
An Economic Assessment of the International Maritime Organization i 
Sulphur Regulations on Markets for Canadian Crude Oil 

 July 2018 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

AN ECONOMIC ASSESSMENT OF THE INTERNATIONAL MARITIME ORGANIZATION 
SULPHUR REGULATIONS ON MARKETS FOR CANADIAN CRUDE OIL 

  

 

 



ii Canadian Energy Research Institute 
 

July 2018 

An Economic Assessment of the International Maritime Organization 
Sulphur Regulations on Markets for Canadian Crude Oil 
 
Authors: Experience Nduagu 
  Evar Umeozor 
  Alpha Sow 
  Dinara Millington 
With contributions from: Aashish Gaurav 
  Hassan Assaad 
 
ISBN 1-927037-60-7 
 
Copyright © Canadian Energy Research Institute, 2018 
Sections of this study may be reproduced in magazines and newspapers with acknowledgement to the 
Canadian Energy Research Institute 
 
July 2018 
Printed in Canada 
 
Front cover photo courtesy of Google images 
 
Acknowledgements:   
The authors of this report would like to extend their thanks and sincere gratitude to all CERI staff that provided 
insightful comments and essential data inputs required for the completion of this report, as well as those involved 
in the production, reviewing and editing of the material, including but not limited to Allan Fogwill and Megan 
Murphy.  The authors would also like to thank the following individuals and institutions for providing data and helpful 
insights for this study. Responsibility for any errors, interpretations, or omissions lies solely with CERI. 
 

¶ James Storm 

¶ William R. Edwards 

¶ Gerard Monaghan 

¶ Neil Camarta 

¶ Eric P. Murray 

¶ Ian Austin 

¶ Kavan Motazedi 

¶ Dr. Joule Bergerson 

¶ Argus 

¶ Methanex 
 

ABOUT THE CANADIAN ENERGY RESEARCH INSTITUTE ς /!b!5!Ω{ ±hL/9 hb 9b9wD¸ 
Founded in 1975, the Canadian Energy Research Institute (CERI) is an independent, registered charitable 
organization specializing in the analysis of energy economics and related environmental policy issues in the energy 
production, transportation and consumption sectors.  Our mission is to provide relevant, independent, and objective 
economic research of energy and environmental issues to benefit business, government, academia and the public. 
 
For more information about CERI, visit www.ceri.ca  
 
CANADIAN ENERGY RESEARCH INSTITUTE 
150, 3512 ς 33 Street NW 
Calgary, Alberta   T2L 2A6 
Email:  info@ceri.ca  
Phone:  403-282-1231 

  

 

 

http://www.ceri.ca/
mailto:info@ceri.ca


An Economic Assessment of the International Maritime Organization iii  
Sulphur Regulations on Markets for Canadian Crude Oil 

 July 2018 

4ÁÂÌÅ ÏÆ #ÏÎÔÅÎÔÓ 
LIST OF FIGURES .............................................................................................................  v 

LIST OF TABLES ...............................................................................................................  vii 

ACRONYMS AND ABBREVIATIONS ..................................................................................  ix 

EXECUTIVE SUMMARY ....................................................................................................  xi 

 CERI Refinery Optimization Modelling ..............................................................................  xi 
 Non-Compliance Scenarios ................................................................................................  xii 
 IMO Regulation:  Impact on US Refinery Margins .............................................................  xii 
 Scenario Assumption and Compliance Options .................................................................  xiii 
 Impacts on Canadian Heavy Oil .........................................................................................  xv 

CHAPTER 1 HISTORY OF THE IMO AND REGULATIONS .................................................  1 

 Historic Levels of Compliance ............................................................................................  2 
 Impact of Previous IMO/ECA Regulations on Crude Markets ...........................................  3 

CHAPTER 2 GLOBAL CRUDE OIL MARKETS ...................................................................  5 

 Crude Supply and Demand ................................................................................................  5 
 Global High Sulphur Residual Oil Market...........................................................................  10 
 Middle Distillates Oil Markets ............................................................................................  12 

CHAPTER 3 IMPACTS ON THE REFINING SECTOR .........................................................  15 

 CERI Refinery Model ..........................................................................................................  15 
 CERI Refinery Modelling Results ........................................................................................  25 
 CERI Refinery Linear Programming Results .......................................................................  27 
  Potential Crude Displacement .....................................................................................  27 
 Realistic Optimal Crude Blends and Margins .....................................................................  30 

CHAPTER 4 SCENARIO ANALYSIS .................................................................................  33 

 Scenarios for Future Refinery Outlook ..............................................................................  33 
 Residual Fuel Oil Balance and Potential Markets ..............................................................  33 
 Non-Compliance Scenarios ................................................................................................  39 
 Crude Diet Prices and Refinery Products ...........................................................................  41 
 IMO Regulation:  Impact on US Refinery Margins .............................................................  43 

CHAPTER 5 COMPLIANCE OPTIONS .............................................................................  49 

 Scenario:  Moderate Non-Compliance ..............................................................................  49 
 Scrubbers ...........................................................................................................................  50 
 Refinery Additions ..............................................................................................................  52 
 Slow-Steaming ...................................................................................................................  55 
 Distillates ............................................................................................................................  56 
 Liquefied Natural Gas.........................................................................................................  59 
 Methanol ............................................................................................................................  60 
 Arctic Heavy Oil Transport Ban ..........................................................................................  60 

  



iv Canadian Energy Research Institute 
 

July 2018 

CHAPTER 6 IMPACTS ON CANADIAN HEAVY OIL .........................................................  63 

 Price of Canadian Heavy ....................................................................................................  63 
 WTI-WCS Price Differential ................................................................................................  68 
 Canadian Crude Oil Exports to the US ...............................................................................  72 
 Canadian Export Pipeline Network ....................................................................................  76 
 Canadian Rail Network .......................................................................................................  77 

CHAPTER 7 CONCLUSION ............................................................................................  79 

REFERENCES ...................................................................................................................  89 

APPENDIX.......................................................................................................................  93 
  



An Economic Assessment of the International Maritime Organization v 
Sulphur Regulations on Markets for Canadian Crude Oil 

 July 2018 

,ÉÓÔ ÏÆ &ÉÇÕÒÅÓ 
E.1 Refinery Margin Impacts Due to IMO 2020 Regulation ..............................................  xii 
E.2 Resid Bunker Fuel Substitution Effects under the Moderate NC Scenario .................  xiii 
E.3 WTI and WCS Price Differential ...................................................................................  xv 
2.1 Global and North American Crude Oil Production ......................................................  5 
2.2 Global Crude Production Volume by Quality in 2016 ..................................................  6 
2.3 Quality and Production Volume of Major Crudes in 2016 ..........................................  7 
2.4 ¢ƘŜ !ƳŜǊƛŎŀΩǎ {ƘŀǊŜ ƻŦ Dƭƻōŀƭ /ǊǳŘŜ hƛƭ ¢ȅǇŜǎ tǊƻŘǳŎŜŘΣ нлмс ................................  9 
2.5 Canadian Historical and Projected Bitumen Production .............................................  9 
2.6 Residual Fuel Oil Demand ............................................................................................  10 
2.7 Jurisdictional Fuel Oil Consumption ............................................................................  11 
2.8 Bunker Fuel Consumption by Type, 2016 ....................................................................  12 
2.9 Global Diesel and Gasoil Consumption ........................................................................  12 
2.10 Global Refined Oil Product Desulphurization Capacities .............................................  13 
3.1 A Typical Hydroskimming Refinery Process .................................................................  15 
3.2 Product Yields for Refineries with Different Complexities ..........................................  16 
3.3 Historical Ranges of Crude Oil Flows into US PADDs ...................................................  18 
3.4 Historical Percentages of Refined Oil Products ...........................................................  19 
3.5 Optimization Model Design and Components ............................................................  22 
3.6 Historical Crude Pricing ................................................................................................  24 
3.7 PADD 1 Calculated versus Actual Refined Product Volumes .......................................  25 
3.8 PADD 2 Calculated versus Actual Refined Product Volumes .......................................  25 
3.9 PADD 3 Calculated versus Actual Refined Product Volumes .......................................  26 
3.10 PADD 4 Calculated versus Actual Refined Product Volumes .......................................  26 
3.11 PADD 5 Calculated versus Actual Refined Product Volumes .......................................  27 
3.12 Potential Crude Displacements....................................................................................  27 
3.13 Composition of Heavy Sour and Heavy Sweet Crudes: 
 Model versus Optimal Blends ......................................................................................  28 
3.14 Composition of Light Sour and Light Sweet Crudes: 
 Model versus Optimal Blends ......................................................................................  29 
3.15 Composition of Medium Sour Crudes:  Historical versus Optimal Blends ..................  29 
3.16 Composition of Crude Blends Limited by Logistics and Operations ............................  30 
3.17 Average 2017 Refinery Margins of Cokers and FCC ....................................................  31 
3.18 Improvement of Refinery Margins ..............................................................................  32 
4.1 Global Fuel Oil Production, 2015 .................................................................................  34 
4.2 Residual Fuel Oil Consumption by Country .................................................................  35 
4.3 Regional Residual Fuel Oil Consumption .....................................................................  36 
4.4 Residual Fuel Oil Consumption Sectors .......................................................................  36 
4.5 Market Share of International Bunker Fuel Oil ............................................................  37 
4.6 Change in Demand for Residual Fuel Oil .....................................................................  38 
4.7 Switchable Demand for HSFO ......................................................................................  39 
4.8 Non-compliance Scenario Assumptions ......................................................................  40 



vi Canadian Energy Research Institute 
 

July 2018 

4.9 Light Sweet Crude Oil Price Outlook With and Without the IMO Regulation .............  41 
4.10 Historical Refined Product Prices .................................................................................  42 
4.11 Price Forecast for Ultra Low Sulphur Diesel ................................................................  43 
4.12 Average 2017 Refinery Margins of Cokers and FCC ....................................................  43 
4.13 Medium (FCC) Refinery Margins under Different Compliance Scenarios ...................  44 
4.14 Complex (Coker) Refinery Margins under Different Compliance Scenarios ...............  45 
5.1 Substitution Options of Resid Bunker Fuel ..................................................................  49 
5.2 Estimates of Ships with Scrubbers by Previous Studies ..............................................  51 
5.3 Substitution Volumes for Resid Bunker Fuel ...............................................................  52 
5.4 Global Crude and Vacuum Distillation Capacities, 2017 .............................................  54 
5.5 Fuel Consumption and Speed Relationship .................................................................  55 
5.6 Prices of MGO, IFO 180 and IFO 380 Bunker Fuels at Houston ...................................  58 
5.7 Marine Oils and Blends Prices......................................................................................  59 
6.1 Light-Heavy Differentials .............................................................................................  63 
6.2 Maya-WCS and WTI-WCS Differentials at Cushing ......................................................  64 
6.3 Potential Composition Changes in the Optimal Crude Blend ......................................  65 
6.4 Venezuela and Mexico Crude Outputs are Decreasing ...............................................  66 
6.5 Competing International Crudes in the Gulf Coast ......................................................  67 
6.6 Changes to WTI and WCS Prices Due to the IMO Regulation ......................................  69 
6.7 In Situ Capital and Operating Production Costs...........................................................  70 
6.8 New SAGD Project Viability by 2020 ............................................................................  71 
6.9 Expanded SAGD Project Viability by 2020 ...................................................................  71 
6.10 Canadian Supply and Disposition of Crude Oil ............................................................  72 
6.11 Canadian Crude Exports to the US ...............................................................................  74 
7.1 Refinery Margin Impacts Due to the IMO Regulation .................................................  81 
7.2 Resid Bunker Fuel Substitution Options ......................................................................  82 
7.3 Resid Bunker Fuel Substitution Volumes .....................................................................  83 
7.4 Prices of Conventional Marine Oils and the Blend Options ........................................  84 
7.5 WCS-WTI Price Differential Impact Due to the IMO Regulation .................................  85 
7.6 New SAGD Project Viability by 2020 ............................................................................  86 
7.7 Expanded SAGD Project Viability by 2020 ...................................................................  86 
A.1 Generic Refinery Input-Output Regression Model ......................................................  93 
A.2 LP Optimization Model ................................................................................................  95 
  



An Economic Assessment of the International Maritime Organization vii 
Sulphur Regulations on Markets for Canadian Crude Oil 

 July 2018 

,ÉÓÔ ÏÆ 4ÁÂÌÅÓ 
1.1 SOx Emissions Controls ................................................................................................  2 
2.1 Crude Classifications by API and Sulphur Content ......................................................  8 
2.2 Available Refining Capacity ..........................................................................................  13 
3.1 Crude Oil Classifications ...............................................................................................  18 
3.2 Configurations of US Refineries ...................................................................................  20 
3.3 Canadian and US Refinery Capacity and Configurations .............................................  21 
3.4 Sulphur Specifications of Refinery Products ................................................................  23 
3.5 Fixed and Variable US Refinery Costs ..........................................................................  24 
4.1 High Sulphur Bunker Fuel Price ...................................................................................  40 
5.1 Operational Risks of Using Marine Gasoil as a Bunker Fuel ........................................  57 
6.1 Maximum Refinery Losses Under Different Scenarios ................................................  68 
6.2 Canadian Crude Exports Status by PADD Region .........................................................  75 
6.3 Existing Rail Terminals and their Capacity from Western Canada ..............................  78 
A.1 US Refinery Capacities and Configurations .................................................................  95 
  



viii Canadian Energy Research Institute 
 

July 2018 

 

  



An Economic Assessment of the International Maritime Organization ix 
Sulphur Regulations on Markets for Canadian Crude Oil 

 July 2018 

!ÃÒÏÎÙÍÓ ÁÎÄ !ÂÂÒÅÖÉÁÔÉÏÎÓ  
DFO Diesel Fuel Oil 

ECA Emission Control Areas 
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LSW Light Sweet Crude 
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PADD Petroleum Administration for Defence District 

RFO Residual Fuel Oil, same as HSFO and HFO 

SAGD Steam-Assisted Gravity Drainage 

SOR Steam-to-Oil Ratio 

TAN Total Acid Number 
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%ØÅÃÕÔÉÖÅ 3ÕÍÍÁÒÙ 
! ǊŜŎŜƴǘ ǊŜƎǳƭŀǘƛƻƴ ōȅ ǘƘŜ LƴǘŜǊƴŀǘƛƻƴŀƭ aŀǊƛǘƛƳŜ hǊƎŀƴƛȊŀǘƛƻƴ όLahύ ǎŜǘǎ ŀ Ǝƭƻōŀƭ ƭƛƳƛǘ ŦƻǊ 
ǎǳƭǇƘǳǊ ƛƴ ŦǳŜƭ ƻƛƭ ǳǎŜŘ ǘƻ ǇƻǿŜǊ ǎƘƛǇǎ ŀǘ лΦр҈ όōȅ Ƴŀǎǎύ ŦǊƻƳ ǘƘŜ ŎǳǊǊŜƴǘ оΦр҈ ǎǘŀǊǘƛƴƎ ƛƴ WŀƴǳŀǊȅ 
нлнлΦ  ¢Ƙƛǎ ƳƻǊŜ ǎǘǊƛƴƎŜƴǘ ǊŜƎǳƭŀǘƛƻƴ ǊŜǎǘǊƛŎǘƛƴƎ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ǎƘƛǇǎ ǇƭȅƛƴƎ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ǿŀǘŜǊǎ 
ŎƻǳƭŘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŎƘŀƴƎŜ ǘƘŜ ŎǊǳŘŜ ƻƛƭ ƭŀƴŘǎŎŀǇŜ ŀǘ ǊŜƎƛƻƴŀƭ ŀƴŘ Ǝƭƻōŀƭ ƭŜǾŜƭǎΦ CƻǊ ŜȄŀƳǇƭŜΣ ǘƘŜ 
нлнл Lah ǎǳƭǇƘǳǊ ǊŜƎǳƭŀǘƛƻƴ ǿƻǳƭŘ ǊŜǉǳƛǊŜ ǘƘŜ ǊŜƳƻǾŀƭ ƻŦ ǳǇ ǘƻ мнΣлллπмсΣллл ǘƻƴƴŜǎ ǇŜǊ Řŀȅ 
ƻŦ ǎǳƭǇƘǳǊ ŎƻƴǘŀƛƴŜŘ ƛƴ ǘƘŜ оπп Ƴƛƭƭƛƻƴ ōŀǊǊŜƭǎκŘŀȅ ƻŦ ƘƛƎƘ ǎǳƭǇƘǳǊ ōǳƴƪŜǊ ŦǳŜƭ ǳǎŜŘ ŦƻǊ ƳŀǊƛƴŜ 
ǘǊŀƴǎǇƻǊǘΦ ¢Ƙƛǎ ŎƘŀƴƎŜ ǿƛƭƭ ǇǊƻǇŀƎŀǘŜ ǘƘǊƻǳƎƘ ǘƘŜ ǾŀƭǳŜ ŎƘŀƛƴΤ ŦǊƻƳ ǘƘŜ ƳŀǊƛƴŜ ƛƴŘǳǎǘǊȅ ǘƘŀǘ ǿƛƭƭ 
ǎŜŜƪ ǊŜǇƭŀŎŜƳŜƴǘ ŦǳŜƭǎ ǘƻ ǊŜŦƛƴŜǊǎ ǘƘŀǘ ǇǊƻŘǳŎŜ ōǳƴƪŜǊ ŦǳŜƭΣ ŀƴŘ ǘƻ ǳǇǎǘǊŜŀƳ ƻƛƭ ǇǊƻŘǳŎŜǊǎ ǿƘƻ 
ǇǊƻŘǳŎŜ ŎǊǳŘŜǎ ǘƘŀǘ ƎŜƴŜǊŀǘŜ ƘƛƎƘ ǎǳƭǇƘǳǊ ǊŜǎƛŘǳŜǎ ǳǎŜŘ ƛƴ ōǳƴƪŜǊƛƴƎΦ 

/ŀƴŀŘŀ ƛǎ ƻƴŜ ƻŦ ǘƘŜ ƳŀƧƻǊ ǇǊƻŘǳŎŜǊǎ ƻŦ ƘƛƎƘ ǎǳƭǇƘǳǊ ƘŜŀǾȅ ŎǊǳŘŜ ƻƛƭ ǿƛǘƘ ǇǊƻŘǳŎǘƛƻƴ ƎǊƻǿƛƴƎ 
ǎǘŜŀŘƛƭȅ ǎƛƴŎŜ нллуΦ .ƛǘǳƳŜƴ ǇǊƻŘǳŎǘƛƻƴ ƛǎ ŜȄǇŜŎǘŜŘ ǘƻ ǊŜŀŎƘ о Ƴƛƭƭƛƻƴ ōōƭκŘŀȅ ōȅ ǘƘŜ ŜƴŘ ƻŦ нлму 
ŀƴŘ ŎƻƴǘƛƴǳŜ ƛƴŎǊŜŀǎƛƴƎΦ /ŀƴŀŘƛŀƴ ƘŜŀǾȅ ǎƻǳǊ ŎǊǳŘŜ ƛǎ ǊŜŦƛƴŜŘ ǇǊƛƳŀǊƛƭȅ ƛƴ /ŀƴŀŘŀ ŀƴŘ ǘƘŜ ¦ƴƛǘŜŘ 
{ǘŀǘŜǎ ό¦{ύ ǿƘŜǊŜ ǘƘŜǊŜ ŀǊŜ ǎǳŦŦƛŎƛŜƴǘ ŎŀǇŀŎƛǘƛŜǎ ƻŦ ŎƻƳǇƭŜȄ ǊŜŦƛƴŜǊƛŜǎ ǘƻ ƘŀƴŘƭŜ ǘƘƛǎ ǘȅǇŜ ƻŦ ŎǊǳŘŜΦ 
/ŀƴŀŘƛŀƴ ōƛǘǳƳŜƴ ŎƻƴǘǊƛōǳǘŜǎ ǾŜǊȅ ƭƛǘǘƭŜ ǘƻ ōǳƴƪŜǊƛƴƎ ǎƛƴŎŜ ƛǘ ƛǎ ŎƻƴǎǳƳŜŘ ōȅ ǘƘŜ ŎƻƳǇƭŜȄ 
ǊŜŦƛƴƛƴƎ ƛƴ /ŀƴŀŘŀ ŀƴŘ ǘƘŜ ¦{Φ LƴǎǘŜŀŘΣ /ŀƴŀŘƛŀƴ ŎǊǳŘŜ ǿƛƭƭ ƘŀǾŜ ǘƻ ŎƻƳǇŜǘŜ ŦƻǊ ¦{ ǊŜŦƛƴƛƴƎ ǎǇŀŎŜ 
ƻƴ ƴŜǘōŀŎƪ ǊŜŦƛƴƛƴƎ ǾŀƭǳŜ ǿƛǘƘ ƻǘƘŜǊ ŎǊǳŘŜǎ ǘƘŀǘ ŎǳǊǊŜƴǘƭȅ ŎƻƴǘǊƛōǳǘŜ ǘƻ IƛƎƘ {ǳƭǇƘǳǊ CǳŜƭ hƛƭ 
όI{Chύ ǎǳǇǇƭȅΦ ¢ƘŜ /ŀƴŀŘƛŀƴ 9ƴŜǊƎȅ wŜǎŜŀǊŎƘ LƴǎǘƛǘǳǘŜ ό/9wLύΣ ǘƘŜǊŜŦƻǊŜΣ ǳǎŜŘ ŀ ǊŜŦƛƴŜǊȅ 
ƳƻŘŜƭƭƛƴƎ ŀƴŘ ƻǇǘƛƳƛȊŀǘƛƻƴ ŀǇǇǊƻŀŎƘ ǘƻ ƛƴǾŜǎǘƛƎŀǘŜ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ǘƘŜ Lah ǊŜƎǳƭŀǘƛƻƴ ƻƴ /ŀƴŀŘƛŀƴ 
ŎǊǳŘŜ ǇǊƻŘǳŎǘƛƻƴ ŀƴŘ ǇǊƛŎŜΦ 

CERI Refinery Optimization Modelling  
/9wL ŘŜǾŜƭƻǇŜŘ ŀƴ ƻǇǘƛƳƛȊŀǘƛƻƴ ƳƻŘŜƭ ǘƻ ŀŎŎƻǳƴǘ ŦƻǊ ¦{ ǊŜŦƛƴŜǊȅ ŎƻƴŦƛƎǳǊŀǘƛƻƴǎ ŀƴŘ ǘƘŜƛǊ 
ƻǇŜǊŀǘƛƴƎ ŎƻǎǘǎΣ ŎŀǇƛǘŀƭ ƛƴǾŜǎǘƳŜƴǘǎΣ ŎǊǳŘŜ ƻƛƭ ōƭŜƴŘƛƴƎΣ ŀƴŘ ǘƘŜ ŀǎǎƻŎƛŀǘŜŘ ǊŜŦƛƴŜǊȅ ŀŎǉǳƛǎƛǘƛƻƴ 
Ŏƻǎǘǎ ƻŦ ŎǊǳŘŜ ōƭŜƴŘǎΣ ǇǊƻŘǳŎǘ ǎƭŀǘŜǎ ŀƴŘ ǘƘŜƛǊ ƳŀǊƪŜǘ ǾŀƭǳŜǎΣ ǘƘǳǎ ǊŜǉǳƛǊƛƴƎ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ 
ǊŜǾŜƴǳŜ ŦƻǊŜŎŀǎǘǎ ŦǊƻƳ ǘƘŜ ǎŀƭŜǎ ƻŦ ǊŜŦƛƴŜǊȅ ǇǊƻŘǳŎǘǎΦ ¢ƘŜ ǊŜǎǳƭǘǎ ǎƘƻǿ ǘƘŀǘ ǘƘŜ ƻǇǘƛƳƛȊŀǘƛƻƴ ƻŦ 
¦{ ǊŜŦƛƴŜǊƛŜǎ ŀǘ ŀ tŜǘǊƻƭŜǳƳ !ŘƳƛƴƛǎǘǊŀǘƛƻƴ 5ŜŦŜƴǎŜ 5ƛǎǘǊƛŎǘ ƭŜǾŜƭ όt!55πƭŜǾŜƭύ Ŏŀƴ ƭŜŀŘ ǘƻ ŀ 
ǇƻǘŜƴǘƛŀƭ ŘƛǎǇƭŀŎŜƳŜƴǘ ƻŦ ǎƻƳŜ ǾƻƭǳƳŜǎ ƻŦ ŎŜǊǘŀƛƴ ŎǊǳŘŜǎ ǘƘŀǘ ƘŀǾŜ ƘƛǎǘƻǊƛŎŀƭƭȅ ōŜŜƴ ǇǊƻŎŜǎǎŜŘ 
ƛƴ ǎƻƳŜ t!55ǎΦ !ƭǎƻΣ ƻǳǊ ǊŜǎǳƭǘǎ ƛƴŘƛŎŀǘŜ ǘƘŀǘ ƘŜŀǾȅ ǎƻǳǊ ŎǊǳŘŜǎ ŀǊŜ ƭƛƪŜƭȅ ǘƻ ŘƛǎǇƭŀŎŜ Ƴƻǎǘƭȅ ƭƛƎƘǘ 
ǎǿŜŜǘ ŀƴŘ ƳŜŘƛǳƳ ŎǊǳŘŜǎ ƛƴ ŀ ƭƻƎƛǎǘƛŎŀƭƭȅ ŀƴŘ ƻǇŜǊŀǘƛƻƴŀƭƭȅ ǳƴŎƻƴǎǘǊŀƛƴŜŘ ŜƴǾƛǊƻƴƳŜƴǘΦ Lƴ 
ŀŘŘƛǘƛƻƴΣ ƛƴŎǊŜŀǎŜǎ ƛƴ ƘŜŀǾȅ ǎǿŜŜǘ ŎǊǳŘŜǎ ŀǊŜ ŜȄǇŜŎǘŜŘ ƛƴ ǎƻƳŜ t!55ǎΦ  

²ƛǘƘ ǘƘŜ ƛƳǇƻǎƛǘƛƻƴ ƻŦ ƳƻǊŜ ǊŜŀƭƛǎǘƛŎ ŎƻƴǎǘǊŀƛƴǘǎΣ ǘƘŜ ƳŀƎƴƛǘǳŘŜ ƻŦ ǘƘŜǎŜ ŘƛǎǇƭŀŎŜƳŜƴǘǎ ƛǎ 
ǊŜŘǳŎŜŘ π ƳƛǊǊƻǊƛƴƎ ǊŜŎŜƴǘ ŎǊǳŘŜ ǊŜŎŜƛǇǘǎ ǿƛǘƘ ƻǇǘƛƳŀƭ ǊŜŦƛƴŜǊȅ ƳŀǊƎƛƴǎΦ ¢ƘŜǎŜ ǊŜǎǳƭǘǎ ŀǊŜ ŘǊƛǾŜƴ 

ōȅ ŎƘŜŀǇŜǊ ƘŜŀǾȅ ŎǊǳŘŜǎΣ ȅƛŜƭŘ ƭŜǾŜƭǎ ƻŦ ƘƛƎƘπǾŀƭǳŜ ǇǊƻŘǳŎǘ ǎƭŀǘŜǎΣ ŀƴŘ ǇǊƻŦƛǘŀōƛƭƛǘȅ ƻŦ ǘƘŜ ǇǊƻŎŜǎǎΦ 
¢ƘŜ ǊŜŦƛƴŜǊȅ ƳŀǊƎƛƴ ƛƳǇǊƻǾŜƳŜƴǘǎ ƻōǘŀƛƴŜŘ ŦǊƻƳ ǘƘŜ ǊŜŀƭƛǎǘƛŎ ƻǇǘƛƳŀƭ ŎŀǎŜ ǊŀƴƎŜ ŦǊƻƳ ŀ тр҈ ǘƻ 
олл҈ ƛƴŎǊŜŀǎŜ ƛƴ ǇǊƻŦƛǘΣ ǿƛǘƘ ǘƘŜ Ƴƻǎǘ ƴƻǘŀōƭŜ ƛƳǇǊƻǾŜƳŜƴǘ ŎƻƳƛƴƎ ŦǊƻƳ t!55 м όǘƘŜ ¦{ 9ŀǎǘŜǊƴ 
ǊŜƎƛƻƴύ ōǳǘ ƴƻ ƛƳǇǊƻǾŜƳŜƴǘ ǊŜŎƻǊŘŜŘ ŦƻǊ t!55 пΦ  
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Non-Compliance Scenarios  
bƻƴπŎƻƳǇƭƛŀƴŎŜ ǊŜƎŀǊŘƛƴƎ ǘƘƛǎ ƴŜǿ ǊŜƎǳƭŀǘƛƻƴ ƛǎ ŀ ǎŜǊƛƻǳǎ ŎƻƴŎŜǊƴ ŦƻǊ ǘƘŜ LahΦ  /9wL ŘŜǾŜƭƻǇŜŘ 
ǎŎŜƴŀǊƛƻ ŀƴŘ ǇǊƛŎŜ ƻǳǘƭƻƻƪǎ ŦƻǊ ǾŀǊƛƻǳǎ ŎǊǳŘŜ ŘƛŜǘǎ ŀƴŘ ǊŜŦƛƴŜǊȅ ǇǊƻŘǳŎǘǎ ŦƻǊ нлнлΣ нлнр ŀƴŘ нлолΦ 
¢Ƙƛǎ ŦŀŎƛƭƛǘŀǘŜŘ ǘƘŜ ŀƴŀƭȅǎƛǎ ƻŦ ŦǳǘǳǊŜ ǇǊƛŎŜǎ ŦƻǊ ƳƛŘŘƭŜ ŘƛǎǘƛƭƭŀǘŜǎΣ ǊŜǇǊŜǎŜƴǘŜŘ ōȅ ǳƭǘǊŀπƭƻǿ ǎǳƭǇƘǳǊ 
ŘƛŜǎŜƭΦ ¢ƘǊŜŜ ƴƻƴπŎƻƳǇƭƛŀƴŎŜ ǎŎŜƴŀǊƛƻǎ ŀǊŜ ŀǎǎŜǎǎŜŘΥ 

¶ Low non-compliance (Low NC) ς assumes 80% compliance (20% non-compliance) by 2020 
given up to 80% of global trade occurs between regions where ECA is in force and other 
regions of the world. 

¶ Moderate non-compliance (Moderate NC) ς assumes 75% compliance (25% non-
compliance) by 2020. 

¶ High non-compliance (High NC) ς assumes 70% compliance (30% non-compliance) by 
2020. 

¢ƘŜǎŜ ǎŎŜƴŀǊƛƻǎ ŎƻƴǎƛŘŜǊ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ƴƻƴπŎƻƳǇƭƛŀƴŎŜ ǿƛƭƭ ŘƛŦŦŜǊ ŀŎǊƻǎǎ ƎŜƻƎǊŀǇƘƛŎŀƭ ǊŜƎƛƻƴǎΣ ŦƻǊ 
ŜȄŀƳǇƭŜ ƛƴ ǊŜƎƛƻƴǎ ƪƴƻǿƴ ŦƻǊ ǎǘǊƛŎǘ ŜƴŦƻǊŎŜƳŜƴǘ ǾŜǊǎǳǎ ǘƘƻǎŜ ƪƴƻǿƴ ŦƻǊ ƭŜǎǎ ǊƛƎƛŘ ŜƴŦƻǊŎŜƳŜƴǘΦ 

IMO Regulation :  Impact on US Refinery Margins  
/ƘŀƴƎŜǎ ƛƴ ǊŜǎƛŘ ŀƴŘ ŘƛǎǘƛƭƭŀǘŜ ǇǊƛŎŜǎ ǿƛƭƭ ǊŜŘǳŎŜ ǊŜŦƛƴŜǊȅ ƳŀǊƎƛƴǎ ǘƻ ŀ ƴƻǘŀōƭŜ ŘŜƎǊŜŜΣ ǇŀǊǘƛŎǳƭŀǊƭȅ 
ǘƘƻǎŜ ƻŦ ǎƛƳǇƭŜ ŀƴŘ ƳŜŘƛǳƳ ǊŜŦƛƴŜǊƛŜǎ όCƛƎǳǊŜ 9ΦмύΦ  

Figure E.1:  Refinery Margin Impacts Due to IMO 2020 Regulation 
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hǳǊ ŀƴŀƭȅǎƛǎ ƛƴŘƛŎŀǘŜǎ ŀ ƎŜƴŜǊŀƭ ǘǊŜƴŘ ƻŦ ŘŜŎǊŜŀǎƛƴƎ ǊŜŦƛƴŜǊȅ ƴŜǘōŀŎƪǎ ƛƴ ǘƘŜ ȅŜŀǊǎ ŀŦǘŜǊ нлнл ƛƴ 

ŀƭƭ ǘƘŜ ƴƻƴπŎƻƳǇƭƛŀƴŎŜ ǎŎŜƴŀǊƛƻǎ ŦƻǊ ƳŜŘƛǳƳ ǊŜŦƛƴŜǊƛŜǎΤ ŎƻƳǇƭŜȄ ǊŜŦƛƴŜǊƛŜǎ ŜƴƧƻȅ ƛƴŎǊŜŀǎŜŘ 
ƳŀǊƎƛƴǎ ƛƴ ǘƘŜ [ƻǿ b/ ǎŎŜƴŀǊƛƻΦ ¦ƴŘŜǊ ǘƘŜ [ƻǿ b/ ŀƴŘ aƻŘŜǊŀǘŜ b/ ǎŎŜƴŀǊƛƻǎΣ ǿƘƛŎƘ ŀǊŜ 
ŎƻƴǎƛŘŜǊŜŘ ǘƘŜ ǇƭŀǳǎƛōƭŜ ǎŎŜƴŀǊƛƻǎ ƎƛǾŜƴ ǘƘŜ ƭƻǿ ǇǊƻōŀōƛƭƛǘȅ ƻŦ ǘƘŜ IƛƎƘ b/Σ ǘƘŜ Lah ǊŜƎǳƭŀǘƛƻƴ 
ƛƳǇŀŎǘǎ ǿƛƭƭ ōǊƛƴƎ ŀōƻǳǘ ŀ ǊŜŦƛƴŜǊȅ ƳŀǊƎƛƴ ƭƻǎǎ ƻŦ Ϸмсκōōƭ ǘƻ Ϸнлκōōƭ ōŜǘǿŜŜƴ нлнл ŀƴŘ Ǉƻǎǘπ
нлнр ǊŜƭŀǘƛǾŜ ǘƻ ŀǾŜǊŀƎŜ нлмт ƳŀǊƎƛƴǎΦ  

!ƭǘƘƻǳƎƘ ǎƻƳŜ t!55ǎ ǿƛƭƭ ƘŀǾŜ ƭƻǿ ƳŀǊƎƛƴ ǊŜŘǳŎǘƛƻƴǎ ŀƴŘ ŜǾŜƴ ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ ƳŀǊƎƛƴǎ ŦƻǊ ǎƻƳŜ 
ōȅ нлнлΣ ǿŜ ŜȄǇŜŎǘ ǘƘŜ ƘƛƎƘŜǎǘ ƳŀǊƎƛƴ ǊŜŘǳŎǘƛƻƴ ǊŜŦƛƴŜǊƛŜǎΣ ƛƴ ǘƘƛǎ ŎŀǎŜΣ ǘƘŜ ƳŜŘƛǳƳ ǊŜŦƛƴŜǊƛŜǎ ƛƴ 
ǘƘŜ ¦{Σ ǘƻ ǎŜǘ ǘƘŜ ǇǊƛŎŜǎ ŦƻǊ ƘŜŀǾȅ ǎƻǳǊ ŎǊǳŘŜǎ ŀƴŘ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ƭƛƎƘǘπƘŜŀǾȅ ŎǊǳŘŜ ǇǊƛŎŜ 
ŘƛŦŦŜǊŜƴǘƛŀƭǎΦ   

! ƎŜƴŜǊŀƭ ǘǊŜƴŘ ƻŦ ŘŜŎƭƛƴƛƴƎ ƳŀǊƎƛƴǎ ŦƻǊ ǎƻƳŜ ȅŜŀǊǎ ŀŦǘŜǊ нлнл ǊŜǎǳƭǘǎ ŦǊƻƳ ŀƴ ŜȄǇŜŎǘŜŘ ŘǊƻǇ ƛƴ 

ǇǊƛŎŜǎ ƻŦ ƳƛŘŘƭŜ ŘƛǎǘƛƭƭŀǘŜǎ ŀǎ ǘƘŜ ƳŀǊƪŜǘ ǊŜōŀƭŀƴŎŜǎ ŀƴŘ ǘƘŜ ŘƛǎǘƛƭƭŀǘŜ ǇǊƛŎŜǎ ŘǊƻǇ ǘƻ ƴƻǊƳŀƭ ƭŜǾŜƭǎΦ 
¦ƴŦƻǊǘǳƴŀǘŜƭȅΣ ǘƘŜ ǇǊƛŎŜ ƻŦ ǊŜǎƛŘ ǿƛƭƭ ƴƻǘ ǊŜŎƻǾŜǊ ŀǘ ŀ ǊŀǘŜ ǘƘŀǘ Ŏŀƴ ǎǘŀōƛƭƛȊŜ ǘƘŜ ǊŜŦƛƴŜǊȅ ƳŀǊƎƛƴǎΣ 
ŀƴŘ ǘƘǳǎΣ Ŏŀƴƴƻǘ ŎǳǎƘƛƻƴ ǘƘŜ ŜŦŦŜŎǘ ƻŦ ǘƘŜ ǊŜōŀƭŀƴŎƛƴƎ ƳƛŘŘƭŜ ŘƛǎǘƛƭƭŀǘŜǎ ǇǊƛŎŜǎΦ ¢Ƙƛǎ ƛǎ ōŜŎŀǳǎŜ 
ǘƘŜ ŜŦŦŜŎǘ ƻŦ ǇǊƛŎŜ ƳƻǾŜƳŜƴǘǎ ƻŦ ǘƘŜ ƳƛŘŘƭŜ ŘƛǎǘƛƭƭŀǘŜǎ ƻǳǘǿŜƛƎƘǎ ǘƘŜ ƳŀǊƎƛƴπōƻƻǎǘƛƴƎ ŜŦŦŜŎǘ ŦǊƻƳ 
ǎƭƻǿƭȅ ƛƴŎǊŜŀǎƛƴƎ ǊŜǎƛŘ ǇǊƛŎŜǎΦ  

Scenario Assumption and Compliance O ptions  
¢ƘŜ aƻŘŜǊŀǘŜ b/ ǎŎŜƴŀǊƛƻ ƛǎ ŎƘƻǎŜƴ ǘƻ ŀǎǎŜǎǎ Ƙƻǿ ŘƛŦŦŜǊŜƴǘ ƻǇǘƛƻƴǎ Ŏŀƴ ǎǳōǎǘƛǘǳǘŜ ǊŜǎƛŘ ōǳƴƪŜǊ 
ŦǳŜƭ ǾƻƭǳƳŜǎ ōȅ нлнлΣ нлнр ŀƴŘ нлол όǎŜŜ CƛƎǳǊŜ 9ΦнύΦ 

Figure E.2:  Resid Bunker Fuel Substitution Effects under the Moderate NC Scenario 
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hƴŎŜ ǘƘŜ ǊǳƭŜǎ ǘŀƪŜ ŜŦŦŜŎǘΣ ŀƭƳƻǎǘ сл҈ ƻŦ ǘƘŜ ǎƘƛǇǇƛƴƎ ƛƴŘǳǎǘǊȅ ŦǳŜƭ ŎǳǊǊŜƴǘƭȅ ǳǎƛƴƎ ƘƛƎƘ ǎǳƭǇƘǳǊ 

ǊŜǎƛŘ ǿƛƭƭ ƴŜŜŘ ǘƻ ǎǿƛǘŎƘ ǘƻ ŜƛǘƘŜǊ ƳŀǊƛƴŜ Ǝŀǎƻƛƭ ƻǊ ŀ ōƭŜƴŘ ƻŦ ƘƛƎƘ ǎǳƭǇƘǳǊ ŀƴŘ ǳƭǘǊŀπƭƻǿ ǎǳƭǇƘǳǊ 
ƳƛŘŘƭŜ ŘƛǎǘƛƭƭŀǘŜ ƳŀǊƛƴŜ ŦǳŜƭǎΦ ¦ƴŘŜǊ ǘƘŜ aƻŘŜǊŀǘŜ b/ ǎŎŜƴŀǊƛƻΣ ǿŜ ŜǎǘƛƳŀǘŜ ǘƘŀǘ ǎŎǊǳōōŜǊǎ ǿƛƭƭ 
ōŜ ǳǎŜŘ ŦƻǊ ƻƴƭȅ ŀōƻǳǘ о҈ ƻŦ ǘƘŜ I{Ch ǾƻƭǳƳŜ ōȅ нлнлΦ !ŘƻǇǘƛƻƴ ƻŦ ǎŎǊǳōōŜǊǎ ƛǎ ƭƛƪŜƭȅ ǘƻ ƛƴŎǊŜŀǎŜ 
ƳƻŘŜǊŀǘŜƭȅ ŀƴŘ ǇŜŀƪ ōȅ нлнр ǿƘŜǊŜ ŀōƻǳǘ р҈ ƻŦ ǘƘŜ ǊŜǎƛŘ ōǳƴƪŜǊ ŘŜƳŀƴŘ ƛǎ ŎƻƴǎǳƳŜŘ ƛƴ 
ǘŀƴŘŜƳ ǿƛǘƘ ǎŎǊǳōōŜǊǎΦ /9wL ǇǊƻƧŜŎǘǎ ǘƘŀǘ [bD ǿƛƭƭ ǊŜǇƭŀŎŜ ŀōƻǳǘ мΦф҈ ǘƻ т҈ ƻŦ ǊŜǎƛŘ ōǳƴƪŜǊ ŦǳŜƭ 
ǾƻƭǳƳŜ ŘǳǊƛƴƎ ǘƘŜ ǎǘǳŘȅ ǇŜǊƛƻŘΦ  

/ƻƴǾŜǊǎƛƻƴ ŀŘŘƛǘƛƻƴǎΣ Ƴŀƛƴƭȅ ƛƴ /Ƙƛƴŀ ŀƴŘ LƴŘƛŀ ǊŜŦƛƴŜǊƛŜǎΣ ōŜǘǿŜŜƴ ŜƴŘπнлмт ŀƴŘ ǘƘŜ ōŜƎƛƴƴƛƴƎ 
ƻŦ нлнлΣ ŀƳƻǳƴǘ ǘƻ мΦт Ƴƛƭƭƛƻƴ ōōƭκŘŀȅΣ ƴŜŀǊƭȅ ǎǇƭƛǘ ōŜǘǿŜŜƴ ŎƻƪƛƴƎΣ ƘȅŘǊƻŎǊŀŎƪƛƴƎ ŀƴŘ ŎŀǘŀƭȅǘƛŎ 
ŎǊŀŎƪƛƴƎ ό{ϧt Dƭƻōŀƭ tƭŀǘǘǎΣ нлмуύΦ ¢ƘŜ ƭƻŎŀǘƛƻƴ ƻŦ ǘƘŜ ǊŜŦƛƴŜǊƛŜǎ ƳŀƪŜǎ ƛǘ ƛƳǇǊƻōŀōƭŜ ǘƘŀǘ ǘƘŜǎŜ 
ŎƻƴǾŜǊǎƛƻƴ ŎŀǇŀŎƛǘƛŜǎ ǿƛƭƭ ŎƻƴǘǊƛōǳǘŜ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ǘƻ ƭƻǿ ǎǳƭǇƘǳǊ ƳŀǊƛƴŜ ōǳƴƪŜǊ ŦǳŜƭǎΦ 

!ōƻǳǘ нплΣллл ōōƭκŘŀȅ ǊŜǎƛŘ ƘȅŘǊƻŘŜǎǳƭǇƘǳǊƛȊŀǘƛƻƴ ŎŀǇŀŎƛǘȅ Ŏŀƴ ōŜ ŀǎǎǳƳŜŘ ǘƻ ŎƻƴǘǊƛōǳǘŜ ǘƻ ƭƻǿ 
ǎǳƭǇƘǳǊ ŦǳŜƭ ƻƛƭ ōȅ нлнлΦ ¢Ƙƛǎ ƴǳƳōŜǊ ǿƛƭƭ ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ ŦǳǘǳǊŜ ŀǎ ǘƘŜ ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ ƭƛƎƘǘπƘŜŀǾȅ 
ǇǊƻŘǳŎǘ ŘƛŦŦŜǊŜƴǘƛŀƭǎ ƛǎ ŜȄǇŜŎǘŜŘ ǘƻ ƳƻǘƛǾŀǘŜ ƛƴǾŜǎǘƳŜƴǘǎ ƛƴ ŘŜǎǳƭǇƘǳǊƛȊŀǘƛƻƴΦ 5ŜǎǳƭǇƘǳǊƛȊŀǘƛƻƴ 
ǿƛƭƭ ŎŀǇǘǳǊŜ ǳǇ ǘƻ мп҈ ǇƭŀƴƴŜŘ ŀŘŘƛǘƛƻƴŀƭ ǊŜŦƛƴŜǊȅ ǊŜǎƛŘ ƘȅŘǊƻŘŜǎǳƭǇƘǳǊƛȊŀǘƛƻƴ ŎŀǇŀŎƛǘȅ ōȅ нлнрΦ 

LƴŎǊŜŀǎƛƴƎ ǊŜŦƛƴŜǊȅ ǳǘƛƭƛȊŀǘƛƻƴ ŎŀǇŀŎƛǘƛŜǎ ǿƛƭƭ ōŜ ǇŀǊǘ ƻŦ ǘƘŜ ǎƻƭǳǘƛƻƴ ǘƻ ǘƘŜ ōǳƴƪŜǊ ŦǳŜƭ ŀǾŀƛƭŀōƛƭƛǘȅ 
ǇǊƻōƭŜƳ ōǳǘ ǿƛƭƭ Ŝǉǳŀƭƭȅ ŀŘŘ ǘƻ ǘƘŜ ǇǊƻōƭŜƳ ƻŦ ǊŜǎƛŘ ƎƭǳǘΦ  ¢Ƙƛǎ ƛǎ ōŜŎŀǳǎŜ ƳƻǊŜ ǊŜǎƛŘ ǿƛƭƭ ōŜ 
ǇǊƻŘǳŎŜŘ ŀǎ ǊŜŦƛƴŜǊΩǎ ǇǊƻŎŜǎǎ ƳƻǊŜ ŎǊǳŘŜΦ ²ƻǊƭŘ ǊŜŦƛƴŜǊƛŜǎ Ŏŀƴ ǇǊƻŘǳŎŜ ŀōƻǳǘ мΦо Ƴƛƭƭƛƻƴ ōōƭκŘŀȅ 
ƻŦ ŘƛǎǘƛƭƭŀǘŜǎ ǘƻƎŜǘƘŜǊ ǿƛǘƘ мΦн Ƴƛƭƭƛƻƴ ōōƭκŘŀȅ ƘŜŀǾȅ ŦǳŜƭ ƻƛƭ ŀƴŘ ǊŜƭŀǘŜŘ ǇǊƻŘǳŎǘǎΦ  ! мл҈ ƛƴŎǊŜŀǎŜ 
ƛƴ ǘƘŜ Ǝƭƻōŀƭ ǊŜŦƛƴŜǊȅ ŎŀǇŀŎƛǘƛŜǎ ǿƛƭƭ ǊŜǎǳƭǘ ƛƴ нΦс Ƴƛƭƭƛƻƴ ōōƭκŘŀȅ ƻŦ ŘƛǎǘƛƭƭŀǘŜǎ ǘƻƎŜǘƘŜǊ ǿƛǘƘ нΦо 
Ƴƛƭƭƛƻƴ ōōƭκŘŀȅ ƘŜŀǾȅ ŦǳŜƭ ƻƛƭ ŀƴŘ ƻǘƘŜǊ ǇǊƻŘǳŎǘǎ ōȅ нлолΦ Lƴ ŜŀŎƘ ŎŀǎŜΣ ƭŀǊƎŜ ŀƳƻǳƴǘǎ ƻŦ 
ŘƛǎǘƛƭƭŀǘŜǎ ǘƘŀǘ Ŏŀƴ ōǊƛŘƎŜ ǘƘŜ ƎŀǇ ƻŦ ŎƭŜŀƴŜǊ ōǳƴƪŜǊ ŦǳŜƭ ŘŜƳŀƴŘ Ŏŀƴ ōŜ ǇǊƻŘǳŎŜŘΣ ǘƘŜǊŜōȅ 

ƪŜŜǇƛƴƎ ƘƛƎƘ ǎǳƭǇƘǳǊ ŦǳŜƭ ƻƛƭ ǇǊƛŎŜǎ ƭƻǿΦ  !ŘŘƛǘƛƻƴŀƭƭȅΣ ǘƘŜ ǿƻǊƭŘ ƛǎ ǊŜŀŎƘƛƴƎ ǇŜŀƪ ƎŀǎƻƭƛƴŜ ŘŜƳŀƴŘ 
ŀƴŘ ǿƻǳƭŘ ƴƻǘ ƴŜŜŘ ǘƘŜ ŀŘŘƛǘƛƻƴŀƭ ƴŀǇƘǘƘŀ ƎŜƴŜǊŀǘŜŘ ōȅ ǘƘŜ ŀŘŘŜŘ ŎǊǳŘŜ ǇǊƻŎŜǎǎƛƴƎΦ  

¢ƘŜ ǊŜŀǎƻƴ ǊŜŦƛƴŜǊǎ ŀǊŜ ƴƻǘ ƳŀƪƛƴƎ Ŏƻǎǘƭȅ ǊŜŦƛƴƛƴƎ ƳƻŘƛŦƛŎŀǘƛƻƴǎ ƭƛƪŜ ŀŘŘƛƴƎ ƴŜǿ ŎƻƪƛƴƎ ŎŀǇŀŎƛǘƛŜǎ 
ŀǘ ŦŀǎǘŜǊ ǊŀǘŜǎ Ƴŀȅ ōŜ ōŜŎŀǳǎŜ ǘƘŜ ǇǊƛŎŜ Ǿƻƭŀǘƛƭƛǘȅ ǘƘŀǘ ǿƛƭƭ ōŜ ŎǊŜŀǘŜŘ ŦǊƻƳ ǘƘŜ Lah ǊǳƭŜ 
ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƛǎ ƴƻǘ ŜȄǇŜŎǘŜŘ ǘƻ ƭŀǎǘ ƭƻƴƎ ŜƴƻǳƎƘ ǘƻ ƳŀƪŜ ǎǳŎƘ ƛƴǾŜǎǘƳŜƴǘǎ ǾƛŀōƭŜΦ aŀǊƪŜǘǎ 
ŀǊŜ ŜȄǇŜŎǘŜŘ ǘƻ ǊŜōŀƭŀƴŎŜ ƛƴ ŀ ŎƻǳǇƭŜ ƻŦ ȅŜŀǊǎΣ ŀƴŘ ǘƘƛǎ ŘƛǎŎƻǳǊŀƎŜǎ ǎƛƎƴƛŦƛŎŀƴǘ ŎŀǇƛǘŀƭ ƛƴǾŜǎǘƳŜƴǘǎ 
ƛƴ ŎƻƳǇƭŜȄ ǊŜŦƛƴƛƴƎ ǳƴƛǘǎΣ ǿƘƛŎƘ ƘŀǾŜ ǇŀȅōŀŎƪ ǇŜǊƛƻŘǎ ƻŦ ŀǘ ƭŜŀǎǘ ǘǿƻ ŘŜŎŀŘŜǎΦ !ƭǎƻΣ ǘƘŜǊŜ ǎŜŜƳǎ 
ǘƻ ōŜ ŜƴƻǳƎƘ ǊƻƻƳ ǘƻ ǇǊƻŎŜǎǎ ƳƻǊŜ ŎǊǳŘŜǎ ǘƻ ƳŜŜǘ ǘƘŜ ŜȄǇŜŎǘŜŘ ƛƴŎǊŜŀǎŜǎ ƛƴ ŘŜƳŀƴŘ ŦƻǊ 
ŘƛǎǘƛƭƭŀǘŜǎ ŦƻǊ ƳŀǊƛƴŜ ŦǳŜƭ ǳǎŜΣ ōǳǘ ǘƘƛǎ ŘƻŜǎ ƴƻǘ ŀŘŘǊŜǎǎ ǘƘŜ ǇǊƻōƭŜƳ ƻŦ ǘƘŜ ǊŜǎƛŘǳŀƭ ƻƛƭ Ǝƭǳǘ ŀǊƛǎƛƴƎ 
ŦǊƻƳ ǘƘŜ ƛƴǘǊƻŘǳŎǘƛƻƴ ƻŦ ǘƘŜ Lah ǊŜƎǳƭŀǘƛƻƴΦ  

{ƭƻǿπǎǘŜŀƳƛƴƎ ƻŦ ǎƘƛǇǎ ƛǎ ŀƴƻǘƘŜǊ ŀǇǇǊƻŀŎƘ ǘƘŜ ǎƘƛǇǇƛƴƎ ƛƴŘǳǎǘǊȅ Ƴŀȅ ƭƛƪŜƭȅ ŜƳǇƭƻȅ ǘƻ ǎŀǾŜ ŦǳŜƭ 
Ŏƻǎǘǎ ōȅ ŎƻƴǎǳƳƛƴƎ ƭŜǎǎ ŦǳŜƭΦ DƛǾŜƴ ǘƘŀǘ ǎƘƛǇǇƛƴƎ ŦǳŜƭ ŎƻƴǎǳƳǇǘƛƻƴ Ƙŀǎ ŀ ǾŜƭƻŎƛǘȅπǎǉǳŀǊŜŘ 
ǊŜƭŀǘƛƻƴǎƘƛǇΣ ŀ ǎƭƛƎƘǘ ǊŜŘǳŎǘƛƻƴ ƛƴ ǎƘƛǇ ǎǇŜŜŘǎ ōȅ ŀ ŦŜǿ ƪƴƻǘǎ όŜǉǳƛǾŀƭŜƴǘ ǘƻ мΦур ƪƳκƘƻǳǊύ ǿƛƭƭ 
ƭŜŀŘ ǘƻ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ǊŜŘǳŎǘƛƻƴ ƛƴ ŦǳŜƭ ŎƻƴǎǳƳǇǘƛƻƴ ŀƴŘ ŎƻǎǘǎΦ hǳǊ ŀƴŀƭȅǎƛǎ ǎƘƻǿǎ ǘƘŀǘ ǊŜŘǳŎƛƴƎ 
ǎƘƛǇΩǎ ǎǇŜŜŘ ǘƻ ŀŎƘƛŜǾŜ ŀ нрπрл҈ ǊŜŘǳŎǘƛƻƴ ƛƴ ŦǳŜƭ ŎƻƴǎǳƳǇǘƛƻƴ ƛǎ ǇƻǎǎƛōƭŜ ƛŦ ǘƘŜ ŎƻƳǇƭƛŀƴǘ ŦǳŜƭ 
ǇǊƛŎŜǎ ǎƪȅǊƻŎƪŜǘΦ  
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Impacts on Canadian Heavy Oil  
¢ƘŜ ǇǊƛŎŜ ŘƛǎŎƻǳƴǘ ƻƴ ²ŜǎǘŜǊƴ /ŀƴŀŘŀ {ŜƭŜŎǘ ό²/{ύ ŎǊǳŘŜ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ ǘƘŜ ²Ŝǎǘ ¢ŜȄŀǎ 
LƴǘŜǊƳŜŘƛŀǘŜ ό²¢Lύ ǇǊƛŎŜ Ǉƻƛƴǘ ǿƛƭƭ ŜȄǇŀƴŘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŘǳŜ ǘƻ ǘƘŜ Lah ǊŜƎǳƭŀǘƛƻƴΦ CƛƎǳǊŜ 9Φо 
ƛƭƭǳǎǘǊŀǘŜǎ Ƙƻǿ ǘƘŜ ǊŜŦƛƴŜǊȅ ƳŀǊƎƛƴ ƭƻǎǎ ŀŦŦŜŎǘǎ ǘƘŜ ²/{ όƘŜŀǾȅ ǎƻǳǊύ ǇǊƛŎƛƴƎ ǊŜƭŀǘƛǾŜ ǘƻ ²¢L όƭƛƎƘǘ 
ǎǿŜŜǘύΦ ¢ƘŜ ŘƻǘǘŜŘ ƭƛƴŜǎ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ²/{ ǇǊƛŎƛƴƎ ǘƘŀǘ ƛǎ ƘƛǎǘƻǊƛŎŀƭƭȅ ŘƛǎŎƻǳƴǘŜŘ ŀǘ Ϸмоκōōƭ Ǉƭǳǎ 
ǘƘŜ ŘƛǎŎƻǳƴǘǎ ǊŜǎǳƭǘƛƴƎ ŦǊƻƳ ǘƘŜ Lah ǊŜƎǳƭŀǘƛƻƴ ŦƻǊ ǘƘŜ ǘƘǊŜŜ ǎŎŜƴŀǊƛƻǎ ŎƻƴǎƛŘŜǊƛƴƎ ŀ ƳŜŘƛǳƳ 
ǊŜŦƛƴŜǊȅ ƛƴ ǘƘŜ ¦{Φ  

Figure E.3:  WTI and WCS Price Differential (2017 US$) 

 

Source: CERI 

¦ƴŘŜǊ ǘƘŜ ǇƭŀǳǎƛōƭŜ ǎŎŜƴŀǊƛƻǎΣ ŀ ǊŜŦƛƴŜǊȅ ƳŀǊƎƛƴ ƭƻǎǎ ƻŦ Ϸмсκōōƭ ǘƻ Ϸнлκōōƭ ōŜǘǿŜŜƴ нлнл ŀƴŘ 
Ǉƻǎǘπнлнр ƛǎ ŜȄǇŜŎǘŜŘ ǘƻ ōŜ ŘƛǊŜŎǘƭȅ ǘǊŀƴǎŦŜǊǊŜŘ ǘƻ ŀ ƭƛƎƘǘπƘŜŀǾȅ ŘƛŦŦŜǊŜƴǘƛŀƭΦ ¢ƘŜ ŎǳƳǳƭŀǘƛǾŜ 
ŘƛŦŦŜǊŜƴǘƛŀƭ ǿƘƛŎƘ ƛƴŎƭǳŘŜǎ ǘƘŜ ƘƛǎǘƻǊƛŎŀƭ ²¢Lπ²/{ ŘƛǎŎƻǳƴǘ ƻŦ Ϸмоκōōƭ ǎǳƳǎ ǳǇ ǘƻ Ϸомκōōƭπ
Ϸооκōōƭ ƻŦ ²¢Lπ²/{ ŘƛŦŦŜǊŜƴǘƛŀƭ ǿƛǘƘƛƴ ǘƘŜ ǎǘǳŘȅ ǇŜǊƛƻŘΦ 

hǳǊ ŀƴŀƭȅǎƛǎ ǎƘƻǿǎ ǘƘŀǘ ƴŜǿ {!D5 ǇǊƻƧŜŎǘǎ ǿƛǘƘ {hwǎ ƻŦ ƭŜǎǎ ǘƘŀƴ о ƳоκƳо ŀǊŜ ƭƛƪŜƭȅ ǘƻ ōǊŜŀƪ 
ŜǾŜƴ ǿƘŜƴ ǘƘŜ Lah ǊŜƎǳƭŀǘƛƻƴ ƛǎ ƛƴǘǊƻŘǳŎŜŘ ǿƘŜǊŜŀǎ ǘƘƻǎŜ ǿƛǘƘ {hwǎ ƎǊŜŀǘŜǊ ǘƘŀƴ о ƳоκƳо ǿƛƭƭ 
ƻǇŜǊŀǘŜ ŀǘ ŀ ƭƻǎǎΦ ! ǎƛƎƴƛŦƛŎŀƴǘ ǾƻƭǳƳŜ ƻŦ {!D5πŘŜǊƛǾŜŘ ōƛǘǳƳŜƴ ǇǊƻŘǳŎǘƛƻƴ ŎƻǳƭŘ ōŜ ŀŦŦŜŎǘŜŘΦ 
.ŀǎŜŘ ƻƴ {!D5 ǇǊƻŘǳŎǘƛƻƴ ŘŀǘŀΣ ŀōƻǳǘ ртпΣллл ōōƭκŘŀȅ ƻŦ ōƛǘǳƳŜƴ ǇǊƻŘǳŎŜŘ ƛƴ !ƭōŜǊǘŀ Ƙŀǎ ŀƴ 
{hw ƻŦ ƳƻǊŜ ǘƘŀƴ о ƳоκƳо ό/ŀƴhLƭΣ нлмтύΦ 
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#ÈÁÐÔÅÒ ρȡ  (ÉÓÔÏÒÙ ÏÆ ÔÈÅ )-/ ÁÎÄ 
2ÅÇÕÌÁÔÉÏÎÓ 
¢ƘŜ LƴǘŜǊƴŀǘƛƻƴŀƭ aŀǊƛǘƛƳŜ hǊƎŀƴƛȊŀǘƛƻƴ όLahύΣ ŦƻǊƳŜǊƭȅ ƪƴƻǿƴ ŀǎ ǘƘŜ LƴǘŜǊπDƻǾŜǊƴƳŜƴǘŀƭ 
aŀǊƛǘƛƳŜ /ƻƴǎǳƭǘŀǘƛǾŜ hǊƎŀƴƛȊŀǘƛƻƴΣ ƻǊ La/hΣ ǿŀǎ ŜǎǘŀōƭƛǎƘŜŘ ƛƴ мфпу ƛƴ ǊŜŎƻƎƴƛǘƛƻƴ ƻŦ ǘƘŜ 
ŎƻƳƳƻƴ Ǝƻŀƭǎ ŦƻǊ ǎƘƛǇǇƛƴƎ ƴŀǘƛƻƴǎ ǘƻ ƛƳǇǊƻǾŜ ǎŀŦŜǘȅ ŀǘ ǎŜŀΦ  ¢ƘŜ ŦƛǊǎǘ ǎǳŎŎŜǎǎ ƻŦ ǘƘƛǎ ƻǊƎŀƴƛȊŀǘƛƻƴ 
ǿŀǎ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ LƴǘŜǊƴŀǘƛƻƴŀƭ /ƻƴǾŜƴǘƛƻƴ ŦƻǊ ǘƘŜ {ŀŦŜǘȅ ƻŦ [ƛŦŜ ŀǘ {Ŝŀ ό{h[!{ύ ƛƴ 
мфслΦ  ¢Ƙƛǎ ƛǎ ǎǘƛƭƭ ŎƻƴǎƛŘŜǊŜŘ ǘƘŜ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ƻŦ ŀƭƭ ǘǊŜŀǘƛŜǎ ŘŜŀƭƛƴƎ ǿƛǘƘ ƳŀǊƛǘƛƳŜ ǎŀŦŜǘȅΦ !ŦǘŜǊ 
ŀŘƻǇǘƛƴƎ {h[!{Σ ǘƘŜ Lah ǇǊƻŎŜŜŘŜŘ ǘƻ ŘŜŀƭ ǿƛǘƘ ƳŀǘǘŜǊǎ ǎǳŎƘ ŀǎ ǘƘŜ ŦŀŎƛƭƛǘŀǘƛƻƴ ƻŦ ƛƴǘŜǊƴŀǘƛƻƴŀƭ 
ƳŀǊƛǘƛƳŜ ǘǊŀŦŦƛŎΣ ƭƻŀŘ ƭƛƴŜǎ ŀƴŘ ǘƘŜ ŎŀǊǊƛŀƎŜ ƻŦ ŘŀƴƎŜǊƻǳǎ ƎƻƻŘǎΦ 

!ƭǘƘƻǳƎƘ ǎŀŦŜǘȅ ǿŀǎ ŀƴŘ ǊŜƳŀƛƴǎ ǘƘŜ Lahϥǎ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ǊŜǎǇƻƴǎƛōƛƭƛǘȅΣ ŀ ƴŜǿ ǇǊƻōƭŜƳ ōŜƎŀƴ 
ǘƻ ŜƳŜǊƎŜ ς ǇƻƭƭǳǘƛƻƴΦ ¢ƘŜ ƎǊƻǿǘƘ ƛƴ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ƻƛƭ ōŜƛƴƎ ǘǊŀƴǎǇƻǊǘŜŘ ōȅ ǎŜŀ ŀƴŘ ƛƴ ǘƘŜ ǎƛȊŜ 
ƻŦ ƻƛƭ ǘŀƴƪŜǊǎ ǿŀǎ ƻŦ ŎƻƴŎŜǊƴ ŀƴŘ ǘƘŜ ¢ƻǊǊŜȅ /ŀƴȅƻƴ ŘƛǎŀǎǘŜǊ ƻŦ мфстΣ ƛƴ ǿƘƛŎƘ мнлΣллл ǘƻƴƴŜǎ ƻŦ 
ƻƛƭ ǿŀǎ ǎǇƛƭƭŜŘΣ ŘŜƳƻƴǎǘǊŀǘŜŘ ǘƘŜ ǎŎŀƭŜ ƻŦ ǘƘŜ ǇǊƻōƭŜƳΦ 

Lƴ ǘƘŜ ƭŀǘŜ мфтлǎΣ ǘƘŜ Lah ƛƴǘǊƻŘǳŎŜŘ ŀ ǎŜǊƛŜǎ ƻŦ ƳŜŀǎǳǊŜǎ ŘŜǎƛƎƴŜŘ ǘƻ ǇǊŜǾŜƴǘ ǘŀƴƪŜǊ ŀŎŎƛŘŜƴǘǎ 
ŀƴŘ ǘƻ ƳƛƴƛƳƛȊŜ ǘƘŜƛǊ ŎƻƴǎŜǉǳŜƴŎŜǎΦ Lǘ ŀƭǎƻ ǘŀŎƪƭŜŘ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǘƘǊŜŀǘ ŎŀǳǎŜŘ ōȅ ǊƻǳǘƛƴŜ 
ƻǇŜǊŀǘƛƻƴǎ ǎǳŎƘ ŀǎ ǘƘŜ ŎƭŜŀƴƛƴƎ ƻŦ ƻƛƭ ŎŀǊƎƻ ǘŀƴƪǎ ŀƴŘ ǘƘŜ ŘƛǎǇƻǎŀƭ ƻŦ ŜƴƎƛƴŜ ǊƻƻƳ ǿŀǎǘŜǎΦ  Lƴ 
ǘƻƴƴŀƎŜ ǘŜǊƳǎΣ ŜƴƎƛƴŜ ǊƻƻƳ ǿŀǎǘŜǎ ŀǊŜ ŀ ōƛƎƎŜǊ ƘŀȊŀǊŘ ǘƘŀƴ ŀŎŎƛŘŜƴǘŀƭ ǇƻƭƭǳǘƛƻƴΦ 

¢ƘŜ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ƻŦ ŀƭƭ ǘƘŜǎŜ ƳŜŀǎǳǊŜǎ ǿŀǎ ǘƘŜ LƴǘŜǊƴŀǘƛƻƴŀƭ /ƻƴǾŜƴǘƛƻƴ ŦƻǊ ǘƘŜ tǊŜǾŜƴǘƛƻƴ ƻŦ 
tƻƭƭǳǘƛƻƴ ŦǊƻƳ {ƘƛǇǎΣ мфтоΣ ŀǎ ƳƻŘƛŦƛŜŘ ōȅ ǘƘŜ tǊƻǘƻŎƻƭ ƻŦ мфту όa!wth[ύΦ Lǘ ŎƻǾŜǊǎ ƴƻǘ ƻƴƭȅ 

ŀŎŎƛŘŜƴǘŀƭ ŀƴŘ ƻǇŜǊŀǘƛƻƴŀƭ ƻƛƭ Ǉƻƭƭǳǘƛƻƴ ōǳǘ ŀƭǎƻ Ǉƻƭƭǳǘƛƻƴ ōȅ ŎƘŜƳƛŎŀƭǎΣ ƎƻƻŘǎ ƛƴ ǇŀŎƪŀƎŜŘ ŦƻǊƳΣ 
ǎŜǿŀƎŜΣ ƎŀǊōŀƎŜ ŀƴŘ ŀƛǊ ǇƻƭƭǳǘƛƻƴΦ 

a!wth[ Ƙŀǎ ōŜŜƴ ǳǇŘŀǘŜŘ ōȅ ŀƳŜƴŘƳŜƴǘǎ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ȅŜŀǊǎ ǘƻ ǇǊƻǘŜŎǘ ƘǳƳŀƴ ƘŜŀƭǘƘ ƛƴ 
Ŏƻŀǎǘŀƭ ŎƛǘƛŜǎ ŦǊƻƳ ǎǳƭǇƘǳǊ ǇƻƭƭǳǘƛƻƴΣ ŀ ƪƴƻǿƴ ƘŜŀƭǘƘ ƘŀȊŀǊŘΣ ŀƴŘ ŦƻǊ ǇǊƻǘŜŎǘƛƻƴ ƻŦ ƛƴǘŜǊƴŀǘƛƻƴŀƭ 
ǿŀǘŜǊǎ ŀƴŘ ǘƘŜ ōǊƻŀŘŜǊ Ǝƭƻōŀƭ ŜƴǾƛǊƻƴƳŜƴǘΦ Lƴ мффтΣ ŀ tǊƻǘƻŎƻƭ ǿŀǎ ŀŘƻǇǘŜŘ ǘƻ ŀƳŜƴŘ ǘƘŜ 
/ƻƴǾŜƴǘƛƻƴΣ ŀƴŘ ŀ ƴŜǿ !ƴƴŜȄ ±L ǿŀǎ ŀŘŘŜŘ ǿƘƛŎƘ ŜƴǘŜǊŜŘ ƛƴǘƻ ŦƻǊŎŜ ƛƴ aŀȅ нллрΦ !ƴƴŜȄ ±L ς 
tǊŜǾŜƴǘƛƻƴ ƻŦ !ƛǊ tƻƭƭǳǘƛƻƴ ŦǊƻƳ {ƘƛǇǎ ς ǎŜǘ ƭƛƳƛǘǎ ƻƴ ǎǳƭǇƘǳǊ ƻȄƛŘŜ ό{hȄύ ŀƴŘ ƴƛǘǊƻƎŜƴ ƻȄƛŘŜ όbhȄύ 
ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ǎƘƛǇ ŜȄƘŀǳǎǘǎΣ ǇǊƻƘƛōƛǘŜŘ ŘŜƭƛōŜǊŀǘŜ ŜƳƛǎǎƛƻƴǎ ƻŦ ƻȊƻƴŜπŘŜǇƭŜǘƛƴƎ ǎǳōǎǘŀƴŎŜǎΣ 
ǎǳŎƘ ŀǎ Ƙŀƭƻƴǎ ŀƴŘ ŎƘƭƻǊƻŦƭǳƻǊƻŎŀǊōƻƴǎ ό/C/ύΣ ŀƴŘ ŘŜǎƛƎƴŀǘŜŘ ŜƳƛǎǎƛƻƴ ŎƻƴǘǊƻƭ ŀǊŜŀǎ ό9/!ǎύ ǿƛǘƘ 
ƳƻǊŜ ǎǘǊƛƴƎŜƴǘ ǎǘŀƴŘŀǊŘǎ ŦƻǊ {hȄΣ bhȄ ŀƴŘ ǇŀǊǘƛŎǳƭŀǘŜ ƳŀǘǘŜǊΦ  

CǳǊǘƘŜǊ ŎƘŀƴƎŜǎ ǘƻ a!wth[ !ƴƴŜȄ ±L ŀŘŘǊŜǎǎŜŘ ŀ ǇǊƻƎǊŜǎǎƛǾŜ ǊŜŘǳŎǘƛƻƴ Ǝƭƻōŀƭƭȅ ƛƴ ŜƳƛǎǎƛƻƴǎ ƻŦ 

{hȄΣ bhȄ ŀƴŘ ǇŀǊǘƛŎǳƭŀǘŜ ƳŀǘǘŜǊΦ ¢ƘŜ a!wth[ !ƴƴŜȄ ±L ǊŜƎǳƭŀǘƛƻƴǎ ǘƘŀǘ ŎŀƳŜ ƛƴǘƻ ŦƻǊŎŜ ƛƴ нллр 
ǿŜǊŜ ǊŜǾƛǎŜŘ ƛƴ нллуΤ ǘƘŜ ǊŜǾƛǎƛƻƴ ŎŀƳŜ ƛƴǘƻ ŦƻǊŎŜ ƛƴ нлмлΦ CƻǊ ŀƭƭ ƻŎŜŀƴǎ ǿƻǊƭŘǿƛŘŜΣ ǘƘŜ ǎǳƭǇƘǳǊ 
ŎƻƴǘŜƴǘ ŀƭƭƻǿŜŘ ǿŀǎ ŎŀǇǇŜŘ ŀǘ пΦр҈Σ ŀƴŘ ŀŦǘŜǊ нлмн ǘƘƛǎ ƭƛƳƛǘ ǿŀǎ ǊŜŘǳŎŜŘ ǘƻ оΦр҈Φ !ƭǎƻΣ 9/!ǎ 
ŜǎǘŀōƭƛǎƘŜŘ ŀ ŦǳǊǘƘŜǊ ǊŜŘǳŎŜŘ ǎǳƭǇƘǳǊ ƭƛƳƛǘΦ hƴŜ 9/! ƛǎ ŀƭƻƴƎ ǘƘŜ bƻǊǘƘ !ƳŜǊƛŎŀƴ ŎƻŀǎǘΣ ŀƴŘ 
ŀƴƻǘƘŜǊ ŎƻƳǇǊƛǎŜǎ ǘƘŜ .ŀƭǘƛŎ {Ŝŀ ŀƴŘ ǘƘŜ bƻǊǘƘ {Ŝŀ ǳǇ ǘƻ ǘƘŜ {ƘŜǘƭŀƴŘ LǎƭŀƴŘǎ ŀƴŘ ǘƘŜ ǿŜǎǘŜǊƴ 
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ŜƴǘǊŀƴŎŜ ƻŦ ǘƘŜ 9ƴƎƭƛǎƘ /ƘŀƴƴŜƭΦ ²ƛǘƘƛƴ 9/!ǎ ǘƘŜ ǎǳƭǇƘǳǊ ƭƛƳƛǘ ǿŀǎ ƛƴƛǘƛŀƭƭȅ ǎŜǘ ǘƻ мΦр҈Σ 

ǎǳōǎŜǉǳŜƴǘƭȅ ǊŜŘǳŎŜŘ ǘƻ мΦл҈ ƛƴ нлмл ŀƴŘ ƴƻǿ ŀǘ ƛǘǎ ŎǳǊǊŜƴǘ ƭƛƳƛǘ ƻŦ лΦм҈ ǎƛƴŎŜ WŀƴǳŀǊȅ нлмрΦ 

¢ƘŜ 9/!ǎ ŜǎǘŀōƭƛǎƘŜŘ ŀǊŜΥ 

¶ Baltic Sea area ς as defined in Annex I of MARPOL (SOx only); 

¶ North Sea area ς as defined in Annex V of MARPOL (SOx only); 

¶ North American area (entered into effect August 1, 2012) ς as defined in Appendix VII of 
Annex VI of MARPOL (SOx, NOx and PM); and 

¶ The United States Caribbean Sea area (entered into effect January 1, 2014) ς as defined 
in Appendix VII of Annex VI of MARPOL (SOx, NOx and PM). 

Lƴ нлмсΣ ǘƘŜ Lah ƛƴǘǊƻŘǳŎŜŘ ŀ ƴŜǿ Ǝƭƻōŀƭ ƭƛƳƛǘ ƻƴ ǘƘŜ ǎǳƭǇƘǳǊ ŎƻƴǘŜƴǘ ƛƴ ƳŀǊƛƴŜ ŦǳŜƭǎ ǇƻǿŜǊƛƴƎ 

ǎƘƛǇǎ ǿƛǘƘ ŀƴ ŜŦŦŜŎǘƛǾŜ ŘŀǘŜ ŦƻǊ ǘƘŜ ǊŜŘǳŎǘƛƻƴ ƻŦ WŀƴǳŀǊȅ мΣ нлнлΦ ¦ƴŘŜǊ ǘƘŜ ƴŜǿ Ǝƭƻōŀƭ ŎŀǇΣ ǎƘƛǇǎ 
ǿƛƭƭ ƘŀǾŜ ǘƻ ǳǎŜ ƳŀǊƛƴŜ ŦǳŜƭǎ ǿƛǘƘ ŀ ǎǳƭǇƘǳǊ ŎƻƴǘŜƴǘ ƻŦ ƴƻ ƳƻǊŜ ǘƘŀƴ лΦр҈Φ ¢ƘŜ 9Ƴƛǎǎƛƻƴ /ƻƴǘǊƻƭ 
!ǊŜŀǎ ǿƛƭƭ ǊŜƳŀƛƴ ŀǘ ǘƘŜ нлмр ǎǘŀƴŘŀǊŘ ƻŦ лΦм҈ ǎǳƭǇƘǳǊ ŎƻƴǘŜƴǘ ƛƴ bƻǊǘƘ !ƳŜǊƛŎŀΣ 9ǳǊƻǇŜ ŀƴŘ 
.ŀƭǘƛŎǎ ό¢ŀōƭŜ мΦмύΦ 

Table 1.1:  SOx Emissions Controls 

Outside an ECA Established to Limit SOx 
and Particulate Matter Emissions 

Inside an ECA Established to Limit SOx and 
Particulate Matter Emissions 

4.5% m/m prior to January 1, 2012 1.5% m/m prior to July 1, 2010 

3.5% m/m on and after January 1, 2012 1.0% m/m on and after July 1, 2010 

0.5% m/m on and after January 1, 2020 0.1% m/m on and after January 1, 2015 

Source: IMO 

Historic Levels of Compliance  
²ƛǘƘ ǘƘŜ ǊŜƎǳƭŀǘƛƻƴǎ ƛƴ ǇƭŀŎŜΣ ǘƘŜ ǉǳŜǎǘƛƻƴ ǊŜƳŀƛƴǎ ƻƴ Ƙƻǿ ǘƻ ǾŜǊƛŦȅ ǘƘŜ ŎƻƳǇƭƛŀƴŎŜ ƻŦ ǘƘŜ ǎƘƛǇǎ 
ŜŦŦƛŎƛŜƴǘƭȅΦ ¢ƻ ŘŀǘŜΣ ŎƻƳǇƭƛŀƴŎŜ ƛǎ ŎƘŜŎƪŜŘ ōȅ ƛƴǎǇŜŎǘƛƻƴ ŀǳǘƘƻǊƛǘƛŜǎ ǿƘƻ ŜƴǘŜǊ ǎƘƛǇǎ ŀǘ ōŜǊǘƘΣ 
ǊŜǾƛŜǿ ŦǳŜƭ ƭƻƎ ōƻƻƪǎ ŀƴŘ ŦǳŜƭ ǉǳŀƭƛǘȅ ŎŜǊǘƛŦƛŎŀǘŜǎ ŀƴŘΣ ƛŦ ǎǳǎǇƛŎƛƻƴ ƛǎ ǊŀƛǎŜŘΣ ǘŀƪŜ ŀ ŦǳŜƭ ǎŀƳǇƭŜ ǘƻ 
ōŜ ŀƴŀƭȅȊŜŘ ŀǘ ŎŜǊǘƛŦƛŜŘ ƭŀōƻǊŀǘƻǊƛŜǎΦ ²ƛǘƘ ǘƘŜ ǊŜǎǳƭǘǎ ƻŦ ǘƘŜ ŀƴŀƭȅǎƛǎΣ ƛǘ ƛǎ ǇƻǎǎƛōƭŜ ǘƻ ǾŜǊƛŦȅ 
ŎƻƳǇƭƛŀƴŎŜ ŀƴŘ ƛŦ ƴŜŜŘŜŘΣ ǘŀƪŜ ƭŜƎŀƭ ŀŎǘƛƻƴΦ IƻǿŜǾŜǊΣ ǘƘŜǎŜ ŎƻƴǘǊƻƭǎ Ŏŀƴ ŎƘŜŎƪ Ƨǳǎǘ ŀ ƳƛƴƻǊ 
ƴǳƳōŜǊ ƻŦ ǎƘƛǇǎΦ Lǘ ƛǎ ŀƭǎƻ ƴƻǘ ǇƻǎǎƛōƭŜ ǘƻ ŜǾŀƭǳŀǘŜ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ŀƴŘ ŎƻƳǇƭƛŀƴŎŜ ƻŦ ǎŎǊǳōōŜǊ 
ǘŜŎƘƴƻƭƻƎȅ ōȅ ǇǊŜŘƛŎǘƛƴƎ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ǎǳƭǇƘǳǊ ǊŜƳƻǾŜŘ ƛƴ ōǳƴƪŜǊ ƻƛƭ ǎŀƳǇƭŜǎΦ  ¢Ƙƛǎ ƛǎ ŀ 
ŎƘŀƭƭŜƴƎŜ ƛŦ ǘƘƛǎ ƳŜǘƘƻŘ ōŜŎƻƳŜǎ ŀ ƳƻǊŜ ǇƻǇǳƭŀǊ ŀƴŘ ŎƻƳƳƻƴ ƳŜǘƘƻŘ ǘƻ ƳŜŜǘ ŎƻƳǇƭƛŀƴŎŜ ƛƴ 
ǘƘŜ ŦǳǘǳǊŜΦ  

Lƴ ǘƘŜ 9/!ǎΣ ŎƻƳǇƭƛŀƴŎŜ ōȅ ǎƘƛǇǎ ƛǎ ƘƛƎƘΦ CƻǊ ŜȄŀƳǇƭŜΣ ǊŜǎŜŀǊŎƘŜǊǎ ŀǘ ǘƘŜ /ƘŀƭƳŜǊǎ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ 
¢ŜŎƘƴƻƭƻƎȅ ƛƴ {ǿŜŘŜƴ ƘŀǾŜ ǎƘƻǿƴ ǘƘŀǘ ōŜǘǿŜŜƴ ут҈ ŀƴŘ фу҈ ƻŦ ǎƘƛǇǎ ŎƻƳǇƭȅ ǿƛǘƘ ǘƘŜ ǘƻǳƎƘŜǊ 
ǊŜƎǳƭŀǘƛƻƴǎ ŦƻǊ ǎǳƭǇƘǳǊ ŜƳƛǎǎƛƻƴǎ ǘƘŀǘ ǿŜǊŜ ƛƴǘǊƻŘǳŎŜŘ ƛƴ ƴƻǊǘƘŜǊƴ 9ǳǊƻǇŜ ƛƴ нлмрΦ ¢ƘŜ ƭƻǿŜǎǘ 
ƭŜǾŜƭǎ ƻŦ ŎƻƳǇƭƛŀƴŎŜ ǿŜǊŜ ƻōǎŜǊǾŜŘ ƛƴ ǘƘŜ ǿŜǎǘŜǊƴ ǇŀǊǘ ƻŦ ǘƘŜ 9ƴƎƭƛǎƘ /ƘŀƴƴŜƭ ŀƴŘ ǘƘŜ ƳƛŘŘƭŜ ƻŦ 
ǘƘŜ .ŀƭǘƛŎ {ŜŀΦ 
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²ƘƛƭŜ ǘƘŜ м҈ ƭƛƳƛǘ ƛƴ ǘƘŜ 9/!ǎ ŎƻǳƭŘ ǎǘƛƭƭ ōŜ ƳŜǘ ǿƛǘƘ ǎǳƭǇƘǳǊπǊŜŘǳŎŜŘ IŜŀǾȅ CǳŜƭ hƛƭ όIChύΣ ǘƘŜ 

ƴŜǿ ǊŜƎǳƭŀǘƛƻƴ ŦƻǊŎŜǎ ǎƘƛǇǎ ǘƻ ŜƛǘƘŜǊ ǳǎŜ ƳƻǊŜ ŜȄǇŜƴǎƛǾŜ ŀƭǘŜǊƴŀǘƛǾŜǎ ǎǳŎƘ ŀǎ ƳŀǊƛƴŜ Ǝŀǎ ƻƛƭ 
όaDhύΣ ǳƭǘǊŀπƭƻǿ ǎǳƭǇƘǳǊ IChΣ ƻǊ ŎƻƴǎƛŘŜǊ ǊŜŎƻƴǎǘǊǳŎǘƛƻƴ ǘƻ ŜƴŀōƭŜ ǘƘŜ ǳǎŜ ƻŦ ŀƭǘŜǊƴŀǘƛǾŜ ŦǳŜƭ 
ǎǳŎƘ ŀǎ ƭƛǉǳŜŦƛŜŘ ƴŀǘǳǊŀƭ Ǝŀǎ ό[bDύ ƻǊ ƳŜǘƘŀƴƻƭΦ !ǎ ŀƴ ŀƭǘŜǊƴŀǘƛǾŜ ǘŜŎƘƴƻƭƻƎȅΣ ǘƘŜ ƻǇŜǊŀǘƛƻƴ ƻŦ 
ŜȄƘŀǳǎǘ Ǝŀǎ ŎƭŜŀƴƛƴƎ ǎȅǎǘŜƳǎ όǎŎǊǳōōŜǊǎύ ƛǎ ŀƭǎƻ ǇŜǊƳƛǘǘŜŘΣ ƛŦ ƛǘ ǇǊƻǾƛŘŜǎ ǘƘŜ ǎŀƳŜ ƭŜǾŜƭ ƻŦ 
ǇǊƻǘŜŎǘƛƻƴ ŀƎŀƛƴǎǘ ǎǳƭǇƘǳǊ ŘƛƻȄƛŘŜ ŜƳƛǎǎƛƻƴǎ ŀǎ ǘƘŜ ǳǎŜ ƻŦ ƭƻǿ ǎǳƭǇƘǳǊ ŦǳŜƭΦ ¢ƘŜǎŜ ƻǇǘƛƻƴǎ ƘŀǾŜ 
ōŜŜƴ ŘŜǇƭƻȅŜŘ ǘƻ ǎƻƳŜ ǎƘƛǇǎΣ ŀƴŘ ǘƘŜ ŦƛǊǎǘ ǎǘǳŘƛŜǎ ƘŀǾŜ ŘƻŎǳƳŜƴǘŜŘ ǘƘŜƛǊ ŜŦŦŜŎǘƛǾŜƴŜǎǎ ŀƴŘ 
ŜŎƻƴƻƳƛŎ ŜŦŦƛŎƛŜƴŎȅ όwŜȅƴƻƭŘǎΣ нлммΤ WƛŀƴƎ Ŝǘ ŀƭΦΣ нлмпύΣ ōǳǘ ǘƘŜȅ ŀǊŜ ǎǘƛƭƭ ǳƴŘŜǊ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ 
ŀǊŜ ƴƻǘ ǿƛŘŜǎǇǊŜŀŘΦ  CƻǊ ǘƘŜ Ǿŀǎǘ ƳŀƧƻǊƛǘȅ ƻŦ ǎƘƛǇǎΣ ǘƘŜ ƻƴƭȅ ƻǇǘƛƻƴ ǘƻ ƳŜŜǘ ǘƘŜ ǊŜƎǳƭŀǘƛƻƴǎ ƛǎ ǘƻ 
ǳǎŜ ŘŜǎǳƭǇƘǳǊƛȊŜŘ ŦǳŜƭΦ 

¢ƘŜ ŘƛŦŦŜǊŜƴǘ ŎƻƳǇƭƛŀƴŎŜ ƳŜǘƘƻŘǎ ƛƴŎƭǳŘŜΥ 

¶ Desulphurize refinery fuels and use lower sulphur content fuel. 

¶ Switch entirely or partially to middle distillates for bunker fuel. 

¶ Reduce SOx emissions via on-board scrubbers (also helps reduce particulate matter, PM). 

¶ Undertake custom blending of fuels on board and use segregated bunkers tanks. 

¶ Establish emissions trading, which could allow trading of marine and shore-based credits. 

¶ Switch to alternative fuel sources (e.g., LNG, methanol). 

/ǳǊǊŜƴǘƭȅΣ ŜƴŦƻǊŎŜƳŜƴǘ ǊǳƭŜǎ ŀƴŘ ǇŜƴŀƭǘƛŜǎ ŀǊŜ ǳǇ ǘƻ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭ ƳŜƳōŜǊ ǎǘŀǘŜǎ ŀƴŘ ŦƭŀƎ ǎǘŀǘŜǎΦ 
!ƭǘƘƻǳƎƘ ǘƘŜǊŜ ŀǊŜ ƴƻ Lah Ǝƭƻōŀƭ ŜƴŦƻǊŎƛƴƎ ƳŜŎƘŀƴƛǎƳǎΣ ǘƘŜǊŜ ŀǊŜ ƻǘƘŜǊ ŀǇǇǊƻŀŎƘŜǎ ŎƻǳƴǘǊƛŜǎ 
ƳƛƎƘǘ ǳǎŜ ǘƻ ƳŀƴŀƎŜ ŜƴŦƻǊŎŜƳŜƴǘ ƛƴŎƭǳŘƛƴƎ ǊŜǎǘǊƛŎǘƛƴƎ ƴƻƴπŎƻƳǇƭƛŀƴŎŜ ǎƘƛǇǎ ŀƴŘ ŦƛǊƳǎ ŦǊƻƳ 
ōǳǎƛƴŜǎǎ ŘŜŀƭƛƴƎǎ ƛƴ ǘƘŜ Ƙƻǎǘ ƻǊ ŦƭŀƎ ŎƻǳƴǘǊȅΦ  ¢ƘƻǎŜ ŦƛǊƳǎ ŀƭǎƻ ŦŀŎŜ ŀ ǊŜǇǳǘŀǘƛƻƴŀƭ Ǌƛǎƪ ƛŦ ƴƻƴπ
ŎƻƳǇƭƛŀƴŎŜ ƛǎ ŀƭƭŜƎŜŘ ƻǊ ŎƻƴŦƛǊƳŜŘΦ 

Impact of Previous IMO/ECA Regulations on Crude M arkets  
aǳŎƘ ǘƻǳƎƘŜǊ ǊǳƭŜǎ ƎƻǾŜǊƴƛƴƎ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ǎƘƛǇǎ ǇƭȅƛƴƎ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ǿŀǘŜǊǎ ŎƻǳƭŘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ 
ŎƘŀƴƎŜ ǘƘŜ ŎǊǳŘŜ ƻƛƭ ƳŀǊƪŜǘ ƭŀƴŘǎŎŀǇŜ ŀǘ ǊŜƎƛƻƴŀƭ ŀƴŘ Ǝƭƻōŀƭ ƭŜǾŜƭǎΦ CƻǊ ŜȄŀƳǇƭŜΣ ǘƘŜ нлнл Lah 
ǎǳƭǇƘǳǊ ǊŜƎǳƭŀǘƛƻƴ ŎƻǳƭŘ ǊŜǉǳƛǊŜ ǘƘŜ ǊŜƳƻǾŀƭ ƻŦ ǳǇ ǘƻ нлΣллл ǘƻƴǎ ǇŜǊ Řŀȅ ƻŦ ǎǳƭǇƘǳǊ ŎƻƴǘŀƛƴŜŘ 
ƛƴ ǘƘŜ оπп Ƴƛƭƭƛƻƴ ōŀǊǊŜƭǎκŘŀȅ ƻŦ ƘƛƎƘ ǎǳƭǇƘǳǊ ōǳƴƪŜǊ ŦǳŜƭ ǳǎŜŘ ŦƻǊ ƳŀǊƛƴŜ ǘǊŀƴǎǇƻǊǘ ōȅ нлнлΦ 
¢ƘŜǎŜ ǎǳŘŘŜƴ ŎƘŀƴƎŜǎ ǿƛƭƭ ǇǊƻǇŀƎŀǘŜ ŀƭƭ ŀƭƻƴƎ ǘƘŜ ǾŀƭǳŜ ŎƘŀƛƴΣ ŦǊƻƳ ǘƘŜ ƳŀǊƛƴŜ ƛƴŘǳǎǘǊȅ ǘƘŀǘ ǿƛƭƭ 
ǎŜŜƪ ŀ ǊŜǇƭŀŎŜƳŜƴǘ ŦǳŜƭΣ ǘƻ ǊŜŦƛƴŜǊǎ ǘƘŀǘ ǇǊƻŘǳŎŜ ōǳƴƪŜǊ ŦǳŜƭΣ ŀƴŘ ǘƻ ǳǇǎǘǊŜŀƳ ƻƛƭ ǇǊƻŘǳŎŜǊǎ ǿƘƻ 
ǇǊƻŘǳŎŜ ŎǊǳŘŜǎ ǘƘŀǘ ƎŜƴŜǊŀǘŜ ƘƛƎƘ ǎǳƭǇƘǳǊ ǊŜǎƛŘǳŜǎ ǳǎŜŘ ƛƴ ōǳƴƪŜǊǎΦ 

²ƛƭƭ Ǝƭƻōŀƭ ǊŜŦƛƴŜǊȅ ŎŀǇŀŎƛǘȅ ōŜ ŘŜǇƭƻȅŜŘ ǘƻ ǎŜǊǾƛƴƎ ǘƘŜ ƳŀǊƛƴŜ ƳŀǊƪŜǘ ƛƴ нлнлΚ ²ƛƭƭ ǊŜŦƛƴŜǊǎ 
ǇǊƻŘǳŎŜ ǎǳƛǘŀōƭŜ ŦǳŜƭǎΣ ŀƴŘ ǿƘŀǘ ǿƛƭƭ ōŜ ǘƘŜ ŎƻƳǇƻǎƛǘƛƻƴ ƻŦ ǘƘŜǎŜ ŦǳŜƭǎΚ Iƻǿ ŘƻŜǎ ƻƴŜ ŜƴǎǳǊŜ 

ŎƻƳǇƭƛŀƴŎŜΣ ŀƴŘ Ƙƻǿ ǿƛƭƭ ǘƘŜ Lah ǘŀŎƪƭŜ ǘǊŀƴǎƛǘƛƻƴŀƭ ƛǎǎǳŜǎΚ ¢ƻ ǿƘŀǘ ŜȄǘŜƴǘ ǿƛƭƭ ǘƘŜ ǳǇǘŀƪŜ ƻŦ 
ǎŎǊǳōōŜǊǎ ŀƴŘ ŀƭǘŜǊƴŀǘƛǾŜǎ ƛƳǇŀŎǘ ƻǾŜǊŀƭƭ ŘŜƳŀƴŘΚ 

Lƴ ǘƘŜ ǇǊŜǾƛƻǳǎ ǊŜƎǳƭŀǘƛƻƴǎΣ ǿƘŜƴ ǘƘŜ 9/!Ωǎ ǎǳƭǇƘǳǊ ŎƻƴǘŜƴǘ ŘǊƻǇǇŜŘ ŦǊƻƳ м҈ ǘƻ лΦм҈Σ ǘƘŜ ƳŀǊƪŜǘ 
ǎŀǿ ŀƴ ƛƴǘǊƻŘǳŎǘƛƻƴ ƻŦ ŀ ǊŀƴƎŜ ƻŦ ƴŜǿ ŦǳŜƭ ŦƻǊƳŀǘƛƻƴǎ ǘƘŀǘ Ŏƻǎǘ ƭŜǎǎ ǘƘŀƴ ŜȄǇŜƴǎƛǾŜ ƳŀǊƛƴŜ Ǝŀǎ 
ƻƛƭΣ ǎǳƎƎŜǎǘƛƴƎ ǘƘŀǘ ŀ ŦǳǘǳǊŜ ǿƛǘƘ ŀ Ǝƭƻōŀƭ ŎŀǇ ƻŦ лΦр҈ ǿƻǳƭŘ ƴƻǘ ǎƻƭŜƭȅ ǊŜƭȅ ƻƴ ŀƴ ŀƭƭπƛƴ ǎǿƛǘŎƘ ǘƻ 
ŘƛǎǘƛƭƭŀǘŜǎΦ ¢ƘŜǊŜ ƛǎ ƭƛƪŜƭȅ ƎƻƛƴƎ ǘƻ ōŜ ƴŜǿ ǘȅǇŜǎ ƻŦ ōƭŜƴŘǎ ŜƳŜǊƎƛƴƎ ǘƻ ƳŜŜǘ ǘƘŜ лΦр҈ ƭƛƳƛǘΦ Lƴ ŦŀŎǘΣ 
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ǘƘŜ LƴǘŜǊƴŀǘƛƻƴŀƭ .ǳƴƪŜǊ LƴŘǳǎǘǊȅ !ǎǎƻŎƛŀǘƛƻƴ όL.L!ύ ŜȄǇŜŎǘǎ ŀ ƳƻǊŜ ǿƛŘŜǎǇǊŜŀŘ ǳǎŜ ƻŦ ǾŀŎǳǳƳ 

Ǝŀǎ ƻƛƭ ŀƴŘ ǳǎŜ ƻŦ ǾŜǊȅ ƭƻǿ ǎǳƭǇƘǳǊ ICh ǿƘŜǊŜ ŀǾŀƛƭŀōƭŜ ǿƛǘƘ ŀ ōƛǘ ƻŦ ƭƻǿ ǎǳƭǇƘǳǊ ōƭŜƴŘǎǘƻŎƪ 
ŀŘŘŜŘΦ {ƻƳŜ ǊŜŦƛƴŜǊƛŜǎ ŀǊŜ ŜȄǇƭƻǊƛƴƎ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ǘƻ ǇǊƻŘǳŎŜ ǎǇŜŎƛŦƛŎ лΦр҈ ƳŀǊƛƴŜ ŦǳŜƭǎ ŦǊƻƳ 
ŜȄƛǎǘƛƴƎ ǇǊƻŘǳŎǘ ǎǘǊŜŀƳǎΣ ǎƻƳŜ ǊŜŦƛƴŜǊƛŜǎ Ƴŀȅ ŘŜǎǳƭǇƘǳǊƛȊŜ IChΣ ŀƴŘ ǎƻƳŜ ƛƴŘŜǇŜƴŘŜƴǘ 
ƛƴƴƻǾŀǘƻǊǎ ŀǊŜ ƭƻƻƪƛƴƎ ǘƻ ƎŜǘ ƛƴǘƻ ǘƘŜ ƳŀǊƛƴŜ ŦǳŜƭ ƳŀǊƪŜǘ ōȅ ǎǘǊƛǇǇƛƴƎ ǎǳƭǇƘǳǊ ƻǳǘ ƻŦ IChΦ 

!ǎ ǿƛǘƘ ŀƭƭ ǇǊŜŘƛŎǘƛƻƴǎΣ ǘƘŜǊŜ ŀǊŜ ǳƴŎŜǊǘŀƛƴǘƛŜǎΦ 
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#ÈÁÐÔÅÒ ςȡ  'ÌÏÂÁÌ #ÒÕÄÅ /ÉÌ -ÁÒËÅÔÓ  
Crude Supply and Demand 
/ǊǳŘŜ ƻƛƭ ǇǊƻŘǳŎǘƛƻƴ ŀƴŘ ŎƻƴǎǳƳǇǘƛƻƴ ƘŀǾŜ ƎǊƻǿƴ ƘƛǎǘƻǊƛŎŀƭƭȅΣ ŀƴŘ ŀƭƭ ƛƴŘƛŎŀǘƛƻƴǎ ŀǊŜ ǘƘŀǘ ŘŜǎǇƛǘŜ 
ŎŀǊōƻƴ ƳŀƴŀƎŜƳŜƴǘ ǇƭŜŘƎŜǎ ōȅ ƎƻǾŜǊƴƳŜƴǘǎΣ ǇǊƻŘǳŎǘƛƻƴ ŀƴŘ ŎƻƴǎǳƳǇǘƛƻƴ ǿƛƭƭ ŎƻƴǘƛƴǳŜ ǘƻ ƎǊƻǿ 
όCƛƎǳǊŜ нΦмύΦ ¢Ƙƛǎ ƎǊƻǿǘƘ ǊŜǎǇƻƴŘǎ ǘƻ Ǝƭƻōŀƭ ǇƻǇǳƭŀǘƛƻƴ ŀƴŘ ƎǊƻǎǎ ŘƻƳŜǎǘƛŎ ǇǊƻŘǳŎǘ όD5tύΦ Dƭƻōŀƭ 
D5t ƎǊƻǿǘƘ ŀǾŜǊŀƎŜŘ оΦу҈ ŦǊƻƳ нллм ǘƻ нлмт όLaCΣ нлмуύ ǿƘŜǊŜŀǎ Ǝƭƻōŀƭ ǇƻǇǳƭŀǘƛƻƴ ƎǊƻǿǘƘ 
ŀǾŜǊŀƎŜŘ мΦн҈ ǿƛǘƘƛƴ ǘƘŜ ǎŀƳŜ ǇŜǊƛƻŘ ό²ƻǊƭŘƻƳŜǘŜǊǎΣ нлмуύΦ  

Figure 2.1:  Global and North American Crude Oil Production 

 

Source: EIA, CERI 
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ŀƴƴǳŀƭ D5t ƎǊƻǿǘƘ ǿƛƭƭ ŀǾŜǊŀƎŜ нΦо҈ ŘǳǊƛƴƎ ǘƘŜ ǇŜǊƛƻŘΦ tŜǘǊƻƭŜǳƳ ŀƴŘ ƻǘƘŜǊ ƭƛǉǳƛŘǎ ǇǊƻŘǳŎǘƛƻƴ 
ŀǊŜ ǇǊƻƧŜŎǘŜŘ ǘƻ ƘŀǾŜ ŀǾŜǊŀƎŜ ŀƴƴǳŀƭ ǇǊƻŘǳŎǘƛƻƴ ƎǊƻǿǘƘ ƻŦ мΦн҈ ŀƴŘ лΦо҈ ƛƴ /ŀƴŀŘŀ ŀƴŘ ǘƘŜ 
¦ƴƛǘŜŘ {ǘŀǘŜǎΣ ǊŜǎǇŜŎǘƛǾŜƭȅ ό9L!Σ нлмтύΦ  
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ŘŜŎǊŜŀǎŜ ǘƘŜ ŘŜƳŀƴŘ ŦƻǊ ƘƛƎƘ ǎǳƭǇƘǳǊ ŦǳŜƭ ƻƛƭ ŦƭƻǿǎΣ ŀƴŘ ŀǎ ŀ ǊŜǎǳƭǘΣ ƛƳǇŀŎǘ ŎǊǳŘŜ ƻƛƭ Ŧƭƻǿǎ ŀƴŘ 
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ƳŀŘŜ ǳǇ спΦр҈ ƻŦ ǘƘŜ Ǝƭƻōŀƭ ŎǊǳŘŜ ǎǳǇǇƭȅ ǿƘƛŎƘ ƛǎ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ŦǊŀŎǘƛƻƴ όCƛƎǳǊŜ нΦнύΦ  

0

10

20

30

40

50

60

70

80

90

100

2
0
1

0

2
0
1

1

2
0
1

2

2
0
1

3

2
0
1

4

2
0
1

5

2
0
1

6

2
0
1

7

2
0
1

8

2
0
1

9

2
0
2

0

2
0
2

1

2
0
2

2

2
0
2

3

2
0
2

4

2
0
2

5

2
0
2

6

2
0
2

7

2
0
2

8

2
0
2

9

2
0
3

0

2
0
3

1

2
0
3

2

2
0
3

3

2
0
3

4

2
0
3

5

2
0
3

6

2
0
3

7

2
0
3

8

2
0
3

9

2
0
4

0

C
ru

d
e

 o
il 

p
ro

d
u

c
ti
o

n
 (

m
ill

io
n

 b
b

l/
d

)

World - ref World - High oil price United States

World - Low oil price Canada



6 Canadian Energy Research Institute 
 

July 2018 

Figure 2.2:  Global Crude Production Volume by Quality in 2016 

 

Source: ENI, CERI. 

Dƭƻōŀƭ ŎǊǳŘŜ ƻƛƭ ǇǊƻŘǳŎŜŘ Ƙŀǎ ǎŜŜƴ ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ ƛǘǎ ǎǳƭǇƘǳǊ ŎƻƴǘŜƴǘΣ ǘƘŜǊŜōȅ ōŜŎƻƳƛƴƎ 
ƛƴŎǊŜŀǎƛƴƎƭȅ ǎƻǳǊΦ ¢ƘŜ ŦǊŀŎǘƛƻƴ ƻŦ ƳŜŘƛǳƳ ǎƻǳǊ ŀƴŘ ǎƻǳǊ ŎǊǳŘŜ ǇǊƻŘǳŎŜŘ ƛƴŎǊŜŀǎŜŘ ōȅ нΦп҈ ŦǊƻƳ 

снΦм҈ ƛƴ нллл ǘƻ спΦр҈ ƛƴ нлмсΦ ¢Ƙƛǎ ǘǊŜƴŘ ǎŜŜƳǎ ǘƻ ŎƻƴǘƛƴǳŜ ƎƛǾŜƴ ŘŜǇƭŜǘƛƴƎ Ǝƭƻōŀƭ ǎǿŜŜǘ ŎǊǳŘŜ 
ƻƛƭ ǊŜǎƻǳǊŎŜ ŘƛǎǇƻǎƛǘƛƻƴǎ ŀƴŘ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ŀŘǾŀƴŎŜƳŜƴǘǎ ǘƘŀǘ ǊŜƴŘŜǊ ǳƴŎƻƴǾŜƴǘƛƻƴŀƭ ǊŜǎƻǳǊŎŜǎ 
ǘŜŎƘƴƻƭƻƎƛŎŀƭƭȅ ŀƴŘ ŜŎƻƴƻƳƛŎŀƭƭȅ ǾƛŀōƭŜ ǘƻ ŜȄǘǊŀŎǘΦ !ƴ ŜȄŎŜǇǘƛƻƴ ǘƻ ǘƘƛǎ ǘǊŜƴŘ ƛǎ ǘƘŜ ŦŀŎǘ ǘƘŀǘ 
ǘŜŎƘƴƻƭƻƎƛŎŀƭ ƛƴƴƻǾŀǘƛƻƴ Ƙŀǎ ŀƭǎƻ ŜƴŀōƭŜŘ ǎƛƎƴƛŦƛŎŀƴǘ ƛƴŎǊŜŀǎŜǎ ƛƴ ǇǊƻŘǳŎǘƛƻƴ ƻŦ ƭƛƎƘǘ ǎǿŜŜǘ ŎǊǳŘŜ 
ŦǊƻƳ ǳƴŎƻƴǾŜƴǘƛƻƴŀƭ ǎƘŀƭŜ ƻƛƭ ǊŜǎƻǳǊŎŜǎ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎΦ ¦{ ƭƛƎƘǘ ƻƛƭ ǇǊƻŘǳŎǘƛƻƴ Ƙŀǎ ƛƴŎǊŜŀǎŜŘ 
ǎƛƎƴƛŦƛŎŀƴǘƭȅ ǿƘŜǊŜŀǎ ǘƘŜ aŜȄƛŎŀƴ aŀȅŀ ŀƴŘ ±ŜƴŜȊǳŜƭŀƴ ƘŜŀǾȅ ŎǊǳŘŜǎ ǎǳǇǇƭȅ ƘŀǾŜ ǿŀƴŜŘ ƛƴ 
ǊŜŎŜƴǘ ȅŜŀǊǎ ŀƴŘ Ƴŀȅ ŎƻƴǘƛƴǳŜ ǘƻ ŘŜŎƭƛƴŜ ƛƴ ŦǳǘǳǊŜΦ  

CƛƎǳǊŜ нΦо ǎƘƻǿǎ Ǝƭƻōŀƭ ŎǊǳŘŜ ƻƛƭǎΣ ǘƘŜƛǊ ǎǳƭǇƘǳǊ ŎƻƴǘŜƴǘǎ ŀƴŘ !tL ƎǊŀǾƛǘƛŜǎΦ ¢ƘŜ ǎǳƭǇƘǳǊ ŎƻƴǘŜƴǘ 
ƻŦ ǊŜǎƛŘǳŀƭ ƻƛƭ ǊŜŦƭŜŎǘǎ ǘƘŜ ǉǳŀƭƛǘȅ ƻŦ ǘƘŜ ŎǊǳŘŜ ƻƛƭ ǘƘŀǘ ǇǊƻŘǳŎŜǎ ƛǘΦ /ǊǳŘŜ ǉǳŀƭƛǘȅ ƛǎ ƛƴŦƭǳŜƴŎŜŘ 
ŎƘƛŜŦƭȅ ōȅ ƛǘǎ ǎǳƭǇƘǳǊ ŎƻƴǘŜƴǘ ŀƴŘ ǘƘŜ ŘŜƴǎƛǘȅ ƳŜŀǎǳǊŜŘ ŀǎ !tL ƎǊŀǾƛǘȅΦ ¢Ƙƛǎ ƳŜŀƴǎ ǘƘŀǘ ǘƘŜ ƘƛƎƘŜǊ 
ǘƘŜ ǎǳƭǇƘǳǊ ŎƻƴǘŜƴǘ ƻŦ ǘƘŜ ŎǊǳŘŜΣ ǘƘŜ ƘƛƎƘŜǊ ǘƘŜ ǎǳƭǇƘǳǊ ŎƻƴǘŜƴǘ ƻŦ ǘƘŜ ǊŜǎƛŘǳŀƭ ƻƛƭΣ ŀƴŘ ǾƛŎŜ ǾŜǊǎŀΦ 

hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ǘƘŜ ƘƛƎƘŜǊ ǘƘŜ !tL ƎǊŀǾƛǘȅΣ ǘƘŜ ƭƻǿŜǊ ǘƘŜ ȅƛŜƭŘ ƻŦ ǊŜǎƛŘǳŀƭ ƻƛƭ ǇǊƻŘǳŎŜŘ ŀƴŘ 
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Figure 2.3:  Quality and Production Volume of Major Crudes in 2016 

 

Source: ENI 

¦ƴƭŜǎǎ ǎƛƎƴƛŦƛŎŀƴǘ ǎƘŀƭŜ ƻƛƭ ŦǊŀŎƪƛƴƎ ƛǎ ǎŀƴŎǘƛƻƴŜŘ ŀƴŘ ŘŜǇƭƻȅŜŘ ƛƴ ƻǘƘŜǊ ǊŜƎƛƻƴǎ ǿƛǘƘ ǎƘŀƭŜ ƻƛƭ 
ǊŜǎƻǳǊŎŜǎΣ ƛǘ ƛǎ ǎǘƛƭƭ ǊŜŀǎƻƴŀōƭŜ ǘƻ ŜȄǇŜŎǘ ǘƘŀǘ ǘƘŜ ƭƻƴƎπǘŜǊƳ ƻǳǘƭƻƻƪ ƻŦ ŎǊǳŘŜ ǉǳŀƭƛǘȅ ǿƛƭƭ ŀǘ ƭŜŀǎǘ 

ǊŜƳŀƛƴ ǳƴŎƘŀƴƎŜŘ ƻǊ ōŜŎƻƳŜ ƛƴŎǊŜŀǎƛƴƎƭȅ ǎƻǳǊΦ /ǊǳŘŜ ǿƛǘƘ ŀ ǎǳƭǇƘǳǊ ŎƻƴǘŜƴǘ ƎǊŜŀǘŜǊ ǘƘŀƴ лΦр 
ǿǘΦ҈ ŀǊŜ ǊŜƎŀǊŘŜŘ ŀǎ ǎƻǳǊ όǎŜŜ ¢ŀōƭŜ нΦмύΣ ŀƴŘ ǘƘŜǎŜ ǘȅǇŜǎ ƻŦ ŎǊǳŘŜǎ ƎŜƴŜǊŀǘŜ ŀ ǎƛƎƴƛŦƛŎŀƴǘ 
ǇǊƻǇƻǊǘƛƻƴ ƻŦ ƘƛƎƘ ǎǳƭǇƘǳǊ ŦǳŜƭ ƻƛƭ ǳǎŜŘ ŀǎ ōǳƴƪŜǊ ŦǳŜƭΦ  
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Table 2.1:  Crude Classifications by API and Sulphur Content 

Crude 
Classification 

 API S Wt.% Examples    

Light sweet >=35 <0.5 WTI, LLS, Brent    

Light sour >=35 >0.5 
Arab Light (Saudi Arabia), West Texas Sour, 
Canadian Light Sour, Alaska North Slope, Forties 
Blend, Hibernia Blend 

Medium sour 27-35 >0.5 Mars, WTS, Arab medium, Basra light, etc. 
Heavy sweet <=27 <0.5 Indonesia Duri   

Heavy sour <=27 >0.5 Maya, Cold Lake, WCS, Arab Heavy 

Source: CERI; classifications are based on EIA (2018) crude imports. 

¢ƘƻǳƎƘ ƳŀǊƛƴŜ ōǳƴƪŜǊ ŦǳŜƭǎ ŀŎŎƻǳƴǘ ŦƻǊ ŀōƻǳǘ п҈ ƻŦ Ǝƭƻōŀƭ ŘŜƳŀƴŘΣ ǘƘŜȅ ŀǊŜ ŀƴ ƛƳǇƻǊǘŀƴǘ ƻǳǘƭŜǘ 
ŀƴŘ ǊŜǾŜƴǳŜ ŦƻǊ ǘƘŜ ǊŜŦƛƴƛƴƎ ƛƴŘǳǎǘǊȅ όL9!Σ нлмуŀύΦ ¢ƘŜ ƳŀǊƛƴŜ ƛƴŘǳǎǘǊȅ ŀōǎƻǊōǎ ǳƴǿŀƴǘŜŘ 
ǊŜǎƛŘǳŀƭ ŦǳŜƭ ƻƛƭ ς ŀ ǊŜŦƛƴŜǊȅ ǇǊƻŘǳŎǘ ǿƘƛŎƘ Ƙŀǎ ŘŜŎƭƛƴƛƴƎ ŘŜƳŀƴŘ ŘǳŜ ǘƻ ŦŀŎǘƻǊǎ ƛƴŎƭǳŘƛƴƎ 
ŜƳƛǎǎƛƻƴǎ ŎƻƴǘǊƻƭ ǊŜƎǳƭŀǘƛƻƴǎ ǘƘŀǘ ǊŜǉǳƛǊŜ ŎƭŜŀƴŜǊπōǳǊƴƛƴƎ ŦǳŜƭǎ ƻƴǎƘƻǊŜ ŀƴŘ ǘƘŜ ŘŜŎǊŜŀǎŜ ƛƴ 
ǊŜǎƛŘǳŀƭ ŦǳŜƭ ƻƛƭ ŘŜƳŀƴŘ ŦƻǊ ƴƻƴπōǳƴƪŜǊ ǳǎŜǎΦ 

CƛƎǳǊŜ нΦп ǎƘƻǿǎ ǘƘŀǘ ƘŜŀǾȅ ŎǊǳŘŜ ƻƛƭ ǇǊƻŘǳŎǘƛƻƴ ŦǊƻƳ ǘƘŜ !ƳŜǊƛŎŀǎ ό!ǊƎŜƴǘƛƴŀΣ .ǊŀȊƛƭΣ /ŀƴŀŘŀΣ 
/ƻƭƻƳōƛŀΣ 9ŎǳŀŘƻǊΣ aŜȄƛŎƻΣ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ŀƴŘ ±ŜƴŜȊǳŜƭŀύ ƛǎ ŀ ƭŀǊƎŜ ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ Ǝƭƻōŀƭ ƳŜŘƛǳƳ 
ǎƻǳǊ ŀƴŘ ǎƻǳǊ ŎǊǳŘŜǎ ǇǊƻŘǳŎŜŘ ƛƴ нлмсΦ ! ǎǘŀƎƎŜǊƛƴƎ ǇƻǊǘƛƻƴ όŀōƻǳǘ ун҈ύ ƻŦ Ǝƭƻōŀƭ ƘŜŀǾȅ ŎǊǳŘŜ 
ǎǳǇǇƭȅ ŎŀƳŜ ŦǊƻƳ ǘƘŜ !ƳŜǊƛŎŀǎ ƛƴ нлмсΦ ¢ǿŜƴǘȅπƴƛƴŜ ǇŜǊŎŜƴǘ ƻŦ ŀƭƭ ŎǊǳŘŜǎ ǇǊƻŘǳŎŜŘ ƛƴ ǘƘƛǎ ǊŜƎƛƻƴ 
ƛǎ ƳŜŘƛǳƳ ǎƻǳǊ ŀƴŘ ǎƻǳǊ ŎǊǳŘŜ ǘȅǇŜǎ όƴƻǘ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ нΦпύΦ ¢ƘŜ !ƳŜǊƛŎŀǎ ǇǊƻŘǳŎŜŘ ŀōƻǳǘ 
нс҈ ƻŦ ǘƘŜ Ǝƭƻōŀƭ ŎǊǳŘŜ ǾƻƭǳƳŜ ƛƴ нлмсΦ ¢ƘŜ ǎƛƎƴƛŦƛŎŀƴŎŜ ƻŦ ǘƘŜǎŜ ǎǘŀǘƛǎǘƛŎǎ ƛǎ ǘƘŀǘ ǘƘŜ Lah ǎǳƭǇƘǳǊ 

ǊŜƎǳƭŀǘƛƻƴ ƛǎ ƭƛƪŜƭȅ ǘƻ ƘŀǾŜ ǘƘŜ ƎǊŜŀǘŜǎǘ ƛƳǇŀŎǘ ƻƴ ǇǊƻŘǳŎŜǊǎ ƛƴ ǘƘŜ !ƳŜǊƛŎŀǎ ōŜŎŀǳǎŜ ŎƻǳƴǘǊƛŜǎ ƛƴ 
ǘƘƛǎ ǊŜƎƛƻƴ ŀǊŜ ǘƘŜ ǇǊƻŘǳŎŜǊǎ ƻŦ ƘŜŀǾȅ ŀƴŘ ǎƻǳǊ ŎǊǳŘŜǎΦ  
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Figure 2.4:  ¢ƘŜ !ƳŜǊƛŎŀΩǎ Share of Global Crude Oil Types Produced, 2016 

 

Source: Data from ENI, Calculations by CERI   

/ǊǳŘŜ ƻƛƭ ǇǊƻŘǳŎǘƛƻƴ ƎǊƻǿǘƘ ƛƴ ǘƘŜ ¦{ ǿƛƭƭ ōŜ ŘƻƳƛƴŀǘŜŘ ōȅ ƭƛƎƘǘ ǎǿŜŜǘ ǎƘŀƭŜ ƻƛƭ ǿƘŜǊŜŀǎ ƛƴ 
/ŀƴŀŘŀ ŎǊǳŘŜ ƻƛƭ ǇǊƻŘǳŎǘƛƻƴ ƎǊƻǿǘƘ ǿƛƭƭ ōŜ ŘǊƛǾŜƴ ōȅ ƻƛƭ ǎŀƴŘǎπŘŜǊƛǾŜŘ ƘŜŀǾȅ ǎƻǳǊ ŎǊǳŘŜΦ 
/ŀƴŀŘŀΩǎ ǊŜǎƻǳǊŎŜ ŘƛǎǇƻǎƛǘƛƻƴ ƛǎ ǇǊŜŘƻƳƛƴŀƴǘƭȅ ƘƛƎƘ ǎǳƭǇƘǳǊ ƘŜŀǾȅ ŎǊǳŘŜǎΦ /ŀƴŀŘŀ όǎǇŜŎƛŦƛŎŀƭƭȅΣ 
!ƭōŜǊǘŀύ ƛǎ ƻƴŜ ƻŦ ǘƘŜ ƳŀƧƻǊ ǇǊƻŘǳŎŜǊǎ ƻŦ ƘƛƎƘ ǎǳƭǇƘǳǊ ƘŜŀǾȅ ŎǊǳŘŜ ƻƛƭ ǿƛǘƘ ƛǘǎ ǇǊƻŘǳŎǘƛƻƴ ƎǊƻǿƛƴƎ 
ǎǘŜŀŘƛƭȅ ǎƛƴŎŜ нллуΦ Lƴ /9wLΩǎ ǊŜŦŜǊŜƴŎŜ ŎŀǎŜΣ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ нΦрΣ ōƛǘǳƳŜƴ ǇǊƻŘǳŎǘƛƻƴ ƛǎ ŜȄǇŜŎǘŜŘ 

ǘƻ ǊŜŀŎƘ о Ƴƛƭƭƛƻƴ ōōƭκŘŀȅ ōȅ ǘƘŜ ŜƴŘ ƻŦ нлму ŀƴŘ ŎƻƴǘƛƴǳŜ ŀŦǘŜǊǿŀǊŘǎ όaƛƭƭƛƴƎǘƻƴΣ нлмуύΦ 

Figure 2.5:  Canadian Historical and Projected Bitumen Production 

 

 Source: CERI 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

Total

Ultra Light

Light and Sweet

Light & Medium Sour

Light & Sour

Medium & Sweet

Medium & Medium Sour

Medium & Sour

Heavy & Sweet

Heavy & Medium Sour

Heavy Sour

 -

 1,000

 2,000

 3,000

 4,000

 5,000

 6,000

2
0
0

7

2
0
0

8

2
0
0

9

2
0
1

0

2
0
1

1

2
0
1

2

2
0
1

3

2
0
1

4

2
0
1

5

2
0
1

6

2
0
1

7

2
0
1

8

2
0
1

9

2
0
2

0

2
0
2

1

2
0
2

2

2
0
2

3

2
0
2

4

2
0
2

5

2
0
2

6

2
0
2

7

2
0
2

8

2
0
2

9

2
0
3

0

2
0
3

1

2
0
3

2

2
0
3

3

2
0
3

4

2
0
3

5

2
0
3

6

2
0
3

7

2
0
3

8B
it
u

m
e

n
 p

ro
d

u
c
ti
o

n
 (

'0
0

0
 b

b
l/
d

a
y
)

Mined Bitumen Extraction Total In-Situ Bitumen Extraction



10 Canadian Energy Research Institute 
 

July 2018 

/ŀƴŀŘƛŀƴ ƘŜŀǾȅ ǎƻǳǊ ŎǊǳŘŜ ƛǎ ǊŜŦƛƴŜŘ ǇǊƛƳŀǊƛƭȅ ƛƴ /ŀƴŀŘŀ ŀƴŘ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎΦ  ¢ƘŜǎŜ ŎƻǳƴǘǊƛŜǎ 

ƘŀǾŜ ǎǳŦŦƛŎƛŜƴǘ ŎŀǇŀŎƛǘƛŜǎ ƻŦ ŎƻƳǇƭŜȄ ǊŜŦƛƴŜǊƛŜǎ ǘƘŀǘ Ŏŀƴ ƘŀƴŘƭŜ ǘƘƛǎ ǘȅǇŜ ƻŦ ŎǊǳŘŜΦ wŜŦƛƴŜǊȅ 
ƻǇŜǊŀǘƻǊǎ ǿŀƴǘ ǘƻ ƳƛƴƛƳƛȊŜ ǘƘŜ ǊŜǎƛŘǳŀƭ ƻƛƭ ȅƛŜƭŘ ǳƴƭŜǎǎ ǘƘŜȅ ŀǊŜ ōǳƛƭǘ ǘƻ ǇǊƻŎŜǎǎ ǊŜǎƛŘǳŀƭ ƻƛƭǎ ƛƴǘƻ 
ƭƛƎƘǘŜǊ ŜƴŘǎΣ ǘƘǊƻǳƎƘ ƳŜŘƛǳƳ ŀƴŘ ŘŜŜǇ ŎƻƴǾŜǊǎƛƻƴǎΦ ¢ƘŜǊŜŦƻǊŜΣ ƘŜŀǾȅ ǎƻǳǊ ŎǊǳŘŜǎ ŀǊŜ ǎƻƭŘ ŀǘ ŀ 
ŘƛǎŎƻǳƴǘ ǘƻ ǘƘŜ ƭƛƎƘǘ ǎǿŜŜǘ ŎǊǳŘŜǎΦ ¢ƘŜ ǇǊƛŎŜ ŘƛǎŎƻǳƴǘ ƻŦ /ŀƴŀŘƛŀƴ ƘŜŀǾȅ ŎǊǳŘŜ ǊŜƭŀǘƛǾŜ ǘƻ ƭƛƎƘǘ 
ǎǿŜŜǘ ŎǊǳŘŜǎ ƛǎ ŀƴŀƭȅȊŜŘ ƛƴ /ƘŀǇǘŜǊ пΦ 

Global High Sulphur R esidual Oil Market  
¢ƘŜ Ǝƭƻōŀƭ ƳŀǊƪŜǘ ŦƻǊ ƘƛƎƘ ǎǳƭǇƘǳǊ ǊŜǎƛŘ Ƙŀǎ ōŜŜƴ ǳƴŘŜǊ ǇǊŜǎǎǳǊŜ ŦƻǊ ǎƻƳŜ ǘƛƳŜ ǿƛǘƘ ǘƘŜ 
ƛƴŎǊŜŀǎŜŘ ŀǾŀƛƭŀōƛƭƛǘȅ ƻŦ [bD ǇǊƛƳŀǊƛƭȅ ŦƻǊ ǇƻǿŜǊ ƎŜƴŜǊŀǘƛƻƴΦ  !ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ 9L!Σ ǘƘŜ Ǝƭƻōŀƭ 
ǊŜǎƛŘǳŀƭ ƻƛƭ ŘŜƳŀƴŘ ǎǘŀƴŘǎ ŀǘ ŀōƻǳǘ тΦу Ƴƛƭƭƛƻƴ ōōƭκŘŀȅΦ hŦ ǘƘƛǎ ŀƳƻǳƴǘΣ ŀōƻǳǘ оΦн Ƴƛƭƭƛƻƴ ōōƭκŘŀȅ 
ƛǎ ǳǎŜŘ ŀǎ ōǳƴƪŜǊ ŦǳŜƭ όǎŜŜ CƛƎǳǊŜ нΦсύΦ   

Figure 2.6:  Residual Fuel Oil Demand 

 

Source:  Shell (2017), S&P Global Platts (2018) 

¢ƘŜ ŘŜŎƭƛƴŜ ƛƴ ǘƘŜ ŘŜƳŀƴŘ ŀƴŘ ǎǳǇǇƭȅ ƻŦ ǊŜǎƛŘǳŀƭ ŦǳŜƭ ƻƛƭ ƛǎ ŎŀǳǎŜŘ ōȅ ŀ ǇŜǊǇŜǘǳŀƭ ŘŜŎǊŜŀǎŜ ƛƴ ǘƘŜ 
ŘŜƳŀƴŘ ƻŦ ǘƘŜ ƴƻƴπōǳƴƪŜǊ ǊŜǎƛŘǳŀƭ ƳŀǊƪŜǘΦ !ǎ Ŏŀƴ ōŜ ǎŜŜƴ ƛƴ CƛƎǳǊŜ нΦсΣ ǊŜǎƛŘǳŀƭ ŦǳŜƭ ƻƛƭ ŘŜƳŀƴŘ 
ŦƻǊ ǇǳǊǇƻǎŜǎ ƻǘƘŜǊ ǘƘŀƴ ōǳƴƪŜǊ ŦǳŜƭǎ Ƙŀǎ ŘŜŎƭƛƴŜŘ ǎƛƴŎŜ ǘƘŜ мффлǎΦ ¢Ƙƛǎ ǘǊŜƴŘ ƛǎ ŜȄǇŜŎǘŜŘ ǘƻ 
ŎƻƴǘƛƴǳŜ ƎƛǾŜƴ ǘƘŜ ƛƴŎǊŜŀǎƛƴƎ ǳǎŜ ƻŦ ƴŀǘǳǊŀƭ Ǝŀǎ ŀƴŘ [bD ǿƘƛŎƘ ŀǊŜ ŎƭŜŀƴŜǊ ŦǳŜƭ ƻǇǘƛƻƴǎ ŀƴŘ ŀǊŜ 
ōŜŎƻƳƛƴƎ ƳƻǊŜ ŜŎƻƴƻƳƛŎŀƭ ŀƭǘŜǊƴŀǘƛǾŜǎ ǘƻ ǊŜǎƛŘǳŀƭ ŦǳŜƭ ƻƛƭ ǳǎŜ ŦƻǊ ǇƻǿŜǊ ƎŜƴŜǊŀǘƛƻƴ ŀƴŘ 
ƛƴŘǳǎǘǊƛŀƭ ǳǎŜΦ Lǘ ǊŜƳŀƛƴǎ ǘƻ ōŜ ǎŜŜƴ ǿƘŜǘƘŜǊ ŀ ŘŜŎǊŜŀǎŜ ƛƴ ǘƘŜ ǇǊƛŎŜ ƻŦ ƘƛƎƘ ǎǳƭǇƘǳǊ ŦǳŜƭ ƻƛƭ ǿƛƭƭ 
ƭŜŀŘ ǘƻ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ ǳǎŜ ƻŦ ǘƘƛǎ ŦǳŜƭ ŦƻǊ ǇƻǿŜǊ ƎŜƴŜǊŀǘƛƻƴ ŀƴŘ ƛƴŘǳǎǘǊƛŀƭ 

ŀǇǇƭƛŎŀǘƛƻƴǎΦ ¢ƘŜ Ǝƭƻōŀƭ ǊŜǎƛŘǳŀƭ ƻƛƭ ŘŜƳŀƴŘ ŀƴŘ ǎǳǇǇƭȅ ƘŀǾŜ ŘŜŎǊŜŀǎŜŘ ƘƛǎǘƻǊƛŎŀƭƭȅΣ ŀƴŘ ǘƘƛǎ ǘǊŜƴŘ 
ƛǎ ŜȄǇŜŎǘŜŘ ǘƻ ŎƻƴǘƛƴǳŜ ƛƴ ǘƘŜ ŦǳǘǳǊŜ όCƛƎǳǊŜǎ нΦс ŀƴŘ нΦтύΦ  
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Figure 2.7:  Jurisdictional Fuel Oil Consumption 

 

Source: BP (2017), CERI. 

¢ƘŜ Ǝƭƻōŀƭ ǊŜǎƛŘǳŀƭ ŦǳŜƭ ŘŜƳŀƴŘ Ƙŀǎ ŘŜŎǊŜŀǎŜŘ ǎƛƴŎŜ ǘƘŜ мфулǎ ŦǊƻƳ ŎƭƻǎŜ ǘƻ мо Ƴƛƭƭƛƻƴ 
ōŀǊǊŜƭǎκŘŀȅ ǘƻ ŀōƻǳǘ у Ƴƛƭƭƛƻƴ ōŀǊǊŜƭǎκŘŀȅ ƛƴ нлмп όaŀȅŜǎΣ нлмрύΦ wŜǎƛŘǳŀƭ ŦǳŜƭ ǇǊƻŘǳŎǘƛƻƴ Ƙŀǎ 
ŦƻƭƭƻǿŜŘ ǘƘŜ ǎŀƳŜ ǘǊŜƴŘΣ ŘŜŎƭƛƴƛƴƎ ƛƴ ǊŜǎǇƻƴǎŜ ǘƻ ǘƘŜ ŦŀƭƭƛƴƎ ǘǊŜƴŘ ƻŦ ŘŜƳŀƴŘΦ  

¢ƘŜ ǇŜǊƛƻŘ нллр ǘƻ нлмл ƳŀǊƪǎ ŀ ǇŜǊƛƻŘ ƻŦ ǊŜƳŀǊƪŀōƭȅ ƘƛƎƘ ōǳƴƪŜǊ ŘŜƳŀƴŘ ƎǊƻǿǘƘ ǿƘƛŎƘ ŀƭǎƻ 
ƳŀǘŎƘŜŘ ǇŜǊƛƻŘǎ ƻŦ ƘƛƎƘ ƎǊƻǿǘƘ ƛƴ D5tΣ Ǝƭƻōŀƭ ǘǊŀŘŜ ŀƴŘ ŦƭŜŜǘ ŎŀǇŀŎƛǘȅΦ 5ǳǊƛƴƎ ǘƘƛǎ ǇŜǊƛƻŘΣ ōǳƴƪŜǊ 
ŘŜƳŀƴŘ ƎǊŜǿ ōȅ оΦм҈ ŀƴƴǳŀƭƭȅ ƻƴ ŀǾŜǊŀƎŜ ŘǊƛǾŜƴ ōȅ ŀƴ ŜȄǇŀƴǎƛƻƴ ƻŦ Ǝƭƻōŀƭ ǘǊŀŘŜ ƻŦ п҈ ŀƴŘ 
ƻǾŜǊŀƭƭ D5t ƎǊƻǿǘƘ ƻŦ оΦп҈ ό{ϧt Dƭƻōŀƭ tƭŀǘǘǎΣ нлмуύΦ ¢ƘŜ ōǳƴƪŜǊ ŘŜƳŀƴŘ ƎǊƻǿǘƘ ŘǊƻǇǇŜŘ ǘƻ ŀƴ 
ŀǾŜǊŀƎŜ ƎǊƻǿǘƘ ƻŦ мΦо҈ ŀƴƴǳŀƭƭȅ ōŜǘǿŜŜƴ нлмл ŀƴŘ нлмр ōǳǘ ƛǎ ǇǊƻƧŜŎǘŜŘ ōȅ {ϧt Dƭƻōŀƭ ǘƻ ǎǘŀȅ 
ŀōƻǾŜ нΦр҈ ŀƴƴǳŀƭƭȅ ōŜǘǿŜŜƴ нлнл ŀƴŘ нлнрΦ ¢ƘŜ ǇǊƻƧŜŎǘŜŘ ƎǊƻǿǘƘ ƛǎ ŜȄǇŜŎǘŜŘ ǘƻ ōŜ ŘǊƛǾŜƴ ōȅ 
ŀƴ ƻǇǘƛƳƛǎǘƛŎ ŦǳǘǳǊŜ ƻŦ D5t ŀƴŘ ǿŀǘŜǊōƻǊƴŜ ƎǊƻǿǘƘ ƻŦ о҈Φ 

¢ƘŜ ǇǊƻƧŜŎǘŜŘ ōǳƴƪŜǊ ŘŜƳŀƴŘ ƎǊƻǿǘƘ ǿƛƭƭ ƴƻǘ ǘǊŀƴǎƭŀǘŜ ǘƻ ǊŜǎƛŘǳŀƭ ƻƛƭ ŘŜƳŀƴŘ ƎǊƻǿǘƘ ŦƻǊ ōǳƴƪŜǊ 
ŦǳŜƭΦ wŀǘƘŜǊΣ ŀ ŘǊŀƳŀǘƛŎ ŘŜŎǊŜŀǎŜ ƛƴ ǘƘŜ ǊŜǎƛŘǳŀƭ ƻƛƭ ŘŜƳŀƴŘ ŦƻǊ ōǳƴƪŜǊ ŦǳŜƭ ƛǎ ŜȄǇŜŎǘŜŘ ōȅ нлнл 
ŘǳŜ ǇǊƛƳŀǊƛƭȅ ǘƻ ǘƘŜ a!wth[ нлнл wŜƎǳƭŀǘƛƻƴΦ Lƴ нлмсΣ ƘƛƎƘ ǎǳƭǇƘǳǊ ǊŜǎƛŘǳŀƭ ƻƛƭ ƳŀŘŜ ǳǇ ŀōƻǳǘ 
прΦу҈ ƻŦ ǘƘŜ ǘƻǘŀƭ ŦǳŜƭ ƻƛƭ ŘŜƳŀƴŘ ƻǳǘ ƻŦ тΦн Ƴƛƭƭƛƻƴ ōōƭκŘŀȅ ŦǳŜƭ ƻƛƭ ŘŜƳŀƴŘ ŀƴŘ оΦр҈ ƻŦ ǘƻǘŀƭ ƻƛƭ 

ŘŜƳŀƴŘ όCƛǘȊƎƛōōƻƴΣ aŀǊǘƛƴΣ ϧ YƭƻǎƪƻǿǎƪŀΣ нлмтύΦ wŜƎƛƻƴŀƭ ōǳƴƪŜǊ ŦǳŜƭ ŘŜƳŀƴŘ ōȅ ǘȅǇŜ όCƛƎǳǊŜ 
нΦуύ ǎƘƻǿǎ ǘƘŀǘ ǘƘŜ !ǎƛŀ tŀŎƛŦƛŎ ŀƴŘ 9ǳǊƻǇŜ ƘŀǾŜ ǘƘŜ ƘƛƎƘŜǎǘ ƭŜǾŜƭǎ ƻŦ ŦǳŜƭ ƻƛƭ ŘŜƳŀƴŘΦ 
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Figure 2.8:  Bunker Fuel Consumption by Type, 2016 

Source: McKinsey (Fitzgibbon et al., 2017), CERI. 

Middle D istillate s Oil Markets  
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Figure 2.9:  Global Diesel and Gasoil Consumption 

 

Source: BP (2017), CERI. 
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ǎǳŦŦƛŎƛŜƴǘƭȅ ƳŜŜǘ ǘƘŜ ŘŜƳŀƴŘ ŦƻǊ ŘƛŜǎŜƭ ŀƴŘ ƎŀǎƻƛƭΦ hƴ ǘƘŜ ŎƻƴǘǊŀǊȅΣ ŘŜǎǳƭǇƘǳǊƛȊŀǘƛƻƴ ŎŀǇŀŎƛǘƛŜǎ 

ŦƻǊ ǾŀŎǳǳƳ Ǝŀǎƻƛƭ ŀƴŘ ŦǳŜƭ ƻƛƭ ŦŀǊ ŜȄŎŜŜŘ ǘƘŜ ŘŜƳŀƴŘ ŦƻǊ ŦǳŜƭ ƻƛƭ ƛƴ ǎƻƳŜ ǊŜƎƛƻƴǎΣ ǇŀǊǘƛŎǳƭŀǊƭȅ ƛƴ 
bƻǊǘƘ !ƳŜǊƛŎŀ ŀƴŘ 9ǳǊƻǇŜΦ 

Table 2.2:  Available Refining Capacity (million bbl/day 2017) 

 US and 
Canada 

Latin 
America 

Africa Europe 
Russia 
and 

Caspian 

Middle 
East 

China 
Other 
Asia-

Pacific 
World 

Distillation          

Crude oil 
(atmospheric) 

20.3 8.0 4.1 17.1 7.1 8.9 13.9 18.0 97.4 

Vacuum 9.3 3.6 1.0 6.7 2.9 2.5 5.5 5.7 37.2 

Upgrading          

Coking 2.9 0.8 0.1 0.7 0.4 0.3 1.9 0.9 8.0 

Visbreaking 0.2 0.4 0.2 1.6 0.5 0.6 0.2 0.5 4.1 

Solvent 
Deasphalting 

0.4 0.1 0.0 0.1 0.0 0.1 0.1 0.1 1.0 

Catalytic cracking 6.0 1.6 0.3 2.4 0.7 0.9 3.1 2.8 17.7 

Hydrocracking 2.3 0.2 0.2 2.0 0.4 0.8 1.6 1.5 9.0 

Total Upgrading 11.8 3.1 0.8 6.8 2.0 2.7 6.9 5.8 39.8 

Source: OPEC WOO 2017 

Figure 2.10:  Global Refined Oil Product Desulphurization Capacities 

Source: OPEC (2017)  

0 5 10 15 20 25 30

US & Canada

Latin America

Africa

Europe

Russia & Caspian

Middle East

China

Other Asia-Pacific

World

Capacity (million bbl/day)

Vacuum gasoil/Residual Middle distillates



14 Canadian Energy Research Institute 
 

July 2018 

 
  



An Economic Assessment of the International Maritime Organization 15 
Sulphur Regulations on Markets for Canadian Crude Oil 

 July 2018 

Chapter 3:  Impacts on the Refining Sector  
Lƴ ǘƘƛǎ ŎƘŀǇǘŜǊΣ ǘƘŜ ƛƳǇŀŎǘǎ ƻŦ ǘƘŜ Lah ǊŜƎǳƭŀǘƛƻƴ ƻƴ ǘƘŜ ǊŜŦƛƴƛƴƎ ǎŜŎǘƻǊ ŀǊŜ ŀǎǎŜǎǎŜŘΦ 

wŜŦƛƴŜǊƛŜǎ ŀǊŜ ŀ ŎƻƳǇƭŜȄ ǎȅǎǘŜƳ ƻŦ ǾŀǊƛƻǳǎ ƻǇŜǊŀǘƛƻƴǎ ŀƴŘ ǾŀǊȅ ŦǊƻƳ ǎƛƳǇƭŜ όƘȅŘǊƻǎƪƛƳƳƛƴƎύ ǘƻ 
ƳŜŘƛǳƳ ŀƴŘ ŘŜŜǇ ŎƻƴǾŜǊǎƛƻƴ ŎƻƴŦƛƎǳǊŀǘƛƻƴǎΦ IȅŘǊƻǎƪƛƳƳƛƴƎ ǊŜŦƛƴŜǊƛŜǎ ŀǊŜ ǎƛƳǇƭŜ ƛƴ 
ŎƻƴŦƛƎǳǊŀǘƛƻƴ ǿƛǘƘ ŎǊǳŘŜ Řƛǎǘƛƭƭŀǘƛƻƴ ōŜƛƴƎ ǘƘŜ ƳŀƧƻǊ ǇǊƻŎŜǎǎ ƻǇŜǊŀǘƛƻƴΦ ¢Ƙƛǎ ǘȅǇŜ ƻŦ ǊŜŦƛƴŜǊȅ ƭŀŎƪǎ 
ǳǇƎǊŀŘƛƴƎ ŦŀŎƛƭƛǘƛŜǎΣ ŀƴŘ ǘƘǳǎΣ Ŏŀƴƴƻǘ ŦǳǊǘƘŜǊ ǇǊƻŎŜǎǎ ǊŜǎƛŘǳŀƭǎ ƛƴǘƻ ƘƛƎƘπǾŀƭǳŜ ǇǊƻŘǳŎǘǎΦ  
IƻǿŜǾŜǊΣ ƳŜŘƛǳƳ ŀƴŘ ŘŜŜǇ ŎƻƴǾŜǊǎƛƻƴ ǊŜŦƛƴŜǊƛŜǎΣ ǿƘƛŎƘ ŀǊŜ ŎƻƳǇƭŜȄ ǊŜŦƛƴŜǊƛŜǎΣ Ŏŀƴ ǇǊƻŎŜǎǎ 
ƘŜŀǾƛŜǊ ŦǊŀŎǘƛƻƴǎ ƛƴǘƻ ƭƛƎƘǘŜǊ ŘƛǎǘƛƭƭŀǘŜǎΦ 

!ƴ ƻǾŜǊŀƭƭ ǇǊƻŎŜǎǎ ǎŎƘŜƳŀǘƛŎ ŦƻǊ ŀ ǘȅǇƛŎŀƭ ǊŜŦƛƴŜǊȅ ƻǇŜǊŀǘƛƻƴ ǊŜǎǳƭǘƛƴƎ ƛƴ ŘƛǎǘƛƭƭŀǘŜǎ ŀƴŘ ǘƘŜ 

ǊŜǎƛŘǳŀƭ ƻƛƭ ƛǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ оΦмΦ CƛƎǳǊŜ оΦн ǎƘƻǿǎ ǘƘŜ ǇŜǊŎŜƴǘŀƎŜ ȅƛŜƭŘ ƻŦ ǊŜŦƛƴŜǊƛŜǎ ǿƛǘƘ ǾŀǊƛƻǳǎ 
ŎƻƳǇƭŜȄƛǘƛŜǎΦ 

Figure 3.1:  A Typical Hydroskimming Refinery Process 

 

Source:  Kaiser (2017) 
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Figure 3.2:  Product Yields for Refineries with Different Complexities 

 

Source: CERI 

!ƴ ƛƳǇƻǊǘŀƴǘ ŎƘŀƭƭŜƴƎŜ ŦƻǊ ǊŜŦƛƴŜǊǎ ǿƛƭƭ ōŜ ǘƘŜ ŘƛǎǇƻǎŀƭ ƻŦ ŜȄŎŜǎǎ ƘƛƎƘπǎǳƭǇƘǳǊ ǊŜǎƛŘǳŜΣ ǿƘƛŎƘ ǿƛƭƭ 
ƴƻ ƭƻƴƎŜǊ ŦƛƴŘ ŘŜƳŀƴŘ ŀǎ ŀ ōǳƴƪŜǊ ŦǳŜƭ ōȅ нлнлΦ ¢ƘŜ ŎƻƳǇƻǎƛǘƛƻƴ ƻŦ ǊŜǎƛŘǳǳƳ ŀǊŜ ŀǎ ŦƻƭƭƻǿǎΥ  
ŎŀǊōƻƴ όуо҈ςут҈ύΣ ƘȅŘǊƻƎŜƴ όмл҈ςмп҈ύΣ ƴƛǘǊƻƎŜƴ όлΦм҈ςн҈ύΣ ƻȄȅƎŜƴ όлΦм҈ςмΦр҈ύΣ ǎǳƭǇƘǳǊ 
όлΦр҈ςс҈ύΣ ŀƴŘ ƘŜŀǾȅ ƳŜǘŀƭǎ όŜΦƎΦΣ bƛ ŀƴŘ ±ύ ǳƴŘŜǊ мл ǇŀǊǘǎ ǇŜǊ Ƴƛƭƭƛƻƴ ό9ƭǎƘƻǳǘΣ .ŀƛƭŜȅΣ .ǊƻǿƴΣ 
ϧ bƛŎƪΣ нлмуύΦ 

¢ƘŜ ŘǊŀƳŀǘƛŎ ŘŜŎǊŜŀǎŜ ƛƴ ŘŜƳŀƴŘ ƛǎ ŜȄǇŜŎǘŜŘ ǘƻ ƭƻǿŜǊ ǘƘŜ ǇǊƛŎŜ ŦƻǊ ƘƛƎƘπǎǳƭǇƘǳǊ ǊŜǎƛŘ ŦǳŜƭΦ aƻǎǘ 
ŀƴŀƭȅǎǘǎ ŀƎǊŜŜ ǘƘŀǘ ǘƘƛǎ ǎǳǊǇƭǳǎ ǿƻǳƭŘ ƘŀǾŜ ǘƻ ŎƭŜŀǊ ƛƴǘƻ ƭƻǿŜǊ ǇǊƛŎŜ ǘƛŜǊǎΣ ǎǳŎƘ ŀǎ ƻƛƭπŦƛǊŜŘ ǇƻǿŜǊ 

ƎŜƴŜǊŀǘƛƻƴΣ ŀǘ ǇǊƛŎŜǎ ǿƘƛŎƘ ŎƻǳƭŘ ōŜ ŀǎ ƭƻǿ ŀǎ ǘƘŜǊƳŀƭ ǇŀǊƛǘȅ ǿƛǘƘ Ŏƻŀƭ όDǊŀǘƛΣ нлмтύΦ ¢ƘŜ ǎƛǘǳŀǘƛƻƴ 
ŎǊŜŀǘŜǎ ōƻǘƘ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŀƴŘ ŎƘŀƭƭŜƴƎŜǎ ŦƻǊ ǊŜŦƛƴŜǊǎΦ 

5ŜƭŀȅŜŘ ŎƻƪƛƴƎΣ ǾƛǎōǊŜŀƪƛƴƎΣ ŦƭǳƛŘ ŎƻƪƛƴƎΣ ǎƻƭǾŜƴǘ ŘŜŀǎǇƘŀƭǘƛƴƎ ŀƴŘ ǊŜǎƛŘǳŀƭ ŦƭǳƛŘ ŎŀǘŀƭȅǘƛŎ ŎǊŀŎƪƛƴƎ 
όC//ύ ŀǊŜ ǎƻƳŜ ƻŦ ǘƘŜ ǿƛŘŜƭȅ ŀǇǇƭƛŜŘ ǇǊƻŎŜǎǎŜǎ ǘƻ ŎƻƴǾŜǊǘ ǊŜǎƛŘ ƛƴǘƻ ƭƛƎƘǘŜǊ ǇǊƻŘǳŎǘǎ ǿƘƛŎƘ ŀǊŜ 
ƳƻǊŜ ǾŀƭǳŀōƭŜ ό9ƭǎƘƻǳǘ Ŝǘ ŀƭΦΣ нлмуύΦ wŜŦƛƴŜǊǎ ǿƛǘƘ ǘƘŜǎŜ ŎŀǊōƻƴ ǊŜƧŜŎǘƛƻƴ ǘŜŎƘƴƻƭƻƎƛŜǎ ƘŀǾŜ 
ǎƛƎƴƛŦƛŎŀƴǘ ŀŘǾŀƴǘŀƎŜǎ ƻǾŜǊ ƻǘƘŜǊǎΦ 

wŜŦƛƴŜǊǎ ǘƘŀǘ ŎƻǳƭŘ ōŜƴŜŦƛǘ ŦǊƻƳ ǘƘŜ Lah ǊŜƎǳƭŀǘƛƻƴǎ  όwǳƛȊπ/ŀōǊŜǊƻΣ DƻǾƛƴŘŀƘŀǊƛΣ ϧ aƻǊŜƴƻΣ 
нлмтύ ǿƻǳƭŘ ƘŀǾŜ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎΥ 

¶ Complex refineries with coking, hydrocracking and residue desulphurization that 
maximize LSFO and distillate. For example, most refineries in the US (particularly in PADDs 
2 and 3), Asia and the Middle East. 

¶ Refiners that convert residual oil to distillates will benefit because of investments in 
delayed coking which produces both gasoline and distillates. 

0%

10%

20%

30%

40%

50%

60%

Hydroskimming Medium Conversion Deep Conversion

P
ro

d
u

c
t 

m
a

k
e

u
p

 

LPG Gasoline Distillate Heavy Fuel oil and other



An Economic Assessment of the International Maritime Organization 17 
Sulphur Regulations on Markets for Canadian Crude Oil 

 July 2018 

¶ Refiners that use intermediate residue streams, such as hydrotreated vacuum gas oil 
(VGO) will benefit by realizing a higher price at a lower cost than refiners that use 
distillates (Ruiz-Cabrero et al., 2017). 

¶ Coker refineries, especially in the US Gulf Coast (PADD 3), PADD 2 and Asia. 

¶ Refineries with access to crudes with a very low sulphur content. 

wŜŦƛƴŜǊƛŜǎ ǘƘŀǘ ǿƛƭƭ ǎǳŦŦŜǊ ŦǊƻƳ ǘƘŜ Lah ǊŜƎǳƭŀǘƛƻƴǎ όwǳƛȊπ/ŀōǊŜǊƻ Ŝǘ ŀƭΦΣ нлмтύ ƛƴŎƭǳŘŜΥ 

¶ Simple refineries that produce mostly HSFO. Examples are high sulphur hydroskimming 
and topping refineries in Russia. 

¶ Refineries with low distillate yields such as pure-play gasoline refineries in northwest 
Europe and the US East Coast. 

¶ Pure-play gasoline refiners with FCC units and reformers will be unfavourably affected 
during the period of disruption. 

¶ Pure-play gasoline refiners may operate the gasoline-generating FCC units at lower 
utilization rates in order to reduce gasoline production. 

wŜŦƛƴŜǊȅ ƭƻŎŀǘƛƻƴ ƛǎ ŀƭǎƻ ƛƳǇƻǊǘŀƴǘΦ  I{Ch ǇǊƛŎŜǎ ƘŀǾŜ ōŜŜƴ ƭƻǿŜǊ ƛƴ ǊŜƎƛƻƴǎ ǎǳŎƘ ŀǎ ƴƻǊǘƘǿŜǎǘ 
9ǳǊƻǇŜΣ ǘƘŜ ¦{ DǳƭŦ /ƻŀǎǘ ŀƴŘ {ƛƴƎŀǇƻǊŜΦ 

CERI Refinery Model 
/9wL ǳǎŜǎ ŀ ƎŜƴŜǊƛŎ LƴǇǳǘπhǳǘǇǳǘ ƳƻŘŜƭ ǘƻ ŎŀǇǘǳǊŜΥ 

¶ Inputs and outputs of the US refineries by PADD as illustrated in Figure 3.6. 

¶ The various types of refinery configurations currently operating in the United States. 

¶ Nominal and available refining capacities at individual PADDs. 

¶ Differences in crude blend flows and product slates at each PADD. 

¶ Sulphur handling capacities at refineries within each PADD. 

¢ƘŜ ƳƻŘŜƭ ǇǊŜŘƛŎǘǎ ǇǊƻŘǳŎǘ ǎƭŀǘŜǎ ǳǎƛƴƎ ŀǎ ǇǊŜŘƛŎǘƻǊǎ ǘƘŜ ŎǊǳŘŜ ōƭŜƴŘǎ Ŧƭƻǿǎ ŀǘ ŘƛŦŦŜǊŜƴǘ ǘȅǇŜǎ ƻŦ 
ǊŜŦƛƴŜǊƛŜǎ ƛƴ ŜŀŎƘ ¦{ t!55 ŘƛǎǘǊƛŎǘΦ aƻǊŜ ŘŜǘŀƛƭ ŀōƻǳǘ ǘƘŜ ƳƻŘŜƭƭƛƴƎ ŀǇǇǊƻŀŎƘ ƛǎ ǇǊŜǎŜƴǘŜŘ ƛƴ 
!ǇǇŜƴŘƛȄ !Φ /9wL ŘŜǾŜƭƻǇŜŘ ƛǘǎ ŎǊǳŘŜ ƻƛƭ ǊŜŦƛƴŜǊȅ ƳƻŘŜƭ ǳǎƛƴƎ ƘƛǎǘƻǊƛŎŀƭ 9L! Řŀǘŀ ƻŦ ŎǊǳŘŜ ƻƛƭ 

ŦŜŜŘǎǘƻŎƪǎ ƛƴǘƻ ǾŀǊƛƻǳǎ ǊŜŦƛƴŜǊƛŜǎ ǿƛǘƘƛƴ ƛƴŘƛǾƛŘǳŀƭ t!55ǎ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎΦ /ǊǳŘŜ ƻƛƭ Ŧƭƻǿǎ ŀǊŜ 
ŎŀǘŜƎƻǊƛȊŜŘ ƛƴǘƻ ŦƛǾŜ ǘȅǇŜǎ ōŀǎŜŘ ƻƴ !tL ǾŀƭǳŜǎ ŀƴŘ ǎǳƭǇƘǳǊ ŎƻƴǘŜƴǘǎΣ ŀǎ ǎƘƻǿƴ ƛƴ ¢ŀōƭŜ оΦмΦ  
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Table 3.1:  Crude Oil Classifications 

Crude Oil Type Range of 
API o 

Range of Sulphur 
Content (wt.%) 

Representative 
Crude 

API o Sulphur 
Content 
(wt.%) 

Light Sweet (LSW) >35 <0.5 WTI 37.5 0.4 

Light Sour (LSO) >35 >0.5 Arab light 38.7 0.8 

Medium (MED) 27-35 >0.5 Iraq Basra 30.2 2.9 

Heavy Sweet (HSW) <=27 <0.5 Indonesia Duri 20.3 0.2 

Heavy Sour (HSO) <=27 >0.5 WCS 21.0 3.5 

Source: CERI; classifications are based on EIA (2018) crude imports. 

! ƳƻƴǘƘƭȅ ǘƛƳŜ ǎŜǊƛŜǎ Řŀǘŀ ŦǊƻƳ WŀƴǳŀǊȅ нллф ǘƻ 5ŜŎŜƳōŜǊ нлмт ƛǎ ŜȄǇƭƻǊŜŘ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ 
ǊŀƴƎŜ ƻŦ ǉǳŀƴǘƛǘƛŜǎ ƻŦ ŜŀŎƘ ŎǊǳŘŜ ǘȅǇŜ ǊŜŦƛƴŜŘ ŀǘ ǘƘŜ t!55ǎ ς ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ оΦоΦ !ƴŀƭȅǎƛǎ ƻŦ 
ǘƘŜ ǘƛƳŜ ǎŜǊƛŜǎ Řŀǘŀ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ǇŀǘǘŜǊƴǎ ƻŦ ŎǊǳŘŜ Ŧƭƻǿǎ ƛƴǘƻ ǾŀǊƛƻǳǎ ¦{ t!55ǎΦ 

Figure 3.3:  Historical Ranges of Crude Oil Flows into US PADDs 

 
 

tǊƻŘǳŎǘ Řŀǘŀ όǎŜŜ CƛƎǳǊŜ оΦпύ ǊŜǾŜŀƭǎ ǘƘŜ ǇǊƻŘǳŎǘǎ ǇǊŜŘƻƳƛƴŀƴǘƭȅ ƎŜƴŜǊŀǘŜŘ ŦǊƻƳ ŜŀŎƘ t!55Φ ¢ƘŜ 
ǇǊƻŘǳŎǘ ƛƴŦƻǊƳŀǘƛƻƴ ŀƭƭƻǿǎ ǘƘŜ ƳƻŘŜƭ ǘƻ ǊŜŦƭŜŎǘ ǘƘŜ ƛƳǇƻǊǘŀƴǘ ǇǊƻŘǳŎǘǎ ŀƴŘ ŜƴƘŀƴŎŜ ƛǘǎ 
ǇǊŜŘƛŎǘƛǾŜ ǇƻǿŜǊΦ 
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Figure 3.4. Historical Percentages of Refined Oil Products 

 
       KEY  

¶ HGLs ï Hydrocarbon gas liquids, 

¶ FMG ï Finished motor gasoline 

¶ AG ï Aviation gasoline 

¶ KTJF ï Kerosene-type jet fuel, 
¶ Lub ï Lubricants 

¶ ARO ï Asphalt and road oil 

¶ DFO ï Distillate fuel oil 

¶ RFO ï Residual fuel oil 

¶ OOP ï Other oils for petrochemicals 

¶ SNaphtha ï Special naphtha 

¶ SG ï Still gas 

¶ MPP ï Miscellaneous petroleum products 
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!ǎ Ŏŀƴ ōŜ ƻōǎŜǊǾŜŘ ŦǊƻƳ CƛƎǳǊŜǎ оΦо ŀƴŘ оΦпΣ ƎǊŜŀǘŜǊ ŜŦŦƻǊǘ ƛǎ ŦƻŎǳǎŜŘ Ƴŀƛƴƭȅ ƻƴ ǘƘŜ ƳŀƧƻǊ 

ǇǊƻŘǳŎǘǎ ǿƘƛŎƘ ƛƴŎƭǳŘŜ ŦƛƴƛǎƘŜŘ ƳƻǘƻǊ ƎŀǎƻƭƛƴŜ όCaDύΣ ŘƛǎǘƛƭƭŀǘŜ ŦǳŜƭ ƻƛƭκŘƛŜǎŜƭ ό5ChύΣ ƪŜǊƻǎŜƴŜπ
ǘȅǇŜ ƧŜǘ ŦǳŜƭ όY¢WCύΣ ǊŜǎƛŘǳŀƭ ŦǳŜƭ ƻƛƭ όwChύ ŀƴŘ ŎƻƪŜΦ  

wŜŦƛƴŜǊȅ ŎƻƴŦƛƎǳǊŀǘƛƻƴΣ ŎǊǳŘŜ ŦŜŜŘǎǘƻŎƪ Řŀǘŀ ŦǊƻƳ ǘƘŜ 9L!Σ ǊŜŦƛƴƛƴƎ ŜŎƻƴƻƳƛŎǎ Řŀǘŀ ŦǊƻƳ ǘƘŜ hƛƭ 
ϧ Dŀǎ WƻǳǊƴŀƭ όhƛƭ ϧ Dŀǎ WƻǳǊƴŀƭΣ нлмтύ ŀƴŘ ǘƘŜ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ŦǊƻƳ b9¢[ȫǎ wŜŦƛƴŜǊȅ 
.ŜƴŎƘƳŀǊƪ {ǘǳŘȅ ό/ƻƻƴŜȅ Ŝǘ ŀƭΦΣ нлмсύ ǇǊƻǾƛŘŜŘ ǊŜƭŜǾŀƴǘ ƛƴŦƻǊƳŀǘƛƻƴ ǳǎŜŘ ǘƻ ŘŜǾŜƭƻǇ ǘƘŜ 
ǊŜŦƛƴŜǊȅ ƳƻŘŜƭΦ ¢ƘŜ ƳƻŘŜƭ ƪƴƻǿƴ ŀǎ tw9[La ό!ōŜƭƭŀΣ aƻǘŀȊŜŘƛΣ DǳƻΣ ϧ .ŜǊƎŜǊǎƻƴΣ нлмсύ ƛǎ ǳǎŜŘ 
ŀǎ ŀ ǎƻǳǊŎŜ ƻŦ ŎǊǳŘŜ ŀǎǎŀȅ Řŀǘŀ ŀƴŘ ƳƻŘŜƭ ǾŀƭƛŘŀǘƛƻƴΦ CǳǊǘƘŜǊΣ ǊŜŦƛƴŜǊȅ ǇǊƻŘǳŎǘǎ ƳƻŘŜƭƭƛƴƎ ǊŜǎǳƭǘǎ 
ŀǊŜ ŎƻƳǇŀǊŜŘ ǿƛǘƘ 9L! ǇǳōƭƛǎƘŜŘ ǇǊƻŘǳŎǘǎ Řŀǘŀ ŀǘ ǘƘŜ t!55 ƭŜǾŜƭΦ  

¢ƘŜ ¦{ ŀƴŘ /ŀƴŀŘƛŀƴ ǊŜŦƛƴŜǊȅ ƛƴŦƻǊƳŀǘƛƻƴΣ ǘƘŜƛǊ ŎƻƴŦƛƎǳǊŀǘƛƻƴǎ ŀƴŘ ǘƘǊƻǳƎƘǇǳǘǎ ŀǊŜ ǇǊŜǎŜƴǘŜŘ ƛƴ 
¢ŀōƭŜǎ оΦн ŀƴŘ оΦоΦ   

Table 3.2:  Configurations of US Refineries (bbl/day) 

 
US 

Region 
Capacity 
(bbl/day) 

Hydro- 
skimming 

Medium Conversion Deep Conversion - Coker 
Deep 

Conversion - 
Resid HC 

  FCC GO-HC Both FCC GO-HC Both FCC 

PADD1 1,213,800 5.8% 66.8% - - 12.8% - 14.7% - 

PADD2 4,004,040 10.7% 17.0% - 1.8% 46.9% - 23.6% - 

PADD3 9,621,767 5.1% 7.9% 1.3% 2.7% 45.0% 0.4% 35.0% 2.6% 

PADD4 683,245 26.6% 17.6% - - 55.7% - - - 

PADD5 2,934,785 7.9% 9.6% 5.6% 8.6% 37.4% 12.1% 18.9% - 

US 18,457,637 7.6% 14.6% 1.6% 3.1% 42.4% 2.1% 27.3% 1.3% 

Source: NETL (Cooney et al., 2016), Oil and Gas Journal (2017), CERI. 
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Table 3.3:  Canadian and US Refinery Capacities and Configurations 

 Thermal Processes 
Catalytic 
Cracking 

Catalytic 
Hydrocracking 

Catalytic 
Hydrotreating 

US Refining Capacities Crude Vacuum 
Coking & 

visbreaking 

Fresh & 
recycled 

feed 

Distillate, 
Gasoil & Resid 

Distillate, Gasoil 
& Resid 

desulphurization 

 PADD 1  1,213,800 526,680 73,350 453,150 40,770 409,140 

 PADD 2  4,004,040 1,723,470 529,020 1,216,620 318,980 1,674,610 

 PADD 3  9,621,767 4,509,333 1,468,150 2,820,015 1,204,600 3,840,653 

 PADD 4  683,245 241,005 81,290 203,539 54,720 304,623 

 PADD 5  2,934,785 1,521,150 548,580 815,580 536,570 1,097,250 

Total US Refining 
Capacities 18,457,637 8,521,638 2,700,390 5,508,904 2,155,640 7,326,276 

Canadian Refineries       

Parkland Fuel Corp. - 
Burnaby, BC 55,000 11,800 0 17,800 0 16,500 

Consumers - Cooperative 
Refineries Ltd. - Regina, 
Sask. 145,000 40,000 10,000 25,000 0 55,000 

Husky Oil Operations Ltd. - 
Lloydminster, Alta. 82,000 15,000 7,500 0 0 0 

Husky Oil Operations Ltd. - 
Prince George, BC 12,000 0 0 3,300 0 0 

Imperial Oil - Edmonton, 
Alta. 189,000 69,000 0 64,500 0 78,500 

Imperial Oil - Dartmouth, 
NS 85,000 41,500 0 31,500 0 16,000 

Imperial Oil - Nanticoke, 
Ont. 113,500 48,000 0 48,500 0 29,500 

Imperial Oil - Sarnia, Ont. 119,000 31,500 25,500 30,500 18,500 14,500 

Irving Oil Ltd. - St. John, 
New Brunswick. 300,000 100,000 20,000 95,000 34,000 0 

Nova Chemicals (Canada) 
Ltd. - Corunna, Ont.*  80,000 33,000 0 0 0 0 

Shell Canada Ltd. - 
Scotford, Alta. 92,000 0 0 0 62,000 0 

Shell Canada Ltd. - Sarnia, 
Ont. 71,000 24,400 5,000 19,000 9,000 0 

Silver Range Financial 
Partners LLC -, Newf. 115,000 55,000 20,000 0 0 25,000 

Suncor Energy Inc. - 
Edmonton, Alta. 142,000 47,500 17,100 40,850 0 98,800 

Suncor Energy Inc. - Sarnia, 
Ont. 85,000 26,730 0 16,668 32,078 43,588 

Suncor Energy Inc.- 
Montreal, Que. 137,000 54,000 0 32,000 0 33,000 

Valero Energy Corp., 
Ultramar Ltd. - Levis, Que. 23,5000 48,500 0 67,500 0 70,800 

Total Canadian Refining 
Capacities  2,057,500 645,930 105,100 492,118 155,578 481,188 

*Uses Marcellus ethane feedstock  

Source: Oil and Gas Journal (2017), CERI 
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! ƭƛƴŜŀǊ ǇǊƻƎǊŀƳƳƛƴƎ ƻǇǘƛƳƛȊŀǘƛƻƴ ƳƻŘŜƭ ƛǎ ŘŜǾŜƭƻǇŜŘ ǳǎƛƴƎ ǘƘŜ ƛƴǇǳǘπƻǳǘǇǳǘ ǊŜŦƛƴŜǊȅ ƳƻŘŜƭΣ 

ŀƴŘ ǘƘŜ ǇŀǊŀƳŜǘŜǊǎ ƻōǘŀƛƴŜŘ ōŀǎŜŘ ƻƴ ǘƘŜ ŀōƻǾŜπƴƻǘŜŘ ƳŜǘƘƻŘƻƭƻƎȅΦ Lƴ ŘŜǾŜƭƻǇƛƴƎ ŀ ǊŜŦƛƴŜǊȅ 
ƭƛƴŜŀǊ ǇǊƻƎǊŀƳƳƛƴƎ ƳƻŘŜƭΣ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŜŎƻƴƻƳƛŎ ǇŀǊŀƳŜǘŜǊǎ ŎƻƴǎƛŘŜǊŜŘ ŀǊŜ όǎŜŜ CƛƎǳǊŜ оΦрύΥ 

¶ Refinery configurations and their operating and fixed costs. 

¶ Crude oil blending and the associated refinery acquisition costs of crude blends. 

¶ Revenue generated from the sales of refinery products. 

Figure 3.5:  Optimization Model Design and Components 

 
 

¢ƘŜ ƻōƧŜŎǘƛǾŜ ƻŦ ǘƘŜ t!55πƭŜǾŜƭ ǊŜŦƛƴŜǊȅ ƻǇǘƛƳƛȊŀǘƛƻƴ ƛǎ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ƳŀƪŜǳǇ ƻŦ ŀ ŎǊǳŘŜ ōƭŜƴŘ 
ǘƘŀǘ ƳŀȄƛƳƛȊŜǎ ǊŜŦƛƴŜǊȅ ƳŀǊƎƛƴǎ ƎƛǾŜƴ ŎŜǊǘŀƛƴ ƛƳǇƻǎŜŘ ŎƻƴǎǘǊŀƛƴǘǎΦ  

¢ƘŜ ōŀǎŜƭƛƴŜ ǊŜŦƛƴŜǊȅ [t ƻǇǘƛƳƛȊŀǘƛƻƴ ƳƻŘŜƭ ƛǎ ŘŜǾŜƭƻǇŜŘ ǘƻ ŘŜǘŜǊƳƛƴŜ ƻǇǘƛƳŀƭ ƳŀǊƎƛƴǎ ŦƻǊ ŜŀŎƘ 

t!55 ŦƻǊ ǘƘŜ ǊŜŦƛƴŜǊƛŜǎ ƻǇŜǊŀǘŜŘ ƛƴ 5ŜŎŜƳōŜǊ нлмтΦ ¢ƘŜ ǊŜǎǳƭǘǎ ŀǊŜ ŎƻƳǇŀǊŜŘ ǿƛǘƘ ǘƘƻǎŜ 
ƻōǘŀƛƴŜŘ ǳǎƛƴƎ t!55πƭŜǾŜƭ ƘƛǎǘƻǊƛŎŀƭ ƛƴŦƻǊƳŀǘƛƻƴ ǇǳōƭƛǎƘŜŘ ŦǊƻƳ 5ŜŎŜƳōŜǊ нлмс ǘƻ 5ŜŎŜƳōŜǊ 
нлмтΦ 

/ƻƳǇƭƛŀƴŎŜ ǎŎŜƴŀǊƛƻǎ ŦƻǊ нлнлΣ нлнр ŀƴŘ нлол ǿƘŜƴ ǘƘŜ Lah ǎǳƭǇƘǳǊ ǊŜƎǳƭŀǘƛƻƴǎ ǿƛƭƭ ōŜ ƛƴ ŜŦŦŜŎǘ 
ŀǊŜ ŀǎǎŜǎǎŜŘ ǳǎƛƴƎ ǘƘŜ ƻǇǘƛƳƛȊŜŘ ƳƻŘŜƭΦ IƛǎǘƻǊƛŎŀƭ ƳƛƴƛƳǳƳ ŀƴŘ ƳŀȄƛƳǳƳ ŎƻƳǇƻǎƛǘƛƻƴǎ όōŀǎŜŘ 
ƻƴ WŀƴǳŀǊȅ нллф ǘƻ 5ŜŎŜƳōŜǊ нлмт ƳƻƴǘƘƭȅ ǾŀƭǳŜǎύ ƻŦ ŎǊǳŘŜ ŦŜŜŘǎǘƻŎƪǎ ƛƴǘƻ ǘƘŜ ¦{ t!55ǎ ŀǊŜ 
ŎƻƴǎƛŘŜǊŜŘΦ 

.ȅ ŎƻƴǎǘǊŀƛƴƛƴƎ ǘƘŜ ŎƻƳǇƻǎƛǘƛƻƴ ƻŦ ŜŀŎƘ ŎǊǳŘŜ ǘȅǇŜ ŦƭƻǿƛƴƎ ƛƴǘƻ ƛƴŘƛǾƛŘǳŀƭ t!55ǎ ǿƛǘƘƛƴ ƭƛƳƛǘǎ ƻŦ 
ǘƘŜ ǾƻƭǳƳŜǎ ǇǊƻŎŜǎǎŜŘ ƛƴ ǘƘŜ Ǉŀǎǘ όŦƻƭƭƻǿƛƴƎ 9L! ŘŀǘŀΣ CƛƎǳǊŜ оΦоύΣ /9wL ƳŀƛƴǘŀƛƴŜŘ ǊŜŀƭƛǎǘƛŎ ŎǊǳŘŜ 
ƛƴǇǳǘ Ŧƭƻǿǎ ƛƴǘƻ ŜŀŎƘ t!55Φ ²Ŝ ŀƭǎƻ ǊŜŎƻƎƴƛȊŜ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ǊŜŦƛƴŜǊȅ ŎƻƴŦƛƎǳǊŀǘƛƻƴǎ ǘƘŀǘ ŜȄƛǎǘ ƛƴ 

ŜŀŎƘ t!55 ŀƴŘ ǘƘŜƛǊ ǊŜǉǳƛǊŜƳŜƴǘǎ ƻƴ ƘŀƴŘƭƛƴƎ ƘƛƎƘ ǎǳƭǇƘǳǊ ŎǊǳŘŜ ƻǊ ƘƛƎƘ ¢!b ό¢ƻǘŀƭ !ŎƛŘ 
bǳƳōŜǊύ ŎǊǳŘŜΦ CƻǊ ŜȄŀƳǇƭŜΣ /ŀƴŀŘƛŀƴ ōƛǘǳƳŜƴ ƛǎ ƘƛƎƘ ǎǳƭǇƘǳǊΣ ƘƛƎƘ ¢!b ǿƘƛŎƘ ƻƴƭȅ ŀ ŦŜǿ 
ǊŜŦƛƴŜǊƛŜǎ ƘŀǾŜ ǘƘŜ ǊŜǉǳƛǊŜŘ ƳŜǘŀƭƭǳǊƎȅ ǘƻ ǇǊƻŎŜǎǎΦ  

Lǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ƴƻǘŜ ǘƘŜ ŀōǎŜƴŎŜ ƻŦ ǾŀŎǳǳƳ Řƛǎǘƛƭƭŀǘƛƻƴ ǳƴƛǘǎ ƛƴ ǎƻƳŜ ƻŦ ǘƘŜ ŎƻƳǇƭŜȄ ŎƻƪƛƴƎ 
ǊŜŦƛƴŜǊƛŜǎ ƛƴ t!55 оΦ .ȅ ƛƳǇƭƛŎŀǘƛƻƴΣ ǘƘŜǎŜ ǊŜŦƛƴŜǊƛŜǎ Ŏŀƴƴƻǘ ƻǇŜǊŀǘŜ ŀōƻǾŜ ǘƘŜ фрл ƻC ǊŜǎƛŘǳŜ Ŏǳǘ 
Ǉƻƛƴǘ ǿƘŜƴ ǎƛƎƴƛŦƛŎŀƴǘ ǉǳŀƴǘƛǘƛŜǎ ƻŦ ōƛǘǳƳŜƴ ŀǊŜ ƛƴ ǘƘŜ ŦŜŜŘΦ ¢ƘŜ ŦǳǊƴŀŎŜ ǘǳōŜ ǾŜƭƻŎƛǘȅ ƛǎ ǘƻƻ ƭƻǿ 
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ǘƻ ƛƴŎǊŜŀǎŜ ǘƘŜ ǊŜǉǳƛǊŜŘ ǘǊŀƴǎŦŜǊ ǘŜƳǇŜǊŀǘǳǊŜ ƴŜŜŘŜŘ ŦƻǊ ōƛǘǳƳŜƴ ǿƛǘƘƻǳǘ ŜȄŎŜǎǎƛǾŜ ŦŜŜŘ 

ŎǊŀŎƪƛƴƎ ŀƴŘ ǘǳōŜ ŎƻƪƛƴƎ ƛƴ ǘƘŜ ŦǳǊƴŀŎŜΦ  ¢ƻ ŀŎƘƛŜǾŜ ŀ ƳƻǊŜ ǊŜŀǎƻƴŀōƭŜ мΣлнлκмΣлрл Ŏǳǘ ǇƻƛƴǘΣ 
ǘƘŜǊŜŦƻǊŜΣ ǊŜǉǳƛǊŜǎ ŘŜǎƛƎƴ ƳƻŘƛŦƛŎŀǘƛƻƴǎ ǘƻ ǘƘŜ ǾŜƭƻŎƛǘȅ ǎǘŜŀƳ ǎȅǎǘŜƳΣ ŦǳǊƴŀŎŜ ǘǳōŜ ǎƛȊƛƴƎΣ 
ǘǊŀƴǎŦŜǊ ǇƛǇƛƴƎ ŘƛŀƳŜǘŜǊΣ ŎƻƭǳƳƴ ƛƴƭŜǘ ŘŜǎƛƎƴ ŀƴŘ ƻǾŜǊƘŜŀŘ ǾŀŎǳǳƳ ǎȅǎǘŜƳ ŦƻǊ ƳŀƴȅΣ ƛŦ ƴƻǘ ƳƻǎǘΣ 
ǾŀŎǳǳƳ ŎƻƭǳƳƴ ǎȅǎǘŜƳǎ ƛƴ t!55 о όWŀƳŜǎΣ нлмуύΦ 

IƻǿŜǾŜǊΣ ƻǳǊ t!55πƭŜǾŜƭ ƳƻŘŜƭ ƻƴƭȅ ǇŜǊƳƛǘǎ ǘƘŜ ƘƛǎǘƻǊƛŎŀƭ ƭŜǾŜƭǎ ƻŦ ŘƛŦŦŜǊŜƴǘ ǘȅǇŜǎ ƻŦ ŎǊǳŘŜǎ ǘƘŀǘ 
ƘŀǾŜ ōŜŜƴ ǇǊŜǾƛƻǳǎƭȅ ǇǊƻŎŜǎǎŜŘ ƛƴ ŜŀŎƘ t!55Φ ¢Ƙƛǎ ƳŜŀƴǎ ǘƘŀǘ ǘƘŜ ǊŜŦƛƴŜǊƛŜǎ ƛƴ ǘƘŀǘ t!55 ǘǊŜŀǘŜŘ 
ǎǳŎƘ ŎǊǳŘŜ ōƭŜƴŘǎ ƛƴ ǘƘŜ Ǉŀǎǘ ŀƴŘΣ ǘƘǳǎΣ ƛǘ Ŏŀƴ ōŜ ŀǎǎǳƳŜŘ ǘƘŀǘ ǘƘŜ t!55 Ŏŀƴ ǇǊƻŎŜǎǎ ǘƘŜ ǎŀƳŜ 
ǘȅǇŜ ƻŦ ŎǊǳŘŜ ōƭŜƴŘǎ ŎǳǊǊŜƴǘƭȅ ƻǊ ƛƴ ǘƘŜ ŦǳǘǳǊŜΦ  

¢Ƙƛǎ ƛǎ ŀ ŎƻƴǎŜǊǾŀǘƛǾŜ ŀǇǇǊƻŀŎƘ ǘƘŀǘ ǊŜǎǘǊƛŎǘǎ ǘƘŜ ŎǊǳŘŜ ōƭŜƴŘƛƴƎ ƻǇǘƛƻƴǎ ǘƻ ŀ ƪƴƻǿƴ ƘƛǎǘƻǊƛŎŀƭ 
ƻōǎŜǊǾŀǘƛƻƴΦ ²Ŝ ǊŜŎƻƎƴƛȊŜ ǘƘŀǘ ǘƘŜǊŜ ƳƛƎƘǘ ōŜ ƻǘƘŜǊ ŎǊǳŘŜ ōƭŜƴŘ ŀƭǘŜǊƴŀǘƛǾŜǎ ǘƘŀǘ ŜȄƛǎǘ ƻǳǘǎƛŘŜ 

ǘƘŜ ƘƛǎǘƻǊƛŎŀƭ ǎǇŀŎŜ ōŜƛƴƎ ŎƻƴǎƛŘŜǊŜŘΦ  IƻǿŜǾŜǊΣ ǘƘŜ ƛƴǘǊƻŘǳŎǘƛƻƴ ƻŦ ǘƘƻǎŜ ŀƭǘŜǊƴŀǘƛǾŜ ōƭŜƴŘǎ 
ōǊƛƴƎǎ ƛǎǎǳŜǎ ƻŦ ǎǳƭǇƘǳǊ ŀƴŘ ¢!b ƭƛƳƛǘŀǘƛƻƴǎ ǘƘŀǘ ŀŦŦŜŎǘ ǘƘŜ ŎƻƳǇŀǘƛōƛƭƛǘȅ ƻŦ ǘƘŜ ōƭŜƴŘǎ ǿƛǘƘ ǘƘŜ 
ŜȄƛǎǘƛƴƎ ǊŜŦƛƴŜǊȅ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΦ Lǘ ƛǎ ŦƻǊ ǘƘƛǎ ǊŜŀǎƻƴ ǘƘŀǘ ǘƘŜ ƳƻŘŜƭ ƛǎ ǎŎƻǇŜŘ ƻƴƭȅ ǘƻ ƛƴŎƭǳŘŜ ŎǊǳŘŜ 
ōƭŜƴŘǎ ǘƘŀǘ ƘŀǾŜ ōŜŜƴ ǇǊƻŎŜǎǎŜŘ ǇǊŜǾƛƻǳǎƭȅΦ  

{ƛƳƛƭŀǊ ǘƻ ǘƘŜ ƘƛǎǘƻǊƛŎŀƭ ŎǊǳŘŜ ōƭŜƴŘ ŎƻƴǎǘǊŀƛƴǘǎΣ ǘƘŜ ƳƛƴƛƳǳƳ ŀƴŘ ƳŀȄƛƳǳƳ ȅƛŜƭŘǎ ƻŦ ŜŀŎƘ 
ǇǊƻŘǳŎǘ ǇǊƻŘǳŎŜŘ ōŜǘǿŜŜƴ WŀƴǳŀǊȅ нллф ŀƴŘ 5ŜŎŜƳōŜǊ нлмт ό9L! ŘŀǘŀΣ CƛƎǳǊŜ оΦпύ ŀǊŜ ƛŘŜƴǘƛŦƛŜŘ 
ŀƴŘ ǳǎŜŘ ǘƻ ŎƻƴǎǘǊŀƛƴ ǘƘŜ ȅƛŜƭŘǎ ƻŦ ǇǊƻŘǳŎǘǎ ŦǊƻƳ ǘƘŜ ƻǇǘƛƳƛȊŀǘƛƻƴ ƳƻŘŜƭΦ ¢Ƙƛǎ ŀǇǇǊƻŀŎƘ ƭƛƳƛǘǎ 
ǘƘŜ ǎƻƭǳǘƛƻƴ ǎǇŀŎŜ ǘƻ ƻƴƭȅ ǘƘŜ ǊŀƴƎŜ ƻŦ ȅƛŜƭŘǎ ǘƘŀǘ ƘŀǾŜ ōŜŜƴ ǊŜǇƻǊǘŜŘ ǘƻ ŎƻǊǊŜǎǇƻƴŘ ǘƻ ƘƛǎǘƻǊƛŎŀƭ 
ŎǊǳŘŜ ƳƛȄ ǇǊƻŎŜǎǎŜŘ ƛƴ ǘƘŀǘ t!55 ŘǳǊƛƴƎ ǘƘŜ ǎŀƳŜ ǇŜǊƛƻŘΦ 

¢ƘŜ ǊŜŦƛƴŜǊȅ ŎŀǇŀŎƛǘȅ ŦŀŎǘƻǊǎ ǇǳōƭƛǎƘŜŘ ōȅ ǘƘŜ 9L! ŀǊŜ ƛƳǇƻǎŜŘ ƻƴ ǘƘŜ ƻǇǘƛƳƛȊŀǘƛƻƴ ƳƻŘŜƭ ǘƻ 

ǎǇŜŎƛŦȅ ŀǾŀƛƭŀōƛƭƛǘȅΦ ¢Ƙƛǎ ƛǎ ƴŜŎŜǎǎŀǊȅ ǘƻ ŜƴǎǳǊŜ ǘƘŀǘ ǘƘŜ ǾƻƭǳƳŜǎ ƻŦ ŎǊǳŘŜǎ ǇǊƻŎŜǎǎŜŘ ƛƴ ŀ t!55 
ŀǊŜ ŀƭƛƎƴŜŘ ǿƛǘƘ ǘƘŜ ŘŜǎƛƎƴ ŀƴŘ ƻǇŜǊŀǘƛƻƴŀƭ ŎŀǇŀŎƛǘȅ ŦŀŎǘƻǊ ŀƴŘ ǘƘǊƻǳƎƘǇǳǘΦ 

{ǳƭǇƘǳǊ ŎƻƴǘŜƴǘǎ ƻŦ ǘƘŜ ŎǊǳŘŜ ōƭŜƴŘǎ ŀƴŘ ǇǊƻŘǳŎǘǎ ŀǊŜ ǾŜǊȅ ƛƳǇƻǊǘŀƴǘ ǇŀǊŀƳŜǘŜǊǎ ƻŦ ǘƘŜ ƳƻŘŜƭΦ 
¢ƘŜ ǎǳƭǇƘǳǊ ŎƻƴǘŜƴǘ ƻŦ ǘƘŜ ŎǊǳŘŜ ƛǎ ŎƻƴǘǊƻƭƭŜŘ ǘƻ ŜƴǎǳǊŜ ǘƘŀǘ ǘƘŜ ǊŜŦƛƴŜǊȅ Ŏŀƴ ƘŀƴŘƭŜ ǘƘŜ ŦŜŜŘ 
ǿƘŜǊŜŀǎ ǘƘŜ ǎǳƭǇƘǳǊ ŎƻƴǘŜƴǘ ƻŦ ǘƘŜ ǊŜŦƛƴŜǊȅ ǇǊƻŘǳŎǘǎ Ƴǳǎǘ ƳŜŜǘ ǎŜǘ ǊŜǉǳƛǊŜƳŜƴǘǎ όǎŜŜ ¢ŀōƭŜ оΦпύΦ 

Table 3.4:  Sulphur Specifications of Refinery Products 

Refinery Products Notation Sulphur Specs. 
(Wt.%) 

Finished motor gasoline FMG 0.003 

Kerosene-type jet fuel KTJF 0.3 

Distillate fuel oil DFO 0.0015-0.05 

Heating fuel oil  HFO 0.05 

Residual fuel oil (Bunker) RFO 0.4-3.5 

Coke Coke 1-6 

Source: CERI 
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!ƭǎƻΣ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ ǘƻǘŀƭ ǎǳƭǇƘǳǊ ƛƴǇǳǘ ƛƴǘƻ ǊŜŦƛƴŜǊƛŜǎ ŀƴŘ ǎǳƭǇƘǳǊ ǇǊƻŘǳŎǘƛƻƴ ŦǊƻƳ ǘƘŜ t!55ǎ 

ŀǊŜ ǳǎŜŘ ǘƻ ŎƻƴǎǘǊŀƛƴ ǘƘŜ ƳƻŘŜƭ ǘƻ ǘƘŜ ƘƛǎǘƻǊƛŎŀƭ ǊŀƴƎŜ ƻŦ ǎǳƭǇƘǳǊ ƭƻŀŘǎ ŀƴŘ ǘƻ ŜƴǎǳǊŜ ǘƘŀǘ ǘƘŜ 
ƳŀǘŜǊƛŀƭ ōŀƭŀƴŎŜ ƻŦ ǎǳƭǇƘǳǊ Ŧƭƻǿǎ ƛǎ ǎŀǘƛǎŦƛŜŘΦ 

¢ŀōƭŜ оΦр ǎƘƻǿǎ ƻǳǊ ŀǎǎǳƳŜŘ ŦƛȄŜŘ ŀƴŘ ǾŀǊƛŀōƭŜ Ŏƻǎǘǎ ŦƻǊ ǊŜŦƛƴŜǊƛŜǎΦ  ¢ƘŜ Ŏƻǎǘ ŘƻŜǎ ƴƻǘ ƛƴŎƭǳŘŜ 
ƛƴƛǘƛŀƭ ŎŀǇƛǘŀƭ ƛƴǾŜǎǘƳŜƴǘǎΦ 

Table 3.5:  Fixed and Variable US Refinery Costs 

 
Fixed Variable Total 

PADD 1 3.54 0.96 4.5 

PADD 2 2.87 0.89 3.76 

PADD 3 2.55 1.05 3.6 

PADD 4 2.87 0.89 3.76 

PADD 5 3.34 1.38 4.72 

Source: Oil & Gas Journal (2018) 

CƻǊ ǘƘŜ ōŀǎŜƭƛƴŜ ǊŜŦƛƴŜǊȅ ŀƴŘ [t ƻǇǘƛƳƛȊŀǘƛƻƴ ƳƻŘŜƭΣ ǘƘŜ ŀǾŜǊŀƎŜ ŎǊǳŘŜ ŀƴŘ ǇǊƻŘǳŎǘ ǇǊƛŎŜǎ ŦƻǊ 
5ŜŎŜƳōŜǊ нлмт ŀǊŜ ǳǎŜŘ όǎŜŜ CƛƎǳǊŜ оΦс ŀƴŘ ¢ŀōƭŜ оΦсύΦ  

Figure 3.6:  Historical Crude Pricing 
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CERI Refinery Modelling  Results 
²Ŝ ǇǊŜǎŜƴǘ ƛƴ ǘƘƛǎ ǎŜŎǘƛƻƴ ǘƘŜ ǊŜǎǳƭǘǎ ƻŦ ǘƘŜ ƎŜƴŜǊƛŎ t!55πƭŜǾŜƭ ǊŜŦƛƴŜǊȅ ƳƻŘŜƭ ǿƘƛŎƘ ƛǎ ŦƻǊ t!55ǎ 
мπрΦ ²ƘŜƴ ǇǊƻǾƛŘŜŘ ǿƛǘƘ ŀ ŎǊǳŘŜ ōƭŜƴŘ ŀǎǎŀȅ ǘƘŀǘ ǘȅǇƛŦƛŜǎ ǿƘŀǘ Ƙŀǎ ƘƛǎǘƻǊƛŎŀƭƭȅ ōŜŜƴ ŦŜŘ ƛƴǘƻ 
t!55ǎ мπрΣ ǘƘŜ ƳƻŘŜƭ ŎŀƭŎǳƭŀǘŜǎ ǘƘŜ ǇǊƻŘǳŎǘ ǎƭŀǘŜ ǳǎƛƴƎ ōǳƛƭǘπƛƴ ƳǳƭǘƛǾŀǊƛŀǘŜ ŎƻǊǊŜƭŀǘƛƻƴǎ όǎŜŜ 
CƛƎǳǊŜǎ оΦтπоΦммύΦ ¢ƘŜ t!55πƭŜǾŜƭ ǊŜŦƛƴŜǊȅ ƳƻŘŜƭ ǎƘƻǿǎ ŀ ǊŜŀǎƻƴŀōƭŜ ŦƛŘŜƭƛǘȅ ƭŜǾŜƭ ǿƛǘƘ ŀ 
ŎƻŜŦŦƛŎƛŜƴǘ ƻŦ ŘŜǘŜǊƳƛƴŀǘƛƻƴ ƻŦ ōŜǘǿŜŜƴ тт҈ ŀƴŘ ут҈Σ ƛƴŘƛŎŀǘƛƴƎ ǘƘŜ ŀōƛƭƛǘȅ ƻŦ ǘƘŜ ƳƻŘŜƭ ǘƻ 
ǇǊŜŘƛŎǘ ǘƘŜ ǊŜǎǇƻƴǎŜ ǾŀǊƛŀōƭŜΦ 

Figure 3.7:  PADD 1 Calculated versus Actual Refined Product Volumes 

 
 

Figure 3.8:  PADD 2 Calculated versus Actual Refined Product Volumes 
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Figure 3.9:  PADD 3 Calculated versus Actual Refined Product Volumes 

 
 

Figure 3.10:  PADD 4 Calculated versus Actual Refined Product Volumes 
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Figure 3.11:  PADD 5 Calculated versus Actual Refined Product Volumes  

 
 

CERI Refinery Linear Programming Results  

Potential Crude Displacement  

CƻǊ ǘƘŜ ŎŀǎŜ ƳƻŘŜƭƭŜŘ ƘŜǊŜΣ ǘƘŜ ǊŜǎǳƭǘǎ ǎƘƻǿ ǘƘŀǘ ƻǇǘƛƳƛȊŀǘƛƻƴ ƻŦ ǊŜŦƛƴŜǊƛŜǎ ŀǘ ŀ t!55πƭŜǾŜƭ Ŏŀƴ 
ƭŜŀŘ ǘƻ ŀ ǇƻǘŜƴǘƛŀƭ ŘƛǎǇƭŀŎŜƳŜƴǘ ƻŦ ǎƻƳŜ ǾƻƭǳƳŜǎ ƻŦ ŎŜǊǘŀƛƴ ŎǊǳŘŜǎ ǘƘŀǘ ƘŀǾŜ ƘƛǎǘƻǊƛŎŀƭƭȅ ōŜŜƴ 
ǇǊƻŎŜǎǎŜŘ όǎŜŜ CƛƎǳǊŜ оΦмнύΦ  

Figure 3.12:  Potential Crude Displacements 
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wŜǎǳƭǘǎ όCƛƎǳǊŜ оΦмнύ ǎƘƻǿ ǘƘŀǘ ǘƘŜ ƘŜŀǾȅ ǎƻǳǊ ŎǊǳŘŜǎ ŀǊŜ ƭƛƪŜƭȅ ǘƻ ŘƛǎǇƭŀŎŜ Ƴƻǎǘƭȅ ƭƛƎƘǘ ǎǿŜŜǘ ŀƴŘ 

ƳŜŘƛǳƳ ŎǊǳŘŜǎΦ Lƴ ŀŘŘƛǘƛƻƴ ǘƻ ǘƘƛǎ ƻōǎŜǊǾŀǘƛƻƴΣ ƛƴŎǊŜŀǎŜǎ ƛƴ ƘŜŀǾȅ ǎǿŜŜǘ ŎǊǳŘŜǎ ŀǊŜ ŜȄǇŜŎǘŜŘ ƛƴ 
ǎƻƳŜ t!55{Φ ¢ƘŜǎŜ ǊŜǎǳƭǘǎ ŀǊŜ ŘǊƛǾŜƴ ōȅ ǘƘŜ ŎƘŜŀǇŜǊ ǇǊƛŎŜŘ ŎǊǳŘŜǎΣ ȅƛŜƭŘ ƭŜǾŜƭǎ ŀƴŘ ƘƛƎƘπǾŀƭǳŜ 
ǇǊƻŘǳŎǘǎΣ ŀƴŘ ǇǊƻŦƛǘŀōƛƭƛǘȅ ƻŦ ǘƘŜ ǇǊƻŎŜǎǎΦ 

Lƴ ǘƘŜ ƻǇǘƛƳƛȊŜŘ ǎŎŜƴŀǊƛƻǎΣ t!55ǎ мΣ п ŀƴŘ р ƘŀǾŜ ǘƘŜƛǊ ƘŜŀǾȅ ǎƻǳǊ ŎǊǳŘŜ ƛƴǘŀƪŜǎ ƛƴŎǊŜŀǎŜŘ ōȅ мтπ
нл҈ ŀōƻǾŜ ǿƘŀǘ ǘƘŜȅ ǇǊƻŎŜǎǎŜŘ ōŜǘǿŜŜƴ 5ŜŎŜƳōŜǊ нлмс ŀƴŘ 5ŜŎŜƳōŜǊ нлмт όCƛƎǳǊŜ оΦмоύΦ ¢ƘŜ 
ƻǇǘƛƳŀƭ ŎǊǳŘŜ ŎƻƳǇƻǎƛǘƛƻƴ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ƘŜŀǾȅ ǎǿŜŜǘ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ǘƘŜ ŎǊǳŘŜ ōƭŜƴŘǎ ǿƛƭƭ 
ƛƴŎǊŜŀǎŜ ōȅ с҈ ƛƴ t!55ǎ мΣ мо҈ ƛƴ t!55 н ŀƴŘ мс҈ ƛƴ t!55 рΦ   

Figure 3.13:  Composition of Heavy Sour and Heavy Sweet Crudes: 
Model versus Optimal Blends 

 

hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ǘƘŜ ƭƛƎƘǘ ǎƻǳǊ ŎƻƳǇƻǎƛǘƛƻƴ ƛƴ ǘƘŜ ƻǇǘƛƳŀƭ ŎǊǳŘŜ ōƭŜƴŘǎ ŦƻǊ ŀƭƭ ǘƘŜ t!55ǎ ŜȄŎŜǇǘ 
t!55 п ƛƴŎǊŜŀǎŜŘ ǿƘŜƴ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ƘƛǎǘƻǊƛŎŀƭ Řŀǘŀ όCƛƎǳǊŜ оΦмпύΦ [ƛƎƘǘ ǎƻǳǊ ŎǊǳŘŜ 
ŎƻƳǇƻǎƛǘƛƻƴ ƛƴŎǊŜŀǎŜŘ ōȅ мм҈ ƛƴ t!55 мΣ о҈ ƛƴ t!55 нΣ мл҈ ƛƴ t!55 о ŀƴŘ нт҈ ƛƴ t!55 рΦ  
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Figure 3.14:  Composition of Light Sour and Light Sweet Crudes: 
Model versus Optimal Blends 

 

wŜǎǳƭǘǎ ǎƘƻǿ ŀ ŘŜŎǊŜŀǎŜ ƻŦ ƭƛƎƘǘ ǎǿŜŜǘ ŎƻƳǇƻǎƛǘƛƻƴǎ ƛƴ ŀƭƳƻǎǘ ŀƭƭ ǘƘŜ t!55ǎΦ ¢ƘŜ ƘƛƎƘŜǎǘ ŀƴŘ 
Ƴƻǎǘ ƴƻǘŀōƭŜ ŘǊƻǇ ƛƴ ǘƘŜ ƭƛƎƘǘ ǎǿŜŜǘ ŎƻƳǇƻǎƛǘƛƻƴ ƛǎ ƛƴ t!55 м ǿƘƛŎƘ Ƙŀǎ ŀ нм҈ ǊŜŘǳŎǘƛƻƴΦ Lƴ ǘƘŜ 
ǊŜǎǘ ƻŦ ǘƘŜ t!55ǎΣ ƻƴƭȅ ŀ ŘŜŎǊŜŀǎŜ ƻŦ ƭŜǎǎ ǘƘŀƴ о҈ ƛǎ ŜȄǇŜŎǘŜŘΦ ! ǊŜŀǎƻƴ ŦƻǊ ǘƘƛǎ ƎŜƴŜǊŀƭ ǘǊŜƴŘ ƛǎ 
ǘƘŜ ƘƛƎƘ Ŏƻǎǘ ƻŦ ƭƛƎƘǘ ǎǿŜŜǘ ŎǊǳŘŜΣ ǿƘƛŎƘ ƛǎ ǊŜǇǊŜǎŜƴǘŜŘ ǳǎƛƴƎ ǘƘŜ ²¢L ǇǊƛŎŜ ōŜƴŎƘƳŀǊƪΦ !ƴƻǘƘŜǊ 
ǊŜŀǎƻƴ ƛǎ ǘƘŀǘ ǘƘŜ ȅƛŜƭŘǎ ŀǊŜ ƭŜǎǎ ǘƘŀƴ ǘƘƻǎŜ ŦǊƻƳ ƘŜŀǾƛŜǊ ŎǊǳŘŜǎΦ  

{ƛƳƛƭŀǊƭȅΣ ƳŜŘƛǳƳ ŎǊǳŘŜ Ƙŀǎ ƛǘǎ ŎƻƳǇƻǎƛǘƛƻƴ ƛƴ ǘƘŜ ƻǇǘƛƳŀƭ ŎǊǳŘŜ ǎƭŀǘŜ ŘŜŎǊŜŀǎŜŘ ƛƴ ŀƭƭ ǘƘŜ t!55ǎ 
όCƛƎǳǊŜ оΦмрύ ǿƛǘƘ t!55 р ōŜƛƴƎ ǘƘŜ Ƴƻǎǘ ƴƻǘŀōƭŜ ŎŀǎŜ ǿƛǘƘ ŀ рс҈ ǊŜŘǳŎǘƛƻƴ ŦƻƭƭƻǿŜŘ ōȅ t!55 м 

ǿƛǘƘ ŀ мс҈ ǊŜŘǳŎǘƛƻƴΦ    

Figure 3.15:  Composition of Medium Sour Crudes: Historical versus Optimal Blends 
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Lǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ǊŜƳŜƳōŜǊ ǘƘŀǘ ƛƴ ǘƘŜ ƻǇǘƛƳŀƭ ǎŎŜƴŀǊƛƻΣ ŜŀŎƘ t!55 ƛǎ ŎƻƴǎǘǊŀƛƴŜŘ ǘƻ ǇǊƻŎŜǎǎ 

ŎǊǳŘŜ ōƭŜƴŘǎ ǿƛǘƘƛƴ ǘƘŜ ƘƛƎƘǎ ŀƴŘ ƭƻǿǎ ƻŦ ǘƘŜ ŎǊǳŘŜ ōƭŜƴŘ ŎƻƳǇƻǎƛǘƛƻƴǎ ǘǊŜŀǘŜŘ ƛƴ ǘƘŜ ǇŀǎǘΦ ¢ƘŜǎŜ 
ŎƻƴŘƛǘƛƻƴǎ ŀǊŜ ƛƳǇƻǎŜŘ ǳǇƻƴ ǘƘŜ ǊŜŦƛƴŜǊȅ ǊŜƎǊŜǎǎƛƻƴ ƳƻŘŜƭ ǘƘŀǘ ŎŀǇǘǳǊŜǎ ǘƘŜ ƻǇŜǊŀǘƛƻƴǎ ƻŦ ǘƘŜ 
¦{ ǊŜŦƛƴŜǊƛŜǎ ŀǘ t!55πƭŜǾŜƭǎΦ Lƴ ƻǘƘŜǊ ǿƻǊŘǎΣ ǘƘŜ ǊŜǎǳƭǘǎ ǇǳǎƘ ǘƘŜ ōƻǳƴŘŀǊƛŜǎ ƻŦ ŎǊǳŘŜ ǘȅǇŜǎ 
ǇǊƻŎŜǎǎŜŘ ƛƴ ŀ t!55πƭŜǾŜƭ ǊŜŦƛƴŜǊȅ ǘƻ ŀƴ ŜŘƎŜΦ ¢ƘŜ ƻǇǘƛƳŀƭ ǎƻƭǳǘƛƻƴ Ƴŀȅ ǊŜǇƭƛŎŀǘŜ ŎŜǊǘŀƛƴ Ǉŀǎǘ 
ƻǇŜǊŀǘƛƴƎ ŎƻƴŘƛǘƛƻƴǎ ǿƘƛŎƘ Ƴŀȅ ƴƻǘ ōŜ ǘƘŜ ŜȄŀŎǘ ŎǳǊǊŜƴǘ ƻǇŜǊŀǘƛƴƎ ǎǘǊŀǘŜƎȅΦ  

IƻǿŜǾŜǊΣ ŀǾŀƛƭŀōƛƭƛǘȅ ŀƴŘ ŀŎŎŜǎǎƛōƛƭƛǘȅ ƻŦ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ŎǊǳŘŜ ǘȅǇŜǎ ŀƴŘ ƭƻƎƛǎǘƛŎŀƭ ƛǎǎǳŜǎ ƛƳǇƻǎŜ 
ŀŘŘƛǘƛƻƴŀƭ ŎƻƴǎǘǊŀƛƴǘǎ ǘƘŀǘ ǿŀǊǊŀƴǘ ŦǳǊǘƘŜǊ ŎƻƴǎƛŘŜǊŀǘƛƻƴΦ  

Realistic Optimal Crude Blends and Margins  
LŦ ŀŘŜǉǳŀǘŜ ǾƻƭǳƳŜǎ ƻŦ ǘƘŜ ŎǊǳŘŜǎ ŀǊŜ ŀǾŀƛƭŀōƭŜΣ ǘƘŜ ƭƻƎƛǎǘƛŎǎ ǘƻ ŘŜƭƛǾŜǊ ǘƘŜ ŎǊǳŘŜ ƛǎ ƛƴ ǇƭŀŎŜΣ ŀƴŘ 
ǘƘŜ ǊŜŦƛƴŜǊƛŜǎ ŀǊŜ ŜǉǳƛǇǇŜŘ ǘƻ ƘŀƴŘƭŜ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ƭŜǾŜƭǎ ƻŦ ǎǳƭǇƘǳǊ ŀƴŘ ¢!bΣ ǘƘŜƴ 

ǇǊƻŎŜǎǎƛƴƎ ŎƘŜŀǇŜǊ ƘŜŀǾȅ ŀƴŘ ǎƻǳǊ ŎǊǳŘŜǎ ǿƛƭƭ ƛƳǇǊƻǾŜ ǊŜŦƛƴŜǊȅ ƳŀǊƎƛƴǎ ōŜŎŀǳǎŜ ƻŦ ƘƛƎƘ 
ŎƻƴǾŜǊǎƛƻƴ ƭŜǾŜƭǎ ŀƴŘ ǇǊƻŘǳŎǘ ȅƛŜƭŘǎΦ IƻǿŜǾŜǊΣ ǘƘŀǘ ƛǎ ƴƻǘ ǘƘŜ ŎŀǎŜ ŦƻǊ ŀƭƭ ǘƘŜ t!55ǎΦ {ƻƳŜ t!55ǎ 
Ŏŀƴƴƻǘ ǊŜŎŜƛǾŜ ŀƴŘ ǇǊƻŎŜǎǎ ƭŀǊƎŜǊ ŀƳƻǳƴǘǎ ƻŦ ǎƻƳŜ ŎǊǳŘŜ ǘȅǇŜǎΦ CƻǊ ŜȄŀƳǇƭŜΣ t!55 н Ƙŀǎ ǘƘŜ 
ƘƛƎƘŜǎǘ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ƻŦ ŎƻƪƛƴƎ ǊŜŦƛƴŜǊƛŜǎ ŀƳƻƴƎ ǘƘŜ ¦{ t!55ǎ ŀƴŘ ǘƘŜǊŜōȅΣ ǇǊƻŎŜǎǎŜǎ ǘƘŜ 
ƘƛƎƘŜǎǘ ŀƳƻǳƴǘ ƻŦ ƘŜŀǾȅ ǎƻǳǊ ŎǊǳŘŜǎΦ t!55 н ŎǳǊǊŜƴǘƭȅ ǇǊƻŎŜǎǎŜǎ ŀōƻǳǘ мΣтстΣллл ōōƭκŘŀȅ ƻŦ 
/ŀƴŀŘƛŀƴ ƘŜŀǾȅ ŎǊǳŘŜ ŀƴŘ ǇǊƻǾƛŘŜǎ ǘƘŜ ƭŀǊƎŜǎǘ ƳŀǊƪŜǘ ŦƻǊ /ŀƴŀŘƛŀƴ ŎǊǳŘŜ ŜȄǇƻǊǘǎΦ 

²ƘŜƴ ƻǇŜǊŀǘƛƻƴŀƭ ŀƴŘ ƭƻƎƛǎǘƛŎŀƭ ŎƻƴǎǘǊŀƛƴǘǎ ŀǊŜ ŀǇǇƭƛŜŘ ǘƻ ǘƘŜ ƻǇǘƛƳŀƭ ƳƻŘŜƭΣ /9wL ŘŜǘŜǊƳƛƴŜǎ 
ŎǊǳŘŜ ōƭŜƴŘǎ ǿƘƛŎƘ ǊŜŦƭŜŎǘ ŦǊŜǉǳŜƴǘƭȅ ǳǎŜŘ ŎǊǳŘŜ ŎƻƳǇƻǎƛǘƛƻƴǎ ŀƴŘ ƻǇǘƛƳƛȊŜǎ ǘƘŜ t!55πƭŜǾŜƭ 
ǊŜŦƛƴŜǊȅ ƳŀǊƎƛƴǎΦ 9ȄŀƳǇƭŜǎ ƻŦ ǎǳŎƘ ǊŜŀƭƛǎǘƛŎ ŀƴŘ ƻǇǘƛƳŀƭ ǊŜŦƛƴŜǊȅ ŎǊǳŘŜ ƛƴǘŀƪŜǎ ŀǊŜ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ 
оΦмсΦ 

Figure 3.16:  Composition of Crude Blends Limited by Logistics and Operations 
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wŜǎǳƭǘǎ ƻŦ ŀƴ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ǘƘŜ ǊŜŦƛƴŜǊȅ ƳŀǊƎƛƴǎ ƻŦ ŎƻƳǇƭŜȄ ǊŜŦƛƴŜǊƛŜǎ όŎƻƪŜǊǎύ ŀƴŘ ƳŜŘƛǳƳ 

ǊŜŦƛƴŜǊƛŜǎ όŎŀǘŀƭȅǘƛŎ ƘȅŘǊƻŎǊŀŎƪŜǊǎΣ C//ǎύ ǳǎƛƴƎ ǘƘŜ ƘƛǎǘƻǊƛŎŀƭ ŀǾŜǊŀƎŜ ōƭŜƴŘ ŎƻƳǇƻǎƛǘƛƻƴǎ ŦƻǊ ŜŀŎƘ 
t!55 ƛƴ нлмт ŀǊŜ ǇǊŜǎŜƴǘŜŘ ƛƴ CƛƎǳǊŜ оΦмтΦ Lǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ƴƻǘŜ ǘƘŀǘ ǘƘŜ ǊŜŦƛƴŜǊȅ ƳŀǊƎƛƴǎ ŦƻǊ 
ŎƻƪŜǊǎ ŀǊŜ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƘƛƎƘŜǊ ǘƘŀƴ ǘƘƻǎŜ ƻŦ C//ǎΦ aŜŘƛǳƳ ŀƴŘ ǎƛƳǇƭŜǊ όƘȅŘǊƻǎƪƛƳƳƛƴƎύ ōŀǊŜƭȅ 
ōǊŜŀƪ ŜǾŜƴΦ /ǳǊǊŜƴǘ ƳŀǊƎƛƴǎ ŦƻǊ Ǝƭƻōŀƭ ƘȅŘǊƻ ǎƪƛƳƳƛƴƎ ǊŜŦƛƴŜǊǎ ǇǊƻǾƛŘŜ ƭƛǘǘƭŜ ƛŦ ŀƴȅ ǊƻƻƳ ŦƻǊ ǘƘŜǎŜ 
ǊŜŦƛƴŜǊǎ ǘƻ ŀŎŎŜǇǘ ƭŜǎǎΦ !ƴ ŜȄŀƳǇƭŜ ƛǎ ǘƘŜ ǊŜŎŜƴǘ ōŀƴƪǊǳǇǘŎȅ ƻŦ ǘƘŜ оорΣллл ōōƭκŘŀȅ tƘƛƭŀŘŜƭǇƘƛŀ 
9ƴŜǊƎȅ {ƻƭǳǘƛƻƴǎ ǊŜŦƛƴŜǊȅΦ hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ƘƻǿŜǾŜǊΣ ŎƻƳǇƭŜȄ ǊŜŦƛƴŜǊƛŜǎ ƘŀŘ ƳŀǊƎƛƴǎ ǘƘŀǘ ŀǊŜ 
оΦрπф ǘƛƳŜǎ ƘƛƎƘŜǊ ǘƘŀƴ ǘƘƻǎŜ ƻŦ C//ǎΦ  

Figure 3.17:  Average 2017 Refinery Margins of Cokers and FCC 

 

.ȅ ƻǇǘƛƳƛȊƛƴƎ ǊŜŦƛƴŜǊȅ ƳŀǊƎƛƴǎ ƛƴ ƻǳǊ t!55πƭŜǾŜƭ ŀƴŀƭȅǎŜǎΣ ǎƛƎƴƛŦƛŎŀƴǘ ƛƳǇǊƻǾŜƳŜƴǘǎ ƛƴ ǘƘŜ 
ǊŜŦƛƴŜǊȅ ƳŀǊƎƛƴǎ ŀǊŜ ƻōǘŀƛƴŜŘ ƎƛǾŜƴ ǘƘŜ ǿƛŘŜǊ ǎƻƭǳǘƛƻƴ ǎǇŀŎŜ ς ǊŜƭŀǘƛǾŜ ǘƻ ǘƘŀǘ ƻŦ ŀƴ ƛƴŘƛǾƛŘǳŀƭ 
ǊŜŦƛƴŜǊȅΦ  /ƻƴǎŜǉǳŜƴǘƭȅΣ ǘƘŜ ǊŜŦƛƴŜǊȅ ƳŀǊƎƛƴ ƛƳǇǊƻǾŜƳŜƴǘǎ ƻōǘŀƛƴŜŘ ŦǊƻƳ ǘƘŜ ǊŜŀƭƛǎǘƛŎ ƻǇǘƛƳŀƭ 
ŎŀǎŜ ǊŀƴƎŜ ŦǊƻƳ тр ǘƻ олл ǇŜǊŎŜƴǘŀƎŜ Ǉƻƛƴǘǎ ǿƛǘƘ ǘƘŜ Ƴƻǎǘ ƴƻǘŀōƭŜ ƛƳǇǊƻǾŜƳŜƴǘ ŎƻƳƛƴƎ ŦǊƻƳ 
t!55 м όCƛƎǳǊŜ оΦмуύΦ IƻǿŜǾŜǊΣ ƴƻ ǾƛǎƛōƭŜ ƛƳǇǊƻǾŜƳŜƴǘ ƛǎ ǊŜŎƻǊŘŜŘ ƛƴ ǘƘŜ ŎŀǎŜ ƻŦ t!55 пΦ 
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Figure 3.18:  Improvement of Refinery Margins 
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#ÈÁÐÔÅÒ τȡ  3ÃÅÎÁÒÉÏ !ÎÁÌÙÓÉÓ  
Lƴ ǘƘƛǎ ŎƘŀǇǘŜǊΣ ƳƻŘŜƭƭƛƴƎ ǊŜǎǳƭǘǎ ŀƴŘ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴ ǿƛƭƭ ōŜ ǇǊŜǎŜƴǘŜŘΦ {ŎŜƴŀǊƛƻǎ ǿƛƭƭ ŜȄǇƭƻǊŜ ƴƻƴπ
ŎƻƳǇƭƛŀƴŎŜ ƭŜǾŜƭǎΣ ŎǊǳŘŜ ŀƴŘ ǊŜŦƛƴŜǊȅ ǇǊƻŘǳŎǘ ǇǊƛŎŜǎ ŀƴŘ Ƙƻǿ ǘƘŜǎŜ ŀŦŦŜŎǘ ǊŜŦƛƴŜǊȅ ƳŀǊƎƛƴǎΣ ŀƴŘ 
ŎƻƴǎŜǉǳŜƴǘƭȅΣ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ƭƛƎƘǘπƘŜŀǾȅ ŎǊǳŘŜ ǇǊƛŎŜ ŘƛŦŦŜǊŜƴǘƛŀƭǎΦ ¢ƘŜ ōŀǎŜƭƛƴŜ ŦƻǊ ǘƘƛǎ ŀƴŀƭȅǎƛǎ ƛǎ 
нлмтΣ ŀƴŘ ǘƘŜ ŀƴŀƭȅǎƛǎ ŎƻǾŜǊǎ ǇǊŜπ ŀƴŘ ǇƻǎǘπнлнлΦ 5ŜǘŀƛƭŜŘ ƳƻŘŜƭƭƛƴƎ ŀƴŘ ŀƴŀƭȅǎƛǎ ŀǊŜ ƳŀŘŜ ǳǇ 
ǘƻ нлнрΦ  

Scenarios for Future Refinery O utlook  
Lƴ ǘƘƛǎ ǎŜŎǘƛƻƴΣ ǿŜ ŜȄǇƭƻǊŜ Ƙƻǿ ¦{ ǊŜŦƛƴƛƴƎ ƳŀǊƎƛƴǎ ǿƛƭƭ ǊŜǎǇƻƴŘ ǘƻ ǘƘŜ Lah нлнл ǊŜƎǳƭŀǘƛƻƴǎΣ ŀƴŘ 
ƛƴ ǇŀǊǘƛŎǳƭŀǊ ǘƻ ŀƴ ŜȄǇŜŎǘŜŘ ŘǊƻǇ ƛƴ ǘƘŜ ǇǊƛŎŜ ƻŦ ƘƛƎƘ ǎǳƭǇƘǳǊ ǊŜǎƛŘΦ ¢ƘŜ Lah ǊŜƎǳƭŀǘƛƻƴǎΣ ƛŦ Ŧǳƭƭȅ 
ŎƻƳǇƭƛŜŘ ǿƛǘƘΣ ǎƘƻǳƭŘ ŘƛǎǇƭŀŎŜ ƳƻǊŜ ǘƘŀƴ оΦн Ƴƛƭƭƛƻƴ ōōƭκŘŀȅ ƻŦ ǊŜǎƛŘ ŎǳǊǊŜƴǘƭȅ ǳǎŜŘ ŀǎ ŦǳŜƭ ƛƴ 

ǘƘŜ ǎƘƛǇǇƛƴƎ ƛƴŘǳǎǘǊȅΦ ¢ƘŜ ǊŜǎǳƭǘŀƴǘ ŜŦŦŜŎǘ ƛǎ ŀ ǇƻǘŜƴǘƛŀƭ ŘŜƳŀƴŘ ƭƻǎǎ ƻŦ ƳƻǊŜ ǘƘŀƴ оΦн Ƴƛƭƭƛƻƴ 

ōōƭκŘŀȅ ƻŦ ǊŜǎƛŘ ōȅ нлнл ŀƴŘ ŀŦǘŜǊǿŀǊŘǎΣ ŀƴŘ ŎƻƴǎŜǉǳŜƴǘƭȅΣ ŀ ǇǊƻŘǳŎǘ ǇǊƛŎŜ ŘŜŎǊŜŀǎŜ ŎƻƳǇŀǊŜŘ 
ǘƻ нлмф ǇǊƛŎŜ ƭŜǾŜƭǎΦ  

¢ƘŜ ƭŜǾŜƭ ŀǘ ǿƘƛŎƘ ŘŜƳŀƴŘ ŀƴŘ ǇǊƛŎŜ ŘǊƻǇ ǿƛƭƭ ōŜ ƛƴŦƭǳŜƴŎŜŘ ōȅ ǘƘŜ ƭŜǾŜƭ ƻŦ ŎƻƳǇƭƛŀƴŎŜ ƻŦ ǘƘŜ 
ǎƘƛǇǇƛƴƎ ƛƴŘǳǎǘǊȅ ǘƻ ǘƘŜ Lah ǊŜƎǳƭŀǘƛƻƴΦ  

²Ŝ ǳǎŜŘ ƻǳǊ ƻǇǘƛƳƛȊŜŘ ƳƻŘŜƭ ǘƻ ŀǎǎŜǎǎ ǘƘŜ ǊŜŦƛƴƛƴƎ ƳŀǊƎƛƴǎ ōȅ нлнлΣ нлнр ŀƴŘ нлол ŀǘ t!55π
ƭŜǾŜƭǎΦ ¢Ƙƛǎ ŎŀƭŎǳƭŀǘƛƻƴ ƛǎ ŘƻƴŜ ōȅ ŎƻƴǎƛŘŜǊƛƴƎ ŎƻƳǇƭƛŀƴŎŜ ǎŎŜƴŀǊƛƻǎ ŀƴŘ ǇǊƛŎŜ ƻǳǘƭƻƻƪ ƻŦ ǾŀǊƛƻǳǎ 
ŎǊǳŘŜ ŘƛŜǘǎ ŀƴŘ ǊŜŦƛƴŜǊȅ ǇǊƻŘǳŎǘǎΦ CǳǘǳǊŜ ǇǊƛŎŜǎ ƻŦ ƳƛŘŘƭŜ ŘƛǎǘƛƭƭŀǘŜǎΣ ǊŜǇǊŜǎŜƴǘŜŘ ǳǎƛƴƎ ǳƭǘǊŀπƭƻǿ 
ǎǳƭǇƘǳǊ ŘƛŜǎŜƭΣ ŀǊŜ ŀƭǎƻ ŀǎǎŜǎǎŜŘΦ ¢ƘŜ ǇǊƛŎŜ ƻŦ ǳƭǘǊŀπƭƻǿ ǎǳƭǇƘǳǊ ŘƛŜǎŜƭ ƛǎ ŜȄǇŜŎǘŜŘ ǘƻ ƛƴŎǊŜŀǎŜ ƛƴ 
ǊŜǎǇƻƴǎŜ ǘƻ ǘƘŜ ŘȅƴŀƳƛŎǎ ƻŦ ǘƘŜ ōǳƴƪŜǊ ŦǳŜƭ ƳŀǊƪŜǘǎΦ 

Residual Fuel Oil Balance and Potential Markets  
!ǎƛŀ ǇǊƻŘǳŎŜǎ ǘƘŜ ƘƛƎƘŜǎǘ ŀƳƻǳƴǘ ƻŦ ŦǳŜƭ ƻƛƭ ŦǊƻƳ ǊŜŦƛƴŜǊƛŜǎ ƛƴ ǘƘŜ ǿƻǊƭŘΣ ŀŎŎƻǳƴǘƛƴƎ ŦƻǊ нн҈ ƻŦ 
ǘƘŜ уΦс Ƴƛƭƭƛƻƴ ƻŦ Ǝƭƻōŀƭ ŦǳŜƭ ƻƛƭ ǇǊƻŘǳŎǘƛƻƴ όCƛƎǳǊŜ пΦмύΦ !ǎƛŀ ƛǎ ŀƭǎƻ ǘƘŜ ƭŀǊƎŜǎǘ ƛƳǇƻǊǘŜǊ ƻŦ ŦǳŜƭ ƻƛƭ 
ǿƛǘƘ ŀōƻǳǘ нΦму Ƴƛƭƭƛƻƴ ōōƭκŘŀȅ ƛƳǇƻǊǘŜŘ ƛƴ нлмрΦ 
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Figure 4.1:  Global Fuel Oil Production, 2015 

 

 Source: UN Data (2018), CERI 

¢ƘŜ ǎŜŎƻƴŘ ŀƴŘ ǘƘƛǊŘ ƭŀǊƎŜǎǘ ŦǳŜƭ ƻƛƭ ǇǊƻŘǳŎŜǊǎ ŀǊŜ ƴƻƴπ9¦ 9ǳǊƻǇŜ ŀƴŘ ǘƘŜ 9¦Σ ŜŀŎƘ ŎƻƴǘǊƛōǳǘƛƴƎ 
ŀōƻǳǘ мф҈ ŀƴŘ мр҈ ƻŦ ǘƘŜ ǘƻǘŀƭ Ǝƭƻōŀƭ ŦǳŜƭ ƻƛƭ ǇǊƻŘǳŎǘƛƻƴΦ ¢ƘǳǎΣ ŎǳƳǳƭŀǘƛǾŜƭȅΣ ŦǳŜƭ ƻƛƭ ǇǊƻŘǳŎǘƛƻƴ 
ƛƴ 9ǳǊƻǇŜ ƳŀƪŜǎ ǳǇ оп҈ ƻŦ ǘƘŜ Ǝƭƻōŀƭ ŦǳŜƭ ƻƛƭ ǇǊƻŘǳŎǘƛƻƴΦ ²ƘƛƭŜ ōŜƛƴƎ ŀ ƭŀǊƎŜ ǇǊƻŘǳŎŜǊ ƻŦ ŦǳŜƭ ƻƛƭ 
ŘƻŜǎ ƴƻǘ ƳŜŀƴ ǘƘŀǘ ǘƘŜ ǊŜƎƛƻƴ ƛǎ ŀ ƭŀǊƎŜ ŎƻƴǎǳƳŜǊ ƻŦ ŦǳŜƭ ƻƛƭ ŦƻǊ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ōǳƴƪŜǊǎΣ ŀǎ ƛǎ ǘƘŜ 
ŎŀǎŜ ǿƛǘƘ ǘƘŜ 9¦Σ ǘƘŜ ǘƘƛǊŘ ƭŀǊƎŜǎǘ ŦǳŜƭ ƻƛƭ ǇǊƻŘǳŎŜǊ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ǎŜŎƻƴŘ ƭŀǊƎŜǎǘ ǳǎŜǊ ƻŦ ŦǳŜƭ ƻƛƭ 
ŦƻǊ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ōǳƴƪŜǊƛƴƎΦ ¢ƘŜ 9¦ ƛǎ ŀƴƻǘƘŜǊ ǊŜƎƛƻƴ ǘƻ ǿŀǘŎƘ ōŜŎŀǳǎŜ ǘƘŜ нлнл ǎǳƭǇƘǳǊ 
ǊŜƎǳƭŀǘƛƻƴ ƛǎ ƭƛƪŜƭȅ ǘƻ ƛƳǇŀŎǘ ǘƘŜ ǊŜƎƛƻƴ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŀǎ ŎƻƳǇƭƛŀƴŎŜ ƭŜǾŜƭǎ ŀǊŜ ŜȄǇŜŎǘŜŘ ǘƻ ōŜ ƘƛƎƘΦ  

!ƴƻǘƘŜǊ ǊŜƎƛƻƴ ǘƘŀǘ ǿƛƭƭ ōŜ ƘŀǊŘ Ƙƛǘ ōȅ ǘƘŜ Lah нлнл ǊŜƎǳƭŀǘƛƻƴ ƛǎ ǘƘŜ aƛŘŘƭŜ 9ŀǎǘΦ ¢Ƙƛǎ ǊŜƎƛƻƴ 
ǇǊƻŘǳŎŜǎ му҈ ƻŦ ǘƘŜ Ǝƭƻōŀƭ ŦǳŜƭ ƻƛƭ ŦǊƻƳ ǊŜŦƛƴŜǊƛŜǎ ōǳǘ ŎƻƴǎǳƳŜǎ ŀōƻǳǘ мс҈ ƻŦ ǘƘŜ Ǝƭƻōŀƭ ŦǳŜƭ ƻƛƭ 
ǳǎŜŘ ƛƴ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ōǳƴƪŜǊǎΦ ¢ƘŜ ŜȄǘŜƴǘ ƻŦ ǘƘŜ ƛƳǇŀŎǘ ǘƘŀǘ ǘƘŜ Lah ǎǳƭǇƘǳǊ ǊŜƎǳƭŀǘƛƻƴ ǿƛƭƭ ƘŀǾŜ 
ƻƴ aƛŘŘƭŜ 9ŀǎǘ ōǳƴƪŜǊ ŦǳŜƭ ƳŀǊƪŜǘ ǿƛƭƭ ŘŜǇŜƴŘ ƻƴ ǘƘŜ ŎƻƳǇƭƛŀƴŎŜ ƭŜǾŜƭ ƛƴ ǘƘƛǎ ǊŜƎƛƻƴΦ ¢ƘŜ 
ŎƻƳǇƭƛŀƴŎŜ ƭŜǾŜƭ ǿƛƭƭ ǾŀǊȅ ƛƴ ŘƛŦŦŜǊŜƴǘ ƧǳǊƛǎŘƛŎǘƛƻƴǎΦ ¢ƘŜ aƛŘŘƭŜ 9ŀǎǘ ƛǎ ǘƘŜ ǎŜŎƻƴŘ ƘƛƎƘŜǎǘ 
ŎƻƴǎǳƳŜǊ ƻŦ ŦǳŜƭ ƻƛƭ ƛƴ ǘƘŜ ǿƻǊƭŘ ŀŦǘŜǊ !ǎƛŀΦ 

/ǳǊǊŜƴǘƭȅΣ ǊŜǎƛŘǳŀƭ ŦǳŜƭ ƻƛƭ ŦƛƴŘǎ ŀǇǇƭƛŎŀǘƛƻƴǎ ŀŎǊƻǎǎ ŘƛŦŦŜǊŜƴǘ ƛƴŘǳǎǘǊƛŜǎ ƛƴ ǾƛǊǘǳŀƭƭȅ ŜǾŜǊȅ 
ŎƻƴǘƛƴŜƴǘΦ CƛƎǳǊŜ пΦн ǎƘƻǿǎ ǘƘŜ ǊŜƭŀǘƛǾŜ ŀƳƻǳƴǘǎ ƻŦ ǘƘŜ ǊŜǎƛŘǳŀƭ ŦǳŜƭ ƻƛƭ ǳǎŜ ōȅ ŎƻǳƴǘǊȅΦ  
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Figure 4.2:  Residual Fuel Oil Consumption by Country (2015 values) 

 

Sources: CERI (from UN Data, 2018) 

!ƭǘƘƻǳƎƘ ǘƘŜ Ǝƭƻōŀƭ ǊŜǎƛŘǳŀƭ ƻƛƭ ŘŜƳŀƴŘ Ƙŀǎ ŘŜŎǊŜŀǎŜŘ ŦƻǊ ŘŜŎŀŘŜǎ ς ŀ ǘǊŜƴŘ ǘƘŀǘ ƛǎ ƻōǎŜǊǾŜŘ 

ŀŎǊƻǎǎ Ƴŀƴȅ Ǝƭƻōŀƭ ƧǳǊƛǎŘƛŎǘƛƻƴǎΣ ǎƻƳŜ ǊŜƎƛƻƴǎ ƘŀǾŜ ǎŜŜƴ ƎǊŀŘǳŀƭ ƎǊƻǿǘƘ ƛƴ ǊŜǎƛŘǳŀƭ ŦǳŜƭ ƻƛƭ 
ŎƻƴǎǳƳǇǘƛƻƴ όCƛƎǳǊŜ пΦоύ ƻǾŜǊ ǘƘŜ ǎŀƳŜ ǇŜǊƛƻŘΦ ¢ƘŜ aƛŘŘƭŜ 9ŀǎǘΣ {ƻǳǘƘ !ƳŜǊƛŎŀ ŀƴŘ ǘƘŜ 
/ŀǊƛōōŜŀƴ ŀǊŜ ǊŜƎƛƻƴǎ ǘƘŀǘ ŎƻƴǘƛƴǳŜ ǘƻ ŜȄǇŜǊƛŜƴŎŜ ƎǊƻǿǘƘ ƛƴ ǊŜǎƛŘǳŀƭ ƻƛƭ ŎƻƴǎǳƳǇǘƛƻƴ ǿƘŜǊŜŀǎ 
!ǎƛŀΩǎ ŎƻƴǎǳƳǇǘƛƻƴ ǎŜŜƳǎ ǘƻ ƘŀǾŜ ǎǘŀōƛƭƛȊŜŘ ǎƛƴŎŜ нллуΦ 
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Figure 4.3:  Regional Residual Fuel Oil Consumption (million bbl/day) 

 

Source: Data from UN Data (2018) 

Figure 4.4:  wŜǎƛŘǳŀƭ CǳŜƭ hƛƭ /ƻƴǎǳƳǇǘƛƻƴ {ŜŎǘƻǊǎ όΨллл ōōƭκŘŀy) 

 

Source: UN Data (2018), CERI 
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ŀƴŘ ŦƻǊ ƻǘƘŜǊ ǇǊƻŘǳŎǘƛƻƴ ǇǳǊǇƻǎŜǎΦ {ƛƎƴƛŦƛŎŀƴǘ ŀƳƻǳƴǘǎ ƻŦ ǊŜǎƛŘǳŀƭ ŦǳŜƭ ƻƛƭ ŀǊŜ ǳǎŜŘ ŀǎ ŦǳŜƭ ŦƻǊ 

ƛƴŘǳǎǘǊƛŀƭ ƘŜŀǘ ƎŜƴŜǊŀǘƛƻƴ ŀƴŘ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴ ƛƴ !ǎƛŀΣ ǘƘŜ aƛŘŘƭŜ 9ŀǎǘΣ 9ǳǊƻǇŜ ŀƴŘ {ƻǳǘƘ 
!ƳŜǊƛŎŀΦ  

Figure 4.5:  Market Share of International Bunker Fuel Oil 

 

Source: UN Data (2018), CERI 

!ǎƛŀ Ŝǉǳŀƭƭȅ ǳǎŜǎ ǘƘŜ ƭŀǊƎŜǎǘ ŀƳƻǳƴǘ ƻŦ ŦǳŜƭ ƻƛƭ ŦƻǊ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ōǳƴƪŜǊ ŦǳŜƭΦ Lǘǎ ŦǳŜƭ ƻƛƭ ǳǎŜ ƛƴ 
ƛƴǘŜǊƴŀǘƛƻƴŀƭ ōǳƴƪŜǊǎ ƳŀƪŜǎ ǳǇ пр҈ ƻŦ ǘƘŜ ǘƻǘŀƭ Ǝƭƻōŀƭ ŦǳŜƭ ƻƛƭ ŦƻǊ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ōǳƴƪŜǊǎ ƛƴ нлмр 
όCƛƎǳǊŜ пΦрύΦ ¢Ƙƛǎ ƛƳǇƭƛŜǎ ǘƘŀǘ ŀƭƳƻǎǘ ƘŀƭŦ ƻŦ ǘƘŜ Ǝƭƻōŀƭ ŦǳŜƭ ƻƛƭ ǳǎŜŘ ŦƻǊ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ōǳƴƪŜǊƛƴƎ 

ǎƘƻǳƭŘ ŦƛƴŘ ŀ ǊŜǇƭŀŎŜƳŜƴǘ ƛƴ !ǎƛŀΦ ¢ƘŜ ƛƳǇƭƛŎŀǘƛƻƴǎ ƻŦ ǘƘŜ ŎƘŀƴƎŜ ǿƛƭƭ ōŜ ǎƛƎƴƛŦƛŎŀƴǘ ƛƴ ǘƘŜ ǊŜƎƛƻƴ 
ŀƴŘ ŜȄǇƻǎŜ ǘƘŜ !ǎƛŀƴ ōǳƴƪŜǊ ƳŀǊƪŜǘ ǘƻ ǘƘŜ ƘƛƎƘŜǎǘ ƭŜǾŜƭǎ ƻŦ ōǳƴƪŜǊ ŦǳŜƭ ǇǊƛŎŜ ŦƭǳŎǘǳŀǘƛƻƴǎ ŀƴŘ 
Ǌƛǎƪǎ ƛŦ ŎƻƳǇƭƛŀƴŎŜ ƛǎ ǎǘǊƛŎǘƭȅ ƳƻƴƛǘƻǊŜŘ ŀƴŘ ŜƴŦƻǊŎŜŘΦ 

¢ƘŜ ŘƛǎŎǳǎǎƛƻƴ ƻŦ ǿƘŜǊŜ ŀ ƭŀǊƎŜ ŦǊŀŎǘƛƻƴ ƻŦ ǘƘŜ ŎǳǊǊŜƴǘ ǊŜǎƛŘǳŀƭ ōǳƴƪŜǊ ŘŜƳŀƴŘ όоΦр Ƴƛƭƭƛƻƴ 
ōōƭκŘŀȅύ ǿƛƭƭ ŦƛƴŘ ƴŜǿ ƳŀǊƪŜǘǎ ōǊƛƴƎǎ ǘƻ ŦƻŎǳǎ ǘƘŜ Ǉƻǎǎƛōƛƭƛǘȅ ƻŦ ŀ ǘǊŜƴŘ ƛƴŎǊŜŀǎƛƴƎ ŎƭŜŀƴŜǊ ŦǳŜƭ 
ƻǇǘƛƻƴǎ ǎǳŎƘ ŀǎ ƴŀǘǳǊŀƭ Ǝŀǎ ŀƴŘ [bD ƛƴ ǎƻƳŜ ǊŜƎƛƻƴǎΦ !ǎƛŀΣ ǘƘŜ aƛŘŘƭŜ 9ŀǎǘΣ {ƻǳǘƘ !ƳŜǊƛŎŀ ŀƴŘ 
!ŦǊƛŎŀ ŀǊŜ ƭƛƪŜƭȅ ƳŀƧƻǊ ŘŜǎǘƛƴŀǘƛƻƴǎ ŦƻǊ ƛƴŎǊŜŀǎŜŘ ǳǎŜ ƻŦ ǊŜǎƛŘǳŀƭ ŦǳŜƭ ƻƛƭΣ ǿƘƛŎƘ ǿƛƭƭ ōŜŎƻƳŜ 
ŎƘŜŀǇŜǊ ŀǎ ǘƘŜ Lah ǊŜƎǳƭŀǘƛƻƴ ƪƛŎƪǎ ƛƴΦ ¢Ƙƛǎ ƛǎ ōŜŎŀǳǎŜ ŜŀŎƘ ƻŦ ǘƘŜǎŜ ǊŜƎƛƻƴǎ ǳǎŜŘ ōŜǘǿŜŜƴ 
мнлΣлллπсумΣрлл ōōƭκŘŀȅ ƻŦ ǊŜǎƛŘǳŀƭ ŦǳŜƭ ƻƛƭ ƛƴ нлмрΦ ¢ƘŜǎŜ ǊŜƎƛƻƴǎ ǳǎŜŘ ǘƘŜ ƘƛƎƘŜǎǘ ǊŜǎƛŘǳŀƭ ŦǳŜƭ 
ƻƛƭ ŦƻǊ ƘŜŀǘƛƴƎ ŀƴŘ ŜƭŜŎǘǊƛŎƛǘȅ ƛƴ ǘƘŜ ǿƻǊƭŘΦ ¢Ƙǳǎ ǘƘŜȅ ŀǊŜ ƧǳǊƛǎŘƛŎǘƛƻƴǎ ǿƘŜǊŜ ƛǘ ƛǎ ǇƻǎǎƛōƭŜ ǘƻ ǊŜπ
ǇǳǊǇƻǎŜ ǘƘŜ ŦǳŜƭ ƻƛƭ ǎǳǊǇƭǳǎ ŦƻǊ ŦǳŜƭ ŦƻǊ ŜƭŜŎǘǊƛŎƛǘȅ ŀƴŘ ƛƴŘǳǎǘǊƛŀƭ ƘŜŀǘƛƴƎΦ 

! ǊŜŎŜƴǘ {ϧt Dƭƻōŀƭ ƴŜǿǎ ǊŜǇƻǊǘ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ŦǳŜƭ ƻƛƭ ǘǊŀŘŜǊǎ ŀǊŜ ǘǳǊƴƛƴƎ ǘƻ ǘƘŜ ǇƻǿŜǊ ǎŜŎǘƻǊ ǘƻ 
ŀǎǎŜǎǎ Ƙƻǿ ƳǳŎƘ ŘŜƳŀƴŘ Ƴŀȅ ǊŜƳŀƛƴ ŦƻǊ ǘƘŜƛǊ ǇǊƻŘǳŎǘ ŀŦǘŜǊ ǘƘŜ Lahϥǎ ǘƛƎƘǘŜǊ ōǳƴƪŜǊ ǎǳƭǇƘǳǊ 
ƭƛƳƛǘǎ ƭŜŀǾŜ Ƴƻǎǘ ǎƘƛǇ ƻǇŜǊŀǘƻǊǎ ōǳȅƛƴƎ ŎƭŜŀƴŜǊ ŦǳŜƭǎ ƛƴ нлнл ό.ǳǊƴǎΣ tƛǘǘŀƭƛǎΣ {ƭŜƛƳŀƴΣ WƻǊŘŀƴΣ ϧ 
wǳōƛƴΣ нлмуύΦ IƻǿŜǾŜǊΣ ƛǘ ƛǎ ǳƴŎŜǊǘŀƛƴ Ƙƻǿ ƳǳŎƘ ƻŦ ǘƘŜ ǎǳǊǇƭǳǎ ǊŜǎƛŘǳŀƭ ŦǳŜƭ ƻƛƭ ǿƛƭƭ ōŜ ŎƭŜŀǊŜŘ ŦƻǊ 
ŜƭŜŎǘǊƛŎƛǘȅ ŀƴŘ ƛƴŘǳǎǘǊƛŀƭ ƘŜŀǘƛƴƎΦ hƴ ǘƘŜ ƻƴŜ ƘŀƴŘΣ ǘƘŜ ŎǳǊǊŜƴǘ Ǝƭƻōŀƭ ǇǳǎƘ ŦƻǊ ŎƭŜŀƴŜǊ ŦǳŜƭǎ ŀƴŘ 
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ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀŎǘƛƻƴ Ƴŀȅ ŘŜǘŜǊ ǘƘƛǎ ƻǇǘƛƻƴΦ hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ǿƛƭƭ ǘƘŜ ƭŀŎƪ ƻŦ ŘŜƳŀƴŘ ŀƴŘ 

ŎƻƴǎŜǉǳŜƴǘƭȅΣ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ƭƻǿ ǇǊƛŎŜǎ ƻŦ ǊŜǎƛŘǳŀƭ ŦǳŜƭ ƻƛƭΣ ƳŀƪŜ ƛǘ ŀƴ ŀǘǘǊŀŎǘƛǾŜ ŦǳŜƭ ƻǇǘƛƻƴ ōȅ 
нлнлΚ  

DƭƻōŀƭƭȅΣ ŀōƻǳǘ мΦус Ƴƛƭƭƛƻƴ ōōƭκŘŀȅ ƻŦ ǊŜǎƛŘǳŀƭ ŦǳŜƭ ŎƻƴǎǳƳǇǘƛƻƴ ǿŀǎ ǳǎŜŘ ŦƻǊ ŜƭŜŎǘǊƛŎƛǘȅ 
ƎŜƴŜǊŀǘƛƻƴ ŀƴŘ ƛƴŘǳǎǘǊƛŀƭ ƘŜŀǘƛƴƎ ƛƴ нлмрΦ LƴŎǊŜŀǎŜǎ ƛƴ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ǊŜǎƛŘǳŀƭ ŦǳŜƭ ƻƛƭ ǳǎŜŘ ŦƻǊ 
ŎƻƳōǳǎǘƛƻƴ ƛƴ ǇƭŀŎŜǎ ƭƛƪŜ !ǎƛŀΣ ǘƘŜ aƛŘŘƭŜ 9ŀǎǘΣ {ƻǳǘƘ !ƳŜǊƛŎŀ ŀƴŘ !ŦǊƛŎŀ Ƙŀǎ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ǘƻ 
ŘǊŀƳŀǘƛŎŀƭƭȅ ŀŘŘǊŜǎǎ ǘƘŜ ƻǾŜǊǎǳǇǇƭȅ ƻŦ ǊŜǎƛŘǳŀƭ ƻƛƭΦ ¢ƘŜ ŎƻƳōƛƴŜŘ ŀƳƻǳƴǘ ƻŦ ǊŜǎƛŘǳŀƭ ŦǳŜƭ ƻƛƭ 
ŎƻƳōǳǎǘŜŘ ƛƴ ǘƘŜǎŜ ƧǳǊƛǎŘƛŎǘƛƻƴǎ ŀƳƻǳƴǘǎ ǘƻ ŀƭƳƻǎǘ мΦр Ƴƛƭƭƛƻƴ ōōƭκŘŀȅΦ Lǘ ƛǎ ǳƴƭƛƪŜƭȅ ǘƘŀǘ ǘƘŜ ǳǎŜ 
ƻŦ ǊŜǎƛŘǳŀƭ ŦǳŜƭ ƻƛƭ ŦƻǊ ŎƻƳōǳǎǘƛƻƴ ƛƴ ǘƘŜǎŜ ǇƭŀŎŜǎ ǿƛƭƭ ŘƻǳōƭŜΦ IƻǿŜǾŜǊΣ ǘƘŜǊŜ ƛǎ ŀ Ǉƻǎǎƛōƛƭƛǘȅ ƻŦ ŀƴ 
ƛƴŎǊŜŀǎŜ ƻŦ нлπпл҈ ǿƘƛŎƘ ƛǎ ŜǉǳƛǾŀƭŜƴǘ ǘƻ ŀƴ ŀŘŘƛǘƛƻƴŀƭ оллΣлллπсллΣллл ōōƭκŘŀȅ ƻŦ ǊŜǎƛŘǳŀƭ ŦǳŜƭ 
ƻƛƭ ǳǇǘŀƪŜ ƛƴ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴ ŀƴŘ ƛƴŘǳǎǘǊƛŀƭ ƘŜŀǘƛƴƎ όCƛƎǳǊŜ пΦсύΦ Lǘ ǊŜƳŀƛƴǎ ǘƻ ōŜ ǎŜŜƴ 
ǿƘŜǘƘŜǊ ŀ ŘŜŎǊŜŀǎŜ ƛƴ ǘƘŜ ǇǊƛŎŜ ƻŦ ƘƛƎƘ ǎǳƭǇƘǳǊ ŦǳŜƭ ƻƛƭ ǿƛƭƭ ƭŜŀŘ ǘƻ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ 

ǳǎŜ ƻŦ ǘƘƛǎ ŦǳŜƭ ŦƻǊ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴ ŀƴŘ ƛƴŘǳǎǘǊƛŀƭ ƘŜŀǘƛƴƎΦ 

Figure 4.6:  Change in Demand for Residual Fuel Oil 
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ŎƻƴǾŜǊǎƛƻƴ ŦŜŜŘǎǘƻŎƪ  όwǳƛȊπ/ŀōǊŜǊƻ Ŝǘ ŀƭΦΣ нлмтύΦ  
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Figure 4.7:  Switchable Demand for HSFO 

 
 

!ǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ пΦтΣ ǘƘŜ ǇǊƛŎŜ ǎŜǘǘƛƴƎ Ǉƻƛƴǘ ōŜǘǿŜŜƴ нлмт ŀƴŘ нлмф ǿƛƭƭ ōŜ ǎŜǘ ōȅ ǳƴǎǿƛǘŎƘŀōƭŜ 
ŘŜƳŀƴŘ ŦƻǊ ǊŜǎƛŘǳŀƭ ŦǳŜƭ ƻƛƭ ŘŜƳŀƴŘ ŦƻǊ ŎƻƴǾŜǊǎƛƻƴ ŦŜŜŘǎǘƻŎƪ ŀǘ ǊŜŦƛƴŜǊƛŜǎΦ IƻǿŜǾŜǊΣ ōŜǘǿŜŜƴ 
нлнл ŀƴŘ нлнрΣ ŀ ŘƛǎǊǳǇǘƛƻƴ ǇŜǊƛƻŘ ǿƘŜƴ ǘƘŜ ǇǊƛŎŜ ƻŦ I{Ch ƛǎ ǎŜǘ ǘƻ ŘŜŎƭƛƴŜ ŘǳŜ ǘƻ ŀ Ǝƭǳǘ ƻŦ ŀōƻǳǘ 
ƳƻǊŜ ǘƘŀƴ о Ƴƛƭƭƛƻƴ ōōƭκŘŀȅΣ ǘƘŜ I{Ch ǇǊƛŎŜ ǿƛƭƭ ōŜ ǎŜǘ ōȅ ŘŜƳŀƴŘ ǎǳōǎǘƛǘǳǘƛƻƴ ǿƛǘƘ ǎǿƛǘŎƘŀōƭŜ 
ŘŜƳŀƴŘ ƻǇǘƛƻƴǎ όǎŜŜ CƛƎǳǊŜ пΦтύΦ ¢ƘŜ ǎǿƛǘŎƘŀōƭŜ ŘŜƳŀƴŘ ƻǇǘƛƻƴǎ ƛƴŎƭǳŘŜ ǘƘŜ ǳǎŜ ƻŦ ŦǳŜƭ ƻƛƭ ǘƻ 

ǊŜǇƭŀŎŜ ǇŜǘǊƻƭŜǳƳ ŎƻƪŜΣ ǿƘƛŎƘ ƛǎ ǳǎŜŘ ŀǎ ŀ ŦǳŜƭ ƛƴ ŎŜƳŜƴǘ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ŀƴŘ ǘƻ ǎǳōǎǘƛǘǳǘŜ Ŏƻŀƭ 
ŀƴŘ ƴŀǘǳǊŀƭ Ǝŀǎ ƛƴ ǇƻǿŜǊ ǇƭŀƴǘǎΦ ¢Ƙƛǎ ǊŀǘƛƻƴŀƭŜ ŦƻǊƳǎ ǘƘŜ ōŀǎƛǎ ƻƴ ǿƘƛŎƘ ǘƘŜ ŎƻƳǇƭƛŀƴŎŜ ǎŎŜƴŀǊƛƻǎ 
ŀǊŜ ŀǎǎǳƳŜŘΦ  

Non-Compliance Scenarios  
¢ƘǊŜŜ ƴƻƴπŎƻƳǇƭƛŀƴŎŜ ǎŎŜƴŀǊƛƻǎ όǎŜŜ CƛƎǳǊŜ пΦуύ ŀǊŜ ŀǎǎŜǎǎŜŘΥ 

¶ Low non-compliance (Low NC) ς assumes 80% compliance (20% non-compliance) by 2020 
given up to 80% of global trade occurs between regions where ECA is in force and other 
regions of the world. 

¶ Moderate non-compliance (Moderate NC) ς assumes 75% compliance (25% non-
compliance) by 2020. 

¶ High non-compliance (High NC) ς assumes 70% compliance (30% non-compliance) by 
2020. 
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Figure 4.8:  Non-compliance Scenario Assumptions 

 
 

/9wL ŀǎǎǳƳŜŘ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǊŜǎƛŘ ǇǊƛŎŜ Ŏǳǘǎ ōȅ нлнлΣ нлнр ŀƴŘ нлол ό¢ŀōƭŜ пΦмύΦ  ¢ƘŜǎŜ ǾŀǊȅ ōŀǎŜŘ 
ƻƴ ǘƘŜ ƭŜǾŜƭ ƻŦ ƴƻƴπŎƻƳǇƭƛŀƴŎŜ ǿƛǘƘ ǘƘŜ Lah ǊŜƎǳƭŀǘƛƻƴΦ 

Table 4.1:  High Sulphur Bunker Fuel Price ($/bbl) 

 
2017 2020 2025 2030 

Low NC 42 8 9 12 

Moderate NC 42 21 22 30 

High NC 42 29 31 42 

Source: CERI 

5ǳǊƛƴƎ ǘƘŜ ŦƛǊǎǘ ŦŜǿ ƳƻƴǘƘǎ ƻǊ ȅŜŀǊǎ ƻŦ ǘƘŜ Lah нлнл ǊŜƎǳƭŀǘƛƻƴΩǎ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴΣ ǎƻƳŜ ƭŜǾŜƭ ƻŦ 
ƴƻƴπŎƻƳǇƭƛŀƴŎŜ Ƴŀȅ ōŜ ŀŎŎƻƳƳƻŘŀǘŜŘΦ ¢Ƙƛǎ ǿƛƭƭ ōŜ ŘǳŜ ǘƻ ŦǳŜƭ ŀǾŀƛƭŀōƛƭƛǘȅΣ ŀƴŘ ŘƛŦŦŜǊŜƴǘ ƭŜǾŜƭǎ 
ƻŦ ŜƴŦƻǊŎŜƳŜƴǘ ƛƴ ŘƛŦŦŜǊŜƴǘ ǊŜƎƛƻƴǎΦ DƛǾŜƴ ǘƘŀǘ ŀōƻǳǘ утπфу҈ ƻŦ ǎƘƛǇǎ ŎƻƳǇƭȅ ǿƛǘƘ ǘƘŜ лΦм҈πǿǘ 

9/! ǎǳƭǇƘǳǊ ǊǳƭŜ ƛƴ 9ǳǊƻǇŜΣ ǿŜ ŀǊŜ ŀǎǎǳƳƛƴƎ ǘƘŜ [ƻǿ b/ ǎŎŜƴŀǊƛƻ ǿƛƭƭ ōŜ ǎƭƛƎƘǘƭȅ ƭŜǎǎ ǘƘŀƴ ǘƘŜ 
9/! ǎǳƭǇƘǳǊ ǊǳƭŜ ŎƻƳǇƭƛŀƴŎŜ ƭŜǾŜƭǎ ƛƴ 9ǳǊƻǇŜΦ ²Ŝ ŎƻƴǎƛŘŜǊ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ƴƻƴπŎƻƳǇƭƛŀƴŎŜ ǿƛƭƭ ŘƛŦŦŜǊ 
ŀŎǊƻǎǎ ƎŜƻƎǊŀǇƘƛŎŀƭ ǊŜƎƛƻƴǎΣ ŦƻǊ ŜȄŀƳǇƭŜ ƛƴ ǊŜƎƛƻƴǎ ƪƴƻǿƴ ŦƻǊ ǎǘǊƛŎǘ ŜƴŦƻǊŎŜƳŜƴǘ ǾŜǊǎǳǎ ǘƘƻǎŜ 
ƪƴƻǿƴ ŦƻǊ ƭŜǎǎ ǊƛƎƛŘ ŜƴŦƻǊŎŜƳŜƴǘΦ ¢ƘǳǎΣ ƻǳǊ [ƻǿ b/ ǎŎŜƴŀǊƛƻ ŀǎǎǳƳǇǘƛƻƴ ƛǎ ŀ ŎƻƳǇƭƛŀƴŎŜ ƻŦ ул҈ 
ŀƴŘ ŀōƻǾŜΦ !ǘ ǘƘƛǎ ƭŜǾŜƭ ƻŦ ŎƻƳǇƭƛŀƴŎŜΣ ǿŜ ŀǎǎǳƳŜ ǘƘŀǘ ǘƘŜ ǇǊƛŎŜ ƻŦ ǊŜǎƛŘ ōǳƴƪŜǊ ŦǳŜƭ ǿƛƭƭ ōŜ ŀǘ 
ǇŀǊƛǘȅ ƻǊ Ŧŀƭƭ ōŜƭƻǿ ǇǊƛŎŜǎ ƻŦ Ŏƻŀƭ ƻǊ ǇŜǘǊƻƭŜǳƳ ŎƻƪŜΦ ¢ƘǳǎΣ ƻǳǊ ŀǎǎǳƳǇǘƛƻƴ ƻŦ Ϸуκōōƭ ǊŜǎƛŘ ōǳƴƪŜǊ 
ŦǳŜƭ ǳƴŘŜǊ ǘƘŜ [ƻǿ b/ ǎŎŜƴŀǊƛƻ ōȅ ŀǊƻǳƴŘ нлнл ŀƴŘ ǎƭƛƎƘǘ ƛƴŎǊŜŀǎŜǎ ƛƴ ǘƘŜ ǇǊƛŎŜǎ ŀŦǘŜǊ ǘƘŀǘ ƛǎ ŘǳŜ 

ǘƻ ƛƴŎǊŜŀǎŜǎ ƛƴ ŎƻƪƛƴƎ ŀƴŘ ŘŜǎǳƭǇƘǳǊƛȊŀǘƛƻƴ ŎŀǇŀŎƛǘƛŜǎΦ  

¢ƘŜ aƻŘŜǊŀǘŜ b/ ŎŀǎŜ ŀǎǎǳƳŜǎ ǘƘŀǘ ǘƘŜ ǊŜǎƛŘ ōǳƴƪŜǊ ǇǊƛŎŜǎ ǿƛƭƭ ŀǇǇǊƻŀŎƘ ǇŀǊƛǘȅ ǿƛǘƘ ƴŀǘǳǊŀƭ Ǝŀǎ 
ǇǊƛŎŜǎΦ hƴ ŀƴ ŜƴŜǊƎȅ ŎƻƴǘŜƴǘ ōŀǎƛǎΣ ǇǊƛŎŜǎ ƻŦ ƴŀǘǳǊŀƭ Ǝŀǎ ŀǘ ϷоΦнκōōƭ ƛǎ ŜǉǳƛǾŀƭŜƴǘ ǘƻ ǘƘŜ ǇǊƛŎŜ ƻŦ 
ǊŜǎƛŘ ōǳƴƪŜǊ ŦǳŜƭ ŀǘ ϷнмκōōƭΦ {ƛƳƛƭŀǊƭȅΣ ǎƭƛƎƘǘ ƛƴŎǊŜŀǎŜǎ ƛƴ ǘƘŜ ǇǊƛŎŜǎ ƻŦ ǊŜǎƛŘ ōǳƴƪŜǊ ŦǳŜƭǎ ŀŦǘŜǊ 
нлнл ŀǊŜ ŜȄǇŜŎǘŜŘ ŘǳŜ ǘƻ ƛƴŎǊŜŀǎŜǎ ƛƴ ŎƻƪƛƴƎ ŀƴŘ ŘŜǎǳƭǇƘǳǊƛȊŀǘƛƻƴ ŎŀǇŀŎƛǘƛŜǎΦ ¢ƘŜ IƛƎƘ b/ 
ǎŎŜƴŀǊƛƻ ƛǎ ŎƘƻǎŜƴ ŀǎ ŀ ол҈ ŘǊƻǇ ƛƴ ǇǊƛŎŜ ƻŦ ǘƘŜ ǊŜǎƛŘ ōǳƴƪŜǊ ŦǳŜƭ ōȅ нлнл ŎŀǳǎŜŘ ōȅ ŀ ƴƻƴπǘǊƛǾƛŀƭ 

0%

5%

10%

15%

20%

25%

30%

35%

2020 2025 2030

N
o

n-
C

o
m

p
lia

n
c
e

High NC Moderate NC Low NC



An Economic Assessment of the International Maritime Organization 41 
Sulphur Regulations on Markets for Canadian Crude Oil 

 July 2018 

ŘǊƻǇ ƛƴ ǘƘŜ ŘŜƳŀƴŘ ŦƻǊ ǘƘŜ ŦǳŜƭ ƛƴ Ƴƻǎǘ ŘŜǾŜƭƻǇŜŘ ŎƻǳƴǘǊƛŜǎΦ ¢ƘŜ ǇǊƛŎŜ ŀǘ ǘƘƛǎ ƭŜǾŜƭ ŎƻǊǊŜǎǇƻƴŘǎ 

ǘƻ ǘƘŜ ǇǊƛŎŜ ƻŦ ƴŀǘǳǊŀƭ Ǝŀǎ ŀǘ ǎƭƛƎƘǘƭȅ ŀōƻǾŜ ϷпκDWΦ ¢ƘŜǊŜ ƛǎ ŀƭƳƻǎǘ ŀ ŎƻƴǎŜƴǎǳǎ ǘƘŀǘ ŀ ƘƛƎƘ ƭŜǾŜƭ ƻŦ 
ŎƻƳǇƭƛŀƴŎŜ ƛǎ ŜȄǇŜŎǘŜŘΦ ¢Ƙƛǎ ƛǎ ōŜŎŀǳǎŜ Ƴƻǎǘ ǎƘƛǇǎ ŘƻŎƪƛƴƎ ŀƴŘ ŦǳŜƭƛƴƎ ŀǘ ǘƘŜ ƳŀƧƻǊ ǎƘƛǇǇƛƴƎ Ƙǳōǎ 
ƛƴ IƻǳǎǘƻƴΣ {ƛƴƎŀǇƻǊŜ ŀƴŘ wƻǘǘŜǊŘŀƳ ǿƛƭƭ ŎƻƳǇƭȅ ǿƛǘƘ ǘƘŜ Lah нлнл ǊŜƎǳƭŀǘƛƻƴΦ Lƴ ŀŘŘƛǘƛƻƴ ǘƻ 
ǘƘŀǘΣ ǘƘŜ ǎƘƛǇǇƛƴƎ ƛƴŘǳǎǘǊȅ Ƙŀǎ ŦƻǊƳŜŘ ŀ ƴŜǘǿƻǊƪΣ ǘƘŜ ¢ǊƛŘŜƴǘ !ƭƭƛŀƴŎŜΣ ǿƛǘƘ ƳŜƳōŜǊǎ ŀƎǊŜŜƛƴƎ ǘƻ 
ŎƻƴǘǊƛōǳǘŜ ǘƘŜƛǊ ǊŜǇǳǘŀǘƛƻƴǎΣ ǊŜǎƻǳǊŎŜǎΣ ŀŎŎŜǎǎ ŀƴŘ ŎƻƳǇŜǘŜƴŎŜ ǘƻ ŘǊƛǾŜ ǎƻƭǳǘƛƻƴ ǎǘǊŀǘŜƎƛŜǎ ǘƘŀǘ 
ŎƻƴǘǊƛōǳǘŜ ǘƻ ǘƘŜ Ǿƛǎƛƻƴ ƻŦ Ǌƻōǳǎǘ ŜƴŦƻǊŎŜƳŜƴǘ ƻŦ ǘƘŜ ǎǳƭǇƘǳǊ ǊŜƎǳƭŀǘƛƻƴ ό¢ƘŜ ¢ǊƛŘŜƴǘ !ƭƭƛŀƴŎŜΣ 
нлмуύΦ ¢Ƙƛǎ ǎƘƛǇǇƛƴƎ ƛƴŘǳǎǘǊȅ ƎǊƻǳǇ ƻŦ ƳƻǊŜ ǘƘŀƴ пр ŎƻƳǇŀƴƛŜǎ ƛǎ ŀǘǘŜƳǇǘƛƴƎ ǘƻ ƳƛǘƛƎŀǘŜ 
ǘƘŜ ǘƘǊŜŀǘ ƻŦ ǿŜŀƪ ŜƴŦƻǊŎŜƳŜƴǘ ƻŦ ǘƘŜ ǎǳƭǇƘǳǊ ǊŜƎǳƭŀǘƛƻƴǎ ŀƴŘ ǎŜǊǾŜ ǘƘŜ ōŜǎǘ ƛƴǘŜǊŜǎǘǎ ƻŦ ǘƘŜ 
ŜƴǾƛǊƻƴƳŜƴǘ ŀƴŘ ƘǳƳŀƴ ƘŜŀƭǘƘ ŀǎ ǿŜƭƭ ŀǎ ŎǊŜŀǘŜ ŀ ƭŜǾŜƭ ǇƭŀȅƛƴƎ ŦƛŜƭŘ ŦƻǊ ōǳǎƛƴŜǎǎΦ 

Crude Diet Prices and Refinery P roducts  
¢ƘŜ Ǝƻŀƭ ƻŦ ǘƘƛǎ ǎŜŎǘƛƻƴ ƛǎ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ǇǊƛŎŜǎ ƻŦ ŎǊǳŘŜǎ ŀƴŘ ǊŜŦƛƴŜǊȅ ǇǊƻŘǳŎǘǎ ǘƘŀǘ ǿƛƭƭ ōŜ 

ǳǎŜŘ ŦƻǊ ŘŜǘŜǊƳƛƴƛƴƎ ŦǳǘǳǊŜ ǊŜŦƛƴŜǊȅ ƳŀǊƎƛƴǎ ŀƴŘ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ǘƘŜ Lah ǊŜƎǳƭŀǘƛƻƴ ƻƴ ǊŜŦƛƴŜǊȅ 
ǇǊƻŦƛǘŀōƛƭƛǘȅΦ ¢ƘŜ 9L! ǇǊƻƧŜŎǘƛƻƴ ŦƻǊ ²¢L ƛǎ ǳǎŜŘ ǘƻ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ǇǊƛŎŜ ƻŦ ƭƛƎƘǘ ǎǿŜŜǘ ŎǊǳŘŜ 
ōŜǘǿŜŜƴ нлмт ŀƴŘ нлол ǿƛǘƘƻǳǘ ǘƘŜ Lah ǊŜƎǳƭŀǘƛƻƴΦ /ƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ǊŜǎƛŘ ǇǊƻŘǳŎŜŘ 
ōŀǎŜŘ ƻƴ ƭƛƎƘǘ ǎǿŜŜǘ ŎǊǳŘŜ ŀǎǎŀȅǎ ŀƴŘ ŘŜŘǳŎǘƛƴƎ ǘƘŜ ǾŀƭǳŜ ƭƻǎǎ ƻŦ ǊŜŦƛƴŜǊȅ ǇǊƻŘǳŎǘǎ ŦǊƻƳ ŘǊƻǇǎ 
ƛƴ ǊŜǎƛŘ ǇǊƛŎŜǎ ǳƴŘŜǊ ŜŀŎƘ ŎƻƳǇƭƛŀƴŎŜ ǎŎŜƴŀǊƛƻΣ ƴŜǿ ǇǊƛŎŜ ǇǊƻŦƛƭŜǎ ŦƻǊ ƭƛƎƘǘ ǎǿŜŜǘ ŎǊǳŘŜ ŀǊŜ 
ƎŜƴŜǊŀǘŜŘΦ ¢ƘŜ 9L! ǇǊƛŎŜ ƻǳǘƭƻƻƪ ǿƛǘƘƻǳǘ ǘƘŜ Lah ǊŜƎǳƭŀǘƛƻƴ ŀƴŘ ǘƘŜ ƴŜǿ ǇǊƛŎŜ ƻǳǘƭƻƻƪ 
ƎŜƴŜǊŀǘŜŘ ŦƻǊ ǘƘŜ ƭƛƎƘǘ ǎǿŜŜǘ ŎǊǳŘŜ ǳƴŘŜǊ ǘƘŜ ǘƘǊŜŜ Lah ǊŜƎǳƭŀǘƛƻƴ ŎƻƳǇƭƛŀƴŎŜ ǎŎŜƴŀǊƛƻǎ ŀǊŜ 
ǇǊŜǎŜƴǘŜŘ ƛƴ CƛƎǳǊŜ пΦфΦ  

Figure 4.9:  Light Sweet Crude Oil Price Outlook With and Without the IMO Regulation 

 

Source: EIA, CERI 
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! ǎƭƛƎƘǘƭȅ ŘƛŦŦŜǊŜƴǘ ŀǇǇǊƻŀŎƘ ƛǎ ǳǎŜŘ ǘƻ ŜǎǘƛƳŀǘŜ ǘƘŜ ŦǳǘǳǊŜ ǇǊƻŘǳŎǘ ǇǊƛŎŜǎ ƻŦ ƎŀǎƻƭƛƴŜΣ ƘŜŀǘƛƴƎ ƻƛƭΣ 

ƧŜǘ ŦǳŜƭ ŀƴŘ ǳƭǘǊŀπƭƻǿ ǎǳƭǇƘǳǊ ŘƛŜǎŜƭΦ [ƻƻƪƛƴƎ ŀǘ ǘƘŜ ǇŀǘǘŜǊƴ ƻŦ ƘƛǎǘƻǊƛŎŀƭ ǇǊƛŎŜ ǇŜŀƪǎ ŀƴŘ ǘǊƻǳƎƘǎ 
όCƛƎǳǊŜ пΦмлύΣ ǘƘŜ ŀǾŜǊŀƎŜ ƎǊƻǿǘƘ ǊŀǘŜ ŘǳǊƛƴƎ ǘƘŜ ƭŀǎǘ ŜȄǘŜƴŘŜŘ ǇŜǊƛƻŘ ƻŦ ǇǊƛŎŜ ƛƴŎǊŜŀǎŜǎ όмффлπ
нллуύ ƛǎ ǳǎŜŘ ǘƻ ǇǊƻƧŜŎǘ ŦǳǘǳǊŜ ǇǊƛŎŜǎ ƻŦ ƳƻǘƻǊ ƎŀǎƻƭƛƴŜΣ ƧŜǘ ŦǳŜƭΣ ƘŜŀǘƛƴƎ ŦǳŜƭ ƻƛƭ ŀƴŘ ŎƻƪŜΦ  

Figure 4.10:  Historical Refined Product Prices  

 

Source: EIA 
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ƛǎ ŎŀƭŎǳƭŀǘŜŘ ŀǘ ǊŜŦƛƴŜǊȅ ƳŀǊƎƛƴ ōǊŜŀƪŜǾŜƴ Ǉƻƛƴǘ ŦƻǊ ŜŀŎƘ ŎƻƳǇƭƛŀƴŎŜ ǎŎŜƴŀǊƛƻ ŀƴŀƭȅȊŜŘ όCƛƎǳǊŜ 
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Figure 4.11:  Price Forecast for Ultra Low Sulphur Diesel 

 

¦ƴŘŜǊ ǘƘŜ ƴƻƴπŎƻƳǇƭƛŀƴŎŜ ǎŎŜƴŀǊƛƻǎ ŀƴŀƭȅȊŜŘΣ ǘƘŜ ƳƛŘŘƭŜ ŘƛǎǘƛƭƭŀǘŜ όǊŜǇǊŜǎŜƴǘŜŘ ōȅ ¦[{5ύ ǇǊƛŎŜ 
ƛǎ ŜǎǘƛƳŀǘŜŘ ǘƻ ǊƛǎŜ ōȅ Ϥмфπол҈ ƛƴ нлнл ŦǊƻƳ нлмт ǇǊƛŎŜǎΦ CƻǊ ōƻǘƘ ǘƘŜ IƛƎƘ b/ ŀƴŘ aƻŘŜǊŀǘŜ b/ 
ǎŎŜƴŀǊƛƻǎΣ ŀ ¦[{5 ǇǊƛŎŜ ƻŦ ǳǇ ǘƻ ϷфоπϷфсκōōƭ ƛǎ ŀƴǘƛŎƛǇŀǘŜŘ ōȅ нлнлΦ ¢Ƙƛǎ ƛǎ ŀ мфπно҈ ƛƴŎǊŜŀǎŜ ƛƴ 
ǘƘŜ ǇǊƛŎŜ ƻŦ ŘƛŜǎŜƭ ŦǊƻƳ ϷтуκōōƭΦ hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ǘƘŜ [ƻǿ b/ ǎŎŜƴŀǊƛƻ ƛǎ ŜȄǇŜŎǘŜŘ ǘƻ ǇǳǎƘ 
ŘƛŜǎŜƭ ǇǊƛŎŜǎ ƘƛƎƘŜǊ ǘƻ ǎƭƛƎƘǘƭȅ ŀōƻǾŜ ϷмлмκōōƭΦ 

IMO Regulation :  Impact on US Refinery Margins   
wŜƭŀǘƛǾŜ ǘƻ ǘƘŜ нлмт ǊŜŦƛƴŜǊȅ ƳŀǊƎƛƴǎ όCƛƎǳǊŜ пΦмнύΣ ǘƘŜ ŎƘŀƴƎŜǎ ƛƴ ǊŜǎƛŘ ŀƴŘ ƳƛŘŘƭŜ ŘƛǎǘƛƭƭŀǘŜ 
ǇǊƛŎŜǎ ǿƛƭƭ ǊŜŘǳŎŜ ǊŜŦƛƴŜǊȅ ƳŀǊƎƛƴǎ ǘƻ ŀ ƴƻǘŀōƭŜ ŘŜƎǊŜŜΦ  

Figure 4.12:  Average 2017 Refinery Margins of Cokers and FCC 
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!ǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ пΦмо ŀƴŘ ƭŀǘŜǊ ƛƴ CƛƎǳǊŜ пΦмпΣ ǘƘŜ ƛƳǇŀŎǘ ƛǎ ŘƛŦŦŜǊŜƴǘ ŦƻǊ ǘƘŜ ǘƘǊŜŜ ŎƻƳǇƭƛŀƴŎŜ 

ǎŎŜƴŀǊƛƻǎ ŀƴŘ ŀŦŦŜŎǘ ƳŜŘƛǳƳ ŀƴŘ ŎƻƳǇƭŜȄ ǊŜŦƛƴŜǊƛŜǎ ŘƛǎǇǊƻǇƻǊǘƛƻƴŀǘŜƭȅΦ  

Figure 4.13:  Medium (FCC) Refinery Margins under Different Compliance Scenarios 

 

!ǎ ŘƛǎŎǳǎǎŜŘ ǇǊŜǾƛƻǳǎƭȅΣ ŎǳǊǊŜƴǘ ƳŀǊƎƛƴǎ ŦƻǊ ǘƘŜ ŎƻƳǇƭŜȄ ǊŜŦƛƴŜǊƛŜǎ ŀǊŜ ǎƻƳŜ ƳǳƭǘƛǇƭŜǎ ƻŦ ǘƘƻǎŜ 
ƻŦ ǘƘŜ ƳŜŘƛǳƳ ǊŜŦƛƴŜǊƛŜǎΦ {ƛƳǇƭŜ ŀƴŘ ƳŜŘƛǳƳ ǊŜŦƛƴŜǊƛŜǎ ƛƴ ǘƘŜ ¦{ ŀƴŘ ǿƻǊƭŘǿƛŘŜ ǎŜŜƳ ǘƻ ƘŀǾŜ 
ƭƛǘǘƭŜ ƻǊ ƴƻ ŦƭŜȄƛōƛƭƛǘȅ ǘƻ ŀōǎƻǊō Ŏǳǘǎ ƛƴ ǘƘŜƛǊ ƴŜǘōŀŎƪǎΦ ¢ƘŜ ǊŜǎǳƭǘǎ ǇǊŜǎŜƴǘŜŘ ƛƴ CƛƎǳǊŜ пΦмо ŎƻƴŦƛǊƳ 

ǘƘƛǎ ŦŀŎǘΦ  

¦ƴŘŜǊ ǘƘŜ [ƻǿ b/ ǎŎŜƴŀǊƛƻΣ ƳŜŘƛǳƳ ǊŜŦƛƴŜǊƛŜǎ ǿƛƭƭ ǎŜŜ ǘƘŜƛǊ ƳŀǊƎƛƴǎ ǊŜŘǳŎŜŘ ōȅ ϷмрκōōƭπϷмфκōōƭ 
όǿƛǘƘ ŀƴ ŀǾŜǊŀƎŜ Ϸмтκōōƭύ ōȅ нлнл ǊŜƭŀǘƛǾŜ ǘƻ ǘƘŜ ŀǾŜǊŀƎŜ нлмт ƳŀǊƎƛƴǎΦ {ƻƳŜ ǎƭƛƎƘǘ ōǳǘ ƴŜƎƭƛƎƛōƭŜ 
ŘƛŦŦŜǊŜƴŎŜǎ ƛƴ ƳŀǊƎƛƴ ƛƳǇŀŎǘǎ ŀǊŜ ƻōǎŜǊǾŜŘ ōŜǘǿŜŜƴ ǘƘŜ t!55ǎΣ ǎƻ ŀǾŜǊŀƎŜ ƳŀǊƎƛƴ ƛƳǇŀŎǘ ǿƛƭƭ 
ōŜ ƛƴŘƛŎŀǘƛǾŜ ƻŦ ǘƘŜ ƎŜƴŜǊŀƭ ŜŦŦŜŎǘǎΦ .ȅ нлнр ŀƴŘ нлол ǘƘŜ ƳŀǊƎƛƴǎ ŦƻǊ ǘƘŜǎŜ ǊŜŦƛƴŜǊƛŜǎ ǿƻǳƭŘ ƘŀǾŜ 

ƛƳǇǊƻǾŜŘ ǎƭƛƎƘǘƭȅ ŘǳŜ ǘƻ ƳŀǊƪŜǘ ǊŜπǎǘǊǳŎǘǳǊƛƴƎΦ ¢ƘŜ ǊŜŘǳŎǘƛƻƴ ƛƴ ǘƘŜƛǊ ƳŀǊƎƛƴǎ ǿƛƭƭ ŀǾŜǊŀƎŜ ŀōƻǳǘ 
Ϸмсκōōƭ ŀƴŘ Ϸмоκōōƭ ŦƻǊ нлнр ŀƴŘ нлолΣ ǊŜƭŀǘƛǾŜ ǘƻ нлмт ǾŀƭǳŜǎΦ ¢ƘŜ ƳŀǊƪŜǘ ǊŜōŀƭŀƴŎƛƴƎ ƛƳǇǊƻǾŜǎ 
ƳŀǊƎƛƴǎ ƻŦ ŀ ƳŜŘƛǳƳ ǊŜŦƛƴŜǊȅ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ǊŜŎƻǾŜǊƛƴƎ ǊŜǎƛŘǳŀƭ ƻƛƭ ǇǊƛŎŜǎ όCƛƎǳǊŜ пΦммύ ŀƴŘ ƻŦ ŀ 
ǊŜŘǳŎǘƛƻƴ ƛƴ ŎǊǳŘŜ ƻƛƭ ǇǊƛŎŜǎ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ǘƘŜ ŎǊŀǎƘ ƛƴ ǘƘŜ ǇǊƛŎŜǎ ƻŦ ǊŜǎƛŘǳŀƭ ƻƛƭΦ IƻǿŜǾŜǊΣ ǘƘŜ 
ŘƛǎǘƛƭƭŀǘŜ ǇǊƛŎŜǎ ǿƛƭƭ ǎǘŀǊǘ ǘƻ Ŧŀƭƭ ǘƻ ŀǇǇǊƻŀŎƘ ƴŜǿ ŜǉǳƛƭƛōǊƛǳƳ ǇǊƛŎŜǎ ŀŦǘŜǊ нлнл όǎŜŜ CƛƎǳǊŜ пΦммύ 
ŀƴŘ ŎƻƴǎŜǉǳŜƴǘƭȅΣ ǿƛƭƭ ŎƻǳƴǘŜǊōŀƭŀƴŎŜ ǘƘŜ ŜŦŦŜŎǘǎ ƻŦ ŀ ǊŜŘǳŎǘƛƻƴ ƛƴ ŎǊǳŘŜ ƻƛƭ ǇǊƛŎŜǎΦ ¢Ƙƛǎ ƛǎ ǘƘŜ 

ǊŜŀǎƻƴ ǿƘȅ ǊŜŦƛƴŜǊȅ ƳŀǊƎƛƴ ƛƳǇǊƻǾŜƳŜƴǘǎ ŀǊŜ ƴƻǘ ŜȄǇŜŎǘŜŘ ǘƻ ōŜ ǎƛƎƴƛŦƛŎŀƴǘ ŀŦǘŜǊ нлнрΦ  

CƻǊ ǘƘŜ aƻŘŜǊŀǘŜ b/ ǎŎŜƴŀǊƛƻΣ ƳŜŘƛǳƳ ǊŜŦƛƴŜǊƛŜǎ ǿƛƭƭ ƘŀǾŜ ǘƘŜƛǊ ƳŀǊƎƛƴǎ ǊŜŘǳŎŜŘ ōȅ ŀƴ ŀǾŜǊŀƎŜ 
ƻŦ Ϸмрκōōƭ ōȅ нлнл ǊŜƭŀǘƛǾŜ ǘƻ нлмт ƳŀǊƎƛƴǎΦ ¦ƴƭƛƪŜ ƛƴ ǘƘŜ [ƻǿ b/ ǎŎŜƴŀǊƛƻ ǿƘŜǊŜ ǘƘŜ ƳŀǊƎƛƴǎ 
ƛƳǇǊƻǾŜ ōȅ нлнрΣ ǘƘŜ ǊŜŦƛƴŜǊȅ ƳŀǊƎƛƴǎ ŀǊŜ ǊŜŘǳŎŜŘ ŦǳǊǘƘŜǊ ǳƴŘŜǊ ǘƘŜ aƻŘŜǊŀǘŜ b/ ǎŎŜƴŀǊƛƻ ōȅ 
Ϸоκōōƭ ōǊƛƴƎƛƴƎ ǘƘŜ ŀǾŜǊŀƎŜ ƳŀǊƎƛƴ ǊŜŘǳŎǘƛƻƴ ǘƻ Ϸмуκōōƭ ōȅ нлнрΦ ¢Ƙƛǎ ƛǎ ŎŀǳǎŜŘ ōȅ ǘƘŜ 
ǊŜōŀƭŀƴŎƛƴƎ ƳŀǊƪŜǘ ǿƘŜǊŜ ǘƘŜ ŘǊƻǇ ƛƴ ƳƛŘŘƭŜ ŘƛǎǘƛƭƭŀǘŜ ǇǊƛŎŜǎ ŦŀǊ ƻǳǘǿŜƛƎƘ ǘƘŜ ŎǳƳǳƭŀǘƛǾŜ 
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ǇƻǎƛǘƛǾŜ ŜŦŦŜŎǘ ƻŦ ƛƴŎǊŜŀǎŜǎ ƛƴ ǊŜǎƛŘǳŀƭ ǇǊƛŎŜ ŀƴŘ Ŧŀƭƭ ƛƴ ƻƛƭ ǇǊƛŎŜǎΦ ¢ƘŜ ǊŜŦƛƴŜǊȅ ƳŀǊƎƛƴ ƻǳǘƭƻƻƪ ŦƻǊ 

нлол ǳƴŘŜǊ ǘƘŜ aƻŘŜǊŀǘŜ b/ ƎŜǘǎ ōŜǘǘŜǊ ǘƘŀƴ ǘƘŀǘ ƻŦ нлнр ŀƴŘ ŀǇǇǊƻŀŎƘŜǎ ǘƘŜ нлнл ǊŜŦƛƴŜǊȅ 
ƳŀǊƎƛƴǎΦ ¢Ƙƛǎ ŜŦŦŜŎǘ ƛǎ ōŜŎŀǳǎŜ ǘƘŜ ƳŀǊƪŜǘ ǊŜōŀƭŀƴŎŜǎ ǘƘŜ ǇǊƛŎŜǎ ƻŦ ƳƛŘŘƭŜ ŘƛǎǘƛƭƭŀǘŜǎ ŀƴŘ ǘƘŜ 
ǊŜǎƛŘǳŀƭ ƻƛƭ ǇǊƛŎŜǎ ƛƴŎǊŜŀǎŜ ŦǳǊǘƘŜǊΦ 

¦ƴŘŜǊ ǘƘŜ IƛƎƘ b/ ǎŎŜƴŀǊƛƻΣ ƳŜŘƛǳƳ ǊŜŦƛƴŜǊƛŜǎ ǿƛƭƭ ƘŀǾŜ ƳŀǊƎƛƴǎ ǎƛƳƛƭŀǊ ǘƻ ǘƘƻǎŜ ƻŦ ǘƘŜ [ƻǿ b/ 
ǎŎŜƴŀǊƛƻ ōȅ нлнл ŀƴŘ ǘƘŜǊŜŀŦǘŜǊΣ ŜǾŜƴ ǘƘŜ ǿƻǊǎǘ ǊŜŦƛƴŜǊȅ ƳŀǊƎƛƴ ƻǳǘƭƻƻƪ ƛǎ ƭƛƪŜƭȅΦ ! ƳŀǊƎƛƴ ƭƻǎǎ ƻŦ 
ǳǇ ǘƻ Ϸнсκōōƭ ƛǎ ŜȄǇŜŎǘŜŘ ōŜǘǿŜŜƴ нлнр ŀƴŘ нлолΦ ¢ƘŜǊŜ ŀǊŜ ŀ ŦŜǿ ǊŜŀǎƻƴǎ ǿƘȅ ǘƘƛǎ ǎŎŜƴŀǊƛƻ Ƙŀǎ 
ƛƴǘŜǊŜǎǘƛƴƎ ƻǳǘŎƻƳŜǎΦ hƴŜ ŎƻƎŜƴǘ ŦŀŎǘƻǊ ƛǎ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ŎƻƳǇƭƛŀƴŎŜ ƭŜǾŜƭǎ ǿƛƭƭ ōŜ ǊŜŀǎƻƴŀōƭȅ ƘƛƎƘ 
ŜǾŜƴ ƛƴ ǘƘƛǎ ǎŎŜƴŀǊƛƻΦ ¢ƘŜ [ƻǿ b/ ǎŎŜƴŀǊƛƻ ǊŜǇǊŜǎŜƴǘǎ ŎƻƳǇƭƛŀƴŎŜ ƻŦ ǳǇ ǘƻ тл҈Φ !ƭǘƘƻǳƎƘ ǘƘŜ 
ŎƻƳǇƭƛŀƴŎŜ ƭŜǾŜƭ ƛǎ ƴƻƴπǘǊƛǾƛŀƭΣ ǘƘŜǊŜ ƛǎ ƴƻǘ ŀǎ ǎƛƎƴƛŦƛŎŀƴǘ ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ ƳƛŘŘƭŜ ŘƛǎǘƛƭƭŀǘŜ ǇǊƛŎŜǎ ŀǎ 
ƛǎ ƻōǎŜǊǾŜŘ ƛƴ ǘƘŜ ƻǘƘŜǊ ǘǿƻ ƴƻƴπŎƻƳǇƭƛŀƴŎŜ ǎŎŜƴŀǊƛƻǎΦ bŜǾŜǊǘƘŜƭŜǎǎΣ ǊŜǎƛŘǳŀƭ ƻƛƭ ǇǊƛŎŜǎ ǎǘƛƭƭ Ŧŀƭƭ 
ǎƛƎƴƛŦƛŎŀƴǘƭȅΣ ǘƘƻǳƎƘ ƴƻǘ ƭƛƪŜ ƛƴ ǘƘŜ ƻǘƘŜǊ ǎŎŜƴŀǊƛƻǎΦ ¢Ƙƛǎ ǎŎŜƴŀǊƛƻ ǇǊŜǎŜƴǘǎ ŀƴ ƛƴǘŜǊŜǎǘƛƴƎ ŎŀǎŜ ŦƻǊ 

ǘƘŜ ǎŜǊƛƻǳǎƴŜǎǎ ƻŦ ǘƘŜ ƛƳǇŀŎǘǎ ƻŦ ǘƘŜ Lah ǊŜƎǳƭŀǘƛƻƴ ƴƻ ƳŀǘǘŜǊ Ƙƻǿ ƭƻǿ ŎƻƳǇƭƛŀƴŎŜ ƭŜǾŜƭǎ ǿƛƭƭ 
ōŜΦ CǊƻƳ ǘƘŜ ǇŜǊǎǇŜŎǘƛǾŜ ƻŦ ǘƘŜ ǊŜŦƛƴŜǊǎ ǿƛǘƘ ŎƻƳǇƭŜȄ ǊŜŦƛƴŜǊƛŜǎΣ ƭƻǿ ƭŜǾŜƭǎ ƻŦ ŎƻƳǇƭƛŀƴŎŜ ŎƻǳƭŘ 
ōǊƛƴƎ ǎƛƎƴƛŦƛŎŀƴǘ ƴŜƎŀǘƛǾŜ ƛƳǇŀŎǘǎ ƻƴ ǘƘŜƛǊ ƳŀǊƎƛƴǎΦ  

Figure 4.14:  Complex (Coker) Refinery Margins under Different Compliance Scenarios 

 

aŀǊƎƛƴǎ ƻŦ ŎƻƳǇƭŜȄ ǊŜŦƛƴŜǊƛŜǎ ǿƛƭƭ ōŜ ōŜǘǘŜǊ ƻŦŦ ǘƘŀƴ ǘƘŜȅ ǿŜǊŜ ƛƴ нлмт ǳƴŘŜǊ ǘƘŜ [ƻǿ b/ ǎŎŜƴŀǊƛƻ 
ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ǘƘŜ Lah нлнл ǊŜƎǳƭŀǘƛƻƴǎΦ ¢ƘŜǎŜ ǎƻǇƘƛǎǘƛŎŀǘŜŘ ǊŜŦƛƴŜǊƛŜǎ ǘƘŀǘ ǎǇŜŎƛŀƭƛȊŜ ƛƴ 
ǇǊƻŎŜǎǎƛƴƎ ƘŜŀǾȅ ŎǊǳŘŜǎ ǿƛƭƭ ŜƴƧƻȅ ƛƴŎǊŜŀǎŜǎ ƛƴ ǊŜŦƛƴŜǊȅ ƳŀǊƎƛƴǎΦ IƻǿŜǾŜǊΣ ǳƴŘŜǊ ǘƘŜ aƻŘŜǊŀǘŜ 
ŀƴŘ [ƻǿ b/ ǎŎŜƴŀǊƛƻǎΣ ǘƘŜȅ ǿƛƭƭ ƴƻǘ ōŜ ǳƴǎŎŀǘƘŜŘΦ  
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¦ƴŘŜǊ ǘƘŜ [ƻǿ b/ ǎŎŜƴŀǊƛƻΣ ŎƻƳǇƭŜȄ ǊŜŦƛƴŜǊƛŜǎ ǿƛƭƭ ǎŜŜ ǘƘŜƛǊ ƳŀǊƎƛƴǎ ƛƴŎǊŜŀǎŜŘ ōȅ ϷнκōōƭπϷпκōōƭ 

όǿƛǘƘ ŀƴ ŀǾŜǊŀƎŜ Ϸоκōōƭύ ōȅ нлнл ǊŜƭŀǘƛǾŜ ǘƻ ǘƘŜ ŀǾŜǊŀƎŜ нлмт ƳŀǊƎƛƴǎΦ ¢ƘŜ ƳŀǊƎƛƴǎ ŦƻǊ ŀƭƭ ǘƘŜ 
t!55ǎ ŜȄŎŜǇǘ t!55 п ǿƻǳƭŘ ǎǘƛƭƭ ōŜ ōŜǘǘŜǊ ǘƘŀƴ нлмт ƳŀǊƎƛƴǎ ōȅ ŀōƻǳǘ ϷмκōōƭπϷпκōōƭ ŀƴŘ Ϸрκōōƭπ
Ϸуκōōƭ ōȅ нлнр ŀƴŘ нлолΣ ǊŜǎǇŜŎǘƛǾŜƭȅΦ ¢ƘŜ ƳŀǊƎƛƴǎ ƻŦ ǘƘŜǎŜ t!55ǎ ƛƳǇǊƻǾŜ ōŜŎŀǳǎŜ ƻŦ 
ŦŀǾƻǳǊŀōƭŜ ŎǊǳŘŜ ŀƴŘ ǊŜŦƛƴŜǊȅ ǇǊƻŘǳŎǘ ǇǊƛŎŜǎΦ IƻǿŜǾŜǊΣ t!55 м Ƙŀǎ ŀ ǇƻǎƛǘƛǾŜ ƳŀǊƎƛƴ όϤϷнκōōƭύ 
ōȅ нлнл ŀƴŘ ōŀǊŜƭȅ ǊŜŀŎƘŜǎ ŀ ōǊŜŀƪŜǾŜƴ Ǉƻƛƴǘ ōȅ нлнрΣ ōǳǘ ƛǘǎ ƳŀǊƎƛƴǎ ōŜŎƻƳŜ πϷоκōōƭ ōȅ нлолΦ 
t!55 м ƳŀǊƎƛƴǎ ŀǊŜ ƴƻǘ ǇǊƻƳƛǎƛƴƎ ōŜŎŀǳǎŜ ƻŦ ǘƘŜ ŎƻƳǇƻǎƛǘƛƻƴ ƻŦ ǘƘŜ ŎǊǳŘŜ ōƭŜƴŘ ŦŜŜŘǎǘƻŎƪ ƛƴǘƻ 
ǘƘŜ ǊŜŦƛƴŜǊƛŜǎ ǿƘƛŎƘ ƛǎ ŎƘƛŜŦƭȅ ƳƻǊŜ ŜȄǇŜƴǎƛǾŜ ŎǊǳŘŜǎ ǎǳŎƘ ŀǎ ƭƛƎƘǘ ǎǿŜŜǘ ŀƴŘ ƳŜŘƛǳƳ ŎǊǳŘŜǎΦ ¢ƘŜ 
t!55 ŀƭǎƻ ǇǊƻŘǳŎŜǎ ǘƘŜ ƭŜŀǎǘ ŀƳƻǳƴǘ ƻŦ ǘƘŜ ƳƛŘŘƭŜ ŘƛǎǘƛƭƭŀǘŜ Ŏǳǘǎ ǿƘƛŎƘ ŀǊŜ ŜȄǇŜŎǘŜŘ ǘƻ ƛƴŎǊŜŀǎŜ 
ƛƴ ǇǊƛŎŜ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ǘƘŜ Lah ǊŜƎǳƭŀǘƛƻƴǎΦ 

¦ƴŘŜǊ ǘƘŜ aƻŘŜǊŀǘŜ b/ ǎŎŜƴŀǊƛƻΣ ǘƘŜ ƎŜƴŜǊŀƭ ǘǊŜƴŘ ǎƘƻǿǎ ǘƘŀǘ ƳŀǊƎƛƴǎ ƻŦ ŎƻƳǇƭŜȄ ǊŜŦƛƴŜǊƛŜǎ ƛƴ 
ŀƭƭ ǘƘŜ ¦{ t!55ǎ ǿƛƭƭ ǊŜŘǳŎŜ ǊŜƭŀǘƛǾŜ ǘƻ нлмт ƳŀǊƎƛƴǎΦ  hƴƭȅ ŀ ǎƭƛƎƘǘ ǾŀǊƛŀƴŎŜ ƛƴ ǘƘŜ ƛƳǇŀŎǘ ƻƴ ǘƘŜ 

t!55ǎ ŦƻǊ нлнл ŀƴŘ нлнр ƛǎ ƻōǎŜǊǾŜŘΦ ¢ƘŜ ǊŜŘǳŎǘƛƻƴ ƛƴ ǘƘŜƛǊ ƳŀǊƎƛƴǎ ǿƛƭƭ ŀǾŜǊŀƎŜ ŀōƻǳǘ Ϸнκōōƭ 
όǿƛǘƘ ŀ ǊŀƴƎŜ ƻŦ πϷмκōōƭ ŀƴŘ πϷоκōōƭύ ōȅ нлнл ŀƴŘ Ϸтκōōƭ όǿƛǘƘ ŀ ǊŀƴƎŜ ƻŦ πϷрκōōƭ ŀƴŘ πϷуκōōƭύ ōȅ 
нлнр ǊŜƭŀǘƛǾŜ ǘƻ нлмт ǾŀƭǳŜǎΦ CƻǊ ǘƘŜ ǊŜŀǎƻƴǎ ŜȄǇƭŀƛƴŜŘ ǇǊŜǾƛƻǳǎƭȅΣ ǘƘŜ ƛƳǇŀŎǘǎ ƻƴ ƳŀǊƎƛƴǎ ŀǊŜ 
ƴƻǘ ƛƳǇǊƻǾƛƴƎ ǿƛǘƘ ǘƛƳŜ ǳƴŘŜǊ ǘƘƛǎ ǎŎŜƴŀǊƛƻΦ ¢ƘŜ ƳŀǊƪŜǘ ŘȅƴŀƳƛŎǎ ƛƴ нлнр ǿƘƛŎƘ ǎƭƛƎƘǘƭȅ 
ƛƴŎǊŜŀǎŜǎ ǊŜǎƛŘǳŀƭ ƻƛƭ ǇǊƛŎŜǎ όCƛƎǳǊŜ пΦммύ ŀƴŘ ǊŜŘǳŎŜǎ ŎǊǳŘŜ ƻƛƭ ǇǊƛŎŜǎ ŀǊŜ ƻǳǘǿŜƛƎƘŜŘ ōȅ 
ǊŜōŀƭŀƴŎƛƴƎ ƳƛŘŘƭŜ ŘƛǎǘƛƭƭŀǘŜ ǇǊƛŎŜǎΦ !ƎŀƛƴΣ ŦƻǊ ǘƘŜ ǊŜŀǎƻƴǎ ŀōƻǾŜΣ ǘƘŜ Lah ǊŜƎǳƭŀǘƛƻƴ Ƙŀǎ ŀ ƘƛƎƘŜǊ 
ƛƳǇŀŎǘ ƻƴ t!55 м ǘƘŀƴ ƛƴ ǘƘŜ ƻǘƘŜǊ t!55ǎ ōŜȅƻƴŘ нлнрΦ  

CƻǊ ǘƘŜ IƛƎƘ b/ ǎŎŜƴŀǊƛƻΣ ƳŀǊƎƛƴǎ ƻŦ ŎƻƳǇƭŜȄ ǊŜŦƛƴŜǊƛŜǎ ǿƛƭƭ ǎǳŦŦŜǊ ŀǎ ŀǾŜǊŀƎŜ ǊŜŦƛƴŜǊȅ ƳŀǊƎƛƴ 
ƭƻǎǎŜǎ ƻŦ ϷуκōōƭΣ Ϸмфκōōƭ ŀƴŘ Ϸноκōōƭ ŀǊŜ ŜȄǇŜŎǘŜŘ ƛƴ нлнлΣ нлнр ŀƴŘ нлолΣ ǊŜǎǇŜŎǘƛǾŜƭȅΦ Lǘ ƛǎ ƴƻ 
ƭƻƴƎŜǊ ŀ ǎǳǊǇǊƛǎŜ ǿƘȅ ǘƘŜ ǎŎŜƴŀǊƛƻ ŀǘǘǊŀŎǘǎ ǘƘŜ ƘƛƎƘŜǎǘ ƳŀǊƎƛƴ ǇŜƴŀƭǘȅΦ  ¢ƘƻǳƎƘ ƛǘ ƛǎ ǘƘŜ ƭŜŀǎǘ ƭŜǾŜƭ 
ƻŦ ŎƻƳǇƭƛŀƴŎŜΣ ǘƘŜ ŜȄǘŜƴǘ ƻŦ ŎƻƳǇƭƛŀƴŎŜ ƛǎ ǎǘƛƭƭ ǊŜŀǎƻƴŀōƭȅ ƘƛƎƘΣ ŀƴŘ ŀǎ ŀ ǊŜǎǳƭǘΣ ǊŜǎƛŘǳŀƭ ƻƛƭ ǇǊƛŎŜǎ 

ǎǘƛƭƭ Ŧŀƭƭ ǎƛƎƴƛŦƛŎŀƴǘƭȅΦ .ǳǘ ǘƘƛǎ ǎŎŜƴŀǊƛƻ ŘƻŜǎ ƴƻǘ ŀǘǘǊŀŎǘ ǘƘŜ ƘƛƎƘ ƳƛŘŘƭŜ ŘƛǎǘƛƭƭŀǘŜ ǇǊƛŎŜǎ ǎŜŜƴ ƛƴ ǘƘŜ 
ƻǘƘŜǊ ǎŎŜƴŀǊƛƻǎΦ !ƎŀƛƴΣ ǘƘƛǎ ǎŎŜƴŀǊƛƻ ǎƘƻǿǎ ǘƘŀǘ ǘƘŜ Lah нлнл ǊŜƎǳƭŀǘƛƻƴǎ ǿƛƭƭ ƘŀǾŜ ŜǾŜƴ ƎǊŜŀǘŜǊ 
ƴŜƎŀǘƛǾŜ ƛƳǇŀŎǘǎ ŦƻǊ ŎƻƳǇƭŜȄ ǊŜŦƛƴŜǊƛŜǎ ŀǘ ƭƻǿ ŎƻƳǇƭƛŀƴŎŜ ƭŜǾŜƭǎΦ 

hƴ ŀ t!55πƭŜǾŜƭΣ ŀƭǘƘƻǳƎƘ ǎƻƳŜ t!55ǎ ǿƛƭƭ ƘŀǾŜ ƭƻǿ ƳŀǊƎƛƴ ǊŜŘǳŎǘƛƻƴǎ ŀƴŘ ŜǾŜƴ ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ 
ƳŀǊƎƛƴǎ ōȅ нлнлΣ ƛǘ ƛǎ ǊŜŀǎƻƴŀōƭŜ ǘƻ ŀǎǎǳƳŜ ǘƘŀǘ ǊŜŦƛƴŜǊȅ ǇƭŀƴƴŜǊǎ ŀƴŘ ŎǊǳŘŜ ōǳȅŜǊǎ ǿƛƭƭ ǳǎŜ ǘƘŜ 
ƘƛƎƘŜǎǘ ƳŀǊƎƛƴ ǊŜŘǳŎǘƛƻƴ ǘƻ ƳŀƪŜ ŘŜŎƛǎƛƻƴǎΦ ¢ƘŜǊŜŦƻǊŜΣ ǿŜ ŜȄǇŜŎǘ ǘƘŜ ƘƛƎƘŜǎǘ ƳŀǊƎƛƴ ǊŜŘǳŎǘƛƻƴ 
ŎŀǎŜǎ ŦǊƻƳ ƳŜŘƛǳƳ ǊŜŦƛƴŜǊƛŜǎ ǘƻ ǎŜǘ ǘƘŜ ǇǊƛŎŜǎ ŦƻǊ ƘŜŀǾȅ ǎƻǳǊ ŎǊǳŘŜǎ ŀƴŘ ǘƘŜ ƭƛƎƘǘπƘŜŀǾȅ ŎǊǳŘŜ 
ǇǊƛŎŜ ŘƛŦŦŜǊŜƴǘƛŀƭΦ  LŦ C//ǎ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ǘƘŜ ǇǊƛŎŜπǎŜǘǘƛƴƎ ǊŜŦƛƴŜǊƛŜǎΣ ŀ Ϸмрκōōƭ ǘƻ Ϸмтκōōƭ ŘǊƻǇ 
ƛƴ ǊŜŦƛƴŜǊȅ ƳŀǊƎƛƴǎ ǊŜƭŀǘƛǾŜ ǘƻ нлмт Ŏŀƴ ōŜ ŜȄǇŜŎǘŜŘ ƛƴ нлнл ŦƻǊ ŀƭƭ ǘƘŜ ƴƻƴπŎƻƳǇƭƛŀƴŎŜ ǎŎŜƴŀǊƛƻǎΦ 
.ȅ нлнрΣ ǊŜŦƛƴŜǊƛŜǎ ŀǊŜ ƭƛƪŜƭȅ ǘƻ ǎŜŜ ǘƘŜƛǊ ƳŀǊƎƛƴǎ ŘǊƻǇ ōȅ Ϸмсκōōƭ ǘƻ Ϸнсκōōƭ ǊŜƭŀǘƛǾŜ ǘƻ нлмт 
ƳŀǊƎƛƴǎ ƛƴ ŀƭƭ ǘƘŜ ƴƻƴπŎƻƳǇƭƛŀƴŎŜ ǎŎŜƴŀǊƛƻǎ ŀǎǎŜǎǎŜŘΦ  

{ŀƭƛŜƴǘ ƻōǎŜǊǾŀǘƛƻƴǎΥ 

¶ Increased level of non-compliance may not push middle distillate prices as high as one 
would expect with increased levels of compliance. The higher the price of middle 
distillates, the higher the margins and this effect outweighs the penalty from diminishing 
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resid prices. An exception to this pattern is a case where the refinery does not produce a 
reasonable volume of low sulphur middle distillates. 

¶ A general trend of declining margins is expected for some years after 2020 due to an 
expected drop in prices of middle distillates post-2020 as the market rebalances and the 
distillate prices drop towards its normal levels. Unfortunately, the price of resid will not 
recover at a rate that can stabilize the refinery margins, and thus, cannot cushion the 
effect of the rebalancing middle distillates prices. This is because the effect of price 
movements of ULSD outweighs the margin-boosting effect from slowly increasing resid 
prices.  

¶ It can be deduced that the IMO regulations will have serious negative impacts on simple 
and medium refinery margins no matter the non-compliance scenarios considered. Also, 
complex refineries will not be spared of these impacts if compliance levels are not high 
enough to drive up the prices of middle distillates and push down the prices of residual 
fuel oil and heavy sour crudes to significant levels. 
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#ÈÁÐÔÅÒ υȡ  #ÏÍÐÌÉÁÎÃÅ /ÐÔÉÏÎÓ 
¢ƘŜ ǎƘƛǇǇƛƴƎ ƛƴŘǳǎǘǊȅ ǿƛƭƭ ōŜŀǊ ǘƘŜ ōǊǳƴǘ ƻŦ ǘƘŜ Lah ǊŜƎǳƭŀǘƛƻƴ ƳƻǊŜ ǘƘŀƴ ƻǘƘŜǊ ǎŜŎǘƻǊǎΦ ¢ƘŜȅ 
ǿƛƭƭ ƘŀǾŜ ǘƻ ǊŜǎǇƻƴŘ ǘƻ ƻǊ ōŜŀǊ ǘƘŜ ōǊǳƴǘ ƻŦ ŀ ŎƘŀƴƎŜ ƛƴ ǘƘŜƛǊ ōǳƴƪŜǊ ŦǳŜƭ ǊŜǉǳƛǊŜƳŜƴǘǎ ŀƴŘ ǘƘŜ 
ŀǎǎƻŎƛŀǘŜŘ ƳŀǊƪŜǘ ŀƴŘ ǇǊƛŎŜ ŘȅƴŀƳƛŎǎΦ bƻ ƛƴŘǳǎǘǊȅ ƻǘƘŜǊ ǘƘŀƴ ǎƘƛǇǇƛƴƎ ƛǎ ƳƻǊŜ ŘƛǊŜŎǘƭȅ ƛƳǇŀŎǘŜŘ 
ς ƻǘƘŜǊ ƛƴŘǳǎǘǊƛŜǎ ŀǊŜ ƻƴƭȅ ƛƴŘƛǊŜŎǘƭȅ ŀŦŦŜŎǘŜŘΦ !ƭǎƻΣ ǘƘŜ ƭŜǾŜƭ ƻŦ ŎƻƳǇƭƛŀƴŎŜ ǿƛǘƘ ǘƘŜ Lah ǊǳƭŜ ǿƛƭƭ 
ōŜ ŘŜǘŜǊƳƛƴŜŘ Ƴƻǎǘƭȅ ōȅ ǘƘŜ ǎƘƛǇǇƛƴƎ ƛƴŘǳǎǘǊȅΦ  

¢ƘŜ ƛƴŘǳǎǘǊȅ ƛǎ ŎŀǇƛǘŀƭ ŎƻƴǎǘǊŀƛƴŜŘ ŀƴŘ Ƙŀǎ ǾŜǊȅ ǘƛƎƘǘ ƳŀǊƎƛƴǎΣ ŀƴŘ ǘƘŜƛǊ ƳŀǊƎƛƴǎ Ƴŀȅ ǎƘǊƛƴƪ 
ŦǳǊǘƘŜǊΦ 

¢ƘŜǊŜ ŀǊŜ ǳƴŎŜǊǘŀƛƴǘƛŜǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜ ǿŀȅ ǘƘƛǎ ǊŜƎǳƭŀǘƛƻƴ ƛƴǘŜǊŦŀŎŜǎ ǿƛǘƘ Ƴŀƴȅ ƛƴŘǳǎǘǊƛŀƭ 

ǎŜŎǘƻǊǎ όǘǊŀƴǎǇƻǊǘŀǘƛƻƴΣ ǊŜŦƛƴƛƴƎΣ ƻƛƭ ǇǊƻŘǳŎǘƛƻƴύ ŀƴŘ ǘƘŜ ŜȄƛǎǘŜƴŎŜ ƻŦ Ƴŀƴȅ ƻǇǘƛƻƴǎ ǘƻ ŎƻƳǇƭȅΦ 
¢ƘŜǊŜŦƻǊŜΣ ǎƘƛǇ ƻǿƴŜǊǎ ƘŀǾŜ ƴƻǘ ƳŀŘŜ ǎƛƎƴƛŦƛŎŀƴǘ ƛƴǾŜǎǘƳŜƴǘǎ ƻǊ ŘŜŎƛǎƛƻƴǎ ǘƻ ƳƻŘƛŦȅ ǘƘŜƛǊ ǾŜǎǎŜƭǎ 
ōŜŦƻǊŜ ǘƘŜ нлнл ŘŜŀŘƭƛƴŜΣ ǘƻ ŘƛǎŎƻƴǘƛƴǳŜ ŜȄŎƭǳǎƛǾŜ ǳǎŜ ƻŦ I{ChΦ 

Scenario : Moderate Non-Compliance  
!ŦǘŜǊ ŜȄŀƳƛƴƛƴƎ ǘƘŜ ǘƘǊŜŜ ǎŎŜƴŀǊƛƻǎΣ ǿŜ ŎƘƻǎŜ ǘƘŜ aƻŘŜǊŀǘŜ b/ ǎŎŜƴŀǊƛƻ ŦƻǊ ŦǳǊǘƘŜǊ ŀƴŀƭȅǎƛǎΦ 
CƛƎǳǊŜ рΦм ǎƘƻǿǎ Ƙƻǿ ŘƛŦŦŜǊŜƴǘ ƻǇǘƛƻƴǎ ŀǊŜ ǇǊƻƧŜŎǘŜŘ ǘƻ ǎǳōǎǘƛǘǳǘŜ ǊŜǎƛŘ ōǳƴƪŜǊ ŦǳŜƭ ǾƻƭǳƳŜǎ ōȅ 
нлнлΣ нлнр ŀƴŘ нлол ǳƴŘŜǊ ǘƘƛǎ ǎŎŜƴŀǊƛƻΦ 

Figure 5.1:  Substitution Options of Resid Bunker Fuel 
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ŦƭŀƎ ǎǘŀǘŜǎ ǿƘŜǊŜ ǘƘŜ ǎƘƛǇǎ ŀǊŜ ǊŜƎƛǎǘŜǊŜŘΣ ŀƴŘ ǘƘŜ ǇƻǊǘ ǎǘŀǘŜǎ ŎƻǳƭŘ ōŜ ƛƴ ŀ ōŜǘǘŜǊ Ǉƻǎƛǘƛƻƴ ǘƻ 

ŜƴŦƻǊŎŜ ǘƘŜ ǊǳƭŜΦ  

¢ƘŜ ǇǊƻǇƻǎŜŘ /ŀǊǊƛŀƎŜ .ŀƴΣ ǿƘƛŎƘ ƳŀƪŜǎ ƛǘ ƛƭƭŜƎŀƭ ǘƻ ŎŀǊǊȅ I{Ch ƻƴ ǎƘƛǇǎ ǘƘŀǘ ƘŀǾŜ ƴƻǘ ƛƴǎǘŀƭƭŜŘ 
ǎǳƭǇƘǳǊ ǎŎǊǳōōŜǊǎΣ ƛƴŎǊŜŀǎŜǎ ǘƘŜ ƭƛƪŜƭƛƘƻƻŘ ƻŦ ƘƛƎƘŜǊ ŎƻƳǇƭƛŀƴŎŜΦ ¢ƘŜ /ŀǊǊƛŀƎŜ .ŀƴ ƛǎ ŜȄǇŜŎǘŜŘ ǘƻ 
ŎƻƳŜ ƛƴǘƻ ŜŦŦŜŎǘΣ ōǳǘ ƴƻǘ ǳƴǘƛƭ aŀǊŎƘ мΣ нлнлΦ ²ƛǘƘ ǘƘŜ /ŀǊǊƛŀƎŜ .ŀƴΣ ƛǘ ƛǎ ōŜƭƛŜǾŜŘ ōȅ ǎƘƛǇǇƛƴƎ 
ƛƴŘǳǎǘǊȅ ǇŀǊǘƛŎƛǇŀƴǘǎ ǘƘŀǘ ǘƘŜǊŜ ǿƛƭƭ ōŜ ŜŦŦŜŎǘƛǾŜ ŜƴŦƻǊŎŜƳŜƴǘ ƻŦ ǘƘŜ Lah ǊŜƎǳƭŀǘƛƻƴΦ ¢Ƙƛǎ ƛǎ 
ōŜŎŀǳǎŜ ǘƘŜ /ŀǊǊƛŀƎŜ .ŀƴ ǊŜƎǳƭŀǘƻǊȅ ŀƳŜƴŘƳŜƴǘ ƳŀƪŜǎ ƛǘ ŜŀǎƛŜǊ ŦƻǊ ǇƻǊǘ ǎǘŀǘŜ ŀǳǘƘƻǊƛǘƛŜǎ ǘƻ 
ŘŜǘŜŎǘ ŀƴŘ ǎŀƴŎǘƛƻƴ ǎƘƛǇǎ όL.L!Σ нлмуύΦ DƛǾŜƴ ǘƘŜǎŜ ŘŜǾŜƭƻǇƳŜƴǘǎΣ ŀƴ ŀǎǎǳƳǇǘƛƻƴ ƻŦ тр҈ 
ŎƻƳǇƭƛŀƴŎŜ Ƴŀȅ ōŜ ƭƻǿΦ   

tǊŜǾƛƻǳǎ ŜǎǘƛƳŀǘŜǎ ƻŦ Ƙƻǿ ƳǳŎƘ ƻŦ ǘƘŜ ǿƻǊƭŘ ŦƭŜŜǘ ǿƛƭƭ ŎƻƴǘƛƴǳŜ ǘƻ ǳǎŜ ǎǳƭǇƘǳǊ ŦǳŜƭ ǾŀǊȅ 
ǎƛƎƴƛŦƛŎŀƴǘƭȅΦ CƻǊ ŜȄŀƳǇƭŜΣ {ϧt Dƭƻōŀƭ tƭŀǘǘǎ όнлмуύ ŀƭƭƻŎŀǘŜǎ млπмр ǾƻƭΦ҈ ƻŦ ǘƘŜ ŘƛǎǇƭŀŎŜŀōƭŜ ƘƛƎƘ 

ǎǳƭǇƘǳǊ ŦǳŜƭ ƻƛƭ ǘƻ ŜȄƘŀǳǎǘ Ǝŀǎ ǎŎǊǳōōŜǊǎΣ [bD ōǳƴƪŜǊǎΣ ƻǊ ǿŀƛǾŜǊǎκƴƻƴπŎƻƳǇƭƛŀƴŎŜ ƛƴ нлнлΦ 
IƻǿŜǾŜǊΣ ƛǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ƴƻǘŜ ǘƘŀǘ ǘƘŜ ŦƛǊǎǘ ŦŜǿ ƳƻƴǘƘǎ ƻǊ ȅŜŀǊǎ ƻŦ ǘƘŜ Lah ǊŜƎǳƭŀǘƛƻƴΩǎ 
ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ Ƴŀȅ ƭƛƪŜƭȅ ŀŎŎƻƳƳƻŘŀǘŜ ǎƻƳŜ ƭŜǾŜƭ ƻŦ ƴƻƴπŎƻƳǇƭƛŀƴŎŜ ŘǳŜ ǘƻ ŀ ǾŀǊƛŜǘȅ ƻŦ 
ǊŜŀǎƻƴǎ ƛƴŎƭǳŘƛƴƎ ŦǳŜƭ ŀǾŀƛƭŀōƛƭƛǘȅΣ ŀƴŘ ŘƛŦŦŜǊŜƴǘ ƭŜǾŜƭǎ ƻŦ ŜƴŦƻǊŎŜƳŜƴǘ ƛƴ ŘƛŦŦŜǊŜƴǘ ǊŜƎƛƻƴǎΦ {ƻƳŜ 
ƻŦ ǘƘŜǎŜ ŀǊŜ ǘƘŜ ǊŜŀǎƻƴǎ ǿƘȅ ǘƘŜ /ŀǊǊƛŀƎŜ .ŀƴ ƛǎ ŘŜƭŀȅŜŘ ǘƻ aŀǊŎƘ нлнлΦ aƻǊŜ ǎƻΣ ƛŦ ŀōƻǳǘ утπ
фу҈ ƻŦ ǎƘƛǇǎ ŎƻƳǇƭȅ ǿƛǘƘ ǘƘŜ лΦм҈πǿǘ 9/! ǎǳƭǇƘǳǊ ǊǳƭŜ ƛƴ 9ǳǊƻǇŜΣ ƛǘ ǿƻǳƭŘ ƴƻǘ ōŜ ǎǳǊǇǊƛǎƛƴƎ ǘƻ 
ǎŜŜ ƭƻǿŜǊ ŎƻƳǇƭƛŀƴŎŜ ƭŜǾŜƭǎ ŀǘ ŀ Ǝƭƻōŀƭ ǎŎŀƭŜ ŦƻǊ ŀ ǎƭƛƎƘǘƭȅ ƭŜǎǎπǎǘǊƛƴƎŜƴǘ нлнл Lah ǎǳƭǇƘǳǊ ǊǳƭŜΦ 
¢Ƙƛǎ ƛǎ ǘƘŜ ŎƻƴǘŜȄǘ ŦƻǊ /9wLΩǎ aƻŘŜǊŀǘŜ b/ ŀǎǎǳƳǇǘƛƻƴ ƻŦ тр҈ ŎƻƳǇƭƛŀƴŎŜΦ 

.Ŝƭƻǿ ƛǎ ǘƘŜ ƭƛǎǘ ƻŦ ǘƘŜ ƳŀƧƻǊ ŎƻƳǇƭƛŀƴŎŜ ƻǇǘƛƻƴǎ ǿƘƛŎƘ ŀǊŜ ŦǳǊǘƘŜǊ ŀǎǎŜǎǎŜŘΦ  

1. Scrubbers ς to reduce SOx emissions via on-board scrubbers (also helps reduce 
particulate matter, PM). 

2. Desulphurize refinery fuels and use lower sulphur content fuel. 
3. Switch entirely or partially to middle distillates for bunker fuel. 
4. Undertake custom blending of fuels on board and use segregated bunkers tanks. 
5. Switch to alternative fuel sources (e.g., LNG and methanol) that reduce sulphur, CO2, and 

particulate emissions. 
6. Establish emissions trading, which could allow trading of marine and shore-based credits. 

Scrubbers 
¢ƘŜǊŜ ŀǊŜ ǳƴŎŜǊǘŀƛƴǘƛŜǎ ŀǎ ǘƻ ǘƘŜ ƳŀǊƪŜǘ ǳǇǘŀƪŜ ƻŦ ǎŎǊǳōōŜǊǎΦ vǳŜǎǘƛƻƴǎ ǊŜƎŀǊŘƛƴƎ ǎŎǊǳōōŜǊ 
ǳǇǘŀƪŜ ƭŜǾŜƭǎΣ Ƙƻǿ ǎƻƻƴ ŀƴŘ Ƙƻǿ ǎǘǊƛŎǘ ǇƻƭƛŎƛƴƎ ƻŦ ǘƘŜ ƴŜǿ ǊǳƭŜǎ ǿƛƭƭ ōŜΣ ŀǎ ǿŜƭƭ ŀǎ Ŏŀƭƭǎ ŦƻǊ ŀ 
ǇƘŀǎŜŘ ƛƴǘǊƻŘǳŎǘƛƻƴ ǘƻ ǘƘŜ ƴŜǿ ŎŀǇ όǊŀǘƘŜǊ ǘƘŀƴ ŀ ϦƘŀǊŘϦ ǎǘŀǊǘ ŦƻǊ ŀƭƭ ƻƴ WŀƴǳŀǊȅ мΣ нлнлύΣ ƳŜŀƴǎ 
ǘƘŀǘ ǎƘƛǇǇŜǊǎ ŀƴŘ ǊŜŦƛƴŜǊǎ ƘŀǾŜ ƭƛǘǘƭŜ ƛŘŜŀ ǿƘŀǘ ǊƻƭŜǎ ǘƘŜ ƻǘƘŜǊ ƻǇǘƛƻƴǎ ǿƛƭƭ Ǉƭŀȅ ƛƴ нлнлΦ  

wŜǎǇƻƴǎŜǎ ǘƻ ŦǳŜƭ ŘŜƳŀƴŘ ǿƛǘƘ ƛƳǇǊƻǾŜŘ ǊŜŦƛƴŜŘ ǇǊƻŘǳŎǘǎ ǿƛƭƭ ōŜ ǎƭƻǿ ƎƛǾŜƴ ǘƘŜ ƛƴǾŜǎǘƳŜƴǘǎ 
ƴŜŜŘŜŘΦ LƴǾŜǎǘƛƴƎ ƛƴ ǘŜŎƘƴƻƭƻƎȅ ǘƻ ŎƻƴǾŜǊǘ ŦǳŜƭ ƻƛƭ ƛƴǘƻ ŘƛǎǘƛƭƭŀǘŜǎ ƛǎ ƴƻǘ ƻƴƭȅ ŜȄǇŜƴǎƛǾŜ όϷм ōƛƭƭƛƻƴҌ 
ǇŜǊ ǊŜŦƛƴŜǊȅύΣ ƛǘ ƛǎ ŀƭǎƻ ǘƛƳŜπŎƻƴǎǳƳƛƴƎ ǘƻ ƛƳǇƭŜƳŜƴǘ όрπт ȅŜŀǊǎύΦ .ǳȅŜǊǎ Ŏŀƴ ŜȄǇŜŎǘ ǇǊƛŎŜ ǎǇƛƪŜǎ 
ƛŦ ǘƘŜǊŜ ƛǎ ŀ ǎƘƻǊǘŦŀƭƭ όIŀƳǇǘƻƴ ϧ YǳƳŀǊΣ нлмтύΦ 




