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Policy Statement

The electrification of transport will fundamentally and permanently change the
demand for petroleum fuels. Canada needs a rational transition plan for the Oil and
Gas sector to address the opportunities and potential negative impacts of this
imminent strucural change in hydrocarbon demand.

A detailed, equitable, datadriven, and realistic transition plan recognizes the value of
bitumen for nonfuel use and requires the active commercialization of existing and
emerging innovations.Transformation of the tansportation paradigm is already
underway. Visionary leadership to drive technical and social solutions will ensure the
provinces and Canada benefit from what is an imminent and disruptive lasgale
change.

This White Papearguesthat a tipping point will occur early in this decade. Action is
required within the current mandates of the Federal and most provincial governments.

Abstract

TheOil Sand$ace numerous challenges, the most publicly discussed being pipaersupplyand
COVIEL9. These hreats are acuteAn increasinglymportant chronicthreat isthe electrification of
transport, which willexacerbate theurrentoversupplyrelatedchallengesThe dectrification of
transportationis goproaching thesteeprise part ofthe 'S growth curve This risewill irreversibly
transform theoil sector. The timing of that transformation &oner than we think Therapid paceof
electrification and thdevel of market penetratiofis key to understandingts implications The
argument that we will need fossil fuels for decades to casnepuriousOilproducing provinces, the
Federal Government and Canadians needdwelopandimplement a transition plarNow! With
visionary and ass#ve leadershipelectrification of transportould makeOil Sandsitumen a global
crude oil of choice via thBitumen Beyond Combustidnitiative.
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Electric Vehicle Impact on the Oil Sands

Executive Summary

Canada has an opportunity for natimuilding throughthe development and execution @f rational
transition plan for the Oil Sands and oth@ovincialoil resources. This White Pagairilds onthe
observation thaa 2 million barrel per dayBPD imbalance betweemlobalcrude oilsupplyand crude
oil demand(20142015)has a structural impact on the benchmark priceenfdeoil. The oil price
impactis significanenough to threaten the viability @il Sandgroducers and ibeyond the controbf
Canadian governments artlde oil industry.

This White Papearguesthat electric vehicles (EVs)service aroundhe world will reachnumbers high
enoughto causea permanen® million BP2zrude oilsupplydemand imbalance~urther, this paper
provides compellinghformation suggesting this imbalance will occur at or before the middle of this
decade.And that imbalance wiljrow over the next few decadesTo take advantage dhesechanges,
actionwithin the mandates otcurrent Canadian governments required

The development and implementatioaf arationaltransition plan for the Oil Sand®ctoris essential,
will be natiorbuildingin scopgand is needed nowThetransition plan must be in place tedirect the
5% of Canadian GDP contributed by the Oil SdeR®D MfuelsTOalternative uses for the oil resourse

Aspects of a transition plan for the Oil Sands should include:

1 Acknowledgementhat Canadiargovernment policies regarding hydrocarbon fuel products cannot
change globatrude oilprices.

1 Understand that a smadhift to electrifiedvehicleswill permanently reduce odemand andrices

91 Provide incentives for Canadianto produceand process battery raw materials such as cobalt,
lithium, vanadium,andhigh purity carbon

1 Increasedncentives folEV batterymanufacturing in Canadsyhile addressindull productlife cycle
featuresincludingmaterial extractionbattery repurposingrecycling, and component recovery.

1 Learning from other governments how to supply labouto new electrical energy infrastructure
as coal for thermal electricity generation is removed frora élhectricity supply.

9 Targeedre-skilling for eergy, resource extractionand manufacturingector workers Plan
training so that skill sets are available at the tiprejectconstructionand commissioning occurs

1 Supportinstallation of EV charging statiottsattract battery and vehiclenanufacturesto Canada

As a shorterm measure only, support higgiradingOil Sandbitumenleases

91 Increase priority and support fahe Bitumen Beyond CombustiofBBC)nitiative. BBGeeks to
find new ways to addalueto bitumenthroughnon-fuel products Applicationsusingready or near
readytechnologyincludepremium asphalt, adhesivespatings, chemicalsBBUnitiatives will lead
to advanced materialsom bitumenusingCanadiardesignedechnologyfor 21%-century
applicationdike carbonfibre, vanadium and others

1 Recognize that transitioning from bitumen as a fuel to bitumen as a materials resource offers
producing provinces an opportunity to grow their economies in a decarbonizing world.

=

Actionto develop a detaile@nd rationaltransition planis required now wittplan executiorstarting
within the mandates o€urrent Canadian governments.
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1. Introduction

A faction of society is of the vietlvat bitumen shouldemainin the ground mainly because of the

bitumen to fuels/GHGgreenhouse gaemissions paradignindustry supporters suggest the industry

Oty O2yiAydzS (2 3INBg 0SSOl dziuéfordec&lesdorconie SWiabibiths I+ a2f A
y20 +Fy Wit io?Ritigf &dafdnifaiidd of dhe tradgport sector presents a serious

economic threat to global crude oil markets and g SandsCompelling realvorld signalsuggest

that threat isimminent

The hck ofpipelinecapacitypresentsa threatto Oil Smdsgrowth. But growthis nota reasonable
expectation when the world has an excess sublyonventional andhon-conventionalkcrude oil A
drop in global demandsuch as we have seen during h®VIBL9 pandemic, resutin plummeting oll
prices. Even a moderate reduction in demand can harm higireaed producersTherefore, drank
assessment of the potential impact of electrification of transport is required

That assessment wouldeedto identify the business risk ttve Oil Sandsector and determine what
actions arenecessaryto mitigate and adapt to these threatsefore they unfoldEven a partial
penetration of electric vehicles couldwarely impact the crude oil supplgemand balanceA
surprisingly small discorect between supply and demand has, as seen in regeats, had a
devastating effect on crude oil pricinghd by extension, thealue of theOil Sands

Alberta and Saskatchewdmave reserves ahore than 300 billion barrels of bitumé&nOf this,about

150 billion barrels are recoverable using existing technology and contemporary econéftecs
adjusting for qualitythe bitumen price over the last few years has been in the vicinitZ 8N50/ barrel.
Thatmultiplied by 160 billion barrels resulta an asset valuation of almot&n trillion dollars. Extracting
bitumen from theOil Sands$s not easyit is labour intense and expensiw&hen oil prices wera the
vicinity of $100/barrel, itvaseconomicallybeneficial However, the benefit can quikly turn to loss if

the marketprice of oil is lesthanthe extraction cost Any threat to aen trillion-dollarasset needs to be
investigated and taken seriously.

In years pastthe development of this asset contributed significantly to testern Canadian economy
and Canada as a wholeut the world ischangingquickly. Most countries around thglobeare adopting
decarboniation polides, which includein part, the transition tcelectrified cars busesand trucks.
Global economic forcesnd changes in consumer preference within this dedaaeresulted in a surplus
of crude oilthat may jeopardize the value of th@il Sandsesource Therefore, it is time for the ail
producing provinces and the Federal governmentaasider thevulnerahlity of the Oil Sands$o
electrified transportand takeaction to sustain the value of the resouras the 21 century unfolds

2 Bitumenin this paper refers ta form of heavy oil extracted fro@il Sandsesources in Alberta and Saskatchewan.
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2. Crude OiFundamentals

a. BitumenEconomics

Although crude oil isonsidereda commodity all crude oils are not the sammn the early years afrude
oil extraction,the oil had low viscositylight), low in sulphursweet vs. souryelatively easy to process
andwith highfuelyields Rroductsincludeliquified petroleum gashaphtha, gasotie, kerosene, furnace
oil, jet fuel diesel fuellubricants,bunker fuels for marine, industrighnd institutionaluses along with
chemicalfeedstocksCasumerpricescovered thecoss ofextraction, shipping, refining, marketingnd
distributingwhile turning a profitor all involved

Although a commaodity, crude oil prices véigcause of differences in quality and distance to refineries
Refiners striveéo manufacture highsalue productsvhile recogniingthat some products negto be

sold at a loss tallow forthe production and sale of morgrofitable productsProducts ®metimes sld

at a loss include petroleum coke, sulphlamy-quality asphaltcement and otherslt isimportant to
understand that refinelesmust process ashsell the entire barrebf crude oilexcept for thesmall
amountthey use internally Therefore, refiners prefer to buyil that requiresless cost tgroducehigh
value productshave a yield slate that matches the marketd minimizes lowalue product production.

Bitumenis expensive toefineinto fuels Due to its high pitch contentit requirescostly, advanced, and
sophisticated conversion equipment to produce the fuel products mentioned aligittanenfrom the
Oil @indsisalsotoo heavy, or viscoyso ship via pipelinswithout dilution. The diluent, typically a
gasoline precursor, distorts thdiluted bitumenyield slatetoward higher thandesirable gasoline
production Bitumen also contains high levelssafiphurthat must be removednd soldIn turn, GHG
emissions are higher than conventional crude oils and on paratiitbr extra heavy sour crude ailss a
result, refiners adjust the cost they are willing to pay for bitumen compared to other benchmat&sc

This adjustment, or discouyis set according to qualitgndother structuralconsiderationsThe
bitumen pricediscountranges between$10 toUS 20%barrel. Cther market influencegsandrive this
discountup. In 2018 the total discourgxceededJS 30gbarrel, which resulted irthe Alberta
governmentimposingproduction curtailmentsThat action ledo reduced supplgausingestoration of
discountsto levelsreflectingstructuralfactors such ashipping costssulphur,yield slatesetc.

Couple theseuality-relateddisadvantages with highextracion cost and itis easy tosee that the
price structure is highompared tomanyalternative crude oisuppliers This makebitumenproducers
more vulnerable to price reductiorthkan many of their competitors.

b. GlobalCrude Pricing

Crude oil is a globabmmoditywith numerous ountriesprodudngand sellingoil to markets
worldwide. Factors affecting globail pricesinclude consumedemand, oilquality, reliability of supply,
distance andtime to market, ®ipping costsalong with geopolitical factorsThe latter includgolitical
instability,local,regional,and national scale armed confliasd political interference in oil magks.
Consortiums such aghe Oil Foducing and ¥porting Countries (OPE(; adjustproduction volumeo
manipulateprices.These factors are beyond the controlinflividualcountries, includingsuperpowes.
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Regardless of the rhetori€anadian politicians cannot control global oil prices.

c. Crude Oil Supply

52 @2dz NBYSYo S NJofiakié&adeydSwsS | ZéeévdédadundBenotion that &
were on the verge afiepleting the worlés known and extractable reserves ohligweet crude oilThe
world was preparindor a scenario wheréhe only remaininghydrocarborresource was extra heavy
crude oilssuch agil Sand®itumen. During this time, Canada atige Oil Sandsectorprosperedalong
with Canadiarequipment and labousuppliers

Oil Sandproduction grew fromabout onemillion barrels/dayearly in this centuryo more thanthree
million barrels/dayby 2020 Some USefiners spentens ofbillions of dollarsreconfiguring their
refineriesto processheavy oilavailable fromwestern Canadandother extra heavy oil producers
includingVenezueland Mexica® The @pacity to process extraeavy crude ojlsuch as bitumen
increased around the wor|djivenperceivedight oil supply constraints

Thenlight sweet crude oil supplies from shdt@mationsbecame economa.
d. Alternative crude supplies

Up until a few years agthe U\ wasimporting close tohalf ofits almost 20 million barrel/dayrude oil
demand Oil productiorfrom shaleformationsin the early years of the last decade amountecbmut
500,000 barrels/dayHowever, over the last decadchnologicabdvances in horizontal drilling and
hydraulic fracture obil-bearingshaledepositsoccurred Thatled toadramatic increase in shale oll
production PreCOVIBEL9, US fhale oil productiorwasbetween 7and 8 million barrelsday, making he
USAthe largest oil producer in the worldbupled with otherdomesticcrude oilproductionand ona
net basisthe USs close to meetingts crude oil needs.

The US is onlgne of severatountriesdeveloping shale oil resourcdsor exampleChind shale oil
deposits although more difficult to exploiare among thelargestin the world'. Further, shale oilends

to belight, low in sulphurhighfuel yieldsand, importantly, contains asmallpercentgeof residue

(pitch). Contrast that with bitumenwhich is high in sulphuand metals hasdistorted yieldswvhich are
aggraated bydiluent (dilbit), andcontains between 3@0%residue Complex and expensive equipment
is required to convert residue into fueRBrocessing residue altarns between 30% and@oof the
residueinto petroleum coke a low-value product

3. It is notable that Canadian refiners chose not to invest in heavy oil orainits. The result, most Canadian refineries

cannot processignificant amounts dbitumen.Most eastern Canadian refineries are limited to a small fractidsitafmen in

their total crude diet. Given deep discounts, Canadian refineries typically process as much bitumen as they can limited by their
refinery configuration. They cannot process more evemeiiv pipeline or rail capacity made the supply available.

4 0il Shale in China,
https://en.wikipedia.org/wiki/Oil_shale_in_China#:~:text=0il%20sh&e#620China%20is%20an%20important%20source,eq
ual%20t0%2048%20billion%20tonnes%200f%20shale%Aetessed May9 2020



https://en.wikipedia.org/wiki/Oil_shale_in_China#:~:text=Oil%20shale%20in%20China%20is%20an%20important%20source,equal%20to%2048%20billion%20tonnes%20of%20shale%20oil.
https://en.wikipedia.org/wiki/Oil_shale_in_China#:~:text=Oil%20shale%20in%20China%20is%20an%20important%20source,equal%20to%2048%20billion%20tonnes%20of%20shale%20oil.
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In other words pbitumen, whether diluted or undiluted, isalow-quality crude oilwith a relatively high
production cost and longistance to market. Therefordjtumenis discounted making theOil Sands
producers more vulnerable to protracted price reductions tima&nycompetitors.

Absorbingeconomic losses due tdert term pricevolatility is possibleonly if the long-term average
priceis above thébreakevencost

e. Factors Affectin@rude OiBupplyandDemand

Many factorampactboth the demandand the supply obil products As in any commodity, if there is a
shortfall in supplythen prices will riseRising prices will attract neproducers whichtranslates into
more supply pushingpricesback downA supply-demandbalance tends to stabilizarices.

Most of the demand for crude oil takes the form of hydrocarbon fuilselatively small but growingse
for crude oil is in the chemicals sector, particulgligstics However, if the gowth in demand for

chemicals is lower thaadecreasdan demand for fuelsthe impactis a market imbalanceAn imbalance
canoccureven ifdemand and supplgre both growingout at different rates So,althoughanalysts may
project growth in deman@nd supplyover the next few yearst does notnecessarilyneanrisingprices.

f. Impact of a SupplyDemand Disconnect

Shale ol, conventional andomeunconventional producersan reduce or increase their production to
respond toa marketsupplydemandimbalance Other producers, such asegaprojectsare less agildt
isdifficult and expensive to shut down &il Sandeperationto follow markettrendsas thereis inertia
built into the systemAddin geopolitical influenceand black swahevents andwe have a recipe for
volatility and long term disconnect©therlongterm factorsexpectedto impact the balancénclude

Legislated auto efficienayles e.g. CAFRules andthe resultingimpact onfuel demands
Electrification or partial electrificationpf the transport sector and theagze of electrification
Demographis and changes in transportatigmeferences

Governmet interventiors

0 banningthe sale of new fossilueled vehicles

0 cartelsalteringoil productionratesto impactprices

0 incentivizing consumers to shift behaviour te@duceconsumpton

= =4 =4 =4

These factorgperate interactivelyand maylead toa protracted disconnecbetween supply and
demand The question remains, how sensitivahe price to changes ithese factorsDoes it take a
substantialchangeto cause a minopriceimpact, or can a small changéesproportionatelydrive a
severepricechange?

5 THE BLACK SWAN: THE IMPACT OF THE HIGHLY IMPRBBABNENolas TaleBlack swan eventse an
unpredictable, outside the realm of the expected and leadéwere consequences.



https://www.chapters.indigo.ca/en-ca/books/contributor/author/nassim-nicholas-taleb/
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3. Crude OIl Economié&alities

The theory and practice of economics are grounded in concepts of supply and demand in a marketplace
Theagreed exchange of a product or service for a specific amount of ntbeaypecomes the market
priceat the timeof the trade

Crude di, including all different grades and qualitigsa commodityOil has dominated the industrial
age so much so that the market hasttled on several benchmark¥hese benchmarks include WTI
(West Texas Intermediate), Brent (North Sea oil), and WCS (Western Canada Select)

There are two points to keep in mind regardihgse benchmarks anctrude oil & a commodityFirst,
both currentlyandhistorically,a given benchmarfrice reflects the final value of crude oil as a fuel
Secondunderstanding thevealth of information aboutachcrude oilandthe operations of suppliers
and consumers, one can coame the benchmark price with the underlying cost of productibine cost
of production includes costs of extraction, transportatiogfining, royalties and profit.

Economistsometimesuse simplifications to make a specific poifihe following two chag aresimple
visuaizations illustrating thémpact of structural changsin supply and demand.

First, if there isagroup of suppliers that can influence the market (such as ORE@hey agree to

increase supply, there will be a decrease in the pride supply curve shifts to the right, representing a
new supply conditiorfFigure 1)

Impact of Increased Supply:
Decrease in Price AND Increase in Quantity This is what happenehh 2014 Saudi Arabia

decided to increase crude oil production
The resulting increase in global oil supply
led to a shoriterm price drop of about 70%,
and a longetterm price drop of about 50%

7 since 2014

The lesson is that a structural change in

Quantity Q+2mePD supply by a an-Canadian supplier
——Supply 1 =—SUpply2 == Demand profoundly changed the market for all
Figurel Classic Supply Demand Curve crude oil benchmark prices around the

world. Neither a Canadian supplier nor
Canadian government policy can have this impar can they undo the impact.

Figure 2 shows the impact of a structlchange in demandf consumergurchasean alternative
energysource for fueldemandwill drop. Sippliersmust neet that lower demand otry to stimulate
demand by loweringhe price So, he demand curve shifts to the left.

Thisshift in the demand curve explaitise current situationconcerninghe electrification of
transportation As more vehicles use electricity, the demand for crude oil as fuel wilksttife left.
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Aunique evenis happeningn 2020and isbeingcarefullystudied The world is seeing a simultaneous

Impact of Decreased Demand:
Decreased Price AND Less Quantity

—

Quantity

Supply == Demand 1 Demand 2

Figure2 Demand Impact

shift in both the supply curve for crude
oil and the demand curve for fuel
Early in 2020there was a
disagreement between Saudi Arabia
and Russiabout controls on supply to
maintain pricesSq Saudi Arabia
responded by increasingroduction
andforcing all producers taccep a
lower price fortheir crude oll

At the same time, nations avmd the
world took drastic steps to control the
spread of the novel coronavirus
COVIB19. As entire economies were
lockeddown, demand for fuel

dropped significantlyAt the time of writing (Jly 2020), the impact of these eventsmains the subject

of study and debate

Forpurposes othis White Paper, it isssentiato understand that the simplifications of classical
economic theory and practice hapeeviouslybeenusefulto explain structural changes anude oil
supply and demandowever,an analysisof the compoundingmpact d evenlimited transport

electrificationis requiredanduseful forpolicymakers

Classical economthinkingasserts thathe adoption of electric vehiclg&EV)will causea drop in
demand fortransportationfuel. EVadagption would lead toa structural change in demand because it is
not easy to switch baend-forth between electricars and internakcombustion engin€lCE)ehicles

With thisimpendingstructural change, there will have to be a change inghele oilsupplyto satisfy
the remaining demandrhis realizatiofjustifiesthe development and implementation & rational

transition plan A plan that guides a paradigm skRONMbitumen asa fuel TOother opportunitiesto
continue capturinghe value otthis natural resourcén a partially electrified transport worldn other

words, bitumen beyond combustion, or BBC

6 Alberta Innovateshttps://albertainnovates.ca/focusireas/clearresources/bitumerbeyondcombustionbbc/



https://albertainnovates.ca/focus-areas/clean-resources/bitumen-beyond-combustion-bbc/
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4. Electrification of Transpog¢tA Deep Dive

G! [jdzA Si NB G2t dzYNMBWOA & £ ORBOY 1 R
T SN SYA&aA 2 yes&woidErdfbm & GeekaliMotbrs
adairedduring the 2020 Superbowlhe addporomotedD a Qa LJt
to build and sell a 1,000 horsepower,-alectric Hummer pickup
truckto be on the market in 2023SeeVideo J.

Thisadis one example of a change already underway in the-ligity
vehicle sectorBillions of dollardhave been spenton light-duty
electric vehicladevelopmentwith billionsmore earmarked for this
decade Expendituresntendedto causea transition toward electrizzehiclesand, eventually,
autonomous vehicles

VVideo1l GM Add for eHummer

The latter part of the last decade saw overall lighty vehicle salebegin to declinewhile the sale of
EVsenjoyeddouble-digit growth in most global markefs at least up until the COVAT® pandemic.

BeforeCOVIBL9, nost vehicle manufacturers weiiatroducing new EV models to the mark&ven so,

conventional wisdom suggestsdhransition to EVs will take decaddisus, we should continue

developing theDil Sandsectorfor fuelsand push for increasing market share. Eventyétly industry

YIe ySSR G2 F002YY2RIGS | WRb#aFeEQaddpyon N gedD S R F dzS f

However, ighe conventional wisdomW S A ff Yy SSR T2aaAdolethsip®desd F2 NJ RSC
gAUK 3IANRSOK TFapmdert dgfroashNB Sadispltesthere will be vestigial demand for

fossils fuels for decades to comé&ut does the transition to electrified transportation need to be

complete beforecausingsevereand irreversille damageo the Oil Sandsector? The question ighat

will the demand declineate look like? If the current supply surplus continped! oil prices be high

enough to maintairthe economic viability a2 y S 2 ¥  {irfo&t expeRsNé seucas of 8il A

rational transition plan for th@il Sandsector willanswerthese rate questions

Looking at the low percentage ahnualEVsales plusyearlysalesforecastsuntil 203Q suggests that
anythreat to the Oil Sandsnay be many years awalowever, $ looking at annual EV saleghe
context ofannualvehicle sales the best indicator of future oil demand?

Annual EV saldigyures may be the wrong indicator as all vehicles are not eGudilireoil demandwill
depend on the number of ICE vehicles in service, their average fuel consumption and their annual
distance travelledSince fuel and operating costs for EVs amgraximatelyone quarter to onefifth of

ICE vehicles, they will appaalcustomerswith highmileage applications, such as Canada Post, Amazon,

7 All the things carmakers say they'll accomplish with their futueéectric vehicles between now and 2030im Levin,
Business Insider January 28, 202fps://www.businessinsider.com/promisesarmakes-havemadeabouttheir-future-
electricvehicles2020-1¢ Accessed May 4, 2020

8 Combustion engine car sales to hit peak demand in 2018, say analgatsick McGegFinancial Times, December 2018.
https://www.ft.com/content/62506c240aae11e39fe8acdb36967cfcAccessed May'g 2020

9 Qil price rout: which supply is most at risk of shin? Wood Mackenzie27 March 202Mttps://www.woodmac.com/press
releases/price_rout_shut_in_supply/



https://www.businessinsider.com/promises-carmakers-have-made-about-their-future-electric-vehicles-2020-1
https://www.businessinsider.com/promises-carmakers-have-made-about-their-future-electric-vehicles-2020-1
https://www.ft.com/stream/d93f1682-bb95-4ab7-9a02-f8aa4ae13384
https://www.ft.com/content/62506c24-0aae-11e9-9fe8-acdb36967cfc
https://www.woodmac.com/press-releases/price_rout_shut_in_supply/
https://www.woodmac.com/press-releases/price_rout_shut_in_supply/
https://www.youtube.com/embed/gCcs2UxkYvM?feature=oembed
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Fed Ex, taxicabs, elcarge fleet operators have the most to gain from moving to EVs, whichithaee
refuelling osts andonger service livedue to their simpler drive systems. Fleet vehicles typically travel
5 to 10 times further in a year tharersonalvehicles

Annual EV sales may also be misleading if the sector is at the inflection p@irngroductdevelopment

Y {grawth curve Displacing ICE vehislr E\s permanentlyremovesthe demand for oiffor that

service Annual sales figures fail to recognize that on@aentersservice, it continues to be in service

for a decade or moré® Asnew vehicles enter service, oldirel-intensivevehicles are rdired.

Therefore, it isnoreinformative to look at cumulativ&Vdn service around the worlchther than

annual salesThsis the area under the curve, the integral, of a ployefrlysales starting in 2012 The

guestion that need askingis: how manyEVswould be required tdampact the price of crude &llAnd

when might that occur? Isdecadesnto the future? ORiIs it just around the cornerThe answer to

0KSaS ljdzSatAz2ya Ydzzad o6S LINI 2F F NIXGAYEFEE GNI yaa
resources.

a. Change in Crude Oil Demaanad Electric Vehicles

As discussed in the section on crude oil pricamgmall change ihydrocarbon fuedemandhas a
significant impact omwil prices. Thisimpact was madevidentfrom the 2014and 2015%xperienceln
2014 the WTI benchmark ogirice was in the vicinity dfSLO0$ per barrel and stable at that pricBy
2015 the pricevaried betweerts30 and 40 US/barrel with price volatilith\What happened?

Geopolitical forces came into playotrthat different from what we saw itate 2019 ancdkarly 2020
beforethe COVIBL9impact But the 2014 event is more revealing in that it was not as sever2014
Saudi Arabia decided to increase production while demand in growth markets, mainlplasaued
The combination ofhese two factors led to a global supgdgmand imbalance of about 2 million
barrels/day*? In 2014 the world produced and consumed a little over 90 million barrels per Tap
million barrels per day represents about a 2fbalance However, that 2% change resulted in about a
70% drop in oil prices!

Despite the emergence of an oversupply environment, most global oil producers currently hold a similar
forecast of future demand, which increases for the next decade or sorddgclining later in the

century. Producess striveto sell as much oil as possibknd somecanoverproduce Overproducing

drivesthe price of oil down anébrcingthe high-costproducers out of the markdb benefitthe

overproducer Producersare alreadycompeingto sell their producin an oversupplyenvironment so a
rapidly emerging technology disruptiavill further aggravatehe problemby decreasing demandhese
factorspresenta significanand permanentisk tocrude oilprices.

10 The exception is premature removal from service due to accidentr@ratause. For purposes of this paper the number of
EVsemoved from service prematurely have been ignored.

11The year 2012 is suggested as that is when Tesla introduced its Model S and when Nissan had established a market for its
LEAF. Also, by 2012 the LEAF and the Model S were production scale vehicles vs. custom built vehicles.

12 Factors Behind the 2014 (Rrice DeclingReinhard Ellwanger, Benjamin Sawatzky and Konrad Zmitr@eick,0of Canada
wSOASS w | drbdsNwv. bankaicandda.ca/wgontent/uploads/2017/11/boereview-autumn201 Zellwanger.pdf
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This leads to a question; just how many electric vehicles would need to be in service to cause a
permanent 2% disconnect between crude oil supply and demand? Such a disconnect would only impact
crude oil pricsif the supplyremained the samegr worse, if supplyincreased in the face of reduced

demand But there is another wrinktedemand couldise, as many predict, for decades to cornti€Vs

or any other factor causa decline in theate of increased demandompared toincreased supply,

then crude oil prices will be threatened@hecritical point to consider is whether growth BVswill cause

an imbalance between demand and supply regardless of whether the absolute demand and supply
grows over the next few decades

b. HowManyEVsWNould it Take and When Might That Occur?

Itis relatively easy to determineraugh estimate othe number ofE\&6requiredto disrupt the market
(Appendix ). Globally,about40 million EVacross all servicasould reduce gasoline and diesekfu
demandenough to permanently reduce crude oil demand by about 2 million barrels/tagt number
of vehicledbecomes much smaller if high mileage fleet vehidisproportionatelyconvert to EVSf 40
million EVs could cause a 2 million barrel/day itabae, he next question isvhen might ths occur?

Niels Bohr isreditedwith sayingd LG A& RAFFAOdzZA G G2 YIFI1S LINBRAOUGAZY.
answering the questiord 6 KSy & A f40mililoS EVEES | AQK complcatéddiestion since the

answer depends ofuture sales projectionsTo arrive at a plausible dgtere need to consider two

factors The firstis to estimate the number of EVs currently on the road gkistorical data on actual

EV sales. The second involves considering the many sceleguémdent sales projections for future

years until we come td0million EVs in service.

At the end of 2019there were7.2million EVs in the worléf which represers about 20% of the40
million EV tipping point. blv many years will it take to go the rest of the way

In May 2019, the International Energy Agency (IEA) publish&ldtsal EV Outlook 2019, Scaliog the
transition to electric mobility'* That report
é& . ) uses two scenarios toroject cumulative
Cumulative EV's EVs in servicevery year unti203Q The
first and more conservative (loijew
Policies ScenaritNP$°is based on existing
200 P government programs and policies
N PS intended to meet GHG reduction goalhe
NPS scenarisuggests there will bmore
| than 40 million EVsn service by 2025nd
D D D B D D 70to 80million in service by 203@When
v W Sz e e %W we addplug-in hybrids tothe numberof

300

100
«===30EV30

o

Millions of Vehicles

Figure 3 Forecast BEMPug in Hybrid forlEA Scenarios

13 |EA Global EV Outlook Z@https://www.iea.org/reports/globatev-outlook-2020

14 |EA Global EV Outlook 204@ps://www.iea.org/reports/globatev-outlook-2019

15 New Policies Scenario (NPS) is described in Chapter 3 of the IEA Global EV2018I08RSE ¢ KS 2 OSyF NA 2 Ay 02 NLI2
policies and measures thgbvernments around the world have already put in place, as well as the likely effects of announced

L2t ASE GKIFEG INB SELINBAASR Ay 2FFAOALE Gl NBSGE 2N L FYy&aéod [ Kl
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EVsthe total electrified vehiclesn service by 2025 exceeds 50 millidhese ehicles us zero to little
crude oitbased fuels

¢tKS L9! Qa &aS0O2yR a,0sesforebukt@hat ardhasedditioe mandfciure@ goaks
of achieving a 30%Vmarket share by 203@nder this scenaridhe cumulative total EVs in service by
2030 would be 250 million. It is interesting to note that by 2040, Bloomberg New Energgdirsarys
more than half of new cars will be electric

Figure3 shows the forecast uptake &V<ased on the two IEA scenaridtice that both projections
arealmostlinear, i.e. the number of additional vehicles yeaeryear is essentially constant. This is
decidedly unusual, as most forecasts of this type have an elongated S shape, where the curve starts flat
but becomes steepegveryyear until beconng almost vertical before levéng off again. Ta IEA

forecast is ao inconsistent with the uptake of EWsfore 2020 where numbersiearlydoubled year
overyear.

The IEAhosell 2 dza S (GKS f26SNI bt{ aAO0SYyIFINA2 |a (GKS aOSy N

Thisforecast overestimatgoil requirementseven ifactual EV uptake only meets the moderate 30EV30
scenario The NPS scenario is so modest that the number ohtavsifacturedbarelycovers the

increase in total vehicles forecast for those yeditse NPS scenario essenti@gtimates that the

number of ICEehicles will remain roughly constant over the decablee two forecasts diverge by so
much that if EV uptake follows the moderdif® Sorecast we will have a2 mmbbl/day nillion

barrelday) oil oversupply as early as 202hdgrow toover6 mmbbl/dayoversupplyby 2030

Things become even more extremehié 50EV30 (50% of new vehicles are EVs by 2@80pario
unfolds as showrin Figure4, where the

e B
2mmbbl/day oversupply occurs a yea . 0
earlier, in 2023 resulting in aroversupply CUIT]UlatIVG EV's
of almost 17 nmbbl/day by 2030 » 500
K}

. (&) 7
Both scenarios suffer from the same fault = 400
While governments and manufacturers > 300 ——NPS
encourage sales through various price 2 200 —_30EV30
mechanisms to meet their minimum goals 2 100
itis consumers who determine whattype |, = g | ——=—— SOEV30
of new vehicle they buy. Actual EV sales B B B B B D
may be higher thaeither scenario v v v e %

suggests if purchasers perceive EVS 10 berig e 4 cumulative EVs with IEA 50% by 2030 Scena
superior products.

16 Electric Vehicle Outlook 2020, Bloomberg New Energy Finatige;//bnef.turtl.co/story/evo-2020/page/3/1?teaser=yes
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All this suggests thdtty 2025, less thafive years, the number of electrified vehicles could be high
enough'’to cause a permanent oil supply surplieading to pricereductions sufficientto threaten the
Oil Sandsas a fuel supply resource

Are we at risk of being blindsided by these chang&k@ answer to these questions must be part of a
NFGA2y Il f GNIXryaiaxdazy LY F2N/FylFIRIFIQa hAiAft {FyRa |

c. What isdriving this change

Some would like to believe th#tte growthin global EV salesdsie toconsumers interested in
mitigating GHG emission&lthough that may be true for some people, there is little evidence that
environmengl concerrexplainsconsumers purchasingmillion electric vehicles

Initially, EV salesvere growing in most countries because of government policies related to climate
changeA YA GA L GA@S& OTh&eé mliieshinclfde acc@<ss yoHAW |amisrictionson
petroleum-fueled vehicles from downtown areas, support for the installatioil often freeuseof
charging stationsHowever, provithg afinancial incentive that reduceEV prices to near parity with ICE
cars is likelyhe primary cause Added tothese polcy stepss the fact thate\s offerlower fuel and
maintenance costthan ICE vehicle#s a resultthe total cost of ownership, with subsidigs currently
aboutthe sameasthe total cost of purchasing and operating a conventional vehfcle

There are alsseveral lesgangible advantagesf owning an EVThese include time saved hgt having
to go to the gas station (recharge at home), thet brakes renewed or visit the deler forother
regularly scheduled maintenancsuch as oil changdadlost EValsotend to outperform their fossil
fueled counterparts for responsiveness, decation, noise, and higkech features

In addition to these policy measures and advantages offered by EVs, numerous countries-and sub
national jurisdictions around the world have announced the yeavhichthey will banthe sale ohew
petroleumfueledvehicles. Thesales ban year farew ICE vehicke(Appendix 2and 3 range from 2025

to 204Q These jurisdictions are not planning to eliminate fossil fuel vehicles by their announced dates
justban the sale of new ICE vehicld#s/ou already have an EQvehicleyou can continue to drive.iBut
these inservice ICE vehiclasll be replacead with velicles that donot usegasoline or diesel fuel

Whether these ban dates are met or not, the message from leaders of these jurisdictions.is clear

Thesepolicy and performanceattorsare not only incervizing consumers to select EMlse messages
are beingacted on by vehicland vehicle parts manufacturers.

17More than 37 Million Plugin Electric Vehicles are Expected to be in Use in 2@28idehouse Incan 11, 2017,
https://guidehouseinsights.com/newand-views/morethan-37-million-plugrin-electricvehiclesare-expectedto-be-in-usein-2025

18 soyou think electric vehicles cost more? AB0S | NJ O2 YLI NA a2y & K2 ¢ 3Stephkn® &Vallsi&t | Olidz £ £ & ¢
Toronto Star, June 23, 202@tps://www.thestar.com/business/2020/06/23/sgou-think-electricvehiclesare-priciera-
comparisorof-costsoverten-yearsprovesotherwise.html

19 EVause regenerative breaking to slow and stop, break life is significantly extended compa@iiédicles.



https://guidehouseinsights.com/news-and-views/more-than-37-million-plug-in-electric-vehicles-are-expected-to-be-in-use-in-2025
file:///C:/Users/edbro/AppData/Roaming/Microsoft/Word/Stephanie%20Wallcraft
https://www.thestar.com/business/2020/06/23/so-you-think-electric-vehicles-are-pricier-a-comparison-of-costs-over-ten-years-proves-otherwise.html
https://www.thestar.com/business/2020/06/23/so-you-think-electric-vehicles-are-pricier-a-comparison-of-costs-over-ten-years-proves-otherwise.html
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d. Electric Vehicle Investment

Government policiescoupled with consumer responskas led to masse investment by vehicle
manufacturers around the worldAImost dailywe seemulti-million-dollarinvestmentannouncements
to support advances in batterpew car, truck, busand autonomous vehicleechnologes. These
investments are nolimited to new mmpanies such as Tesla, RiviaordstownEnduranceNickolg
BYD, Cherry Automotivend many othersAlmost alllegacy manufactunes have embarked on a nearly
irreversible path toward electrifying thefleets.

Theseglobal automakers hae already invested wer $90 billiorf°in electric vehicle developmenTo
secure their positionn the transition thesecompanieshave pledged tepend over $200 billiorf* more
over the next few yearsThe objective of thisoughly$300billion commitment is tobroady transform
their fleet offeringfrom petroleumfueled vehicles to electrified vehicle&/hen talking about private
sectorinvestment of this magnitudet isessentiato keep in mindthese areprofit-oriented and
publidy tradedcompanies.

The leadership teams of theseganizationgnustprotect and grow their shareholder investment&hey
areformallyannouncinghese straegic investmentsnd committing their shareholdefinoney. Why?
Becausehey think thefuture of their comparesdepends on these investments electrfied vehicles

e. Electric Vehicl@vailability

Even though legacy vehicle manufacturers have committed to spem$300 billion of their
shareholder€money on eledic vehicle
development the Tesla brand has become
synonymous with electric vehicleBut Tesla
and Nissaf Beaf, are no longer the only
brands on the market today(Figureb)

Most legacy manufacturersom, summer
2020, have at least one batteslectric or
plug-in hybrid vehicle on the markeThese
Pl Al s == offeringsare mainly in the luxury ansport
= utility categoriesandaccount for most of the
- more than7 million EVs currently in service
Further, electrifiedbick uptrucks by several
manufacturers are in advanced stages of

A aFalale SleepyCatsPixabay
Figure 5 Sampling of Currently Available EVs

20 Global carmakers to invest at least $90 billion in electric vehicleaul LienertReuters, January 15, 2018
https://www.reuters.com/article/usautoshowdetroit-electricidUSKBN1F42N&ccessed May 4, 2020

21 All the things carmakers say they'll accomplish with their future electric vehicles between now and,2Z080Levin,
Business Insider January 28, 202fps://www.businessinsider.com/promisesarmakershavemadeabouttheir-future-
electricvehicles2020-1¢ Accessed May 4, 2020



https://www.reuters.com/journalists/paul-lienert
https://www.reuters.com/article/us-autoshow-detroit-electric-idUSKBN1F42NW
https://www.businessinsider.com/promises-carmakers-have-made-about-their-future-electric-vehicles-2020-1
https://www.businessinsider.com/promises-carmakers-have-made-about-their-future-electric-vehicles-2020-1
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https://pixabay.com/?utm_source=link-attribution&utm_medium=referral&utm_campaign=image&utm_content=1633939
https://pixabay.com/users/IsmaelMarder-11178973/?utm_source=link-attribution&utm_medium=referral&utm_campaign=image&utm_content=3935946
https://pixabay.com/?utm_source=link-attribution&utm_medium=referral&utm_campaign=image&utm_content=3935946
https://pixabay.com/users/mikenr1-13305880/?utm_source=link-attribution&utm_medium=referral&utm_campaign=image&utm_content=4964667
https://pixabay.com/?utm_source=link-attribution&utm_medium=referral&utm_campaign=image&utm_content=4964667
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https://pixabay.com/?utm_source=link-attribution&utm_medium=referral&utm_campaign=image&utm_content=4622242
https://pixabay.com/users/Michael_Luenen-2998623/?utm_source=link-attribution&utm_medium=referral&utm_campaign=image&utm_content=1736418
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https://unsplash.com/@martinkatler?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/@martinkatler?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/s/photos/electric-mini-car?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
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development with production scheduled to begin this yeaearlynext year

The positivereactionby consumerso currenty available models indicativeof the likely response to
the smorgasboraf new modelsincluding pickup truckgo be available withim yearor two. These
new offeringswill appeal to the more thalB0% of Americarféwho expresgd interest in buying an
electric vehicle.

Household onsumers are not the only markeegment interested in electric or electrified vehicles
Commercialrehicle offerings, notably commuter buses, intity trucks and lightluty delivery vehicles
are already on the markekong vehicle life, low fuel costs and minimal maintenance requirgsne
make these vehicleattractive to businessedNumerous cities, includinpose inCanala, have
committed to electrifying theibus fleet(Figure6).

Postal and commercial delivery servieas followingsuit. Alsq longerrangeintracity tractors and
heavyduty trucks are i the late stages of developmentith productionplanned to begin early in this
decade

Even ifCOVD-191eads to a protracted recessipthe T — ==
transition to fully electric and electrified vehicles & — =T
appears to be inevitableCOVIEL9 leads to two ¥ : V‘ “1; B . 1
guestiors. How muchoil demandis permanently s, &SS%HM
destroyed and how muchdelayhasthe pandemic : -

caused in thé&Viransition? The answer to this
guestion must be part of a rational transition plan for =
/' FYFRFQ&a hAt {FyRa&a YR

The threat to immediate and permanenleclines in oil
demandis seriousPerhaps the mostriticalfactor has Figure6 City Buses
to do with theprimarybarrier to EV salesjehicle purchaserice.

f. Price Parity and Overall Cost of Vehicle Owne?ship

Historically, éectric cars have been significantly more expensive to buy than comparatstdeun:
fueled alternative. Thispricedifferentialis mainly due tdattery coss. Further, he significant
reduction in operating and maintenance costasnot enough tomake up for the difference in ufsont
cost,evenafter government subsidies.

Battery pricesalong with drive train andther technolodcal cost reductionsare rapidlyreducingthe
up-front cost disadvantageT his changstarted with high priced, low volume markdiefore 2010

22 New survey shows strong support for electiehicles across economic spectryi@onsumer Reportduly 2019.
https://advocacy.consumerreports.org/press_release/evsurvey?2 A&essed May 2020
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pac | In 2008 Tesla Motorsegan limited
— production of its alelectric roadster
(Hgure7). That car represented a
technologicabreakthrough in electric
"~ N vehicles The roadster was the first car
‘ Y, 8 to uselithium-ion batteries, offer a
' !ﬁ ' range ofalmost 400km, accelerate to
100km/hr in 3.7 seconds and achieve a
fuel economy equivalent to 2 L/100km
In 2008, he roadsterwaspriced at
about$100,000US mearing thatit

NCENTRE

“e otos/teslaar-red-convertible 4519524/
Figure 7 2008 Tesla Roadster

competed in price and performance with sports ctike thePorsche 911

A few lateryears Tesla launched its firshassproduction vehicle, the Model &igures).

The Model Sport sedarisa midsize caintroduced in 2012and still inproductiontoday. At product

launch the car wasavailablein the $60-90 thousandUSrange Although there were othedrive train

differencesaffectingacceleration and top speedhe primary determinant behind the priceangewas
battery size

The Model Sompeted?in pricg performanceand styling
with the large luxury sedans from Merced&gnz, Audi,
BMW, and Lexugndsimilarvehiclesn 2012(Video 2). As
the Model S evolvedt proved successful at competing

- with higherend mid-sizedluxury carsDuring thisperiod,

. the only commercially availablelectric vehicle styles
included asports car a sedanand a small hatchback
(Nissan LeafA vitalvehicle segment, theports utility
vehicle GUY, was not represented

In 2017 Tesla introducedhe Tesla Model XFigure9). The —

Model X is digh-performanceSUVcompetingin price with the | Carwow |
Cadillac Escaladeand Rover Range RovifercedesBenzG
Classand otherSUVs pricgat over $L00thousand Although
the Model X competes favourably jmice, qualitysize and other ‘
features in this category, the Model X, like thledel S, is in a EAOlorey Rz
classof its own when considering performandgue to the DRAG RACE
characteristics inherent in electric mototheseearly Tesla - -
models overwhelm their market competitard 2 This means ~ Y1d€02 Model S Competitors
that by mid-decade highendelectric vehicles were commeglly availablevith up-front price poinsat

Free-Photos from Pixabav
Figure 8 Tesla Model S

232012 Tesla Model Sview: Tesla rethinks the automobilé/ayne CunningharRoad Show by CNEJBn. 9, 2013
https://www.cnet.com/roadshow/reviews/2012eslamodets-review/

242017 Tesla Model XAaron Cole, The Car Connection, June 26, 2017
https://www.thecarconnection.com/overview/tesla_model 2017#image=1005850%¢cessed May 5th, 2020
25 https://www.thecarconnection.com/cacompareresults/mercedesenz_gclass 201X stesla modelx 2017



https://www.cnet.com/profiles/wcunning/
https://www.cnet.com/roadshow/reviews/2012-tesla-model-s-review/
https://www.thecarconnection.com/overview/tesla_model-x_2017#image=100585094
https://www.thecarconnection.com/car-compare-results/mercedes-benz_g-class_2017-vs-tesla_model-x_2017
https://www.youtube.com/embed/8I-6_H0haAw?feature=oembed
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or nearprice parity with comparable gasolifiaeled cars. However, price Qarity waisot true jor low- 3 .
pricedvehicles targeting masmarket consumerso A aal yQa [ SFTZ | O02YLI OG KI C
sucha cat

Since 2012 fte Nissan Ledfas,in some wayspaved the way for low priced vehicldie the much
more expensive Tesla modelil for thelrvehlcle categoryThe Leafvas the first masproducedand

: : . massmarketedall-electricvehicle featuringa
% lithium-ion batteryanda sticker pricein the
§ mid-US 30,000%ange Although the cadid
not compare well withits gasoline and diesel
= counterparts Nissan sold 450,000 units by
¥ December 2019, more thaamy other electric
vehicle The[ S I perfdrnancehasimproved
with the secondgenerationLeaf now
available for a lower price thahe original

/' d
Jorgen Hendriksemn‘UnsIash . The Nissan Leaf faced competition when
General Motos released the Chevrolet Bolt
Figure 9 Tesla SUV Model X in 2017. Both cars competed in thES$35

thousand(pre-subsidy averagepricerange
for new cars in the USAlthough the Bolt offered spirited performancempared to the Leadnd a
wide range ohightechfeatures, the vehicle remained pricey compared to its fefsslled
counterparts By early 208, the elusive mic&30 thousand U8lectrified vehicles, which includgdug-in
hybrids like the Chevrolet Voliwvere pricey, even with subsidie#/ith subsides, these vehicles sold

reasonablywell, althoughmanufacturers claimed they lost
money with each salélhe market wadimited to buyerswith
low to zero directemissiongigh on theirdecision criteria

until 2018.

In 2018 Tesla launched thimng-awaitedModel 3 TheModel
3targetbasepricewasUS35$ thousand which was the
average new car sales price in the ai$he time?® TheModel
3 would compete withother EVs in this price rang@cluding ;
the Leaf, Bolt, Volt, BW i3, VW eGolf, KiaSoul EYand [Video3 Model 3 Competitors
others But the Model 3alsocompetedfavourably andin mary ways proved to be superioto its
gasolinefueledcompetitors(Video3).

FigurelOillustratesatrend in purchase price paritas revealed by this EV historiprice parity was
achieved for expensive vehicleslOOk$early in the last decade. By the endtloét decade price parity
dropped tomid-range (~35k$ Uyiced vehicles.

26 Although they came close, they did not nidleat target.
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By the end 02019 Audi, Fiat GM, FordHyundaj JaguarKia,Mercedes Benz, PorschigslaVdvo,
VW, along with several Chinese companigsre sellingproductionEVsWhen you considethe
purchase price, performance, finish quality and

high-techfeatures, nany of these vehicles

particularly the more expensive versions, areat  100k5

nearprice paritywithout subsidiesThe only

market segment not represented in the near or at 80 k5

price parity spectrum is the less th&20 thousand 6016

US marketFalling batery prices coupled with

economies of scale suggest thabstelectric 40 kS

vehicle offerings will enjoy price parity with their 2015

ICE counterparts biyre middle of this decadé’

. . . 212 2014 016 2018 2020 2022 2024
The middle of this decadkeepsappearingas the Figure 10 Purchase Price Parity

timing forameaningfulnumber ofEVs irservice

On April 25, 202Qjuringthe COVIRIILIF Yy RSYA O YSYy a2NNR&sx DaQa A
Autonomous Vehiclessaith @ K2 LJS | yR 3dzi FSSt Aa 0GKFG GKSN
mid-2020s where suddenly people arargpto be buying [EVS] at a faster rate than anybody expects,
just because the driving experience on these vehicles is fadia@stic a Nabded: 2ViiaJyod get

used to chargingyourvehice A { S I LIK2yS i yA3IKGII | yRavet®@stlp R2y Qi
Fad +F 3Fra adlrirzye ¢KSNBQa ¢t 20 G2 6S alAR F2NJ (K

O0S t
5 Q& =

g. Electric Vehicle Charging Qpis

A commonconcern inhibitingprospectivebuyers fom
purchasingan EMnvolvesthe question oftharging
especially for those peopléeving in apartment buildings
or only having access to aitreet parkhg. A perceived
lack of charging stationghe time requiredto recharge
andlimited rangeleadssomepeople to conclude that
EVsareimpractical

: A,Jt A B f =4 e/
( ias ) gg! !g“ ix y . - . - -
oenomm bl ge I m anba . Let us start our discussion about charging by describing
Figurel1Public Level 2 Charging Station  ye currently available charging option¥2 R @ Q& 9
ownershaveaccess tdhree levels of chargintgchnology: Level 1, Levelanhd Level 3

A Level 1 chargarses aypicalNorth Americarhousehold 120\AC circuitThis level oEharger is
practical for electric motorcycles, pldg hybrid vehites, or vehicles wittbatteries ofnotionally 20 kW
hrs or lessAssuming 20-kWhbattery and 10 cents/kWh, it would co$® to chargeCas with

27 Electric Car Price Tag Shrinks Along With Battery Q¢esthaniel BullardBloomberg, April2, 2019,
https://www.bloomberg.com/opinion/articles/2019D4-12/electricvehiclebattery-shrinksand-so-doesthe-total-cost

28 https://www.automobilemag.com/news/electriwehicleswill-soondominate-generaimotors-productlineup/ interview with
Todd Lassa@Automobile Magazine, April 22020. Accessed May'@020.



https://www.bloomberg.com/opinion/authors/AQDSs66i7ts/nathaniel-bullard
https://www.bloomberg.com/opinion/articles/2019-04-12/electric-vehicle-battery-shrinks-and-so-does-the-total-cost
https://www.automobilemag.com/news/electric-vehicles-will-soon-dominate-general-motors-product-lineup/
https://www.automobilemag.com/author/todd-lassa
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batteries of that capacity can be chargetith a Level Jat homeovernight However, a Level 1 charger
becomes impracticahs battery capacity increases.

EVawith a range o800 km or more, will be equipped witargerbatteries Thistype of vehicle requires
a Level 2 chargdo chargeovernight Level Zhargers use 220 XCcircuitry typical of daousehold
electric stove odryeroutlet. EV owners with access to private parkusgally install this type of circuit
adjacent to where they park their céor overnight chargingA full chargefor a 50kWh battery,with
electricity at10 cents/kWh, would cosk5. To goover 300 kms

} a8 9

Using a Level 2 chargetherwise known as a ‘ 4 ? .. 9 0 99
destination chargeran EV ownercan go about ‘= % 9 °
their daily business without ever having to worryp \ {9” 9 q
abouta trip to the gas sttion or getting home in 90 o 9’ v aaaaaaa «3
Hme pe“fore Ehelr charge I’EJnS f\)ulif. they (Ehoo§ei [ 80 . %@ o® 937 o 999
uKsSe Oly Ftoglea tS®HPOGS ' oAl
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Level 2pr destination chargersare found at bv% e 9 P9 o
workplaces, mall parkingots, hotels and motels, ?9 o - O S0

car dealershipsCanadian Tire stes, Petro Can

stations,andcoffee shops etqFigure 1). Figurel2 Level Plug SharédNetwork - SW Ontario

Motel ownerssoon recognizethat providing charging statiorattracts EV owneswishingto charge
their carsovernight Thetraveller could then resume their journey the morningwith a fully charged
battery. PublicLevel 2 charing stations arevailable in most populated areas in Canada (FigRy&.1
Theyare often freeto usewith the host, such as a hotalpvelingthe costof the electricity They are
not as ubiquitous as gas statigrs® planning where yostay,andchargeis important to the EV driver
while almost irrelevant to & ICE vehicle driver

If the next destination ifarther, then the vehicl@ @nge then a Level 3pr DCfastcharging stationis
required(Figure 13)Level 3 charggrower ratings varyHigh

output chargerscanoffer 80% of battery capacity in as little asgs

15 minutesfor cars equipped to accept high rate charging &
Otherwise 30to 40 minutes is typical

Level 3 chargerare availableén populated areasalong
highwaysand from coast to coast along the Trans Canada
Highway Charging fees varput travellers can expect to pay
between$10and $15for each chargat alevel 3 station

DC fast charging stationfrastructureis currentlynot nearly
distributedas widely agasoline and diesel reflleng
infrastructure Figure 14 showsdc fastcharging statioff availabilityin Canad42020) The wural and
northern parts of Canada are not adequately covereile charging infrastructure isouthern Canada

Figurel3 Level 3 Station

2% Figures 12 was prepared from Plug Share Interactive hap://www.plugshare.com/
30 Figures 14 was prepared from Plug Share Interactive iM@g://www.plugshare.com/
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isadequate Current infrastructure easily supports cross country tafmsng major routes.This is true in
most advanced economies around the world

The argument that there are not enough charging stations is quickly becoming Most EVson the

market today have more than adequate range to travel to the next DC fast charging station alonrg cross
country routesin most countriesPublic destination chargers are available just about everywheneeV
26y SNAQ RI rarél2depdras ¥npulic $rfrastructure because owners plug their cars in at

home. Buildingon existing, near 9

adequate charging infrastructure is
keyto enabling EV sales growth o5,

9 ¢
9 9798 ¢ 9
Government policiesdriven by Gelons o g@ﬁv;
climate change commitments, o
b9 — ¢

augmentingprivate sector
investmentis leading to rapid
growth in charging infrastructure
There arenumerous private sector EV charging companies in business.tbdage companies are
growing theirstation numbers angdin CanadancludeEVGoPlug ShareCharge HufElectrify Canada
ChargePointTesla Superchargers

Flgurel4 Level 3 Plug Share Nemk Across Canada (2020)

Like gasoline stations, many DC charging stations wifee than one charging port (Figa#5).
According to Busines#ire,*! the chargingndustry isprojectedto experiencea 33%compounded
annualgrowth ratethrough to 2023Wood Makenzi& estimatesthat by the end of this decade, 30
~ million additionalchargerswill be installedvorldwide.

The currently available and rapidly growing EV charging
infrastructure is likely tdoe cap#le of supporting the EV growth
rates described in this papgfey to increasing EV market
penetrationdoes not seem to be charging options, but the
relatedand less visible topic of battery technology.

g. BatteryTechnology, fiting andPerformance

Flgure15 Iupercharger Statir

Consideringll the high-techfeatures found in most
contemporaryEVsrapid advances in battery technologyibat is most responsible foenabling the
electrification of transportThese dvances have madeell phoneshandheldpower tools, portable
computers,and electrified vehiclea reality.

31 Business Wirehttps://www.businesswire.com/news/home/20191112005454/en/GlotidEctricVehicleEVVCharging
StationMarket accessed May 8th, 2020.
32 hitps://www.woodmac.com/news/opinion/3émillion-ewv-chargersin-the-2020sgrid-edge/ accessed May 19, 2020



https://www.evgo.com/
https://pay.plugshare.com/
https://chargehub.com/en/countries/canada.html
https://www.electrify-canada.ca/
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https://www.tesla.com/supercharger
https://www.businesswire.com/news/home/20191112005454/en/Global-Electric-Vehicle-EV-Charging-Station-Market
https://www.businesswire.com/news/home/20191112005454/en/Global-Electric-Vehicle-EV-Charging-Station-Market
https://www.woodmac.com/news/opinion/30-million-ev-chargers-in-the-2020s-grid-edge/
https://pixabay.com/users/paulbr75-2938186/?utm_source=link-attribution&utm_medium=referral&utm_campaign=image&utm_content=3459169
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Battery developmenadvances involve @ )
material science, electrochemistry, Nissan Leaf,
manufacturing échniques economies of Range by Model Year

scaleand likely a suite abther disciplines
Theseadvancesre summarizedisingtwo
performance measuregost in $/kWh and
energy densityexpressed akWh/kg. Energy
density, kWhrs/kg, is key to longangeEVs
The higher the energy densjthe further an
EV can be driven for a givéattery mass
Battery energy densitat the cell levehlmost

tripled over the pasten years® 0 EI I

2011 2014 2017 2013 2020
This means that 2020EVcantravel [mkn| 118 5 172 23 e
considerably farthethan acomparable2010 Figurel6Impact of Battery Energy Density

EV withthe battery in both cars weighing the

same Figurel6 shows this performance improvement for the Nissan L&hafs dramatic increase in
energy densitoupled withbattery cost reductionsis enabling the appearance of heavier vehicles such
as pickup truckssUVscommercial vehicleand buses
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Battery costgeductions have been as disruptive as energy density improvemgltsatteriesconsist
of manycellsin a battery packCosts for the

Lithium-lon Battery Cost individual cellsas well as the packdropped
(2019) US$/kwh by over80%between 20D and 2019 Figure
At 17 showsactual(real 2019$pattery pack

$1,200

cosk by yearover the last decadealong with

0% anestimated cost through t@030 (US dollars
5800
:zz <$100/kWh This dramatic drop in battery costsadsto
00 ,L vehicle prices approachimgice parityacross
" vehicle categdes The price parity challenge
FURC S I A T for small andow-pricedvehiclesdependson

further battery cost and energy density
~ improvements?,

B Actual B Forecast

'Figurel7 Battery Cost Reduction
Thebattery pricerequired tofacilitate a
crossover poinbetweenEV upfront costompared to a similar IGfaris about$100US/kWh.*® This is

33 Lithium-lon Battery Cell Densities Have Almost Tripled Since 20@n McKerracher, Head of Advanced Transport at

BloombergNERttps://cleantechnica.com/2020/02/19/bloombergndithium-ion-battery-celldensitieshavealmosttripled-

since2010/ Accessed May 11th, 2020

34 Battery pack prices continue plummeting towards price parity with ICE vehidRessted January 27, 2020 Giarged EVs

https://chargedevs.com/newswire/batterpackpricescontinueplummetingtowardsprice-parity-with-ice-vehicles/Accessed

May 9h 2020

35 A Behind the Scenes Take on Lithitiom Battery PricesLogan Goldi&Scot, Bloomberg NEMarch 5, 2019
https://about.bnef.com/blog/behindscenegake-lithium-ion-battery-prices/, Accessed May 2020



https://cleantechnica.com/2020/02/19/bloombergnef-lithium-ion-battery-cell-densities-have-almost-tripled-since-2010/
https://cleantechnica.com/2020/02/19/bloombergnef-lithium-ion-battery-cell-densities-have-almost-tripled-since-2010/
https://chargedevs.com/author/chargedevs/
https://chargedevs.com/newswire/battery-pack-prices-continue-plummeting-towards-price-parity-with-ice-vehicles/
https://about.bnef.com/blog/behind-scenes-take-lithium-ion-battery-prices/
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expected to occur before the middle of this decads illustrated in Figuré7. Whenbattery prices drop
to that level it will cost more to buyan ICEvehicle than a&omparableEV a tipping point.

ANCENTRE

The middle of this decads likely to bevhenthat tipping point occurs This coincides with our estimate
of when there would be enougBVsn global service talisrupt crude oil demand significantiyhis is
coincidental because the factocensidered in this section involve battery and EV price/cost
fundamentals not salegrojections

Factorsdiscussed earliauseactual EV saleand policy influencéo estimate wherglobal EV stockwiill
exceedd0million EVs Aglobal fleet of40 million EVs wilinevitably lead to less gasoline and diefsell
consumption and in no waysembles a complete transition to electrification of transport

There doesiot need to bea completetransition to electrc vehiclesto causea permanendisruption in
oil industry economicsAnd basic economics suggésgh-cost producersvill be impacted first

5. Can thiHappenWithin aDecade?

Have you tried to buy a film caméfaately? Or a CRT (not flat screen) TV? How about NiMH batteries?
A videocassette recorder or VCR tapes? Without
mentioning sociamedia or smartphones, the list of
disruptedtechnologies and services over the past
decade or so is extensive.

Note, you can still buy film camerdBigurel8), use a
landline rather than a cell phone, send documents
by surface mailThese20th-century technologies still
exist, lut the scaleis trivial compared to what they
were only a few years agBy middecade EVanay
not completely displace ICE vehigléat enough of
them couldbe in serviceo disrupt the crude oil
supply/demand balancpermanently

Figure 18 Kodak 35mm Camera

We have seen this before.

36 Kodak camera imadgtps://unsplash.com/photos/yXwdL SY Sa&ecessed JuBO, 2020
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Figurel9 RapidTechnology DriveilChange

At the turn of the last centurythe primarymotive powerfor transportation was the horsé\ mere
thirteen years laterthat changed tanotor vehiclesAs is pointedly showim Figurel9, the transition
from horses to carenly took 13 yearsNote thathorsesdid notdisappear from the transportation
sceneby 1913, buta disruptiveand irreversiblechange happenedwithin 13 yearsOne technology
replaced another because it whstter.

From a historical perspectiyere have seesignificantdisruptions in technologhiappen astonishingly
fastacrossindustry sectes, including transportationWe should not rule outhe possibility ohistory
repeating itself

Awide assortment of fiordable, fully electric cargs now available that can travel in the range380to
500km or more on a single chargghort andmediumrange electrifiecbuses andcommercialrucks
arecurrentlyin service with several vendors planning to market lerange trucks before the end of this
decadé€’. Short to medium range electric amaftarein developnent by world-classaircraft
manufacturerg®. Deployment of commercial mediumange,all-electric passenger aircraif planned for
thisdecade,in less tharten years

This transitiorto electrified transportation is underwayrhis leads to the question, is the
electricity supplyinfrastructure to support this pace of change in place now, or can it grow at a
pacefast enougho sustain thesegrowth rates?

37 hitps://www.greencarreports.com/news/1129021_teskmd-nikola-electricsemiswill-arrive-to-rivalsfrom-traditional-truck-
makers

38 Boeing completes test flight of autonomous electric passenger aircrafistin, R. (2019, February 1Zharged Elgric
Vehicle Magazinéttps://chargedevs.com/newswire/boeirgompletestest-flight-of-autonomouselectricpassengesircraft/
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http://www.independent.co.uk/travel/news-and-advice/electric-planes-aircraft-rolls-royce-airbus-siemens-easyjet-2027-hybrid-a8079841.html
https://www.greencarreports.com/news/1129021_tesla-and-nikola-electric-semis-will-arrive-to-rivals-from-traditional-truck-makers
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