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Oil is important; its production will soon fall

Modern living depends profoundly dhe motorized movemat of people and freightalmost 95per
centof which is fuelled by oil products. Worldwide, transport consumese than 60per centof all oil
¢ more than70 per centin North America; a share that is growing everywhet®theruses of oil may
be more mportantthan muchmotorized transport includinguseasa feedstock for fertilizers,
pesticides, pharmaceuticalglastics, and other products.

Much oilremainsbelow land and segq and perhaps more oifielding material such as bitumerbut

the oil thatcan be produced easily and inexpensively is being quickly used up. Strong evidencedor this i
the need of theenergycompany BP to exploit the Macondo Prospettl kilometres below the seabed

of the Gulf of Mexicpl.5 kilometres deep at the point ofitling. The rig explodedhi April 2010, caught

fire, and sankThe pipefrom the oil sourcevas ruptured damaging the wellheadt the seabedUp to

10 million litres of crude oihaveescapel into the Gulf each da$.

A confluence of circumstancesint to the earlybeginning of what may be a gradual but inexorable
decline in world oil productiofi:

1 50-60 per centof global oil flows come from about 100 large oil fields, average ag®3@ars,
most in decline

1 supergiant oil fields were last found 50 yeaago

! Datain this paragraph are f007 and are from International Energy Agency, World Energy Outlook 2009, IEA,

Paris, France, 2009.

The information in this paragraph is from a variety of topical sources, incldikigedia and could be in need

of verification.Deepwater Horizon, trig from which exploratory drilling was being done, had in 2009 drilled
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These points are taken from a presentationMgtthew R. SimmongZhairman Emeritus, Simmons & Company

International (Energy Investment Bankeasthe AON Annual Energy Insurance Symposium, Houston, Texas,

January 201@seehttp://www.simmonscaintl.com/files/AONper cenR0Annualper cenROEnegy per

cent20Insurancger cent20Symposium.pdf).
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reserves

9 rusting infrastructure and an aging energy workforce are almost insurmountable obstacles to
maintaining possible oil supply

The point about resemes is worth amplifying. Thé 2 NImRifr&pository of data on energy is the Paris
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scientist of exaggerating oil world reserves by up to a thithblems withoil dataextend beyoncdhe

reportingof reservesFor examplethe U.S. government, usually exemplary in data matters, produces

what seem to bejuestionable statistics on oil production

Also worth noting is the lack of obvious replacementrfast of the anticipated decline in production
from existing fieldsFigurel suggests that, were oil to be available in 2028 under present conditions,
world demand for it (consumption) would rise by some 15 per &¢fawezer, by that year production
from existing and planned oil fields will fall by 40 per ¢eesulting in a shortfall of 43 million barrels a
day (half of current production) to be met from-§ar unidentified sources of oil.

Figurel goes about here
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years that will jeopardize any hope of a recovery from the present global economic rec&ssion

A reason for the chronic undénvestment could be that oil companiesalize that there is little more
oil to be found that can be extracted profitably.

See Mason R)il reserves 'exaggerated by one thifdaily TelegraphMarch 22, 2010, at
http://www.telegraph.co.uk/finance/newsbysector/energy/oilandgas/7500669/&ikervesexaggerateeby-

one-third.html. The former chief scieist warned of sbrtages and price spikés g A 1 KAy & S| N& ®¢

See Baskin BBhortcomings Exposed in Oil BADOE Documents, Consultants’ Report Cite Outdated

Methodology, Errors in EIA's Weekly Surw#iall Street JournaMarch 18, 2010at
http://online.wsj.com/article/SB10001424052748703523204575130141392493862.html?mod=WSJ_Commoditi
es_LeadStory

Figurelis from a presentation by Glen Sweetman, Director of the International, Economic, and Greenhouse
GasesDiiA 2y 2F GKS | ®{ ® 9ySNHE LYF2NXIFIGAZ2Y ! RYAYAAUGNT GAZ2
Washington DC, April 7, 2009, at http://www.eia.doe.gov/conference/2009/session3/Sweetnam.pdf
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Warning: Oil supplies are running out faBhe IndependentAugust 3, 2009, at
http://www.independent.co.uk/news/science/warningil-suppliesare-runningout-fast1766585.html



Oil depletion will cause economic havoc, unless demand falls first

Figurel suggests strory that we are at or close to the peak in world production, to be followed by a

long peiod of decline in production,down here ail depletion The projection of demanith Figure 1
would thus be impossible. Demangd.e., consumptiorg cannot occur witlout supply.Economists
suggest that an imbalance betwegntential demandor oil and supplyof oil isusuallyresolved by a
rise in the price of oil, which restragonsumption within the envelope of supply.

Demand bumping up against supply appearedaose the oil price increases of the last decade,
culminating in a price peak of $147 per barrel in July 2008, showigime2.?

Figure2 goes about here

Qil prices had been rising since 2003, but the spike in 2008 &astheless remarkableand the
subsequenf’5 per centfall and recoveryperhaps evemore so

Accordingtoone analysh,! aLJA 1S Ay G4KS LINAOS 2F 2Af KI a
market crash for nearly half a centuiyAccordinglythe recession of late 2008 may have been
precipitated by the oil price spikevhichthen dramatically reduced consumption of oil, thereby
collapsingts price.Other factors; e.g., subprime mortgages, shenanigans on Wall Streebuldhave
set the scene for the oil spike to precipitate the recession, @nddwell have worsened it.

High oilprices can have widespread effects on the economy because transport, and thased

transport fuels, is a factor in the cost of almost every product. The strongest effect may be on vehicle

sales, because fuel prices also affect the cost of using freskicts.Figure3 shows how U.S. sales of
light-duty trucks (SUVs, vans, piags) fell as oil prices rose steeply late in 2007 iarttie first half of
2008°Then, as the recession took hold, sales of regular automobilesdell t

Figure3 goes about here

® Figure2is based on data from the U.S. Energy Information Administration at

http://tonto.eia.doe.gov/dnav/pet/pet_pri_fut_s1_d.htm (Contract 1)
The quotation is froma blog posting by Gail Tverbergttp://www.theoildrum.com/node/6025 specifically
illustrated by Figure 8 in that posting.
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1% Automobile sales data iRigure3 are from theU.S Bureau of Economic Analysis at
http://www.bea.gov/national/index.htm (Motor vehiclespil price data are from the source detailed in N8te
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Both General Motors and Toyota have said theyrare planning for a longerm shrinking of the U.S.

automobile market by about 3per cent'! Such a shrinking may already be eviderfigure3, which

shows 2006 sales of some 16 million vehicles (the approximate rate for mewipys years) becoming
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The high oil pricemay also have affectetlansport activity in the U.Shis idllustrated inFigure4,
which shows a dramatichangein late-2007in a longestablished trend? The decline in travel began
just as oil prices began to rise very steeply (Siggire2). It stopped when oil prices collapsed late in
2008.

Figured goes about here

We may be in a vicious cycle: oil prices are bbby scarcity and busted by recessiandalso
constrained by falling supplyhe vicious cycle of oil price and economic recession may be reinforced by
another cycle concerning investment in oil supfie two cycles are shownHingureb.

Figureb goes about here

Humanity, though its dependence on tigport and, in turn, on oil, appears to be between two rocks
and a hard place

1 The two rocks are that oil prices above $80/barrel may be ireguto develop (a) any new oil
supply and (balternatives to oil.

1 The hard place is that a recession occurs wkeneil goes much above $80/barrel.
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workings of demand, supply, and pridéhe possibility of market failure impels consideration of

rationingof oil produds by a means other than pric&asoline was rationeith Canadaluringthe

Second World Walbut not sincePetroleumgeology and economics may impel rationing ag@ne

maywell ask whetheNorth American governmenghouldembracerationing of gasolin@nd diesel

fuelas a way of bringing revolutionary but ordeclyange to transport industries.

YCc2NI DaQa FYGAOALI GAZ2Y 2F | &Yl EfSNI | dzii 2 Juvel8NZDOBaii = 4SS C
http://in.reuters.com/article/idINIndia4015502009060® C 2 NJ ¢ 2Kin2GRC QB2 1a D& y S6 062aa o
two more tough yearsjune 25, 2009t http://www.reuters.com/article/idUSTRE5500YB200906¢gFe
A0F3SYSyld Aa FaadzySR G2 FLlJXe (2) ¢2e2ilQa ! o{d &lfSaxz

2 The data irfFigure4 are from the U.S. Federaldtiway Administration at
http://www.fhwa.dot.gov/ohim/tvtw/tvtpage.cfm.



Quebec is especially vulnerable, but is welhdowed with the best alternative fuel

Quebec has much reliance on imports of oil, especially from outside Northieenfégure6 and the

associated tablshow that this dependence is greater than that of the U.S., where there is much

concern about energy securityMoreover, the U.S. maintainsStrategic Petroleum Resereéup to

727 million barrels of crude oikquivalent to two months of imports at the current ra®uebechasno

such reserve. Thus Quebec, which like the rest of North America depends almost entirely on oil products
for transportation, is especially vulnerable to interrigots in oil supply.

Figure6 goes about here

On the other hand, Quebec is espaly well endowed witliacilities for renewable production efhat
may be the best alterative transport fuel: electricity.2009,Hydro-Québec producedl89 terawatt
hours of electricity, 9Per centrenewably, and was able to export p2r centof thistotal.**

The main alternativéo internal combustion engines (ICEs) fuelled by oil productd@metkctric motors

is ICEs fuelled by biofueldowever,even at present levels of production, which dogv in terms of

0 NJ y atotl mduitedentst” industial biofuel production may be having a profound effect on food

production and the costs of food. Estimates of how much the 2008 rise in food prices could be

attributed to industrial biofuel production range from 20 to 75 per cEmccordingly, much effor

concerns development of methods of industrial ethanol production from the cellulosic portion ef non
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only cellulosic ethanol has the potential to be produteg R 02y adzyYSR 2y | adzadl Ayl ¢
fuel] will not be produced on a significant scale for another decade .6t'so

13 Figure6 is based orgtatistics CanaddheSupply and Disposition of Refined Petroleum Products in Canada
Catalogue No45-004-X, January 2010at http:/ /www.statcan.gc.ca/bsolc/olcel/olc-cel?catno=4804
X&chropg=1&lang=eng

4 Data on electricity production and exports are from HyaralzS 6 ArhaBReport 20Q%t
http://www.hydroguebec.com/publications/en/annual_report/index.html

> For example, ithe U.S., a major producer and user of biofuels, production of ethdisplaced less than ger
centof oil use in 2009. Sdé.S Energy Information Administratigffetroleum, U.S. dataat
http://www.eia.doe.gov/oil_gas/petroleum/info_glance/petroleum.html

'® See ActionAidVieals per gallon: The impact of industrial biofuels on people and global hurgeton:
ActionAid UK, 2010, &ittp://www.actionaid.org.uk/doc_lib/mals_per_gallon_final.pdf

Y The quotation is from B.D. Solomon, Biofuels and sustainalfilityals of the New York Academy of Sciences
1185, 2010.


http://www.eia.doe.gov/oil_gas/petroleum/info_glance/petroleum.html

Grid-connected land transport may be the best means of reducing demand, especially
with deployment of Personal Rapid Transport

Adecade ago, the future of electric traction seemed linked to the development of fuel cells, which can
produce electricity on board vehicles, usually through the-temperature oxidation of hydrogen. The
fuel-cell route to electric tractiomasturned outto be a culde-sac because of fuel cellack of

reliability, high costs, and, above all, high energy losses.

Figure7 illustratesthe major disadvantage of fuekeltbased tractionhigh energy losse$.The upper

row indicateghat making hydrogen from electricity and then making electricity from the hydrogen

results in a total loss of 4%er centof the initially produced energy, §er centif the hydrogen is

liquefied for transport and storage. By contrast, powering electaction from a similar source but via

the grid results in losses of only about d€r cent (The example is a{gary lightrail train, which is 100

percenttl2 s SNBR 08 GAYR Gd2NDAYSasxs KSy OSrestrahéd sacietg a1y WYw )
system that loses 7per centor more of initial energy production will not compete well with one that

loses only 1(er cent

Figure7 goes about here

Producing electricity on board vehicles and delivering it to them while in motion represent two of three
systems for powering electric traction. The third is to produce electrit#gvehere and store it on board
vehicles in batteries or some other devi&attery-electric vehicles are a focus of much current work on
electric traction As replacements for IGaowered vehicles, they may prote be almostas

disappointing as fuel cells

The best available lithium batteries can store about 200 skatirs per kilogram® The energy density

of both gasoline and diesel fuel is about 12,500 Whiltgis, even if electric motors are five times as

efficientas ICEs (a typical valyand battereswere toimprove by a factor of threéwvhich may be a

dream) therewould still be morethan afour-to-one difference in effetive energy storagerhis

translates in into limited rangsfor battery-electric vehicleslimited rangesando I G (i S NJsiSBigh A y (0 NJR y
costs present challenges to widespread deployment of batedegtric vehicles. A lesser factor is the

energy loss during battery charging, operation, and discharging. Such losses are much lowrer than

abovenoted losses ifuel-cell systems bu they provide a further disadvantage in comparison to

powering vehicles from the grid while in motion.

18 Figure7 has been inspired by chart Bossel, UAlternative energy conversin Presentation at FORUM 2008,
world Academy of Ceramics, Chianciano, Italy, June 2008 patwww.efcf.com/reports.

19 See, for example, Slide 3 of a presentatiorAloye de Guiberdf SAFTGroupe SABatteries and supercapacitor
cells for the filly ekectric vehicleat the Smart Systems Integration ConfererBrjssels, June 2009, at
http://www.smart-systemsintegration.org/public/electrievehicle/batteryworkshop
documents/presentations/Anneer cenk0deper cenR0Guibertper cen0Saft.pdf/download.



Nevertheless, powering from batteries will playportantroles in a transition to electric traction.

Battery vehicles could be preferred for vehiclaattmake only infrequent short trips. Battery powering
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for several hundred metres on battery power alone. Fanygrid-connectedvehicles battery power

for the first and last few kilometres of a tripnd during grid failuresould be an essential feature.

Most electric traction today involves powering from thedgwhile in motonCA @S 2F / I yI Rl Qa 3
cities have electric transit powered fromdtyrid (Ottawa is the exceptiorfonsidering these five cities
together, most transit journeys are made by electric traction.

Replacing diesel buses wittolley busess the mostcosteffective wayof electrifyingtransit. Indeed, if
daily distances traalled per bus are above about 150 kilometres, trolley busesieady cheaper than
diesel buse’ Trolley buses can provide most of the advantages of electric streetcars (also known as
light-rail transit) for a fraction of the cost.

Truckgoo can haveagrid-connected electric tractionTrolley trucks are used, for examgile the
Canadiarowned Goldstrike mine in Nevada. A classic use of trolley trucks iz @uLEbec Cartier iron

ore mineat Lac Jeanninérom 1970 until the mine was worked out in IR7These truckhadelectric

motors powered from overhead wires. A diesel generator provided the electricity. The reported result of
switching from diesel traction to electric traction was an@f-centdecrease in fuel consumption and a
23-per-centincrease in productivity? According to Gilbert and Péfl,

The iron ore mine example illustrates a profoundly important point. When there are heavy
loads, hill climbing or frequent starts and stops, using a fuel to generate electricity that
L322 6 SNE | lecr mdtddfrof @ grid &n be more efficient than using the fuel to
powera@S KA Of SQa L/ 9

N>

If the overhead wires at theac Jeanninmine had been connectedto Hydno dzS6 SOQa 3INARI (K
trucks would have been powered renewablyd even more effiiently.

A major challenge for the next few decades is that of applying the efficiency and sustainability of grid
connected electric traction to the comfort and convenience of the personal automobile. This has been

20 Capital costs are higher, but operating costs are lower. See Gilbert R, Pexhgport Revolutions: Moving
People and Freight without O%econd EditioiNew Society Publisher§abriola Island, B.C, 2010.

Z¢KS | LIWINREAYFGS Odptaposet lightdll Byatém(Teadsit Gity) N lydih@vehiclés about
$70 millionper kilometre, not including a 2km tunnelled portion, which is to cost $300 million/km. A trolley
bus system, including vehiclesfficient to maintain d0-minute or better headway appears to cost well under
$2 million/’km.6 { SS ! yRSNER a2y tDX ¢NRffSe@odzAa [FYRaAaINRYylIY (GKS ¢
at the First International Workshop to Push Forward your Trolley Bus System, Salzburg, Austria, 2006, at
http://www.trolleymotion.com/common/files/uitp/Anderson_Landskrona.pdfhe latterestimatedoes not
include the cost of the roadway, which often already exists and can be shared, and might typically be valued at
about  million per lanekilometre.

258 Y@y dzS0SO / FNIASNI aAySs /FYyFRIFIZQ ¢NRf &sSe | A&aid2NB.
http://www.hutnyak.com/Trolley/trolleyhistory.html#QCM

% The quotation is from Page 156tbk source detailed in Not20.



attempted for several decadessually uder the rubric Persnal Rapid Transpoff.PRTsystems

comprise fully automated, ondo sixperson vehiclegpods)on reserved guideways providing direct
originto-destination service on demanBarriers to deployment of PRT have included the widespread
availability of lowcost gasoline and, perhaps even more importantly, the inadequacy of the electronic
control systems necessary for safe, reliable operation. Theses barrier appeadigsbkring.

The first commesial PRT applicationte come into operabn at Heathrow Airport in London, UK,
initially linkingtwo parking areas and passenger terminalllustrated inFigure8.*

Figure8 goes about here

Similar systems are mooted for Masdar City Abu Dhabi, and for the airport at St. Louis, MiSEoese
systems have podsntheir guideways. An alternativmethod, with poddelowtheir guideways is
illustrated inFigure9,?” and also in thdour-minute @A RS2 W. dzo 6:fAEdnvehightFuturd | Y &
Suspending pods below guideways could provide better weather protection and Haseanlvantages,
although pods on guideways is more similar to how most land transport systems furibids .on
guidewaydamay thus be more acceptable, at least initially.

Figure9 goes about here

Atthe end of the?. dzo 6 f S & VidgoRs an iistratiartbf a duatode concept. Pods sprout
wheels and can be driven away from theideway. (In singlenode PRT concepts, pods are always on or
hung from guideways and are always under the control of the PRT systemmbdalPRT systems

have features in common with electric vehicles such as the trolley buses discussed above, vhich ar
normally attached to the grid via overhead wires but can be driven away from the wires.

#C2NJ Ly FRG201FG85Qa OASs 27T, Thekuurebihigiiapanily pessdnal tapidttEnsitt SS ! Y R
Presentation at the Advanced Automated Transit Systems Conference, Bologna, Italy, NoveBn2603,
http://www. gettherefast.org/documets/FutureofHCPRJar606.doc. For what may be a more balanced view,
seeCottrell, WD, Critical review of the personal rapid transit literatimceedings of the 10th International
Conference on Automated People Moyéslando, FL,-4 May 2005, AmericaBociety of Civil Engineers,
Washington DC.

» Figure8 is from the Web site ofJLTra PRT Ltd, the company that developed and is installing the system at
Heathrow Airport, ahttp://www.ultraprt.com/media/pictures/pressimages!/
% For the Masdar City proposal, sktp://www.treehugger.com/files/2009/02/masdaprt-interview.php For
the St. Louis proposal, séé&p://www.ultraprt.com/cms/index.php?page=sbuis-airport-development.
%" Figure9 is fromhttp://a6.unimodal.com/index.php?option=com_frontpage&Itemid=40
BeKS W.doofSa YR .SHYaQ OARS2 s a LINRRAZOSR F2NJ GKS { ¢
Analysis. It is dtttp://video.google.com/videoplay?docid2462675742485310587# e associated reprt, A
general transport system, is attp://www.sika-institute.se/upload/Publikationer/sr_2006_1_eng_total.pdf



The states of New Jersey and Virginia have each commissioned major reports favourablé foaPRT.
1 provides estimates from the New Jeysreport® It suggests that@mpared with surfacdight-rail
transit, and certainly with tunnelled LRFRT would be cheaper to build and operate, have higher
capacity and provide much better servicBerpassengekilometre costs are similar to thoserfo
subway systemsf the subway systems have the high ridership levels required to make them viable.

Tablel goes about here

PRT proposakre being discussed for several U.S. communities, including Santandrifameda in
Californig Edina Minneapolis, Ithaca, New York, and Perimeter Center, Ati#rRarhaps the strongest
community interest is in Winona, MinnesofdThe State of Minnesota has issugdequest for

expressions of interest from parties who have the ability to build, operate, and maintain a PRT ystem.

Quebecdhas numerousssetsand features relative to the deployent of PRT They include
1 Much need to reduce oil dependences noted above
1 Much renewably produced electricityas noted above

1 Much relevant engineering expertigenotably in HydreQuébec and Bombardier, but also in
numerous other businesses and orgaations concerned with electric traction and control
systems.

1 Much suburbiaparticularly around Montrea relevant because the optimal use for PRT may be
serving lowerdensity communities.

# The New Jersey reportGarnegielA, Hoffman B¥iability of Rrsonal Rapid Trandit New Jersg report
prepared for the New Jersey Department of Transportation and NJ TRANSIT, February 2007, at
http://www.njstatelib.org/digit/t764/t7642007z.pdf The Virginia report igiability of Personal Rapid Transit in
Virginia Report by the Virginia Department of Rail and Publio§partation to the Governor and General
Assembly of Virginia, January 2008, at
http://leg2.state.va.us/dls/h&sdocs.nsf/By+Year/HD112008/$file/HD11.pdDecember 2008 update of this
report is available atittp://faculty.washington.edu/jbs/itrans/VADOTper cen20PRPer cen0report-09.pdf

% The estimates iTablel are mostly from Tables-2, A3, A4, A6, and A25 of the first source detailed in Note
29. The estimates of subway di.RT capital costs in the first column are from ongoing implementations in
Toronto.

% Links to the respective requests for proposals, or other information, ahétpt/www.ultraprt.com.

% See Mark Sommerhausai/inona officials release details for PRinding planWinona Daily NewsDecember
16, 2009, ahttp://www.winonadailynews.com/news/local/article_83e794e2a0811de-a4dC
001cc4c002e0.html

% Minnesota, Request for Interest: Personal Rapid Transit (PRT) Viability and Benefits (St. Paultdlinneso
Department of Transportation, 2010), attp:// www.dot.state.mn.us/transit/docs/PRper cen20RFI.pdf



Figurel. Recent and projected worlil supply and deman@®008 to 2031
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Figure2

NYMEX oil price for next month delivery
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Figure3. Monthly U.S sales of passenger cars and-lilgity trucks (SUVs etc) and average
crude oil price, January 2006 to January 2010
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Total monthly vehiclular travel in the U.S., seasonally

adjusted, in billions of kilometres

Figured. Vehicular travel in the U.Sanuary 1990 to January 2010
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Figure5. Two mutally reinforcing vicious cycles involving oil prices and ecandawstors
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Figure6. Source of crude oil used in Quebec and the U.S., 2009
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Figure7. Comparison of the transfer of traction energy by foghin with transfer by electrons
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Figure8. Ultra PRT pods on their guideway at Heathrow Airport
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Figure9d
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