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Executive Summary

9 y 0 NA R 3 SMallyieSSydedrOmecs crude oil producers in Western Canadarédineriesin the

USMidwest and Ontario Additional pipelines connected to the Mainline Systamve producerg areas
such as the Bakken region of North Dakatadrefineries furtherto the southand east Two pipelinesn

the Mainline System deliver crudsl to SarniaOntario:

1 Line 5 whichrunsfrom Superior, Wisconsito Sarnia, Ontario
1 Line 78 whichruns from Flanagan, Illinois and also terminates in Sarnia, Ontario

Hydrocarbons carried ahe Mainline System to Sarréaie delivered to refineries andreatural gas liquids
(NGL fractionation plant in Sarniaand onward on additional pipeline® refineries further east in
Ontario, Quebec and Pennsylvania. Crude oil transportetioes 5 and 78an also be delivered to
refineries inDetroit, Michigan ad Toledo, Ohiovia additional pipelinesonnectedto the Mainline
System In addition to crude deliveries on the Mainline System and assocpeslines, the efineries in
Nanticoke Ontarig, Montreal, Quebec and évis,Quebec are also able to receiveide oil deliveries via
rail car and marine tanker.

In the eventof the potential closure of Line 5the following changes to the crude olbgisticssystem
serving refineries in Ontario and Quebaould enable continued reliable supply of crude oilthese
refineriesfrom the same sources that the refineries are currently processing:

f EELI yarz2y 27F 9y o Nt tReuimatedeSighEapadity of fhis piplinavhich is
800,000 bd on Line 78A from Flanagan, IL to Stockbridge, MI, and 5&6l@p0Line 78B from
Stockbridge, Ml to Sarnia

1 Investment in additional rail car offloading facilities at refineries in Ontario and/or Quebec,
allowinganincreaseof 119,000 bd inreceiptsof crude oil by rail from sources in western North
America

The inpact of these changes artonsumer prices forefined petroleum products such as gasoline and
diesel fuein Ontario and Quebewould likely beverymodest to the point that such changes would likely
gounnoticed If the increase in crude oil transportati cost associated with these changes is averaged
over the total volumeof crude processed by refineries in Ontario and Quebec, average crude costs would
rise by$2.01USper barrel. This would translate into an increase in refined petroleum produchttst
refinery gate of $0.08 CDNper litre, averaged across all refinery liquid products. It is important to note
that imports represent 23%26% of domestic sales of motor gasoline in Ontario plus QueBaen this

high level of refined produdtmports, it is possible that refined petroleum product pricesild rise less

than the increase in crude oil costs.

In the event thatLine 5 were to experience a closwéhout completion ofthe modifications toexpand
Line 78 ancddrail car unloading faciiésasdescribed above, there would be the potential for significant
impacts on Ontario and Quebec refined products mark&sth economic factors strongly favimg the
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processing of crude produced in Western Canada and/or North Dakota and deliverda: Weainline
System by these refinerieQuebec and Ontario refiners would likely continue to nominate for capacity
on the Mainline System to access these economically advantaged crlidbs were to occur, itvould
likely result in apportionment of caeity on parts of the Mainline System, whiabuld lead to shortfalls

in crude availability for refineries in Ontario and Queb8ach shortfalls, were they to occwould likely
result in constraints on the availability of refined products in these migrikand the possibility of
significantrises in consumer prices for refined petroleum products.

Qurrently existing crudeil logistics infrastructure could be used dliver crude to therefineries in
Quebec independent of the Enbridge Mainline Systamd without adding rail car unloading capacity
These facilities are the marine tanker unloading facilities at ltBeisrefinery, and the Portland to
Montreal pipeline and associated marine tanker receiving facilities in Portland, M&wdeed thisis the
logisticsinfrastructurethat delivered crude oil tothese refineriesfrom 1998through 2015. However
Quebec refinersare unlikely to voluntarilygive up their current access tavorably priced crude from
western North America anshift backto the use othese facilitiegor all oftheir crude oil supplyFurther,
there may be community opposition in Portlamdhichcouldpreventor delaythe return to service of the
Portland to Montreal pipeline system
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1 Introduction

CKAA NBLRNI Sglfdad dSa GKS AYLI Ol 2 7Fonbdirerieshd Sy G A | f
refined products markets in Ontario and Quebec. Linessdsmponent oEnbridg@a al Ayf Ay S { &
connecting crudeoil producers in Western Canada to Ontario and the US Midvesst onward on

additional pipelines to markets further south in the US and east in Carfaday S p Q& NRdziS 0O2Y
{ dzZLISNA2NE 2Aa02yaiAy |yR Ndizya Sl aicrodsedFhg Stlaio 2 3 4 a A
alk OlAYylFO ¢gKAOK O2yySoOda [I1S aAOKAIlLY YR [F1S 1d
Lower Peninsula to Marysville before crossing under the Saint Clair River and terminating in Sarnia,
Ontario.

The report starts by proding market context with respect tdlorth Americancrude oil supplyand
associatedcrude ol logistics systemswith a focus on the producing areas and logistics systems that
directly impact refineries and refined product markets in Ontario and Queb@fth this context
established, options to maintain crude oil deliveries to Ontario and Quebec in the event of a Line 5 closure
are describedand the impact of these options on crude oil costs for Ontario and Quebec refiners is
evaluated. The reportalso pravides information onthe infrastructure changes required for the
implementation of these options.

The report continues with an assessment of the Ontario and Quedfered petroleum product markets,
starting with an overview of key demand trends and oVararket structure. The report then evaluate
the impact of the potential closure of Line 5 on refined petroleum product markete reportconcludes
with an analysis ahe impact of a potential Line 5 closure and the associated constraiNGirdelivery
to Ontario, with a focus on potential impacts on the Ontario petrochemical industry.
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2 Crude Oil Supply and Logistics Systems

Changesn crude oil productioracrossproducing regios are a constant for the oil sectorand these
changes inevitablyead to associated changes in crude oil logistics systeRts examplecrude oil
production from the Bakken regiorin North Dakotaand from the oil sandsin Albertahasrisenvery
significantly over the last 15 yearsTheseproduction increasedave ledto adjustments in theNorth
Americancrude oil logistics systenas described in ore detailbelow.

2.1 North American Crude Oil Logistics Systems
An extensive network of crude oil pipelines connects North American crude oil producers with refineries

andcrude oil export faciliti€'s These pipelines connect producing regions such as the Western
Canadian Sedimentary Basin in Canada, the Permian Basin in Texas and New Mexico and the Bakken
region inNorth Dakota to refineries ilGentral andeastern Canada, the US midntinent and the US

Gulf Coast.
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FIGURE 1: MAP OF MAJIOR NORTH AMERICAN CRUDE OIL PIPELINES
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production sites in Western Canada to markets in the US midcontinent and O(gedd-igure2 and 3.

In addition, other pipelinescan delivercrude oil from producing areas such as the Bakken region into the

Mainline System, anttansport crude oilshippedon the Mainline Systeronwardto reach refineries as
far east as Quebec and as far south as the US Gulf €oast.
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2.2 Trends in North American Crude Oil Production
Crude oil production in North Amerideas experience significantgrowth over the last 15 years. Key

trends include steady growth in production from the oil sands in Alberta and sharply oisipgt from
tight shale oil fields in Texas, New Mexico and North Dakota since 2010. The result has been a 121%
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increase in North American crude oil production from 7.7 million bd in 2005 to 17.0 million bd in 2019, as
shown in Figurd.
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FIGURE 4: NORTH AMERICAN CRUDE OIL PRODUCTION#

This increase in North American crude oil production led to a significant decline in imports of crude oil
into the US from countries other than Canada, andradual rise in imports from Canades shown in
Table 1 Imports of crude oil into the US from countries other than Canada declined 73% from 8.5 million
bd in 2005 to 2.3 million bd in 201&hile imports from Canada rose 134% from 1.6 million bd in 2005 to
3.8 million bd in 20193ubsequentlycrude oilexportsfrom the USalso rose very significantlincreasing

one hundredfold from 0.03 million bd in 2005 to 3.0 million bd in 2018Bhis growth in US crude oll
exports wasenabled by rising domestic crude oil production as described above, and perritteoke
Consolidated Appropriations Act of 2016, which repealed a previous law that had effectively prohibited
exports of crude oil from the US.

Imports from Canada Imports fror:n Other Exports
Countries
(barrels per day)
2005 1,633 8,493 32
2010 1,970 7,243 42
2015 3,169 4,194 465
2019 3,814 2,987 2,982

TABLE 1: US CRUDE OIL IMPORTS AND EXPORTS>®
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2.3 Impact of Crude Qil Production Trends on North American Crude Oil Logistics Systems
Thegrowth incrude oil production in Wester@anada and North Dakotkescribed abovexceeded the

capacity of pipelines to transport this production to refining markéthis led taallocation of capacity on
the common carrier pipelines carrying crude oil away from these producing regioagulabry process
also referred to as capacity apportionménand tosharpdeclires incrude oil pricesor producersin
these producing regions. Given the time lags involved in developing, permitfirdgsigningand
constructing new pipelinéscrude oil prodeersturned to shiging increasing volumes ofude by rail
This involvednstaling newrailcar loading facilities to permit shipments of crudelyikail, while refiners

in Central and Eastern Canaaliadin the US East Coast, Gulf Coast and West Coast reggtaled rail
car unloading facilities

Total shipments of crude oil by rail the US rose from an average of@W0bd in the first quarter of 2010
to more than 1000,000bd during the periodrom April 2014 to January 201%\Ithough down from the
2014/2015 peak,dtal USrail shipmentsof crude oilremainsignificantly above 2010 levefsr example
averagings50,000bd to 809000bd in the second half of 2018ee Figur).
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FIGURE 5: US CRUDE OIL MOVEMENTS BY RAIL®

Looking more closely at the Bakken reg{see Figures), rail shipments out of North Dakotaitially
mirrored the rapid rise in crude oil production in the statem 2010 to 2014 This was a consequenae
the constraints a pipeline takeaway capacity out of North Dakota at the time. Rail shipments out of
North Dakota rose fronan average of 44,000 bd 2010to an average of 754,000 bd 2014 More
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recently, the completion of pipelines has resulted in significant deslingail shipments, even as crude
oil production has remainedt or above 1,000,000 bd

Estimated Rail Shipments out of North Dakota
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FIGURE 6: CRUDE OIL MOVEMENTS OUT OF NORTH DAKOTA BY RAIL10

In Canada, xports of crude oiby railrose steadilyduring the 2010ssincreasingcrude oil production
exceeded pipeline takeaway capacitMonthly average crude oil exports by raithichwere in the range

of approximately 1M00bd to 35000bd in the first half of 2012reached an average of 280,611 in 2019,
with flows in some months reaching as muct8&8,000 bd (see Figui®. Domestic Ripments of crude

oil by railfrom Albertato Canadian refineries also rose, as evidenced by the additiamil car receiving
facilities at Canadian refineries in New Brunswick, Quebec, Ontario and British Goinn2bil3 and
2014, However specific data on interprovincial movements of crude by rail are not publicly available.
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Canada Crude Oil Exports by Rail
(barrels per day)
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FIGURE 7: CRUDE OIL EXPORTS FROM CANADA BY RAIL12

The rise incrude oilproduction in the Bakken region arfdom the oil sands ofAlberta led tomany

proposals for new and expanded pipelines to conrbistgrowing supply taefiningmarkets. A detailed

assessment of these plaisbeyond the scope of this reporHoweverijt is worth noting that a number
of pipeline expansions andew pipelines were built and became operationahile other proposed
projects did not proceed.Together with the added capacity to ship by rallede pipeline capacity
additions havebeen an important component dhe changes in therude oil logisticsystemin resporse

to the rise inAlberta and Bakken regiamude oil production

2.4 Ontario and Quebec Oil Refineries and the Enbridge Mainline System
There aresixoil refineriesin Ontario and Quebeaeyith a combined crude processing capacity of 765,000

bd. Four of the refineries are located in Ontario with a combined capacity of 393,000 bd, and two are in
Quebec with a combined capacity of 372,000 bd. Locations, ownership and crude processingesapacit
for these refineries are provided fable2 below.
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Province | Owner Location Capacity (bd)
Ontario Imperial Oll Sarnia 121,000
Shell Sarnia 75,000
Suncor Sarnia 85,000
Imperial Oll Nanticoke 112,000
Total 393,000
Quebec | Suncor Montreal 137,000
Valero Lévis 235,000
Total 372,000

TABLE 2: CAPACITY OF REFINERIES IN ONTARIO AND QUEBEC!3

Crude oikhipped on the Mainline System destined fefineries in Ontario and points east is delivered to
Sarnia, Ontario viawo branches:

1 EnbridgeLine 5, which runs from Superior, Wisconsin eastwards across the Upper Peninsula of
Michigan, across the Straits of Mackinac and south through the Lower R&nwfsMichigarto
Sarnid*

f Enbridgel AYS TyX G6KAOK NYlzya FTNBY 9YyoNARRISQa Cftl yl
northwestern Indiana and across southern Michigefiore also terminating in Sarrifa

Crudeshippedto Sarnia orthe Mainline System idirectly availableto the three refineries in Sarnia.
Further volumes are shippeeastwardto the Imperial Oil refinery in Nanticoke, Ontario, the United
Refining refinery in Warren, Pennsylvania and the Suncor refarafyalero crudeil terminal faciities

in Montreal viaadditionalpipelines

9 Crude destinedor the Imperial Oil refinery in Nanticoke is shipptdWestover, Ontaricon
Enbridgeline 7 and on to Nanticoke d@nbridgeline 11(these lines are both part of the Mainline
System)

1 Crude destined for the United Refining refinery in Warren, Pennsylvania is shipjéestover,
Ontarioon Enbridgeline 7(thislineis part of the Mainline Systemthen to Buffalo, New York on
the Westover Express Pipeliaad then on the refinery on thKiantone Pipeliré

9 Crude oil destined fothe Suncor refinery itMontreal is shipped from Sarnia to Montreal on
Enbridge Line9

1 CQudeoil destined for the Valero refinery irévis Quebecis shippedrom Sarniao Montrealon
Line 9, then on td.évison oiltankerson the StLawrence Rivéf

Enbridg® Bine 9, which runs between Sarnia, Ontario and Montreal, Quebec, provides an example of
how crude oil infrastructure develops and evolves in response to changes in the economic and political
environmen.*®
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9 Line 9 waduilt andcompleted in 1976vith the support othe Canadian federal governmeiithe
A2PSNYYSyYy(Qa LiRdséce acesHt@@ndsiiderdis oilsupplyfor refineries in
Quebe¢ by enabling the shipment of Western Canadiamde production eastward from Sarnia
to Montreal.

1 Shipments on Line 9 declined in the 1990s as imports of offshore crudes became economically
more attractivefor the refineries in Montrealand Line 9 was reversed in 1998, flowing east to
west Tte line was primarily used byyetrochemical manufactureri; Ontario to access offshore
feedstocks

1 With the growth in production of crude oil in western North America since 28X @described
above economidncentivesshifted once moreand in 2012 Enbridgéléd for approval from the
blridAz2ylf 9YySNBBSNBEAR[ AgSatBol O] G2 Ada 2NRIAAY
capacity to 300,000 bd. €hrereversal was approved by the NEB, and was completed in
December, 2015.

Line 9 has been operating west to east mode from Sarnia, Ontario to Montreal, Quelsewe
O2YLX SGA2NBHENEKSEEGNB GKS SyR 2F Hawmp

2.5 Alternatives to the Mainline System for Crude Oil Supply to Ontario and Quebec Refineries
There are threexistingalternatives to theEnbridge Mainline System that can physically deliver crude oil

to Ontario and Quebec refineries:

1 Rail: The Imperial Oil refinery in Nanticoke, the Suncor refinery in Montreal and the Valero
refinery inLévisall have rail car unloading facilities with@ntbined capacity of 110,000 bdjth
details provided in Table 3 below. These rail receiving faciitiabk receipt byrail of crude oil
produced in Western Canada and tbi&Upper Midwest.

1 Marine tanker directThe Valero refineryn Lévishas the ability to receive direct deliverie$
crude oilvia tanker from a wide range of supply sources. This was the sole mode of crude oil
delivery to this refinery from the start of operations until the r#810s. More recently, Valero
has indicatedhat it has receied crude oil deliveries of crudproduced in the US anshipped
from the US Gulf Coasly crude oil tanker. These facilities have the capacity to receive at least
235,000 bd of crudebased on previous operationd®

1 Marine tanker and mieline: The Suncor refinery in Montreal is able to receive crude oil from
offshore sources delivered lsyude oiltanker to Portland, Mainend then on to Montreal on the
Portlandto-Montreal pipeline  This was the primary mode of crude oil deliveryhis refinery
from the start of operations until the completion of Line 9 in 1976. Flows of crude oil through this
system have essentially stopped since 20d&cause the delivered costnot competitive with
crude oil sourced frorwvesternNorth America?*
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Province | Owner Location Capacity (bd)
Ontario Imperial Oil Nanticoke 20,000
Quebec | Suncor Montreal 30,000
Quebec | Valero Lévis 60,000
Total 110,000

TABLE 3: CRUDE OIL RECEIVING CAPACITY BY RAIL AT ONTARIO AND QUEBEC REFINERIES22

2.6 Current Crude Oil Deliveries to Ontario and Quebec Refineries
As described abovehé Enbridge Mainline System is themary component of thecrude oillogistics

system servingefineries in Ontario and Quebedhe large majorityf crudethe crude shipped to Ontario

and Quebec on the Mainline Systeéssourced fromWestern Canada. From 2016 through 2019, 71% to
79% of the total volume shipped to Sarnia consisted of crude oil and NGLs from Canada, with the
remaining 21% to 29% of the tdteonsisting of crude oil produced in the [$8e Figurd).

Total shipments of crude oil and NGLs to Sarnia on the Mainline Sy&e724,000 bd in 2018up from
450,000 bd to 510,000 bd from 2012 to 2015. The increase in volume starting in 20i8exbinith the
re-reversal and expansion of Enbridge Line 9 in late 2015, which allowed the shipment of crude oil
eastward from Sarnia to Montreal.

Shipments into Sarnia on Enbridge Mainline
(thousand barrels per day)

800.0

700.0

600.0
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400.0
300.0
200.0
100.0

0.0

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

m Canadian Heavy m Canadian Light/NGLs m Foreign Light

FIGURE 8: SHIPMENTS INTO SARNIA ON ENBRIDGE MAINLINE SYSTEM?23

As shown in Figur8, data ondeliveries to 8rnia on the Mainline Systere broken dowrinto three
categories; Canadian heavy crude, Canadian light crude and NGLs, and imported lightAqoutiécly
released report authored by Dynamic Risk Advisors (DRA) psdvgteric data orthe specific share of
NGLs in this mi% Specifically, Appendof the DRA report shows data provided by Enbridge indicating
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that deliveries of NGLs into Sarnia on Line 5 averaged 76,802 bd in 2015 and 81,221 bd in 2016. Assuming
a typicalannual aveage NGL delivery rate of 80,000 bd based on these historic data, this implies that
crude oil deliveries into Sarnia on the Mainline Systeene 644,000 bd in 2018.

Thiscrude oildelivery rate of 64,000 bdinto Sarniain 2018was destined for refineriegn Ontarioand
Quebec and the 65,000 bd United Refining refinery in Warren, PennsyIvEaiie 4 below provides an
analysis of the allocation of these crude oil deliveries, and enables the calculatibe eiditional
volumes of crude supplied to Ontarand Quebec refineries via alternate logistics:

1 If we assume the United Refining refinery operates at 60,000 bd on average (a 92% capacity
utilization rate), therrefineries in Ontario and Quebeeceived584,000 bd of crudeshipped on
the Mainline Syste.

9 Crude runs by Ontario and Quebec refineries in 2018 totaled 684,000 bd

1 This mpliesthat Ontario and Quebec refineries received 100,000 bd of crude althé means

Thousand
barrels per
day
Total volume delivered to Sarnia on Mainline 724
NGL delivered to Sarnia (estimate) 80
Crude oil delivered to Sarnia on Mainline 644
United Refining crude oil runs (estimate) 60
Crude delivered to Sarnia on Mainline processed by Ontario and Quebec refineries 584
Ontario refinery crude oil runs 357
Quebec refinery crude oil runs 327
Total Ontario and Quebec crude oil runs 684
Crude oil delivered to Ontario and Quebec refineries by rail or marine tanker 100

TABLE 4: ONTARIO AND QUEBEC CRUDE OIL BALANCE - 201825

Based on the crude oil logistics systems serving these refineries, we can conclude that the large majority
of this volume consisted of shipments by rail and/or by marine tanker to the Lévis refinery in Quebec.
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3 Impact of a Potential Line 5 Closure on Crude Oil Supply and Logistics Systems

As describedhbove refineries in Ontario receive the large majority of their crude oil supply via the
Enbridge Mainline systemAs also described previously in this repoimce the rereversal of Line 9 in

late 2015 the large majority of crude oil processed in Quebec refineries is likeshippedto Sarnia on

the Enbridge Mainline System, and then onwards to Quebec on Lide&rdinglythis assessment of

the impact of a potential closure of Lineoh Ontario and Quebec refineristarts with an evaluation of

the potential tomaintain deliveries via th®lainline System byincreasngflows in Line 78, theemaining
portion of the Mainline Systerthat delivers crude oil to SarniaOnce tte potential to increase Line 78
deliveries has been fully evaluated, other options to increase crude oil deliveries using existing and/or
expanded logistics infrastructure wallsobe considered

3.1 Options to Maintain Pipeline Deliveries of Crude to Ontario and Quebec Refineries
On April, 16 2012, Enbridge submitted an application to the Michigan Public Service Commission (Case

No. U17020) requesting approval to replace segments of what is now known as Lih&@8application

was part of an undertaking by Enbridtpefully replaceall the pipeline elements of what was previously
known as Line 6B, and is now referred to as Line 78, running from Griffith, Indiana to Sarnia, Ontario. The
line replacement program came after a significant spill of crude oil occurr€dllmoun County, Michigan

in July 2010pwhich was caused Ipipeline failure?”

9 y 0 NJAapplcati@riprovidesmportant information onthe potential to expand Line 78Specifically,

the applicationincludes a table on Page 5 of Exhibi Af the application documenthat provides
information regarding thedO dzNNB y (i ¢ | Y R & def Line78A, iviich russ|frodh GrifithA S &
Indiana to Stockbridge, Michigan, aofline 78B, which runs from Stocidge to Sarniapon completion

of the requestedreplacements of pipeline segmenfBhese capacitieare presentedin Table5 below.

This table indicates that the Ultimate Annual Capacity of Lines 78A and 78B are 800,000 bd and 525,000
bd, respectively.The current capacities for these pipeline segments are indicated to be 570,000 bd and
pnnInnn ORI NBaALISOGA®WSter 2y 9yoNARISQa ¢SoairidsSo

Line 78A Line 78B
Current Annual Capacity (bd) 570,000 500,000
Ultimate Annual Capacity (bd) 800,000 525,000

TABLE 5: CURRENT AND ULTIMATE ANNUAL CAPACITY LINES 78 A AND 78B2°

Two important conclusionsegarding Line 78 capacity and thapacity ofMainline System to deliver
crude oil into Sarnia in the event of a potential closure of Lioarthe drawn from detailprovided in the
application documenand associated testimony by Enbridge execufires

9 Bringing Lines 78A and 78B up to their ultimate capacity requires additions to pumping capacity,
but does not require replacement ahypipelineelements

9 IfLines 78A and 78&e broughtup to their ultimate capacity, the Mainline System would have
the capacity to deliver 525,000 bd of crude oil to Sarnia
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With respect to he first conclusionthe application document makes clear that once the micdtfons
described in the applicatioare complete, the pipeline componeof Lines 78A and 78B will be fully
consistent with pipeline operation at ultimate capacity. Quoting from page 5 of exhiBitoAthe
application document:

! L2y 02 Y LIP®jdch(@yl the27Bnilelrepl&cement project filed with this Commission in MPSC
Case Nos. 116838 and UL6856), Enbridge will have replaced Line 6B in its entirety from Griffith, Indiana

to the St. Clair River in Marysville, Michigan. This will enalideideye to restore Line 6B to its original
ultimate pipeline capacity and along widertain facility installations at existing station sites, to provide

the pipeline capacity SOS&aal NB (2 YSSiG Adad AKALIWLISNARAQ Odz2NNBy

In other words, with the completion of the modifications outlined in the applicattba,only additional
changes required to the pipeline to its ultimate annual capacities of 800,000 baé78A and 525,000
bd for Line 78B are modificatisrio 6X certain facility installations at existing station sit¥g€. This
indicates that the changes required would limited to modifications to increaspumpingcapacitiesat
some or all of thexistingpump stationson Line 78

The second conclusion is thahce the modifications to bring Lines 78A and 78B up to their ultimate
capacities are completehe Mainline System will have the capacity to deliver 525,000 bd of crude to
Sarnia This based on the following:

9 The ultimateannual capacity of Line 78A, wth runs fromGiriffith, Indianato Stockbridge,
Michigan is 800,000 bd

9 At Stockbridge, two existing crude lin@gh a combined capacity of 181,000 ,ehbridge Line 17
and Enbridge Line 79, split off from Line 78

1 Thesepipelines enable delivery of cruddf the Mainline System to refineries in Detroit, Michigan
and Toledo, Ohio

9 Henceeven if flows on Lines 17 and 79 are at maximum rates, there would be more than sufficient
capacityon Line 78A to deliver 525,000 bd to Stockbridge, and then on to Sarhia®78B

In summary, any consideration of the impact of a potential closure of Line 5 stadalchccount of the
factthat Line 78will havethe capacityto deliver 525,000 bd of crude oil into Sarnia once modifications to
its pumping capacity havgeen @mpleted.

3.2 Other Existing Options for Crude Oil Delivery to Ontario and Quebec Refineries
Qrude oil deliveries to Sarnian the Mainline System totatl 644,000 bdin 2018 Thids 119,000 bd more

than the ultimate design capacity of Line 78 to deliereide into Sarniaf 525,000 bd Hencef we assume

a potential closure of Line 5 has taken placel Line 78 is expanded to its ultimate design capacity, an
additional 119,000 bdin crude deliveriesvould berequired to maintairtotal crudedeliveriesto refineries

in Ontario, Quebec and Warren, Pennsylvatithe 2018 rate of 64,000 bd

As described earlier in this repottiree existing logistics systentsave the potential to provide this
additionalcrude deliverycapacityin the event of a Line Shsitdown:
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Rail: Increased deliveries by rail to multiple refineries in Ontario and Quebec

Marine tanker: Increased deliveries by crude oil tanker to the Valefinery inLévis

Marine tanker plus pipelineResumption of crude oil deliveries by tankePortland Maineand
then on to the Suncor refineiiyp Montrealon the Portland to Montreal pipeline

These optionsare evaluatedn more depthin the following sections of the report.

3.2.1 Increasedeliveries byrall
There are four elements of infrastructirequired to ship crude oil by rail from producing regions to
refineries:

1 Tank car loading facilities in proximity to the crude oil production and gathering facilities

1 A sufficient number of tank cars to transport the crude oil by rail

9 Access to a railr@hnetwork that enables shipment by rail from the tank car loading facilities to

unloading facilities in proximity to the destination refinery
1 Tank car unloading facilities at or proximate to the refinery that will process the crude oil

As described earlidn this report, crude oil shipments by rail from Alberta and the Bakken region have
declined from recent highs over the last several years:

1
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Monthly average crude oil exports by rail from Canada to the US were consistently above 250,000
bd from the thirdquarter of 2019 to the first quarter of 2020, with most months above 320,000

bd and some months exceeding 400,000 bd. In 2021, exports from Canada by rail have been much
lower, in the 110,000 bd to 195,000 bd rangee Figur& above.

Shipments of crde oil out of US PADD 2 by rail have declined feorangeof 623000 bd to
715,000 bd during 2013 to 2015, 82,000 bd t0314,000 bd during 2018 to 2048ee Figur®).

Total Rail Shipments of Crude out of PADD 2

(thousand barrels per day)

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

FIGURE 9: CRUDE OIL SHIPMENTS BY RAIL oUuT OF US PADD 231
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These declines in shipments of crude oil by rail from AlbertaRAAD 2ni recent yearsndicate there is
significant undeutilized capacity in the first two of the four key elemeng¢gjuired to ship crude by rail

As a result, there ismore than suffieent existing loading and rail car capacity enable a 120,000 bd
increase in crude oil shipments by rail from Alberta and/or the Bakken region to refineries in Ontario and
Quebec. Likewise based on these recent declines in shipments by rail, wecoadude that there is
sufficientrail systemtakeaway capacity from Alberta and North Dakota

With respect to rail car unloading capacitiire¢e refineries in Ontario and Quebec leavcombined tank
car unloading capacity of 110,000 las, describedbove inthis report(see Tabl&). This indicates that
crude deliveries by raéire considered to be a potentially viable option for Ontaaiad Quebecrefiners

It also indicates that making up all of the 120,000 bd delivery shortfall described Apoed ckliveries
would require some increase in offloading capacifyhespecific amount otapacityincrease and the
location of these offloading capacity increasemuld depend on how much of the current 110,000 bd
capacity is in useand onwhichrefinerieswould decide to addinloading capacity

3.2.2 Increasedeliveries byYudeQil Tanker toLévis
For the majority of its existence, the Valero refinenLévis Quebec receivedll of itscrude oil from a

range of offshore sourcdsy crude oiltanker and deliveed toits proprietary dock facilities on the St.
Lawrence River. These facilities are currently operational, receivirg oilshipmentsby tankerfrom
Montreal that arrived from Western Canada on the Mainline System and Line 9, as described earlier in
this report. The facilities also remain available to receidditional waterborne crudeleliveries,and

press reportaand statements from Valermdicate thatin recent yeard/alero has at times shipped crude

oil to the Lévisrefineryfrom the US Gulf @st region?

3.2.3 Retu,rn toOpevratio’nof Portland, Maing to Montreﬂipeljng X A o
Thet 2N f I YR 02 a2y uNBIlIf ONHzRS 2Af LIALISEAYS aeausSy
system for many year8efore the completion of Line 9 in 1976 as descrifiealve, refineries in Montreal
processed offshore crude delivered by tanker to Portland, Maine and then on to Montreal on the Portland

to Montreal pipeline. With the reversal of Line 9 at the end of 2015 flows on the Portland to Montreal
pipeline have sloed almost to a complete standstifi. Nevertheless, the pipeline remains operational,

and thepipeline plus associated tanker unloading facility in Portland and associated tankage in Portland

and Montreal that comprise the system could be reactivated fode oil deliveries to Montreal.The

capacity of thePortland to Montrealsystem would be more than sufficient fally supply the Suncor

refinery in Montreal*

It is worth noting that there may be local resistance to restarting operations of the RdrttaMontreal
pipeline. The city of South Portland, Maine has passed an ordinance prohibiting the export of crude oil
from facilities within the cit§?. With crude oil receiving operations having stopped for the last five years,

it is possible there wodlbe local resistance to the resumption of such operatioliie age of the pipeline
system (it was completed in 194%)nayalsobe raisedas a point of concern.

Meyers Energy Consulting, LLC 15



3.3 Crude Oil Transportation Costs

Shipping crude oil by pipeline is widely recognizedasg the lowest cost method of overlantbng
distancetransportation of significant volumes of crude #ilCrude oil transportation costs on common
carrier pipelines such as the Enbridge Mainline System are set by the National Energy Regulator (NER) in
Canada and the Federal Energy Regulatory Committee (FERC) in thédd8.tariffs are in the public
domain. For example, the current tariff to ship light crude from Edmonton, Alberta to Sarniari®ota

the Mainline System i$36.9758US per m3 (equalent to $5.87USper barrel)*® while the cost to ship

the same grade of crudeom Edmonton to Montreal i$47.0800USper cubic meter (equivalent t§7.49

USper barrel)®*

The cost of shipping crude o# bail is generally higher anchore volatile tha pipeline tariffs® Factors

that have a significant impacin the costof shipping crude by rail includbe freight rates charged by
railroads}*and thelease rates for tank café. Shippers willing to make longer term commitments to
shipping crude by rail can address some of this variability by entering into longer term contracts with
railroads that can include minimum volume commitments, dayckeither owning or entering into long
term lease arrangements for rail carRates for shipping crude oil by rail aisoless transparenthan
pipeline tariffs, particularly since shippers typically enter into contracts with railroads for transportation
services that reflect their particutaequirement for transportation services.

Research published byhomas Covert and Ryan Kellogg in a September 2017 Working Paper for the
National Bureau of Economic Reseaprhvides insight into the variabilitgf freight rates for shipping
crude oilby raif*. Their analysimdicates that freight rates for crude by rail were$4%$er 1000 lkarrel-
milesin 2016 down from$5 USper 1,000 karrel-miles in2011-2014 with roughly one half of the decline
attributable to a decline in fuel costs for thailroads(see Figurd.0).

1YL

W1 LE LK 014 L Wik

FIGURE 10: CRUDE BY RAIL COSTS - SHIPMENTS FROM PADD 2 170 PADD 1 IN $ PER BARREL?S
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Another important component of the cost of shipping crude oil by rail is the cost of ownership of the tank
cars. 8ippers typically own dease their own rail cars and hence this cost is borne directly by the shipper
and not by the railroadAs documented in the September 2017 Working Paper referenced abofegd

the rapid rise in crude production from the Bakken region and the attengdaatp increase in demand

for tank cars, lease rates for large crude oil tank casg sharply anevere reported to approach $2,500

per monthin 2014/2015(see Figure ). Lease rates collapsed to under $500 per month in 2016, before

more recently recoveng to $750 per month.

Pl = 30,00K) gallon car
== 31,200 gallon car

Rail ear lease mte, Scar/month

FIGURE 31: ASSESSMENT OF RAIL CAR LEASE RATES BY GENSCAPE46

Notwithstanding the significant increase in shipments by rail documented previously in this report, it is
important to place this in context Rpelines remain thelowestcost mode ofoverlandshippingof large

volumes of crude oil over long distance$he sharp rise in shipments by rail documented above took

place in response to the crude piloductionincreases and constraints in pipeline cajpato bring these
production increases to markeas described earlier in this repos stated in the December 2014 report

G'{ wlkEAf ¢NYYyAaALRZNIIGAZ2Y 2F [/ NUzZRS hAaty . IOl 3INERdzy
/ 2y aANBaairz2zylf  wdides FonbikprofitdbId atilx8 the Niorth Dakota oil delivered by

NI Af S@Sy (K2daAK GKS NIAf OGNXyaLRNIlIGA2y O%ald Aa
Indeed, even with the significant rise in crude oil shipments byirrdile USduring the 2010sgleliveries

of crude oil toUSrefineries by rail continugto be dwarfed bythe deliveries bypipeling as shown in

Figure 2
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US Refinery Crude Receipts by Mode
(thousand barrels per day)
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FIGURE 42: US REFINERY RECEIPTS OF CRUDE OIL BY MODE*8

3.4 Assumptions for Ontario and Quebec Crude Oil Supply in Event of Potential Line 5 Closure

An assumed crude oil supply basis for Ontario and Quebec refiners in the event of a potential Line 5
closure can be constructedabed on this analysis @fvailablecrude oil supply optionsthe relative
transportation costs for these options, atite economic drivers these refiners fac8pecifically, a crude
supply mix can be built based on the assumptions that these refiners will:

1 Maximize their purchases of supply delivered via the MaiBystem
1 Maintain their current noAMainline supply
1 Supplement with 119,000 bd of crude by rail to meet the total crude requirement

This volume balance is compared to the crude oil supply mix with Line 5 in operation below if:Table

2018 Actual Line 5 Shut Down
(thousand barrels per day)
Crude deliveries on Mainline 584 465
Crude deliveries by other means 100 100
Added crude deliveries by rail 119
Total crude runs 684 684

TABLE 6: ONTARIO AND QUEBEC CRUDE BALANCE WITH AND WITHOUT LINE 5

Source: Canadian Energy Regutdtand Meyers Energy Consulting analysis

3.5 Crude Qil Cost Impacts of a Potential Line 5 Closure on Ontario and Quebec Refiners
The transportation cost impaan refiners in Ontario and Queb&om the potential closure of Line 5

would consist of two components:
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9 Higher costs associated with shipping9D00 bd of crude to Ontario/Quebec by rail instead of
by pipelineas discussed in section 3.3 abpwdth this differential largely reflecting the cost
differential between the two transportation modes

1 A potential increase in Mainline System tariffs to reflect the reduction in total system flows that
would result from Line 5 closurand an allowanceo compensateEnbridge for the removal of
Line 5 from i$ rate base

3.5.1 Crude Oil Transportation Caisipact ofincreased Shipments by Rail
As indicated in the research report by the US Congressional Research Service on the increased use of rail

to transport crude oil in the US referenced earlier, the costtopping crude oil the Bakken region to US
refiners was an estimated to be $8per barrel to $10JSper barrel higher than shipping by pipeliffe.
We canthen make a conservative estimate of the transportation cost impact of shippl®g@0 bd of
crude © Ontario or Quebec refineries by rail instead of on the Mainline System, by assuming that

9 Al 119,000 bd of crude shipped by rail aaould be sourced from the same locatiitiis currently
injected into the Mainline System

1 This volumeshipped by railvould carry a transportationcostpenalty of $10USper barrel above
the pipeline tariff

3.5.2 Crude QOil Transportation Cdstpact ofPotential Tariff Increase
As described abovehé secondelement of acrude oil transportationcost increaseesulting from a

potential Line 5 closurevould be thepossibleincrease in tariff on the Mainline System to compensate
Enbridge for the abandonment of Line 5, and for the reduction in overall capacity on the Mainline System.
This potential tariff increashas prewiusly been estimated to tota&$0.40USper barrel by Dynamic Risk
Associates in its September 2017 repdrtThis increase in tariffvould beapplied to the465,000 bd
deliveredto Ontario and Quebec refineriesm the Mainlineas part of the asgned crude oil mix described
aboveand summarized in Table 6

3.5.3 Average Crude Oil Transportation Qugtact ofPotential Line 5 Closure
The overaltransportation cost impacbn Ontario and Quebec refinecan be estimated by calculating

the volumeweightedaverage impact of theseansportation cost increases for the different elements of
the assumed crude oihix. This estimate is based on the assumption that refiners in Ontario and Quebec
continue to source crude oil from Western Canada and the US Uigevest and ship the crude via the
Mainline System and by rail cafhis calculation is summarized in Table 7 below:
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Transportation
Crude Volume Cost Increase
(thousand bd) (USS/bbl)
Crude to Ontario and Quebec refineries on Mainline System 465 $0.40
Incremental crude to Ontario and Quebec refineries by rail 119 $10.00
Crude currently delivered to Ont & Que refineries by rail/marine 100 $0.00
Total Ontario & Quebec crude runs 684 $2.01

TABLE 7: TRANSPORTATION COST INCREASE FOR ONTARIO AND QUEBEC REFINERS FROM POTENTIAL LINE 5 SHUTDOWN

Source: National Energy RegulatpMeyers Energy Consulting analysis

As indicated in the Table, the weighted average cost increase for the total volume of crude delivered to
and proessed by the refineries iOntario and Quebec would I$2.01USper barrelad indicated in Table

7. If we assume an average liquid product yield of 90% for these refineries, this would translate into a
refined product cost increasef $2.24USper barrel. Aan assumed exchange rate$f.00US to 4.25

US this would be equivalent to a refed product cost increase 02¥9CDNper barrel, or CAD0.018 per

litre. In other words, the assumed increase in refined product cost of 1.8 cents rgewluld be very
modest in the context of the typical volatility in prices experienced by consumers.

This analysis makes the conservative assumption that refiners do not make any changes to the mix and
location of their crude purchases in response to agmial Line 5 closure. Refiners typically optimize
their crude oil selection®n an ongoingbasis, taking into accourfactors such asrude oil prices,
transportation costsyefinery yields,anticipated offtake volume requirements andrefined petroleum
product pricesand using a wide range of sophisticated planning téblsis likely that Ontario and Quebec
would reoptimize their crude oil diet and associated crude oil transportation options if faced with a
potential closure of Line,3vhich could restilin an even lower impact on refined product cost
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4 Changes Required to Expand Line 78 and Add Rail Car Unloading Capacity

As describegbreviouslyin this report, crude oil logistics systems are highly adaptable over, tiriten
through modificationsa elements of the existing logistics systert is also important to recognize that
the complexity of such modifications can vary widelgpending on multiple factors incling:

9 The scope of the changes required

1 The ability to make use of existingrastructure
1 Permitting requirements

1 Specific equipmentequirements

As highlighted previously, the modifications to the crude oil logistics system that would permit continued
reliable supply of crude oil to the Ontario and Quebec refindr@® current crude oil sourcesnd hence
reliable supply of refined products to these markets, consisheexpansion of Line 78 aritde addition

of rail carunloading capacityt Ontario and/or Quebec refineriesThefollowing sectiongrovidesome
general comment®n the complexity of these modificatian

4.1 Expansion of Line 78

As described above in this report, Enbridge indicates in its application to the Michigan Public Service
Commission and in subsequent testimony that the pipe components of £8%&nd 78B are consistent

with the Ultimate Annual Capacity for these lines. The changes required to expand these pipelines to the
Ultimate Annual Capacity consist of adding pumping horsepower to existing pumping units and/or
additional pumping units agxistingpump stations.Ageneral assessment can be mdmesed on the four
factorslisted above:

9 Scope of the changes. The scope of changes required to expand Lines 78A and 78B to their
Ultimate Annual Capacity is likely well understood by Enbridge, anslists of the addition of
pumping horsepower and/othe addition of higher capacity pumping unds existing pumping
stations.

9 Use of existing infrastructure. Themodificatiorsrequired make use of key elements of existing
infrastructure, most importatly the existing pipkne elementsand the existing pump statiorsf
Lines 78A and 78B

1 Permitting requirements. Given the absence of amgeedto lay new pipe or build new pumping
stations, combined with the fact that the expanded pipeline would openatthin already
approved pressure constraints, it is likely permitting would not be a major time constraint.

1 Specific equipment requirements. The specific equipment requirements for the expansion are
not known, but could consist of items such as new electric motor drivers and/or new pumps,
piping elements at the pumping stations to permit the installation of new pumping units if
required, modiications to the control and monitoring systems at the pumping stations, and
electrical hardware to permit the operation of higher power pumping capacity.

Overall, this indicates relatively low complexity to execute the expansion of Line 78, relative to fo
example the construction of a new pipeline system.
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4.2 Addition of Refinery Tank Car Unloading Capacity

The time requirement to add refinery tank car unloading capacity will vary across refineries. As with the
case of expanding Line 78, an outsidessasment of thecomplexity of adding rail car unloading faods

for the six refineries in Ontario and Quebisclimited by the lack of detailegublic information of the
changes required at each refinery. That said, some general comments can be maltanss f

1 Scope of the changes. The scope of the changes will likely vary significantly by refinery, with more
extensive scope likely required for refineries that do not have existing crude oil tank car receiving
facilities Factorsthat will impact refiney-specificscope include existing connections to rail
systems and the availability and location of land to be used for new facilities, among others.

9 Use of existing infrastructure. Factors such as existing access to rail systems, the presence of
existingtank car unloading facilities including the required connections to refinery crude oil
handling systems will affect the time required.

1 Permitting requirements. Permitting requirements to expand crude oil unloading facilities may
vary across refineries,ub are not considered to be a likely cause of significant delays in
implementation.

1 Specific equipment requirements. The specific hardware required to add rail unloading capacity
at a particular refineryill vary from case to casebut the typical compoents required do not
generally require extended lead times for delivery.

Similar to the expansion of Line 78, this indicates relatively low complexity to execute the expansion of
Line 78, relative to for example the construction of a new pipeline system.
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5 Potential Impact of Line 5 Closure Without Line 78 Expansion/Rail Car Unloading
Additions

This sectiorof the reportprovides a qualitative assessment of what could happen in the event that Line
5 would be shut down witbut completion of Line 78 expansiand addition of rail car unloading facilities.
This assessment takes into accowgisting crude oil logistics infrastructurethat could enable the
refineries in Quebec to be physically supplied with crude oil in the event of a Line 5 clasoet
competion of the Line 78 expansion and addition of rail car unloading capasjtgcifically:

9 The Suncor refinery in Montreal has the ability to access offshore crude, delivered by tanker to
Portland, Maine and then by pipeline to Montreal. This systentt@aphysical capacity to meet
all of the refine& <¥olumetric crude oil requirementhe refinery also has the capacity to receive
up to 30,000 bd of crude oil by rail.
1 The Valero refinery ihévishas the ability to receive all its crude requirementthpker over its
own wharf facilities, and in addition has 60,000 bd of rail car unloading capacity.

Notwithstanding thisexisting infrastructure, economic incentivesongly favor the processing bdforth
American crudes delivered to the Montreal area amel9 and, in the case of the Valero refinery, also by
a mix ofrail and/or marine tanker.

If Ontario and Queberefiners faced closure of Line 5 watht Line 78expansionand addition ofrail car
unloading facilitiesbeing in placethere would be the pantial for significant disruption to crude oil
supply to Ontario and Quebec refinerieSuch an interruption in crude oil supplould likelyimpact
Ontario and Quebec refined product markets described below:

§  All refineries currently receiving crudensported2 Y 9y o NAR3ISQa [vwowld p | YR

facecapacityapportionment*
0 Thismechanismisdesigned to ensure the impacts of a disruption are shared equitably
among the parties making use of a common carrier pipeline
0 Theredudion inl  LJA LISt A Ydpacity & Shn@deuditably across tparties
shipping on the system

1 Refiners in Ontario and Quebwould continue their nominations to ship crude from the west
to their refineries on the Mainline System, since this isithrrost ecommmically attractive
feedstock choicas evidenced by their current crude oil purchasing patt&rns

1 As a result otapacity apportionmentall the refineries irDntario and Quebetas well as the
refineries in the Detroit/Toledo areand in western Pennsylvaa) would experiencereduced
crude oil deliveries on the Mainline System

9 Lower crude oil deliveriewould lead to reduced refinery output and hence reduced refined
product supply

1 Refined product prices in Ontario and Quebeould rise sharply in responsdeadng to
increases in refined product imports into Quebec and increased product shipnfremis
Quebedo Ontario

1 Product imports by tank truck into Ontanveould bea possible additional source of supply, but
the refiners in Detroit and Toledwould also be on allocation and potentially operating at
reduced rateslimiting potential surplus supply available for export to Ontario
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1 Therewould be potential for periods ofconstrained refinedproduct supply as a result of
reduced refinery production aniimits on the ability to access alternate sources of supply

1 Refinersin Quebewould likely acto re-activate the currently inactive logistics options to meet
their crude supply requirements

1 Refiners in Ontariavould havevery limited short-term options to acess additional crude oil
suppliesbased on the existing infrastructuravith the exception of the 20,000 bdhil car
unloading capacitat the Imperial Oil refinery in Nanticoke

Governments) couldconsiderintervening to try to mitigate the potential disruptive effects @uch a
scenarioif it (they) believa such an intervention would be in the national and/or provincial interest.
There is certainly precedent for government interventiotthia oiland gasectorin Canad, with multiple
examples including the building of Enbridge Liné® the formation of PetroCanad®,the Ontario
government Evestment in Suncot® and most recently the federal governménfiurchase of Trans
Mountain Pipeline® LY RSSRX (K$SaBbRBI (i SH950sKaE itk ©gand fo Bhdederal
governmenf & NERdilithtingithg constructionof the TransCanada natural gas pipelfieThat said,
given thelikelihood offederal and multiple provincial governmentsibginvolved, this wold likely be a
complex endeavor
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6 Refined Product Markets in Ontario and Quebec

Qude oil and oil refining marketretied directly to the demand for finished refingxbtroleumproducts

such as gasoline, jet fuel, diesel fuel and light heatinganibng others. Accordinglit is necessary to
understard key trendsin refined product demandndthe existing structure ofefined productsupply in

a given market to assess the implications of changes in crude oil supply to refineries in that mheket. T
following sections of tis report provide that background.

6.1 North American Refined Product Demand
The economy in North America has become lesintghsivesince the 1970ss a result oftructural

changessuch as rising efficiency in the transportatisector and a general shiiit the economyaway
from energy intensive industriéd. As demonstratd in Figures 3and 4, respectively,hiis phenomenon
hascontinued since 200t both the US and Canada.

US Refined Product Consumption per Unit of Real GDP
(Index, 2000 = 1.00)
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FIGURE 135: US REFINED PRODUCT CONSUMPTION PER UNIT OF REAL GDP52
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Canada Refined Product Consumption per Unit of Real GDP
(Index, 2000 = 1.00
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FIGURE 64: CANADA TOTAL REFINED PRODUCT DOMESTIC SALES PER UNIT REAL GDP53

As shown in Figure$and 16 below, the result has been stagnant or very slow growth in the consumption
of refined products irthe United StatesUS total refined product consumption peaked in 2B0O5 at
approximately 18.5 milliolbd. Consumption declined sharptiuring the 2008/2009 economic crisis,
falling to a low of 16.1 ftlion bd in 2011. Consumption regered starting in 2012, reaching 1713.4
million bd in 20172019, but remained below the previous peak.
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US Consumption of Total Petroleum Products (thousand Barrels per
Day)
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FIGURE 15: US CONSUMPTION OF TOTAL REFINED PRODUCTS®4

Consumption of motor gasoline and diesel fuel, which together represent78%oof totalUSrefined
product consumption since 2010, followed broadly similar trends (see FiglireThe compound annual
growth rate for consumption of total refined products, gasoline and diesel in the US from 2000 to 2019
were 0.0%, 0.5% and 0.5%, respectively.

US Consumption of Gasoline and Diesel Fuel
(thousand barrels per day)
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FIGURE 16: US CONSUMPTION OF IMIOTOR GASOLINE AND DIESELS5
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As indicated in Figure7lbelow, trendshave beenbroadly similar in Canada, but wiglightly higher
growth rates. Domestic sales of total refined products rose at a compound annual growth &%
from 1,629,000bd in 2000 to 1920,000bd in 2018.

Canada Domestic Total Refined Product Sales
(barrels per day)
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FIGURE 77: CANADA DOMESTIC SALES OF TOTAL REFINED PRODUCTS®®

6.2 Ontario and Quebec Refined Product Demand
Figure B demonstrates that consumption of petroleunefined products in Ontario and Quebebas

largely mirrored the trends of the Canadian market overhdlboth Ontario and Quebec, refined product
demand has been largely stagnant from 2010 through 2018, sdthe noise in the data from year to
year. Overall, fothe period 2010 to 2018 Statistics Canada data show a 1.3% CAGR in total refined
product consumption in Quebec, and@6% CAGR in the same metric for Ontario.
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Ontario and Quebec Total Refined Product Domestic Sales
(barrels per day)
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FIGURE 88: ONTARIO AND QUEBEC* TOTAL DOMESTIC REFINED PRODUCT SALESS?

*Data for Quebec for 2016 suppressed to meet the confidentiality requirements of the Statistics Act

6.3 Refined Product Exports and Imports

2018

As highlightedbove in section 2.2 of this repgrising crude oil productiom the US and Canada resulted

in increased crude oil exports from Canada to the USstarting in 2016, a sharp rise in cruoiéexports
fromthe US The rising US crude production and attendant decline in the relative price of crude oil for US
refiners led to sharply rising exports of refined products from thea¢Sndicated in Figure&1 US refined
product exports increased modestly from 8630bd in 2000 to 1,01@00bd in 2005, before doubling in

five years to 2,02800bd in 2010 and reaching 2,38®0bd in 2019.
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US Refined Product Exports
(thousand barrels per day)
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FIGURE 99: US EXPORTS OF REFINED PRODUCTS68

Figure20 demonstrates that efined products exports from Canagare much more stable during this
period. Exports rose modestly fro 302000bd in 2000 to 447000bd in 2018, with the large majority of
that increase taking place from 2000 to 2002. This increaseheassult of the expansion and upgrade
of the Irving Oil refinery in Saint Joh.,B.which was completed in 2008.

Canada Total Refined Product Exports
(barrels per day)
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FIGURE 20: CANADA REFINED PRODUCT EXPORTS??
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As described in Figurd 20ntario and Queberepresent a significant contrast to the picture for Canada
with Total refined product importexceedng exports for Ontario and Quebec combinedery year from
2014to 2018. Alsonotable is the import/export balance for motor gasoline, jet fuel and diesel fuel, the
key light products that represent the large majority of refined product deméatet.imports for the two
provinces of motor gasoline and jet fuel aloneeeaged 144,000 bduring this period

Ontario and Quebec Total Refined Product Imports and Exports
(barrels per day)
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FIGURE 101: ONTARIO AND QUEBEC TOTAL REFINED PRODUCT IMPORTS AND EXPORTS!

The linkage betweerefined petroleum productmports into Quebec and intgorovincial transfers into
Ontario isalso noteworthy. For example, in 2018 Quebec was a significant inmpafrtaotor gasoline,
jet fuel and diesel fuel, averaging 158,000 bd of imports of these three produdsiring the same
period, Ontario was a significant recipient of infgovincial transfers for the same three products,
averaging 128,000 b@&. This flowate is consistent with capacity information provided by Trans Northern
Pipelinelncorporated, which runs a product pipeline connecting Quebec and OntaAsgahe company
states ontis website!*

G2S 2LISNFGS ypn 1At 2Y Nidb&AThe2pipelindadsS eaktyidSwest, yinkimgy G | NJR
Montreal, Quebec and Oakville, Ontario and west to east between Nanticoke and Toronto, Ontario. There
are also branch lines which connect Tod2a t S NE2Y LY GSNY I GA2y Ittt | A NLXE
Trudeau International Airport, as well as Clarkson and Ottawa, Ontario. This pipeline safely transports an
average of 27,5002 NJ | LILINBEA YL St @& mMTHIpnn o6F NNBfa 2F NBTAy

In summary, key conclusions from this section of this report are that:
1 In contrast to the growth in refined product exports from the US since 2010, exports from Canada

have been more stable

Meyers Energy Consulting, LLC 31



1 Ontario and Quebec combined are net importers of refined produweith, the large majority of
imports flowing into Quebe@nda significant portion of that import volume subsequertiging
shippedwestwardto Ontarioviarefined product pipeline
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7 Impact of Potential Line 5 Closure on Quebec and Ontario Refined Product Prices

In previous sections of this report, the followihgsbeen establishedvith respect to the impact of a
potential closure of Enbridge Line 5

1 Enbridge Line 78 can be expanded to enable delivery of 525,000 bd of crude oil to Sarnia on the
Mainline Sgtem

1 Assuming an expanded Line 239,000 bdof crude would have to be delivered via alternate
means to maintain crude oil deliveries to refineries in Ontario and Quebec,

9 The economically preferred approach to meeting 9,000 bdrequirement would moslikely
be delivery of crude by rail to selected refinerie©intario and/or Quebec

1 The volumes deliveredn the Mainline System could be subject estimatedtariff increase of
$0.40USper barrel

9 The deliveries by rail would carry a unit transptida cost increase over the Enbridgeeline
tariff in the order of$10USper barrel

9 The resulting increase in crude transportation cost, averaged over the total volume of crude
processed by refineries in Ontarand Quebec, would amount %2.07USper barrel

1 Assuming an average refinery liquid yield of 90%6 crude oil cost increase would translate into
an aveage product cost increase $2.30USper barre| equivalent t0$0.018 CDNper litre

How this increase in averagefined productcost couldtranslate into changes in refined petroleum
product prices depends very much on the current mechanism by which the market sets these prices. Itis
important to recognize that refined product imports represent a significant share of refined petroleum
product consumption in Quebec and Ontarior examplelable8 shows combined Ontario and Quebec
imports and domestic sales of motor gasoline. The figure indicates that imports represer&229%6f
combined Ontario and Quebec motor gasoldwmesticsales.

2017 2018
Imports (bd) 101,040 120,104
Domestic Sales (bd) 449,018 453,599
Imports Share of Sales (%) 23% 26%

TABLE 8: ONTARIO AND QUEBEC GASOLINE IMPORTS AND DOMESTIC SALES™

This high level of refined petroleum product imports suggests that wholesale refined product gméces
likely significantly influenceby the price of imported product. If this is indeed the case, an increase in
refinery crude oil costsould have littleor no impact on wholesale refined product prices, and hence on
retail prices If on the other hand Ontario and Quebec refiners were able to pass the average increase in
crude costsdescribed above in section 3.5.3 of this report to the wholesale markefor refined
petroleum productsandthe cost increase was distributed equally across all products, wholesale prices
would rise by$2.30USper barrd, equivalent to approximatel$0.018 CDNper litre. And if wholesale

price increases translate direcilyto a retail price increase, this would alsgpiya retail price increase of
$0.018CDNper litre.
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8 Natural Gas Liquids and Petrochemicals

As described above in this reporty@component of themix of hydrocarbonliquids shipped on Line 5 is
astream ofNGLs consisting of a rixe of ethane, propane and mixed butanes. Closure of Line 5 would
result in this stream not being delivered to Sarnia. This section of the report examines the implications of
this change, includingow the petrochemica sectorcould be impacted.

8.1 Natural Gas Liquids Deliveries on Line 5

NGls account foan estimatedd0,000 bd of the hydrocarbon liquids currently delivered to Sarnia on Line
5, as described earlien this report This NGL stream consists primarily ofgame with some butane
content.”® The large majority of the ethane in the natural gas produced in Alberta is recovered from the
natural gas irfield gas processing plants aladge straddle plants in Alberta, for use as feedstock in that
LINE @A Y O Setnigal ind8sinNE O K

The NGL stream shipped to Sarnia on Line 5 is delivered to an NGL fractionator indéchissowned

and operated by Plains Midstream Candgldhis facility has aapacity ofup to 130,000 bd’® Closure of

Line 5 would stop the delery of this NGL stream, and hence would leave the Plains Midstream
fractionator without feedstock. Unless alternate means of feedstock supply were to be made available at
economically attractive pricing, the closure of Line 5 would result in closurbeofractionator. In
addition, current customers of the product streams from the fractionator would have to find alternate
sources of supply.

8.2 Natural Gas Liquids Production in US PADDs 1 and 2

As documented in Figure 2and 2 below, NGL production incread by 527,000 bd in PADD 1 and by
760,000 bd in PADD 2 from 2000 to 20T®is dramatic increase is the result of t@mmercialization of
fracturing and directional drilling technologieshichhave enabled thgproduction of natural gas and
associated NGLs from thight shale resourcesExamples of such resources incltiteMarcellusShalé&®
and Utica Shaféformations Production from these formations fgimarily located ineastern Ohio,
western Pennsylvania and West \finig, which are in PADDs 1 and b addition,the rising crude oil
production fromthe Bakkerformationin North Dakotdn PADD 2lescribed previously in this repdnas
led to a significant increase in the production of associated NGLs in this fégion
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PADD 1 NGLs Field Production
(thousand barrels per day)
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FIGURE 112: FIELD PRODUCTION OF NGLs IN PADD 183
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FIGURE 123: FIELD PRODUCTION OF NGLS IN PADD 284
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This rise in PADD 1 and PADD2 NGL production has led to significant investments in infrastructure to
enable this increasing production to find markets. Amongémvestmentsre:

1 Petrochemical production complexes. Shell is building a world scale petrochemical complex in
western Pennsylvania based on local NGL feedstaokd other petrochemical proders are
considering such investments.

9 Pipelines to ship NGL to the Philadelphia area. The Mariner East pipeline projects enable the
transportation of NGLs produced from the Marcellus and Utica Shale regions to the Philadelphia
area, for both local consoption and export®

1 Pipelines to ship NGLs to southwestern Ontario. The Mariner Wes¥ and Utopid® pipelines
permit the delivery of ethane and ethane/propane mix to southwestern Ontario and the
petrochemicalproduction plants in the Sarnia region, as désed in more detail below.

8.3 Petrochemicals in Ontario

In the early 1970s a number of petrochemical producers in Sarnia jointly develop&ktrosar complex
(initially referred to as the Sarnia Olefins and Aromatics Plant)ntegrated refining and paichemicals
complex designed to produce base petrochemicals and fuel products from the processing of western
Canadian crude dff The goal of this investment was to increabe competitiveness of the Ontario
petrochemicals sectoby increasing scale anatcessing cost competitive feedstoddowever as shown
in Figure 23, whethe complex started operations in 1977 crude oil prisese in the midst of anassive
structural increase This increase asthe result of a tightening in the global oil supgdgmand balance
and actions taken bpPECthe Organization of Oil Exporting Countt?sAs indicated in Figure42by
1977 the average price in nominal terms of crude oil imported into the US had risen almdstdiversus
1970, and by 1980 hagkceededan elevenfold increase
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Average Imported Crude Oil Price - US
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FIGURE 134: AVERAGE IMPORTED CRUDE OIL PRICE - US°!

Ownership of thePetrosarcomplex has evolved, and it is currently owned by NE&\Reedstock for the
complex now consists primarily of NGLs, and irtipalar of ethane sourced fromrising production of
NGLs irwestern PADD 1 and eastern PADBLmentioned abovim Section 8.2 As described above in
Section 8.2the Mariner West pipeline transports ethane produced from the Marcellus Shale to the Sarnia
area Section 8.2 above also describes how tthepia pipeline ships ethane and an ethane/propane mix
produced from the Utica Shale to the Cochin Pipeline witieh delivers these products to petrochemical
facilities in the Sarnia areaThis access to ethane feedstock from the Marcellus Shale and Utica Shale
appears to be sufficiently attractive that NOWas undertaken a number of significant capacity
expansion®f the former Petrosar complex, now based on ethane feedstdck

8.4 Implications of a Potential Line 5 Closure on NGL Supply and Petrochemicals

Apotential Line 5 closureould result inthe loss ofaccess to the mixelGLstreamfrom Western Canada

to Ontaiio that is the current feedstochkf the Plains Midstream Canada fractionatdgiven rising NGL
production in nearby parts of US PADDs 1 and 2 as described above and the potential forsiucther
production increases, this regiotould provide an alterna@ source of mixed NGL feedstock for the
fractionator. Ifthis does not occur anthe NGL fractionatois shut downthe nearby parts of PADDS 1

and 2 could provide an alternate source of suppiigdfified petroleum gas (LP@®yoducts such as
propane andbutanes. Likewise, petrochemical feedstocks based on NGLs cumpentigssedcby the

Sarnia fractionator and used locally could potentially be sourced from the nearby US regions, as has been
the case for the NOVA plant as described above.
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https://stateimpact.npr.org/pennsylvania/tag/marcellus-shale/
https://www.eia.gov/todayinenergy/detail.php?id=38772
https://www.shell.com/about-us/major-projects/pennsylvania-petrochemicals-complex.html
https://www.shell.com/about-us/major-projects/pennsylvania-petrochemicals-complex.html
https://marinerpipelinefacts.com/#:~:text=The%20Mariner%20East%20pipeline%20system%20provides%20the%20needed,Mariner%20East%202%20and%20Mariner%20East%202X%20pipelines
https://marinerpipelinefacts.com/#:~:text=The%20Mariner%20East%20pipeline%20system%20provides%20the%20needed,Mariner%20East%202%20and%20Mariner%20East%202X%20pipelines
https://www.eia.gov/todayinenergy/detail.php?id=16151
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Ng! of @ LNHRMNIERE | OljdAardAzy [/ 2a0 068 WSTAYSNEEZ | d{d 9y
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9 Nova ChemicalSurpasses 65% Completion ofGowth Projects in Ontario, Targets 2022 StatJé = b 2 @
Chemicals, April 12, 202Retrieved fromhttps://www.novachem.com/mediecenter/newsreleases/nova
chemicalssurpasse$5-completiontof-its-growth-projectsin-ontario-targets2022 start-up/
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