOIOGIES ... ..uuuuiiiiiiiiiiiiiiiiiii s 118
4.1 Oxidative Coupling of Methane (OCM) .........uuuuumuii s 118
g O R 1 [ ¢ = T =] ] o] [ o =P 118

4.1.2 OCM Process Feedgas Flexibility and Applications ............cccooveeeviviiiiiiiineeennnns 119

4.1.3  Gemini ProCeSS OVEIVIEW ....cccoeiiiiei e 120

4.1.4 Process Description Gemini Process Description for Gas Monetization............. 123

4.1.5  Plant PerformManCe .......coooiiiiiii i 127

4.2 Imtex Permylene MEMDBIANES .........iiii e e e e e e e e e e e e e e e e e eeenannns 128
4.2.1 Ethylene Plant Configurations with Permylene Membranes ............ccccceeeeeeeeen. 129

4.2.2 Operating Conditions and IMPUITIES.......coeeeiiiiiiiiiie e 131

4.2.3  Status of TECHNOIOQY.....cccvviiiiiii i e e e e e e aaes 132

4.3 Integration of Olefins Producing TechnolOgIes ............uciiiiiieiiiiiiiiie e 135
4.3.1 Steam Cracker and MTP INtegration...........ccoovvviuiiiieieeeeieiiiiee e e e e 135

4.3.2 Steam Cracker and MTO INtegration ...........ccovvviuriiieieeeeeieiiiie e e e e ee e 139

4.4 (U o [l @ 1 O = Tod (] o S 142
5 PrOCESS ECONOIMICS. ...ttt s 144
5.1 (70153 1] o [ S7= 1) SR 144
B.11  INVESIMENT BASIS...uutiiiiiiiiiiiiiiiiiii s 144

B5.1.2  PrCING BASIS ... cciiiiiiiiiie et 146

5.1.3  Cost Of ProduCtioN BaSIS .......uuuuuumumniiiiiiiiiiiii s 148

5.2 Ethylene Technology Cost of Production.............ccooveiiiiiiiiec i, 150
B.2.1  UNItEA STALES ..uvviiiiiiiiiiiiiiiiii s 150

B.2.2  CRlNA uttitiiiiiiiitt s 166

B5.2.3  MIAAIE E@SL...uuuuiiiiiiiiiiiiiiiiiiiiiiiii s 181

5.2.4  WESEEIN EUIOPE ..ottt ettt ettt e e e e e e 192

5.3 Ethylene Regional Cost Of Production ...........coooiiiiiiiiii 199
5.3.1 Steam Cracking Ethane........ ... 199

5.3.2 Steam Cracking MiXed FEEM ..........uuuummimi s 200

5.3.3  Steam Cracking Naphtha ... 200

O Nexanr TECHNOLOGY & COSTS 2

TECH 2018-1 Ethylene
100101.200.2018.001



Ethylene July 2018 Report Contents

5.3.4 Steam Cracking Ethane versus OCM Technology .........ccccoeeieiiiiiiiiiiiiieiieeenn 201

54 Changing Dynamics of Ethylene ProducCtion.............cccccooiis s 202

6 Commercial APPIICALIONS .......ooiiiiiiiii e 204

REGIONAI IMAIKELS ... s 207

7.1 (€110 o - | U PPPPPURRN 207

T 11 CONSUMPTION ...ttt s 207

T.01.2  SUPPIY s 208

7.1.3  Supply, Demand, and Trade. ... 209

7.2 NN o] g TN LT o= TP 210

T.2.1  CONSUMPTION ...ttt s 210

T.2.2 SUPPIY s 212

7.2.3  Supply, Demand, and Trade........ ... 216

7.3 WWESEEIN EUIOPE. ...ttt ettt e ettt e e e e e e e e e e e e eeees 218

7.3.1  CONSUMPTION ...ttt s 218

T.3.2  SUPPIY s 218

7.3.3  Supply, Demand, and Trade. ... 221

7.4 1T 0 T T P 222

AL CONSUMPLION ...ttt s 222

TA.2  SUPPIY e s 223

7.4.3  Supply, Demand, and Trade. ... 226

7.5 NS = = o 1o 226

4 0 R o ST o] 1o ) o 1 226

AT T o] 2 229

7.5.3  Supply, Demand, and Trade...........cccuriieiiiiiiiee e e e 236

8 L] o 7T 1 St 238
Appendices

A Definitions of Capital Cost Terms Used in Process ECONOMICS ...........ccooiiiimiiiiieeeiiiniiiieeeeeeenn 240

B Definitions of Operating Cost Terms Used in Process ECONOMICS.........ccooeveeeiviiiiiiiiieeeeeeiiiiieen 245

C TECH Program Title IndeX (2008-2018)........ciieeiiiiiiiiiiiieeeeeeeeiiiie e e e e e e e e e e e e e e eearaa e e e e eaeeeeennas 248

D REFEIEINCES ...t e ettt e e e et e e e e e e e e e e 253

O Nexanr TECHNOLOGY & COSTS 3

TECH 2018-1 Ethylene
100101.200.2018.001



Ethylene July 2018 Report Contents
Figures

Figure 1 Raw Material Feeds fOr EtNYIENE. ..... ... s 2
Figure 2 Regional Comparisons — Steam Cracking Ethane ............cccooooiiiiiiiiiiie 5
Figure 3 Regional Comparisons — Steam Cracking Mixed Feed .............cccooiiiiiiiiiiic 6
Figure 4 Regional Comparisons — Steam Cracking Naphtha............cccoooiiiiiiiiie 7
Figure 5 Steam Cracking Ethane Compared to Oxidative Coupling of Methane.................cccccceen. 8
Figure 6 Ethylene Cost of Production SUMmMary, ChiN@............oiiiii s 9
Figure 7 Ethylene Cost of Production Summary Cash Costs, China ..........ccoooeiiiiiiiiiiiiiiieeeeeeeenne 10
Figure 8 Changing Competitiveness of Ethylene Production Technologies...........cccccceiiiin. 11
Figure 9 Global Ethylene Demand, 2017 ........oooiiiiiiiiiie 13
Figure 10 Raw Material Feeds fOr EtNYIENE. ........u s 18
Figure 11 EthYlIENE DEMVALIVES ......uuiiiiiiiiiiiiiiiiiiiii s 19
Figure 12 Steam Cracking ProCeSS OVEIVIEW .........uuuuuuuiiiiiiiiiiiiiiii s 33
Figure 13  NGL Cracking (Cracking and Compression) Simplified Process Flow Diagram .................. 34
Figure 14  NGL Cracking (Fractionation and Recovery) Simplified Process Flow Diagram ................. 35
Figure 15  Typical Cracking FUrnace ProCeSS FIOW...........uuuuuiiiiiiiii s 42
Figure 16  Typical Dual Radiant Cell Cracking FUrnace DeSIgN . ........ccooooiiiiiiiiiiiiisee e 42
Figure 17  Water Quench System Simplified Process FIOW Diagram .........cccoooooeoioiiiinininninneeneeeeeeeenn 45
Figure 18  Oil and Water Quench System Simplified Process FIow Diagram ..........cccceeeeeeieenieniinneennnn 46
Figure 19 Demethanizer-First Simplified Process FIOW Diagram .........ccccoooooooiiiiiininininseeseseesseeeeeeens 56
Figure 20 Deethanizer-First Simplified Process FIOW Diagram ...........ccccooooioiiiiiiiniiinsenseeseeseseeseeeeens 57
Figure 21  Depropanizer-First Simplified Process FIOW Diagram ..........ccccoeoooioioiiinnninssnseesesseeseeeeeeens 58
Figure 22 KBR SCORE™ Radiant CoilS ..........uuuiiiiiiiiiiiiiii e e e e e e e e eaannnen 68
Figure 23  Example of KBR Flexible Feed Furnace Configuration ............cccccuuviieiieeeeieeiiiiie e eeeeeeniennn 70
Figure 24  Linde’s PyroCrack™ Coil DESIGNS.......uiiiiiiiiieiiiii it e e e e e e e e e eeanaanns 74
Figure 25 Linde Separation System Gas Cracker Block Flow Diagram............ccoeeveeevviviiiiieeeeeenennnnnn. 76
Figure 26  Linde Separation System Liquids Cracker Block Flow Diagram .............cccevvvvvviinneeeevennnnnnn 77
Figure 27  Linde HDA and Steam Cracker Integration Block Flow Diagram ...........cccccvvvvvieeeeeeenennnnnn. 81
Figure 28  Legacy Technip Gas Cracker Simplified Process Flow Diagram .............ccccvvvvviieieeeeeennnnnn, 89
Figure 29 Legacy Stone & Webster Gas Cracker Simplified Process Flow Diagram ...............cccccuuee. 20
Figure 30 Legacy Technip Liquids Cracker Simplified Process Flow Diagram ............ccccceeeeeeeeevennnnnn. 91
Figure 31  Legacy Stone & Webster Liquids Cracker Simplified Process Flow Diagram...................... 92
Figure 32  TechnipFMC Back End Hydrogenation Simplified Process Flow Diagram................c......... 93
Figure 33  TechnipFMC SFT TeChNOIOQY.......couuiiiiii e e e e e eeaaaees 94
Figure 34  Coal to ChEmMICAIS PrOCESS ......ccovviiiiiiiiie ettt e e e e e e e e e e e e e e e e e e aeeaannnn 95
Figure 35 Major Gasification REACHIONS............uuiiii e e e e e e e e e e e eaaaaaas 96
Figure 36 UOP Advanced MTO Process: Reaction and Olefins ReCoVery.........ccooevveeiiviiiiiiiieeeenennns 104
Figure 37 UOP Advanced MTO Process: Olefins Cracking ProCeSS........cceevvivvviiiieieeeeiieiiiiieeeeeeeeans 108
Figure 38  Bio-Ethanol to Green Ethylene: Conceptual Process FIOW.............couviiiiiieeiiiiiiiiiiieeeeeeeens 111
Figure 39  Braskem Ethanol Dehydration PrOCESS .............uuiiiiieiiiiiiiiie et eeeaeans 113
Figure 40  Ethylene from EthanOl...........ccoooo i eeaans 115
Figure 41  Comparison of Hummingbird and Conventional Ethanol-to-Ethylene Catalysts................ 116
Figure 42  TechnipFMC Hummingbird® Technology Simplified Block Flow Diagram......................... 117
Figure 43  TechnipFMC Hummingbird® Technology Process Diagram ............cccceeevveeeiieeiiieeaineenns 117
Figure 44  Siluria's OCM Process Simplified Block FIOW Diagram .........ccccooeeioiiiiiiiiiiiinieieeeeeeeeeeeeenn 122
Figure 45  Siluria’s OCM ReaCtOr DESIGN ......uuuuiiiiiiiiiiiiiii s 123
Figure 46  Siluria's Gemini Process Pretreatment and Separations ..........cccooeeeeeeeieeiiininsesssseeseeeeeenns 124
Figure 47  Siluria's Gemini Process Methanation and OCM REACLOIS.........cccovieiieiiiiiiiiiiiiiieeee e 125
Figure 48  Cross Sectional View of a Permylene Membrane Module............cooooiiiiiiiiiiiiiiiiiiiiieeeeennn 129

O Nexanr TECHNOLOGY & COSTS 4

TECH 2018-1 Ethylene
100101.200.2018.001



Ethylene

July 2018 Report Contents

Figure 49  Splitter Debottleneck with Permylene Membranes...........cccooooiiiiiiiiiieeeeee e 130
Figure 50  Splitter Overhead Purification with Permylene Membranes............ccooooiooiiiiiiiiiieeeeeeeene 130
Figure 51  Splitter Pre-Separation with Permylene Membranes...........ccoooooiooiiiiiiiiiieseeeseeeeeeeeeeeeeen 131
Figure 52 Splitter Replacement with Permylene Membranes. ..........cccoooooiiiiiiiiiiiiieeeeeee e 131
Figure 53  Permylene Compact Commercial SYStemM DESIGN. ........uuuumummmimiiieeeeeeseeeeeeee s 133
Figure 54  Permylene Commercial System Cassette DeSIgN .........uuuuuuuummmmiiiniiiaesesseeeeeeeeee s 134
Figure 55 MTP and Steam Cracker Simple Integration with Gas Cracking.............cccceeeeieiiiiiineneennnn 137
Figure 56 MTP and Steam Cracker Simple Integration with Liquids Cracking ............cccooeeeiiiiiiienn. 138
Figure 57 UOP Advanced MTO and Steam Cracker Integration Olefins Recovery Section ............ 140
Figure 58 UOP Advanced MTO and Steam Cracker INtegration ............cocoeeooioiiriiininieeeeeeeeeeeeeeen 141
Figure 59  Steel ProducCer PriCE INEXES ... ... i it s 145
Figure 60 Ethylene Cost of Production Summary — Steam Cracking, USGC ..........ccccooiiiiiiiiiiiinnnnn. 151
Figure 61  Ethylene Cost of Production Summary — Alternative Technologies, USGC...................... 152
Figure 62  Ethylene Cost of Production Summary Cash Costs, USGC ........cccooiiiiiiiiiiiiiiieeeeeeenn 153
Figure 63  Ethylene Cost of Production SUummary, ChiNa...........ccoooiiiiiii s 167
Figure 64  Ethylene Cost of Production Summary Cash Costs, China...........cccccooviiiiiiiiiiiiiiiiie, 168
Figure 65 Ethylene Cost of Production Summary, Middle East..........cccoooiiiiiiiiiiiiiiiiiiceeeeeeceee 182
Figure 66  Ethylene Cost of Production Summary Cash Costs, Middle East...........cccooeieviiiiiiiiiinennnn 182
Figure 67  Ethylene Cost of Production Summary, Western EUrOPE ..........coooeoiriieiiiiiiiiieieeeeeeeeeeeenns 192
Figure 68  Regional Comparisons — Steam Cracking Ethane ..............ccccoiiviiiiiiiiiiiicee e 199
Figure 69  Regional Comparisons — Steam Cracking MiXxed Feed ..........ccooooiiiiiiiiiiiiiiiiiieeeeeeeeeeeeen 200
Figure 70  Regional Comparisons — Steam Cracking Naphtha............cccoooiiiiiiiiiiiin 201
Figure 71  Steam Cracking Ethane Compared to Oxidative Coupling of Methane..............ccccooeeeeees 202
Figure 72  Changing Competitiveness of Ethylene Production Technologies............ccccvvvvvvviineeeennns 203
Figure 73 Ethylene DEIMVALVES ........cvuuiiiii et e et e e e e et e e e e e e e eeaaa e e e e e e eeeesannn e aeaaeees 204
Figure 74  Global Ethylene Demand, 2016............iiiiieiiiiiiiiiise e e e e e e e e e e e e e eeeeanaeeeeeaeees 207
Figure 75  North America Ethylene Consumption, 2016 ........ccoeeeeiiiiiiiiiiee e e e eeeeree e e eeeans 211
Figure 76  Western Europe Ethylene Consumption, 2016 ..........ccovvvviiiiiiieeeerieiiiiee e e e e eeeiin e e eeeeens 218
Figure 77  Middle East Ethylene Consumption, 2016 ...........ooiiieeiiieiiiiiiee e e e e e eeeens 223
Figure 78  Asia Pacific Ethylene Consumption, 2016 ...........cooiiieiiiiiiiiiiiiee e e e e e e e eeeens 227
C
O Nexanr TECHNOLOGY & COSTS 5

TECH 2018-1 Ethylene
100101.200.2018.001



Ethylene July 2018 Report Contents
Tables
Table 1 Licensors and Technology Holders for Steam Cracking Routes to Ethylene ........................ 3
Table 2 Licensors and Technology Holders for Non-Conventional Routes to Ethylene. ..................... 5
Table 3 Global Ethylene Consumption DY DeriVatiVe ... 13
Table 4 Global Ethylene Consumption DY ReGION ......coooiiiiiiiiiiii 14
Table 5 Global Ethylene Supply, Demand, and Trade ..., 16
Table 6 Licensors and Technology Holders for Steam Cracking Routes to Ethylene ...................... 24
Table 7 Licensors and Technology Holders for Non-Conventional Routes to Ethylene. ................... 26
Table 8 Key Physical and ThermodynamiC PrOPertieS. ...... ... 28
Table 9 Commercial Specification for Polymer Grade Ethylene...........cccco 29
Table 10  Steam Cracking of Naphtha — Once Through YieldS..............uuiviiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiies 39
Table 11  Steam Cracking of Naphtha — Effect of Variables on Once Through Yields........................ 40
Table 12 Typical Pyrolysis Heater CharaCteriStCS. .........uuuuiiiiiiiiiiiiiiiiiiiiieiiiiiieeeeeeeeeeeeee e 43
Table 13~ Comparison of Ethylene Cracking TUDE AllOYS .........uuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieeieeeeeveeeeeeeaees 53
Table 14  UOP Advanced MTO Process Material BalanCe..........c.oovvvuiiiiieeiiiiiiiiiee e 109
Table 15  UOP Advanced MTO Process Utilities CONSUMPLION .........evvevriiiiiiiiiiiiiiiiiiiiiiieieiievieiiiniens 109
Table 16  Siluria Gemini Process Material BalanCe............uuuiiiieiiiiiiiiiee e e e 127
Table 17  Siluria Gemini Process UtilitieS CONSUMPLION ........uvviiiiiiiiiiiiiiiiiiieiiiieiieveeeveeeeveeveeeveeeeeeeees 128
Table 18  Prices of Raw Materials, UtilitieS, and LabOor..............uvvviiiiiiiiiiiiiiiiiiiiiiieieieeeeeeeeeeeeaee 147
Table 19 Ethylene Cost of Production Summary — Steam Cracking, USGC .............ccevvvviiiiiineeennnns 150
Table 20  Ethylene Cost of Production Summary — Alternative Technologies, USGC...................... 152
Table 21  Cost of Production Estimate: Ethylene

Process: Steam Cracking Ethane, USGC............coiiiiiiiiiiiiiii e e 154
Table 22  Cost of Production Estimate: Ethylene

Process: Steam Cracking Ethane/Propane, USGC.............coeiiiiiiiiiiiiiiii e eeeeens 155
Table 23 Cost of Production Estimate: Ethylene

Process: Steam Cracking Propane, USGC...........coiiieeiiiiiiiiiiii e e e e v e e 156
Table 24  Cost of Production Estimate: Ethylene

Process: Steam Cracking N-Butane, USGC..........ccooiieiiiiiiiiiiiii e e e 157
Table 25  Cost of Production Estimate: Ethylene

Process: Steam Cracking Mixed Feed, USGC..........cccoviiiiiiiiiiieeeeeiiie e 158
Table 26  Cost of Production Estimate: Ethylene

Process: Steam Cracking Naphtha (Low Severity with C4 Recycle), USGC .................... 159
Table 27  Cost of Production Estimate: Ethylene

Process: Steam Cracking Naphtha (Medium Severity), USGC..........cccooeeeeiiviiiiiiiieeeeeees 160
Table 28  Cost of Production Estimate: Ethylene

Process: Steam Cracking AGO, USGC ......ccooiiiiiiiii i e e 161
Table 29  Cost of Production Estimate: Ethylene

Process: Siluria Oxidative Coupling of Methane, USGC ..........cccoooiiiiiiiiiiiiiiiicieceeeeeeeennn 162
Table 30  Cost of Production Estimate: Ethylene

Process: Methanol to Olefins (Merchant Methanol), USGC..........cccooooiiiiiiiiiiiiiieiieieeeenn 163
Table 31  Cost of Production Estimate: Ethylene

Process: Bioethanol Dehydration, USGC ... 164

O Nexanr TECHNOLOGY & COSTS 6

TECH 2018-1 Ethylene
100101.200.2018.001



Ethylene July 2018 Report Contents
Table 32 Cost of Production Estimate: Ethanol

Process: Corn Fermentation, USGC.........coouuiiiiiiiiiieeee et e e 165
Table 33 Ethylene Cost of Production SUmMmary, ChiNa ..............uuuuuiiiiiiiiiiiiiiiiiiiiieiiiieeeeeeeeeeeeeneneen 167
Table 34 Cost of Production Estimate: Ethylene

Process: Steam Cracking Ethane, Coastal China..............oiiiiiieiiiiiiiiiiie e 169
Table 35  Cost of Production Estimate: Ethylene

Process: Steam Cracking Ethane/Propane, Coastal China............coooeeiiiiiiiiiiiiienieeeeennn 170
Table 36 Cost of Production Estimate: Ethylene

Process: Steam Cracking Propane, Coastal China.............ccooviieiiiiiiiiiiieeeeeeiiiiee e 171
Table 37  Cost of Production Estimate: Ethylene

Process: Steam Cracking n-Butane, Coastal China............ccooeeeeiiiiiiiiinieeeeeeiiiie e 172
Table 38  Cost of Production Estimate: Ethylene

Process: Steam Cracking Mixed Feed, Coastal China.............ccoevvviviiiiiiieeeiiiiiiiieeeeeeees 173
Table 39  Cost of Production Estimate: Ethylene

Process: Steam Cracking Naphtha (Low Severity with C4 Recycle), Coastal China......... 174
Table 40  Cost of Production Estimate: Ethylene

Process: Steam Cracking Naphtha (Medium Severity), Coastal China..............cccoeeeeennn. 175
Table 41 Cost of Production Estimate: Ethylene

Process: Steam Cracking AGO, Coastal ChiNa ..........ccovvuuuiiiiiieeiiiiiiiie e 176
Table 42 Cost of Production Estimate: Ethylene

Process: Methanol to Olefins (Merchant Methanol), Coastal China..............cccoeeeiiiiieennn. 177
Table 43  Cost of Production Estimate: Ethylene

Process: Methanol to Olefins (Coal-Based), Inland China.............cccvvviiiiiieiiiiiiiiiiee e, 178
Table 44  Cost of Production Estimate: Methanol

Process: Methanol Synthesis from Syngas, Inland China ..........ccccccccviiiiiieeiiiiicciiee e 179
Table 45  Cost of Production Estimate: Synthesis Gas (SN=2)

Process: Coal Gasification, Coastal ChiNa ...........ccoooiiiii s 180
Table 46  Ethylene Cost of Production Summary, Middle East...........ccooeeieiiiiiiiiiiiie e, 181
Table 47  Cost of Production Estimate: Ethylene

Process: Steam Cracking Ethane, Middle East...........ccoovviiiiiiiiiii i 183
Table 48  Cost of Production Estimate: Ethylene

Process: Steam Cracking Ethane/Propane, Middle East............ccccoevviiiiiecieiiiiiiiiiieeeeeees 184
Table 49  Cost of Production Estimate: Ethylene

Process: Steam Cracking Propane, Middle East.............ccuuiiiiiieeiiiiiiiiii e 185
Table 50  Cost of Production Estimate: Ethylene

Process: Steam Cracking n-Butane, Middle East...............ccooeiiieiiiiiiiiii e 186
Table 51  Cost of Production Estimate: Ethylene

Process: Steam Cracking Mixed Feed, Middle East...........cccooeeieiiiiiiiiiiiiccececiieie e 187
Table 52  Cost of Production Estimate: Ethylene

Process: Steam Cracking Naphtha (Low Severity with C4 Recycle), Middle East ............ 188
Table 53  Cost of Production Estimate: Ethylene

Process: Steam Cracking Naphtha (Medium Severity), Middle East ............ccooeeeiiiieeennn. 189
Table 54  Cost of Production Estimate: Ethylene

Process: Steam Cracking AGO, Middle EaSt.........ccoooiiiiiiiiiiseeeeeesee s 190
Table 55  Cost of Production Estimate: Ethylene

Process: Siluria Oxidative Coupling of Methane, Middle East ..........cccooeeiiiiiiiiiiiiiiiieneenn, 191
Table 56  Ethylene Cost of Production Summary, Western EUrOPE ...........uuvevvvvviireeiiiiiiiiieiiiiiiiienenns 192

O Nexanr TECHNOLOGY & COSTS 7

TECH 2018-1 Ethylene
100101.200.2018.001



Ethylene

July 2018 Report Contents

Table 57  Cost of Production Estimate: Ethylene

Process: Steam Cracking Ethane, Western EUrope.........ccoooooioiiiiiiiiieiceen 193
Table 58  Cost of Production Estimate: Ethylene

Process: Steam Cracking Ethane/Propane, Western EUrope..........ccooeeeeeieiiiieieeeieeeeeeennn 194
Table 59  Cost of Production Estimate: Ethylene

Process: Steam Cracking Mixed Feed, Western EUrope. .........ccooooieeiioiiiniiiniiiseeeeeeeeeenn 195
Table 60  Cost of Production Estimate: Ethylene

Process: Steam Cracking Naphtha (Low Severity with C4 Recycle),

WWESEEIN EUIOPE ..ttt ettt e e e et et e e e e e e as 196
Table 61  Cost of Production Estimate: Ethylene

Process: Steam Cracking Naphtha (Medium Severity), Western EUrope.............cccceeenn. 197
Table 62  Cost of Production Estimate: Ethylene

Process: Steam Cracking AGO, WesStern EUrOPE ..........uuuiuiiiiiiieeee s 198
Table 63  Global Ethylene Consumption DY DEriVatIVE .............euuiiiiiiiiiiiiiiiiiiiiiiiieeeeieee e 208
Table 64  Global Ethylene Consumption DY REGION ..........uiiiiiiiiiiiiiiiiiiiiiiiieeeiieeeee e 208
Table 65  Global Ethylene Supply, Demand, and Trade .............uuuuiiiiriiieiiiiiiiiiiiiieeeiieeeeieeeeeeeeeeeeeeen 210
Table 66  North America Ethylene Consumption By COUNTIY ...........evvviiiiiiiiiiiiiiiiiiiiiiiiievieeeeeieeees 211
Table 67 Ethylene Capacity in NOrh AMEIICA .......uii i e eeeeaees 214
Table 68  North America Ethylene Supply, Demand, and Trade.................ceuuuviiiiiiiiiiiiiiiiiiiiiiiieeeenns 217
Table 69  United States Ethylene Supply, Demand, and Trade .................ceuevriiiiiiieiiiiiiiiiiiiiiiiieinnnns 217
Table 70  Ethylene Capacity iN WESLEIM EUIOPE ........vieiiiiiiiiiiiiiiieiieieeieeeeeteeeeeeeeeeeeeeeeeeeseeeeeeeeeeneenees 219
Table 71 Western Europe Supply, Demand, and Trade ...........ccooviviuiiiinieeeiriiiiese e eeeeeein e eee e 222
Table 72 Ethylene Capacity in the Middle EaSt ..........ccovvviiiiiiiiie e e e 224
Table 73 Middle East Ethylene Supply, Demand, and Trade.............cceeeiieiiiiiiiiiiie e, 226
Table 74  Asia Pacific Ethylene Consumption BY COUNIY .......cooeeiiiiiiiiiie e 228
Table 75  Ethylene Capacity in ASia PACIfIC .......uuuuiiiiieiiiii e e e e 230
Table 76  Asia Pacific Ethylene Supply, Demand, and Trade.............cceeeiieeiiiiiiiiiie e, 237
Table 77 China Ethylene Supply, Demand, and Trade.............cceiiiiiiiiiiiii e 237

O Nexanr TECHNOLOGY & COSTS 8

TECH 2018-1 Ethylene
100101.200.2018.001



Ethylene July 2018 Report Contents

Nexant Inc.

TECHNOLOGY AND COSTS
Technoeconomics -

Energy & Chemicals (TECH)

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

Contact Details:

Americas:
Marcos Nogueira Cesar, Vice President, Global Products, E&CA: Nexant 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, Nexant 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

Nexant, Inc. (www.nexant.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 Nexant Inc. 2018. All Rights Reserved.

O Nexanr TECHNOLOGY & COSTS 9

TECH 2018-1 Ethylene
100101.200.2018.001



