International Shale Gas: Reassessing the Industry's Future

July 2017 Report Contents

International Shale Gas:
Reassessing the Industry's

Future

Table of Contents

A Report by
Process Evaluation/Research Planning (PERP) Program
PERP Report 2017S8 — Published July 2017

www.nexantthinking.com

Section Page
1 EXECULIVE SUMIMAIY ..o, 1
1.1 INTRODUCTION ..., 1

1.2 SHALE GAS PRODUCTION TECHNOLOGIES........ccotiiiiiiiiiieiieieeeieeeeeeeieeeeeeeeeeeeeees 2

1.3 A S A s 2

14 NORTH AMERICA ... 3
141  CANAUA....cci ittt 3

L.4.2  IMIEXICO ettt ettt 3

15 SOUTH AMERICA ...ttt e e e eeenennnnes 4
151 ATGENTING coiiiuteiiie ittt 4

1.5.2 Brazil and VENEZUEIA .........ccvvviiiiiiiiiii e 4

1.6 A R I G A s 5
1.6. 1 AlQEIa oo 5

1.6.2  SOULN ATTICA ...eeiiiiiiiie ittt 5

1.7 BEUROPE .. 6
L7100 POIANG ..o 6

1.7.2  United KiNgdOmM ... 6

1.8 AU S T R A LA s 7

19 MID D LE EA ST oottt e e e e e ab e a e eeraaan 8

1.10 REGIONAL MARKET ANALYSIS ... 8

1.11 IMPACT ON PETROCHEMICAL PRODUCTION ECONOMICS...........cceeeeiieeeee. 9

O Nexanr PERP PROGRAM 1

PERP 2017S8, International Shale Gas: Reassessing teh Industry's Future
A00101.0017.4116



International Shale Gas: Reassessing the Industry's Future

July 2017 Report Contents

2 [a o o [N Lot 1 (o] HR PP U P PP PPPPT PP 11
2.1 INTRODUCTION ... 11
2.1.1  WhY an UPAtE?......oeiiiiiiiiie ittt 11

2.2 WHAT IS SHALE GAS 7 s 12
2.3 SHALE GAS RESERVOIRS ..ottt eaeeeees 14
2.3. 1 CRAraCteriSHICS. .. uuviiriiiiie ettt 14

2.3.2 PrOGUCTION oottt 16

2.4 WORLDWIDE SHALE GAS RESOURCE POTENTIAL ... 18
2.5 GLOBAL SHALE GAS PRODUCTION DRIVERS .......coiiiiiiiiiiiiiiiiieiieeeiieieieeeieeeeeeeees 21
2.5.1 Inadequacy of Global Proved ReServes Base .........cccccevvvvevveeveeveeeeeennnnnnnnnns 21

2.5.2  Evolving E&P TeChNOIOGY ......cvviiiiiiiiieiiec e 25

2.5.3 Favorable ProjeCt ECONOMICS .......ccviiiiiiiiiiiiiieieieeeeeeeieeeeeseseeeeesesesessssnsnseennnes 25

2.5.4 Improved Field Development COSES ........uviiiiiiieiiiiiie e 27

2.5.5 Financial SUpport MeChaniSMS .........ovoiiiiiiiiiie e 27

2.6 REPORT STRUCTURE ... 27
2.7 CONGCLUSION ..ttt ettt ettt ettt ettt ettt ettt ettt et e e e e eeteeeeeseseseeeeeeensnnnnnes 28
3 Shale Gas Production TECHNOIOQIES ..........uvuiiiiiiiiiiiiiiiiiiieeeieeeeeeeeeeeeeeee e eeeeeeaseeeseseseseeeneanne 29
31 INTRODUCTION ..., 29
3.2 NEW TECHNOLOGY DEVELOPMENTS ... 29
32,1 SEISMIC IMAGING «oe ettt 29

3.2.2  HONzZONtAl DIllING ..uvvviiiiiiiiiiiiiiii s 31

3.2.3  MUII-WEITPAAS .o 32

3.2.4  Multilateral WElIS .........cooiiiiiiiiic e 33

3.2.5  HydrauliC FraCturing ........cuueeeiiiiiieiiiiie et 34

3.2.6  Staged FraCtUriNg ..........uuueuueueeiiiiieiiiiiii s 35

3.2.7  Flow-Channel FraCturing .........cccueoiiuiieeiiiiie e 35

3.2.8  SIMO-TTACS 1ottt 35

3.2.9  RE-FTACIUMNNQ ...uuuuriiiiiiiiiiiiiiiiitiiaa s 36

3.2.10 Operational FIEXiDIliY .........ccoiiiiiiiiiiiieii e 36

3.2.11 Water RECYCING ..ttt 36

3.3 TECHNICAL AND OPERATIONAL CHALLENGES ......ccooiiiiiiiieeieeee 37
3.3.1  Ground Water Contamination Potential .............ccccocveiiiiiiiiiniicie e, 37

3.3.2  Water Availability and DiSPOSal..........ccoiiuiiieiiiiiieiiiie e 37

3.3.3  Greenhouse Gas EMISSIONS ........coociiiiiiiiiiiiiiic e 38

3.3.4  Increased SeiSMIC ACHVILY .....ccueiieiiiiieeiiiii et 39

O Nexanr PERP PROGRAM 2

www_nexantthinking.com

PERP 2017S8, International Shale Gas: Reassessing teh Industry's Future
A00101.0017.4116



International Shale Gas: Reassessing the Industry's Future July 2017 Report Contents

335 LANA USE ..o 39

3.4 CONGCLUSION ..ttt et ettt e e e ese e e s e eeseeeeeesseneneennnnnnnnnes 39

4 ST, ettt e ettt e e e 41
4.1 INTRODUCTION ... 41

o Ot R O o 1 - LU TPPPRRRT 42

4.2 CONGCLUSION ..ottt e ettt et e e e e e e eseeeseeeseseeeessneenennnnnnnnnnes 55

5 N o] 1 g N [T o L PP O TP PP PPPPP PP 56
51 INTRODUCTION ... 56

5.2 CANADA ettt ettt ettt ettt ettt ettt ettt ettt ettt ettt ettt e et e e eteeennnnnes 56

5.2.1  WEeSEEIrN CanBUa ......vvveeiiiriiieiiiiie ettt 57

5.2.2  EASIErN CAn@Ua .....c.vvviiiiiiiiiiie e 63

5.2.3  INFLASITUCTUIE ...oeiiiiiiie ettt 64

5.3 MEXICO .o 68

B 301 BaSINS .t 68

5.3.2  POlCY ISSUEBS ...uvuiuiiiiiiiiiiiiiiiiiiiiii s 75

5.3.3 Downstream Related TOPICS ......cceiiuiiieiiiiieeiiiie et 78

5.3.4  SECUILY CONCEINS ..uuuutiiiiiiiniuiniiirininnnnnsannaaaaas s 80

54 CONGCLUSIONS ...ttt ettt ettt ettt ettt e ettt et eeeeeeteeeeeseseseeeeeseesnnnnnes 80

5.4 1 CABNAGA ... ceiiiiitiiie ittt 80

BUA.2  IMIEXICO ..ttt 80

6 Y (o2 PO PP PP O T PR P PTPRPP PO 82
6.1 INTRODUCTION ... 82

6.2 AL G EE R A L s 84

B.2.1  BASINS .ttt 84

6.2.2 Algeria’s Path toward Shale Gas ...........ccccceiiiiiii 86

6.3 SOUTH AFRICA . . oottt ettt ettt ettt e et e eeseeeeeeeseseeeeeeeennnnnnes 91

B.3.1  BASINS ..ttt 92

6.3.2 Challenges Facing Shale Gas Production .................cueeevvvvviveeeeeeeieeeieeneennnns 95

6.4 CONGCLUSIONS ...ttt ettt ettt et eeeeeeseeeeeeessseeeeeeeennnnnnes 98

L R A [0 1T - LTS OURP TP 98

6.4.2  SOULN AFTICA ... eeeeie it 98

7 SOULN AMIEBIICE ...ttt ettt e e ettt e e st et e e et e e e ab e e e e abn e e e e ane 100
7.1 INTRODUCTION ... 100

7.2 AR G EN TIN A s 102

7.2.1  Neuquina (NEUQUEN) BASIN .......ciiiiiiiieiiiiie et 103

O Nexanr PERP PROGRAM 3
www.noxanthinking.com PERP 2017S8, International Shale Gas: Reassessing teh Industry's Future

A00101.0017.4116



International Shale Gas: Reassessing the Industry's Future July 2017 Report Contents

7.2.2  GOIf0o SN JOrge BaSIN ......coeiiiiiieiiiiiieiiee et 105

7.2.3 Austral/Magallanes BasSiN..........cucciiiiiiiiiiiiie et 105

724 Paran@ Basin ........ccoueiiiiiiiiie ittt 106

T7.2.5  POlICY ISSUEBS ....eiiiiiiiie ettt e e e e e e s e e e e e e e e s e et aneees 106

7.3 OTHER SOUTH AMERICA ...ttt eeeeeeeeeaees 108
[A8S TS R =1 - V4 TSRS 108

7.3.2 VENEZUEIA ...t 110

7.4 CONGCLUSION ..ottt ettt et et e e e e e seeeeeesesesseesssnnennnnnnnnnnnnes 110

8 EUNOPDIE et 112
8.1 INTRODUCTION ... 112
8.2 POLAND ... 114
8.2.1  BaASINS ..ttt 115

8.2.2 Shale Gas Resources: Differences of Opinion ..........cccccvveeiiiiiieiniine e, 116

8.2.3  Regulatory UNCEIAINTY .......ccoiiiiiiiiiiiiee it 117

8.2.4 Polish Shale Gas EXOUUS........ccuviiiiiiiieiiiic et 119

8.2.5 Downstream Related Topics: Infrastructure and Supply Diversity............... 119

8.3 THE UNITED KINGDOM ... .. s 120
B.3.1  BaASINS ..ot e 123

8.3.2  POlCY ISSUEBS ...uvutiiiuiiiiiiiiiiiiiiiiit s 130

8.3.3  INFrASIIUCTUIE ... 131

8.4 OTHER EUROPE ...ttt neenenes 133
85 CONGCLUSIONS ...ttt ettt ettt et eeeeeeseeeeeeessseeeeeeeennnnnnes 134
8.5.1  POIANG ... 134

8.5.2  United KINGUOM ....coiiiiiiiiiiie et 134

9 AAUSTIIBL. ...ttt e et e bt e 136
9.1 INTRODUCTION ... 136

9.2 AUSTRALIA’S GAS RESERVES AND GAS RESOURCE BASE ........ccoccceveeiine 136
9.2.1  COOPEI BASIN...ututiiiiiiiiiiiiiiiiiiiiii s 140

9.2.2  MarybDOIOUGN ..o 141

9.2.3  CaNnNINg BaSIN ......cuuiiiiiiiiei it 142

9.2.4  Perth BASIN ..ottt 143

9.2.5  Beetaloo BaSIN .......cveviiiiiiiii e 144

9.2.6  GEOIGING BASIN....iiiiiiiiiiiiiie it 145

9.3 DOWNSTREAM RELATED TOPICS ... 148
0.3 1 VAT it 148

O Nexanr PERP PROGRAM 4
www.noxanthinking.com PERP 2017S8, International Shale Gas: Reassessing teh Industry's Future

A00101.0017.4116



International Shale Gas: Reassessing the Industry's Future

July 2017 Report Contents

9.3.2 LN ACCESS ... ettt 148

9.3.3  INFraSIIUCIUIE ACCESS.......uviiieiiiiee ettt 149

9.3.4  DOMESHIC GAS PriCES ...cciiiiiiieiiiiie ettt 150

9.4 CONGCLUSIONS ...ttt ettt e e e e e e e es e e e eeseeeesssnenennnnnnnnnnes 151

O /[T [0 | L3 == ] OO PO ST O P PPPPPPPPUPRPN 152
10.1 INTRODUCTION ... 152

10.2  JORDAN ... 153

F1O.3 OMAN 155

10.4  SAUDIARABIA .. 157

10.5 UNITED ARAB EMIRATES ... 159

10.6 CONCLUSION ..o 160

11 Regional Market ANGIYSIS........uuuuuuuuiiiiii s 161
111 INTRODUCTION ..., 161
1111 WHY NAEUFAI GAS? ..eiiiiiiiiie ittt ettt 162

11.1.2 Shale Gas and the Contemporary Global Gas Picture .....................oooo. 162

11.2 GLOBAL GAS CONSUMPTION, PRODUCTION, AND TRADE .........ccuvvveeiiieiiieeans 163
11.2.1 Historic CONSUMPLION ....ccceeeeieee e, 164

11.2.2 Forecast CONSUMPLION .....coiiuuiiiiiiiiie et e sttt 164

11.2.3 HiStOriC PrOQUCTION .....uvviiiiiiiiiieiiieee ettt 165

11.2.4 FOrecast ProdUCHION .........coiiiiiiiiiiiiec et 166

11.2.5 GIODAI GAS TraAOE ....ccoiiiiiiiiiiii ettt 167

12.2.6 GBS PrICING c.uveeiiiiiiiie ettt 168

11.3 GLOBAL SHALE GAS PRODUCTION FORECAST ...coooiiiiiiiiiii 169
12.3.1 NOIMH AMEIICA .oeiiitiiiieiiiie et 171

R T YU | (0] o =3P PPUPPPPRRN 173

11.3.3 ASIA PACITIC ....eeiiiiiiiii i 174

114 CONCLUSION ... 176

12  Impact on Petrochemical Production ECONOMICS.........uuuuuuiuiiiiiiic s 177
12.1 INTRODUCTION ... 177

12.2  COSTING BASIS .. 177
12.2.1  INVESIMENT BASIS ..veiieiiiiiieeiiiiie ettt ettt sttt e s 177

12.2.2 PrICING BASIS . .uteeiiiiiiiiiiitiiie ettt e e e e 178

12.2.3 Cost Of Production BasSIS ........cuiiiiiiiiiiiiiiieiiiiiee et 181

12.3  COST OF PRODUCTION ANALYSIS ... 181
12.3.1 ENYIENE oo 181

O Nexanr PERP PROGRAM 5

www_nexantthinking.com

PERP 2017S8, International Shale Gas: Reassessing teh Industry's Future
A00101.0017.4116



International Shale Gas: Reassessing the Industry's Future July 2017 Report Contents

12.3.2 HDPE .ottt a e aaaaaeeas 189

12,4 CONCLUSION ..ottt ettt e e e e et e e e e e e s e asnbnene s 195

R B = (=T =T o [o T R UR T OPPPRR 197
Appendix Page
A Definitions of Capital COSt TEIMMS .....uuiiiii it e e e e e e e e e s e ennaeeeeeas A-1
B Definitions of Operating COSt TEIMMS .....cciiiiiieiiiiie et et e e stee e e e stee e e nneeas B-1
C F X (o 11 To] g =1 @@ = USRI C-1
D PERP Program Title INdex (2007 = 2017) ..uevieiiiiieeiiiie ettt D-1

O Nexanr PERP PROGRAM 6
www.noxanthinking.com PERP 2017S8, International Shale Gas: Reassessing teh Industry's Future

A00101.0017.4116



International Shale Gas: Reassessing the Industry's Future

July 2017 Report Contents

Figure Page
1.1 Cost of Production Summary for EtNYIENE .......cccoiiiiiiiiiiiee e 9
1.2 Cost of Production Summary for Bimodal Film HDPE .............ccooiiiiiiiiiiiie e 10
2.1 West Texas’ Lozier Canyon (Eagle Ford Shale Formation)..........cccccccveeeiiiiiiiiineee e 12
2.2 North American Shale Gas BaSINS ........cuuuiiiiiiiiiaiiiiiieiie et 13
2.3 Well Site SEIECON FACIOIS .....civiiiiiieiiieitee ettt 17
2.4 Shale Gas Well ProdUCHION CUMVES .........uuiiiiiiiiieiiiii ettt 18
2.5 Remaining Technically Recoverable Shale Gas Resources by Region, End-2015............... 21
2.6 Distribution of Global Proven Natural Gas Reserves (End 2015) .........ccccceeviivieeiiiineeininnenn 22
2.7 Top Global [Proven] Gas ResServes COUNIIIES ......cccceeeeeeeieieeeee e, 23
2.8 Evolution of Shale Gas TECNNOIOGY .........euiiiiiiiiiiiiiii ittt 24
2.9 U.S. Conventional and Unconventional Gas Production, 2005-2016 ............cccceevivveeeiiinnenn 25
2.10 Long Run and Short Run Marginal Costs (SRMC) for Selected U.S. Formations................. 26
3.1 Types of HOMZONIAI WEIIS.........oiiiiiiiiiei e 32
3.2 Single Well Pad Vertical Development versus Multi Pad Horizontal Development ............... 32
3.3 Examples of MUIIAtEral WEIIS .........oeiiiiiiiei e 33
3.4 lllustration of Hydraulic FraCturing.........cccoouiiiiiiii e, 34
4.1 China: Primary Energy Consumption by Fuel, 2015 ........c.coviiiiiiiiiiiiee e 42
4.2 Chinese Gas Supply Sources versus Consumption, 2005-2015...........cccccoeeiiiiiiiie. 43
4.3 Chinese Shale Gas Basins ASSeSSed fOr ELA ... 44
4.4 China’s SIChUAN BasSin ........ciiiiiiiiiiiiiii ittt 47
4.5 Location of Xinxiang Uyghur Autonomous Region (Xinjiang Province) and West-East

PIPEIINES ..ot 49
4.6 China Gas Pipeline INfrastruCture ..o 54
5.1 Canadian Natural Gas Production, 2005-2015 ........ccoiiiiiiuiieieeeieeeee e 57
5.2 Unconventional Gas Basins in Western Canada ...........c.ceioiuvriiariiiiieniiiiee e 58
5.3  Location Of HOMN RIVET BASIN......cciiuiiiiiiiiiiieiiiie ettt 59
5.4 Canada West Spot Gas Prices versus Henry Hub (Louisiana)..............cccccceeeiiiiii. 60
5.5 Location of MONtNEY FOIMALION ........eiiiiiiiiiiiiiii ettt 62
5.6 Mexican Shale Gas BasSINS ........ccocuiiiiiiiiiiiiiiiie ettt 69
LI A = 10T o o R = 7= 1S3 T T Y/ oo o J SRS 70
5.8 Cuencas Sabinas-Burro-Picach0s-Burgos BasinS...........ueeiiiiiiiiiiiiiiiiieaeee e 72
5.9 Location of Tampico-MiSantla BASIN .........ciiiiiiiiiiiiiiieiiiiee et 74
5.10 Mexico Natural Gas Production versus CONSUMPLION ........coouviieiiiiiieiiiiiee i 75
5.11 Mexico’s Energy Sector Reform PrinCiples ... 76

O Nexanr PERP PROGRAM
www.noxanthinking.com PERP 2017S8, International Shale Gas: Reassessing teh Industry's Future

A00101.0017.4116



International Shale Gas: Reassessing the Industry's Future July 2017 Report Contents

5.12 Energy Secretariat: Evolution of Mexico’s Gas Grid, 2015-2030.......cccceeriiiiiiiiiireeenaiiiiieeen. 78
5.13 Mexico’s Gas Supply/Demand Balance, 2005-2016..........cceeeeeiiiiiiiiiiieeeeeeiiiriieeee e e s e ennnnneeeas 79
6.1 Global Electricity Generated By Region, 2015..........cooiiiiiiiiiiiieiiiieee e 82
6.2 Unproved Technically Recoverable Wet Shale Gas Resources of Selected African

(0o 11|01 141 PP PP PP PPPPPPRPPPPPPIN 83
6.3 Algerian Shale Gas BaSiNS..........cccuuuiiiiiiee it e e e ssrt e e e e e s st e e e e e e s et aeeeeeeessannnranneees 85
6.4 Algeria’s Natural Gas Balance, 2005-2016 .........cooiiiiiiiiiiiiieeee e 87
6.5 Algerian Gas Consumption, 2005-2040 .........c..uueiieeeeiiiiiiiieee e e e e e e e s s e e e e s 90
6.6  South Africa’s Primary Energy MiX (2015) .......oeiiiiiiiioiiiiiieiiiiee e 91
6.7 Location of South Africa’s Karoo Basin .............cooiiiiiiiiiiiiiiiici e 93
6.8 Key South African Gas InfrastruCture............ccooo e 96
7.1 ARI Shale Gas Resource Estimates (2011 versus 2013) — South America ..........cccceevvvveeen. 100
7.2 South America Natural Gas Consumption (incl. Caribbean).............................l. 101
7.3 Argentina Natural Gas BalaAnCe...........cocuuiiiiiiiiiiiiiiiiee ittt 102
7.4  Argentina Shale BasinNS .........ccoooiiiii i 103
7.5 NEUGUEN BASIN ..tttk e e ettt e sttt e e skt e e st e e e anene e s 104
7.6 Brazil SNale Gas BaASINS........cuuiiiiiiiiieiiiii ettt 109
8.1 Regional Historic Gas BalanCe: EUIOPE ........uuuiiiiiiiiieiieeie et 112
8.2 Major Sedimentary Basins in Europe Holding Shale Gas Potential.........................c. 113
8.3 Poland Natural Gas SUpPly, 2005-2016..........uueieiiriiieiiiiiie i 114
8.4 POIliISh Shale Gas BaASINS .......uviiiiiiiiii ettt ettt 115
8.5 Location of North Sea Gas Hydrocarbon Fields. ... 121
8.6 UK Gas Supply/Demand BalANCE ............ooiiiiiiiiiiiiiie ettt 122
8.7 Identified UK Shale Gas DEPOSILS .......ccceeeiiieie e 123
8.8 Location of the BGS/OGA Wessex Study Area and Previous BGS/DECC Study Areas....... 124
8.9 Distribution of Middle Carboniferous Shales in Wales ...........c.ccccoviiiiiiiiiiciicee e 126
8.10 Location of the BGS/DECC Shale Gas Study Area, Central Britain ...........cocccvveiiiieecininnnen. 128
8.11 The National Gas TransmisSSiON SYSIEM .......ccooiiiiiiii i 132
9.1 Australia's Prospective Natural Gas RESOUICES ........cccuvviiiieeeeiiiiiiiieiee e e e esieeee e e e e e enneeeeeeas 137
1S I ©fo o] o= Tl = - TS | [T T PP PP TP 141
9.3 MaryborOUGN BaSIN ......uueiiiiiiiiie ettt n 142
1S I OF- o] o] g o [ = 7= 1] 1o TP PP TR 143
S B =T 41 T = T T | o PSP OP PP 144
9.6  Location Of BEELAI0OO BaASIN........ciiiiiiiiiiiiiiieiiiee ettt 145
9.7  Location Of GEOrgiNa BaSIN ........coiiuiiiiiiiiiii ittt 146

O Nexanr PERP PROGRAM 8
www.noxanthinking.com PERP 2017S8, International Shale Gas: Reassessing teh Industry's Future

A00101.0017.4116



International Shale Gas: Reassessing the Industry's Future July 2017 Report Contents

9.8  EaStern Pipeling NEIWOIK .........oiiiiiiiii it 147
9.9 Australian Gas PipeliNg Map ........ccuuuiiiiiie et e e 150
10.1 Base Map and CrosSs SeCHON — JOTTaAN.........uuiiiiiiiiiiiiiii ettt 154
10.2 Omani Shale Gas and Shale Oil BaSINS ........cccoovieiiiiiiiieree e 156
10.3 Saudi Arabia: Areas of Shale Gas EXPIOration ...........cccceoiuiiiiiiiiiiiiiiiee e 158
11.1 Nexant’s Proprietary World Gas MOAEL...........ccooiiiiiiiiiiiiie e 162
11.2 Regional Definitions According t0 NEXaANt..........ccueiiiiiiiiiiiiiii e 164
11.3 Global Gas Consumption (2017 Estimated; 2022 FOrecast) .......ccccceeeviiiiuvreeeeeeeesiiinineeeeaenn 165
11.4 Historic Global Gas Production DY REGION ........cocuuiiiiiiiiiiiiiiie et 166
11.5 Projected Global Gas Production (2017 Estimated; 2022 FOrecast) .........ccceeeveveeiiiiiiieeniennnn 167
11.6 Historic Global Gas Production by Type (2016 Estimated)..........cccceeiiireiiiiiieeiiiiiiee e 170
11.7 Global Shale Gas Production by Region (2016 and 2017 Estimated; 2022 Forecast).......... 171
11.8 North America’s Gas Balance (2016 and 2017 Estimated; 2022 Forecast) ........c.ccccoocueeeennee 172
11.9 North American Shale Gas Production by Country (2016 and 2017 Estimated; 2022

FOMBCAST) i 172
11.10 Europe’s Natural Gas Balance (2016 and 2017 Estimated; 2022 Forecast) ............ccccuveeennee 173
11.11 European Natural Gas Production by Source (2017 Estimated; 2022 Forecast) .................. 174
11.12 Asia Pacific’s Natural Gas Balance (2017 Estimated; 2022 Forecast) ..........ccccocvveiiviineeennns 175
11.13 Asia Pacific Natural Gas Production DY SOUICE .........uuuuuuiiiiiiiis s 176
12.1 Cost of Production Summary for Ethylene (Steam Cracking of Ethane; USGC, Q1 2017)... 186
12.2 Cost of Production Summary for Ethylene (Current US$ per ton, 2022) ..........cccooevvvveeeeeennn. 187
12.3 Cost of Production Summary for Bimodal Film HDPE (QL1 2017)......ccccueeiiiiieeiiiiieeeiiieeeeens 193
12.4 Cost of Production Summary for Bimodal Film HDPE (2022).........cccoivuiiiiiiiieiiiiiieeeiiieeee s 193
12.5 Cost of Production Summary for EthYIENe ... 195
12.6 Cost of Production Summary for Bimodal Film HDPE ...........cccooiiiiiiiiiiiiieee e 196

O Nexanr PERP PROGRAM 9
www.noxanthinking.com PERP 2017S8, International Shale Gas: Reassessing teh Industry's Future

A00101.0017.4116



International Shale Gas: Reassessing the Industry's Future July 2017 Report Contents

Table Page
2.1 Characteristics of Selected U.S. Shale Gas DEPOSILS .......ccveeeeiiiiiiiiiiiieeeieciiiiiree e s 14
2.2 Characteristics of a Successful Shale Gas RESOUICE.........ccceeiiiiiiiiiiiiieeie e 15
2.3 Marcellus Shale Gas COMPOSITION (20) ..eccciiivririiieeee e it e e e e s e e e e e s e e e e e s e e nnnraneees 16
2.4  ARI/EIA’s World Shale ReSOUrce ASSESSMENES .....ccciiiviiiiiieeeeeiiiiiiiie e e e e 19
2.5 Worldwide Remaining Proved Natural Gas RESEIVES .........cccceviiiiiiiiieieeeieiiiiiiieeee e s s sniivneeeas 22
5.1 Canada LNG EXPOIt PrOJECES ......ciiuuiiiiiiiiiieiiiii ettt 67
8.1 Comparison of ARI’s Polish Shale Gas SUIVEYS.........cccuuviiieeiiiiiiiiieece e 117
9.1 Australia’s Identified and Prospective Gas RESOUICES ...........cooviiiiiiiiiiiiiiiiiiiiiiee e 137
9.2 Shale Gas Basins and FOrmations in AUSTrali@...........cccuvviiiiiiiiiiiiice e 138
12.1 Prices of Raw Materials, Products, Utilities, and Labor (Q1 2017).......cccccveeveeeeeiiiiiiieeneeennn, 179
12.2 Prices of Raw Materials, Products, Utilities, and Labor (2022)...........ccooviiiiiiieeiiiiiiiiiieeeenn 180
12.3 Representative Ethylene Plants Modeled ... 182
12.4 Cost of Production Estimate for: Ethylene (Steam Cracking of Ethane; USGC, Q1 2017) ... 184
12.5 Cost of Production Estimate for: Ethylene (Steam Cracking of Ethane; USGC, 2022) ......... 185
12.6 Regional Competitiveness Cost Summary for Ethylene ..........cccoeiiiiiiiiiic e 188
12.7 Representative HDPE Plants Modeled ... 189
12.8 Cost of Production Estimate for: Bimodal Film HDPE (Chevron Phillips, MarTECH,

SIurry LOOP; USGEC, QL 2017) i iiieieeiiiiiee ettt etiee e st e e st e e e st e e e e snte e e e e antaeeessntaeeesantaeeeeane 190
12.9 Cost of Production Estimate for: Bimodal Film HDPE (Chevron Phillips, MarTECH,

SIUrTY LOOP; USGEC, QL 2007) . iiutiiieeiitiiee ettt ettt ettt e et e e et e e s anbaeeeeanes 191
12.10 Regional Competitiveness Cost Summary for Bimodal Film HDPE ............ccccooeiiiiiiiiiiiieennnn. 194

O Nexanr PERP PROGRAM 10
www.noxanthinking.com PERP 2017S8, International Shale Gas: Reassessing teh Industry's Future

A00101.0017.4116



International Shale Gas: Reassessing the Industry's Future July 2017 Report Contents

Process Evaluation/Research Planning

O Nexanr

www.nexantthinking.com

The NexantThinking™ Process Evaluation/Research Planning (PERP) program
is recognized globally as the industry standard source for information relevant to
the chemical process and refining industries. PERP 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 Thinking™
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, NexantThinking
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. 2017. All Rights Reserved.

O Nexant PERP PROGRAM 1
www.nexantthinking.com PERP 2017S8, International Shale Gas: Reassessing teh Industry's Future
A00101.0017.4116



