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Impacts on Canadian Heavy Oll
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FigureE3: WTI and WC8&rice Differential(2017 US$)
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1 Baltic Sea areqas definedn Annexi of MARPOL (SOx only);

1 North Sea areg asdefinedin Annex V of MARPOL (SOx only);

1 North Americamarea(entered into effect August, 2012)¢ asdefinedin Appendix VII of
Annex VI of MARPOL (SOx, NOx and PM); and

1 TheUnited States Caribbean Sea area (entered into effect Janu#914)¢ as defined
in Appendix VII of Annex VI of MARPOL (SOx, NOx and PM).
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Table 1.1:SOx Emissions Controls

Outside an ECAdfablished toLimit SOx Inside an ECAstablished toLimit SOxand

and Rarticulate Matter Emissions ParticulateMatter Emissions

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

3.5% m/m on and after Januaty2012 1.0% m/m on and after Jully, 2010

0.5% m/m on and after Januaty2020 0.1% m/m on and after Januaty2015
Source: IMO

Historic Levels of Compliance
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Desulphurize refinery fuels and use lower sulphur content fuel.

Switch entirely or partially to middle distillates for bunker fuel.

Reduce SOx emissions vialmyard scrubbers (also helps reduce particulate matter, PM).
Undertakecustom blending of fuels on board and use segregated bunkers tanks.
Establish emissions trading, which could allow trading of marine and -lamed credits.
Switch to alternative fuel sources (e.g., LNG, methanol).
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Impact of Previous IMO/ECA Regulations on Crude M arkets
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Figure 2.1 Global and North Americarude Oil Poduction
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Figure 2.2:GlobalQude Production Volume byQuality in 2016
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Figure 2.3: Quality andrBduction Volume of Major Qudes in 2016
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Table 2.1 Crude @ssifications by APAnd Sulphur @ntent

Crude
Jassification API SWt.% Examples
Light sweet >=35 <0.5 WTI, LLS, Brent
Arab Light (Saudi Arabia), Wdsixas Sour,
Light sour >=35 >0.5 Canadian Light Sour, Alaska North Slope, Fort
Blend, Hibernia Blend
Medium sour 27-35 >05 Mars, WTS, Arab medium, Basra light, etc.
Heavy sweet <=27 <05 Indonesia Duri
Heavy sour <=27 >0.5 Maya, Cold Lak&VCS, Arab Heavy

SourceCERIclassifications are based &iA(2018)crude imports.
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Figure2.4¢ KS ! Y Sk @EaRal Qrude Oil TypesProduced, 2016
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Figure 2.5:CanadiarHistorical andProjected Bitumen Roduction
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Figure2.6: ResidualFuel Oil Demand
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Figure 2.7:JurisdictionalFuel Oil Gonsumption
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Figure2.8. BunkerFuel Consumption by Ype, 2016
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Figure2.9: GlobalDiesel andGasoil Gonsumption
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Table 2.2: AvailableRefining Capacity (million bbl/day 2017)

: Russia : Other
ezt La“f‘ Africa | Europe| and kel China| Asia | World
Canadal America . East o
Caspian Pacific
Distillation
Crude oil 203 | 80 | 41| 171 | 71 | 89 | 139| 180 | 97.4
(atmospheric)
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 0.4 01 | 00 | 01 0.0 01 | 01| o1 1.0
Deasphalting
Catalytic cracking 6.0 1.6 0.3 24 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 15 9.0
Total Upgrading 11.8 3.1 0.8 6.8 2.0 2.7 6.9 5.8 398

Source: OPEC WOO 2017

Figure2.10. GlobalRefined Oil Product BsulphurizationCapacities
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Chapter 3: Impacts on the Refining Sector
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Figure 3.1 A TypicalHydroskimming Rfinery Process
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Figure 3.2 ProductYields for Rfineries with Different Complexities
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1 Complex refineries with coking, hydrocracking and residue desulphurization that
maximize LSFO and distillate. For example, most refineries in thpatdigularlyin PADDs
2 and 3), Asia and the Middle East

1 Refiners that convert residual oil to distillates will benefit because of investments in
delayed coking which produces both gasoline and distillates
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1 Refiners that use intermediate residue streamssch as hydrotreated vacuum gas oil
(VGO) will benefit by realizing a higher price at a lower cost than refinetsute
distillates(RuizCabrero et al., 2017)

1 Coker refineries, especially in the US Gulf Coast (BRADTADD 2 and Asia

1 Refinerieswith access to crudes with very lowsulphur content

WSTFAYSNARSE GKIG At @& ozizF ®WBSNRE BAlY &S deizd v n B 3 dz

1 Simple refineries that produce mostly HSFO. Exasgoie high sulphur hydroskimming
and topping refineries in Russia

1 Refnerieswith low distillate yields such as pupgay gasoline refineries inorthwest
Europe andhe US East Coast

1 Pureplay gasoline refiners with FCC units and reformers will be unfavourably affected
during the period of disruption

1 Pureplay gasoline reners may operate the gasolirgenerating FCC unitst dower
utilization ratesin orderto reduce gasoline production

WSTAYSNE (20LBRBYYEZEZhl LA OSa KI @3S oyBRUKHE S &G NI
9dzNR LIS GKS {{AyDHMILRNB2I aid I yR

CERI Refinery Model
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Inputs and outpus of the US refineries by PADD as illustrated in Figuie 3.

The various types of refinery configurations currently operating in the UiStates
Nominal and availablrefining capacities at individual PADDs

Differencesn crude blend flows and product slates at each PADD

Sulphur handling capacities at refineries within each PADD
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Table 3.1 CrudeOil dassifications

Crude Oil Type Range of| Range of Sulphur| Representative| API° | Sulphur
API° Content (wt.%) | Crude 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 ofPBI8)crude imports.

I Y2y (iKfeée GAYS &aSNRSa RIFIGE FTNRY i(ivezyRIS NB& Sy o
NJ y 3jSdz2yFe (i SF DK ONHzRS tiiles5L8%5a NB KW FTRoDIAINFET © B A A a
0KS GAYS ASNRERF @Y RISNKEA | y BNIFRS a& (AIYSING 40 12NER 2 dza

Figure 33: Historical Ranges ofCude Oil Howsinto USPADDs
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Figure 34. HistoricalPercentages of Refined Oil Products
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1'd Ol2y aBTRMBR /ol ¢zRE 0o ENB I G SNJ STFF2NI Y& 2F RO dzA ¢
LINE RAzOG &4 GKYDKREEQNI #ERE2FAYS 6CaD0Ox RAAIMAEELFGS
Ge LS oWt eSBm AcRdIzE £ FdzSt 2Af owCho FyR O021So
WSTAYSNE VW2 PNIBERFEHBRFKEBENE FAYAYy I SO2iKBADE RI
g DIa WohdeNY I fs DIFa MWPEANF | NBOARYWSYBEBNHE Y A& WSTFAYS
. SY OKYI Nd/ ¥XAyuded nSvicINe ORNER § ROy ¥ NMia B2 yRSBIES 2 LI
NBEFAYSHKEK Sy 2YRRRIStt ey St &l 2 a2l 1 SRAZADdIaEISRE
a | agNmnDdS 2B R @ YO K S\ RO déNTi2KyS NE  NB T /A SENBEHINE & dz0
FNB O2#Ali KBRL! LJdzo f AlAKKER SBEINE B@zGSd & R G I

¢KS '{ FTYR [/ FYIRAIY NBFTAYSNE AYyT2NYXNDAEBWYH SRKS
¢l 6f $& Ro dHbo @
Table 3.2 Configurationsof US Rfineries (bbl/day)
Deep
usS Capacity Hydro- Medium Conversion Deep Conversionr Coker Conversion
Region | (bbl/day) | skimming Resid HC
FCC GOHC Both FCC GGOHC 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% 13% 2.7% | 45.0% 0.4% 35.0% 2.6%
PADD4 683,245 26.6% 17.6% - - 55.7% - -
PADDS | 2,934,785 7.9% 9.6% 56% 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: NET{Cooney et al., 2016Dil and Gas Journ@017) CERI.
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Table 3.3 Canadiarand US Bfinery Capacities andConfigurations
Catalytic Catalytic Catalytic
Thermal Processes CracIZing Hydrocrgcking Hydrotrgating
. Fresh & - Distillate, Gasoil
US RefiningCapacities Crude Vacuum _Cokmg .& recycled D'S.t'"ate' . & Resid
visbreaking Gasoil & Resid L
feed desulphurization
PADDL 1,213,800 526,680 73,350 453,150 40,770 409,140
PADLC2 4,004,040| 1,723,470 529,020| 1,216,620 318,980 1,674,610
PADCB 9,621,767 4,509,333| 1,468,150 2,820,015 1,204,600 3,840,653
PADD4 683,245 241,005 81,290 203,539 54,720 304,623
PADCB 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~uel Corp-
Burnaby, BC 55,000 11,800 0 17,800 0 16,500
Consumers Cooperative
Refineries Ltd- Regina,
Sask. 145000 40,000 10,000 25,000 0 55,000
HuskyOil 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 Oi 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. 113500 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 LtdSarnia,
Ont. 71,000 24,400 5,000 19,000 9,000 0
Silver Range Financial
Partners LLE Newf. 115000 55,000 20,000 0 0 25,000
Suncor Energy Ine.
Edmonton, Alta. 142,000 47,500 17,100 40,850 0 98,800
Suncor Energy IneSarnia,
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 645930 105100 492118 155578 481,188

*Uses Marcellus ethane feedstock
Source: Oil and Gas Jour(2017) CERI
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1 Refinery configurations and their operating and fixed costs
1 Crude oil blending and the associated refinery acquisition costeudeblends
1 Revenue generated frotme sales of refinery products.

Figure 35: OptimizationModel Design andComponents
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Table 3.4 Sulphuredfications of Refinery Products

Refinery Poducts Notation Sulphur Specs.

(Wt.%)
Finished motor gasoline FMG 0.003
Kerosenetype jet fuel KTJF 0.3
Distillate fuel oil DFO 0.00150.05
Heating tiel oil HFO 0.05
Residual fuel oil (Bunker) RFO 0.4-3.5
Coke Coke 1-6

Source: CERI
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Table 3.5 Fixed andvariable US Refinery Costs

Fixed | Variable| Total

PADDL | 3.54 0.96 4.5
PADR | 2.87 0.89 3.76
PADDB | 2.55 1.05 3.6
PADDA | 2.87 0.89 3.76
PADDb | 3.34 1.38 4.72

Source: Oil & Gas Journal (2018)
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Figure3.6: HistoricalCrudePricing
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CERI Refinery Modelling Results
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Figure 3.7 PADD 1 Calculated verséstual Refined Product Volumes
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Figure 3.8 PADD 2 Calculated versustdal Refined Product Volumes
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Figure 39: PADD 3 Calculated versustdal Refined ProducYolumes
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Figure 3.D: PADD 4 Calculated versusthal Refined Product Volumes
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Figure 3.1: PADD 5 Calculated versustéal Refined Product Volumes
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CERI Refinery Linear Programming Results
Potential Crude Displacement

C2NJ GKS Ol asS Y2RStfSR K
f SR @GR BNAIWIIEOSYSYG 20

LINE O DBEBSER CAB dzNBE o0 dwm

Figure 3.2: Potential Crude Dsplacemens
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Figure 3.8: Compositionof Light Sour and Light Sweet Crudes:

Model versus Optimal Blends
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Figure 3.5: Compositionof Medium Sour Crudes: Historical versus Optimal Blends
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Figure 3.5: Composition of Crude Blends Limitdxy Logistics and Operations
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Figure 3.8: Improvement of Refinery Margins
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Figure 41: GlobalFuel Oil Production, 2015
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Figure 42: ResidualFuel Oil Consumption byCountry (2015 values)
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Figure 43: Regional BsidualFuel Oil Consumption (million bbl/day)
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Figure 46: Change in Demand for Residual Fuel Oil
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Figure 47: Switchable Demand for HSFO
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Source: BCG analysis.

Note: HSFO = high sulfur fuel oil. Scales in the exhibit are notional.

“The disruption period may last longer, depending upon the actions of the ship owners, shippers, and refiners.
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1 Low noncompliance(Low NC§ assumes 80% compliance (20% soompliance) by 2020
given up to 80% of global trade occurs between regions where ECA is in force and other
regions ofthe world.

1 Moderate noncompliance (Moderate NC)¢ assumes 75% compliance (25% +on
compliance) by 2020.

1 High noncompliance(High NCY, assimes 70% compliance (30% noompliance) by
2020.
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Figure 48: Non-complianceScenario Asumptions
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Table 4.1 High Slphur 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
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Figure4.9: Light SweetCrudeQil Price Outlook With and Without the IMO Regulation
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Figure4.10: HistoricalRefined Poduct Prices
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Figure4.11: Price Forecast for Ultra Low Sulphur Diesel
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Figure4.12: Average 2017 Refinery Margins of Cokers and FCC
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Figure4.13: Medium (FCC) Refinery Margins under Different Compliance Scenarios
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Figure 4.1: Complex(Coker) Refinery Margins under Different Compliance Scenarios
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1 Increased level of nooompliance may not push middle distillate prices as high as one
would expect with increased lewebf compliance. The higher thprice 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.

1 A generaltrend of declining margins is expected for some years after 2020 due to an
expecteddrop in prices of middle distillates pe2020 as the market rebalances and the
distillate prices drop teardsits normal levels. Unfortunately, therice 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 pricékhisis because theeffect of price
movements of ULSD outweighs the margoostingeffect from slowly increasingesid
prices.

1 It canbe deducedhat the IMO regulationsvill haveseriousnegative impacts osimple
and mediumrefinery marginsho matter the noncompliance scenarios considergtlso,
complex refineries will not be spared of these impacts if compliance levels are not high
enough to driveup the prices of middle distillates amuush down thepricesof residual
fuel oil andheavysourcrudesto significant levels.
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Scenario : Moderate Non-Compliance
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Figure 5.1 Substitution Optionsof Resid Bunker Fuel
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1. Scrubbers¢ to reduce SOxemissions via otvoard scrubbers (also helps reduce
particulate matter, PM).

Desulphurize refinery fuels and use lower sulphur content fuel.

Switch entirely or partially to middle distillates for bunker fuel.

Undertake custom blending of fuels on boarddamse segregated bunkers tanks.

Switch to alternative fuel sources (e.g., LNG and methanol) that resljgleur, CQ, and
particulate emissions

6. Establish emissions trading, which could allow trading of marine and $tased credits.
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