A Brief History of Oil and Gas Innovation
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1980s — 2000 32.72.nggﬂﬂﬁfﬁe‘?ﬁé\.i?eétyal'géia.snfﬂﬁ?:ew tested underground Steam Assisted Cabinet Parliamentary Committees Alberta Carbon Conversion  Solvent Driven Process | | support clean energy innovation * 146 NSERC-funded Professors Project Topics: management indigenous and i Teia iﬁ&iﬁ:ﬁggg M 2 Me:cno'nal el 3113‘; ll\\/l/l 222 iiggﬁ research funding, 244 irdustry = 2 Chairs related to oil and gas : . gggf%nrdFlrr?gtt:tirtgtggfggazr?gfé%rsltnggégfs centre across Canada e SMEs PrOducé;rs f;clzz e At opters . : & . Oiland Gas W & g7 Canadian Solar Inc. $29M (down  0.5% Crude oil and crude bitumen $52,314 M 5 R e, o e
Redirection Towards Environmentalism dramatically decreased Gravity Drainage (SAGD) using Russian Centre Lead Proponent: Cenovus e 65 Industrial Partners sustainable development, economic impacts Bxp ' 20 UofVictoria partners, 250 student researchers, = UCalgary CFREF partner ' (over 600 scientists, engineers, technicians) e  Oiland Gas sector c land Gas sector Digital Oil and Gas Gene T (i ae] Jels Pariaifing R 2 Business Research and 99 Tesco Corporation $12 M (up) 3.3% Natural gas, NGLs, and products $10,126 M s 20 en e coRE wWh
i i thermal mining techniques to recover | Annual Budget: $1.592 M (2016-17) Lead Proponent: InnoTech Alberta ~ FCCL Ltd. Example Project: Assessing R R 27U of New Brunswick 2HM 4°0 LI and 90 prototypes. § » Clean Technology Research Institute (2017) \ | Omersecor Total companies performing R&D: 23,000 2 Development Expenditures Source: Research Infosource 2016 Refined petroleum products $6,744 M Gov.Alberta
Environment nd 19§Ods .:”I.Effolrts to rtr\akg Egtc)P exploration oil beyond the depths of conventional Total S&T Expenditures: $594 M (2016-17) Projects 'Ir')otal' $'22 M Project Total: $23.2M methane emissions from legacy e 421 NSERC awards to student fellows [C - " =  Chairs P (CERC) ~N z; 8 oi Cve_gln.a S;g '\I\jll ggg 33529 :2 « Innovacorp Ocean Cleantech Accelerator (2036 DeBt. I Fi'r)1ance) g ) = — have increased 1400% since 1999, Electricity $2.914 M e B e
® Greater environmental awareness leads to and drilling less Intrusive began oil surface mining methods. The wells NRC itiati o . fossil resource development and e 15 NSERC-supported Research Chairs anada Excellence Researc airs Program of Winnipeg = $8 M Adv. Manfacturing & Ocean Eng. Hub P . ! = Other $4,607 M 014 2015 2016 Tacker, Carbonbreif.org
ot ori i . : . an Featured Initiatives NRCan Contribution: $9.8 M NRCan Contribution: $7.5 M L . ; i : : 9 g Total full-time (FTE) staffin R&D: 132,330 & o R R S S M) ] : ; 2006 2007 2008 2009 2010 2011 2012 2013 2 \
:zsJ::'::\',‘i'?o”nm:;gI“‘Jf‘:);jc';‘r‘i‘r‘lsttsr'es need to 19805|: Fir;t peérma ggnt:ucrtigd pipeline \S’:dr: ri:ﬂ;l?:dhfun::é:tallyfrom an Privy Council Office Treasur)éscc:::gri(:tcanada Department of Finance Canada - N Objective: Carbon capture, Objective: reduces water use methane mitigation potential Total NSERC investments in Related Sectors | | 2 ©f é&; ;:Ir:?:s&) ;;rz; ;?](;L;Slt\i‘/l(é I(;r; L:jlnaergl]gir;c; Sfi\s ;((est%.bena) Source: Research InfoSource = $16.6 M Clean Tech Hub for exporting ~ CRINis C — T e —— ™\ (2013, StatCar(1) ) -§ TS LES S P g:":ﬁid (‘; glgc)’p 1000 Publicly Traded Companies by 2 E;A%q;ualm:rro %32?: gégg;m Source: CAPP. Satistioal Handbook 2016
completed in Canadian Arctic : Investing in Liquefied Natural Gas storage, use and GHGs « Environmental Science/Agriculture: $226.7 M e - i : : - ; - M ial Universit Is Coordinating Co v o , £ +data unavailable : . :
i i —chai ) " 0 : i y : e Ch Materials Engineering for Unconventional Oil Reservairs 16 (Statcan emori niversity R&D Spending in Canada’s Cleantech
L EnVIr.OHmental Impaets along supply-chain 1980s : Technologies developed to @ 1984-2001 : Major Heavy Oil/Crude The Govemment of Canada has approved a . N . Lead Proponent: Dalhousie (2,352 professors and 6,771 fellows) UaCIr Iln aterial gineering Support for Higher Education R&D 2016 ( ) Research Strength: Offshore & Reservoir Engr. A e Gl 2ine] Gas [Mrevalion SaaeyelE p 9 , _ _ o . 5. Forestry products $41,592 M o . . . x
require better environmental processes, s : = Bitumen Technologies: mobility, 40 i to Woodfibre LNG Pilot Facility for Scale Up and Testing Carbon Capture & | | University Natural R d Eneray: $158.4 M (UCalgary) _ . . . Total: $13,150 M o ) = 2 CRCS in marine risk & offshore risk enar cross ine y In 2015, 28% of the R&D for Canada’s 800 clean # Oil Production Companies in Top 1000: 136 (13.6%) Source: GAC, StatCan G |0 b al Op po rtunities for Innovative Services q ul pm ent
ischadlegics, riskseauslion and eaueny envire dn“m% r’Infuod(;trer?nutccl)r;gweIIs horizontal driling, surface facilties Lin?i/fezr i)i(gL?efiéfjeggtirgl ggs(,)(l_IN(g) will be Conversion Tech Project Total: $0.8 M ) (ia,Guz{g prg?g:srggs;nd 4,9glgf)é-llows) - Al least 601 20 C?]alrs s reseg\rlchlgg A t?e O"t'and Funding university of British Columbia = 4 chairs :n reservoir and petroleum engir?eéring technology fimns were publicly funded. Canadian Upstream # Pipeline & Service Companies in Top 1000: 50 (5%) (17
® Beginning to phase out use of coal srvironmente . @ 1985 : FirstIn-Situ Commercial Total Federal Expenditures on Science & Technology exportéd from its proposed facility in British Lead Proponent: CMC Research Institutes NI (el ST B0 o Water-related Research $729 M gaz Industry, S?Cr glsnwztr]ec; ﬁ]r;ninan FESOUIEE mansgemert, arete R COMETIE . el gore Fe(s:ﬁa-rﬁthSftiE?Qrgére'sNEt\L;;?LeG_ggded = $7.9 M from Genome Canada project with | Global In 2016, fossil fuels represented $1.45 B of the $2 B 140 Hydrocarbon Revenue Importer GHGs Oil & Gas Market EXpOft Opportunity @
e Public concern regarding emissions from @ 1980s: Canada’s first gas-turbine system _ Installation. By 1992, 30 in-situ (2016-2017 StatspCan) i, &gl will 2 ene 6f (he NRCan Contribution: $1.0 M Outcome: methane eml_s(;slo_n f (756 professors and 2,177 fellows) \ Bl e @plerEo, 9 Er_ov'tncgl Gtovernments. 21(1);% m C;Etgoxr/]- al UCalgary and UAlberta for offshore corrosion Goft%?r?ment 4 » Ma?kgts that was invested in Cleantech R&D in the Energy Annual Dollar Amount by Product Type Total Revenue of Top 1000: $1,403 B Canada’s Top 5 Merchandise Imports (2016) (2016 Stats) 5,890
. . Xo -fi i . . & ’ o F : . i imates, validation for rivate sector: ) . = Researching oil remediation using shrimp Sector. $219 M was provided by COSIA. = 120 . : ; Total Revenue of Top Oil Production Companies: $149 B (10.6%) Canada’s Total: $533 B 3 - — - i _ . .
natural gas flaring and land destruction from replaces coal-fired steam units projects operated in Alberta cleanest LNG facilities in the world. Project Total: $ 2.16 M [RTELEIR G ) « Northern Research $49.6 M - : = Clean Energy Research Centre: Over 60 9 w Source: CAPP, ARC Financial Corp op a United States 2012 Share of Global | ® Growing opposition to energy dev. | @ Best Opp: low-cost suppliers and disruptive
oil production grew 1980s : Horizontal drilling, a technology originally 1989 : First commercial application of Total: $10.7 B N Objective: Enable a multi-sector partnership to reduce bottlenecks in "ff"" i.eCh"O'og'fs t‘ir;nf]rezz‘;temem (515 professors and 1,481 fellowa) (Vi Eemack G et ke Scholarship Program (Vanier CGS) E;?ngé ',E\ldounc_gt:gzt.s ector 2613";%3 ,\'\: multidisciplinary faculty University of Manitoba harvest waste Source: Standing Confwrgittee $n rﬁatulre Res%urcez, De- 5 Total Revenue of Top Pipeline & Service Companies: $69 B (4.9%) Reserves: 116 Billion BOE GHGs: 12.1% and political setting creating technology . @
$ Aging pipeline infrastuucture reguires re- e adapted for o™ Alberta Taciuk Process (ATP) in al: $5.01 B (Investing in Renewable Natural Gas the innovation chain, associated with scaling up activities, and wil et ?j(‘: x evory ohtrene e e ~ | Annual Budget: $8.4 M Foreign Sources $111 M = UBC's spinoff company, Mangrove Core Research Strength: Arctic Genomic ggltﬂrr]gl ﬁl%eé\sﬁ)%?ggosnegtor con Technologyin benaca’ = 100 1. Consumer goods LB [ Reserve Life: 13 Years uncertainty in markets & regulation | e On-shore water and waste efficiency -
consiruction for enyirensnental ang bt us(,je,\iﬂr:NVge(stem Cf:r:ii.t’:lniv‘\{:gr("lﬁ?gg)ns environmenta] remediation. First E?:;anq:lt:;l :gé B $1.35 M to a new renewable natural gas provide critical training for students and young professionals 7 evERere: / Canada Research Chairs Program $50,000 per year, per recipient for 3 years (up to 167 awarded annually) < TeChn(t)IO(g:)é devslopled techntolog%/ Eh'ﬁto Remediation ‘ A Source: Analytica Advisors 2017 Canadian Clean 3 Examples of Oil Production, Pipeline, and Service in g '\Eﬂlouir Vgh}dleitaicrgl peaqut..sip $;sgg,;(ligm o1% Ol 49% Gas . Rlﬂc? ;te%\:%\g:)holrrt]ur;?tr;zgzttﬁ Iéfrzggzurgg . gcfjl-; Egrr:tris r|: rgil(jlc;j bC; ITené(Ter:'ﬁatt'ei? E:Ieec:]
P ior pineli require measu L ! i i TP intended f . . \ : i - - 3 " . . converts and saline wastewater | . ; i i i . . : . , ; i . Electronic/electri : ) ive E ies: 1,572 o C L 2 : .
svci;r:cralg\ru‘ccr;s;l:;)sl\?:ézrn%mﬁg::sd 3:: k:Ie::;laced tools, and allows for enhanced oil recovery ’e):?rgi(ii:gljrf?oﬁm Oi\INSE;S r:gsirzj teiS ng:ﬂ I(RNﬁ)aE[eccoh:\?el?t%}; gl’egs?r;)prigigyueGiﬁtlonzliggtI;sne Clean Seas FEED Project (Fort Enhanced Modified p N 2;12[;1; sl:;ticstt]rre;n; ::)ZpiSrtl:Id(zom 17) In-chgluncnh_'rransfer Payrtn;nft. $8.4 M (p;:anneddper tye_?r untélnzdosl(i}gak_ng Post Secondary Graduates (Statcan 2014): 515,865 value-addedzchemicals T e é r?aErE;g ilr? tﬁ:c;‘r:lgrcoblology and Climate University of Toronto ) ) I GProvin cial v Private Sector Technology Industry Report Synopsis & Backgrounder ? 80 Canada’s Top 1000 Publicly Traded Companies P e i $53.206 M AcéglﬁadiPan ;npanles except for disruptive technology Capital Investment Capital Investment,
At . - ) —_ i ; e | : i Oil Spill Response Science = scholarships were granted for research regarding tailing p s I q . . = UBC, Squamish Nation, Newport Beach . fiae : e o Core Research Strength: Clean Tech & Advanced Materials overnment ] 5. Chemical, plastic and rubber products $44.471 M . ¢
efficient pipeline |19%O : Canadia dn Refiners I?“m”:j?jt.f.d fj,idef,?:t?ng‘ggﬁh§|'fd"g'La\r;,’iste CD§oveIrnmen ttEXpendltures on Research & grade renewable natural gas. NRCan is f;:dkgro onentHeid Upgrading \éa%cr’ztrioEnXtraC“on R&D Pro g?am P Training & Career Support Progranr:: $1g0 2’(')17 \emissions, and enhanced oil recovery (EOR). ) UrEriies Som g 42 Col(lsigeiZé;,IZ?S Develo;?ment, and Carbon Engineering ;1“irt(iesaet?(;%hacrzagrsctlrcaérrs\t/li('?c;sneneqté%glI = Research funding (2014-17): $308 M cleantech, $315 M advanced materials $ 60 Top 1000 Rank 2015 Profit  # Employees 6 Mir?g:glci)ro%ﬁctg: P $40 411 M China 2012 Share of Global |  Largest cleantech investor e Best Opp: EOR, coalbed methane, shale Western Canada East Coast Off Shore
. . . itive ’ ’ . . A . . o A . 5 . ) . R . . . . - ) . . . y ; o ) . D
¢ Gasoling sontmined, taxic lead compound fed rompotna as g gasoines SEORTER rpnaertmnﬁ‘ralpsg ﬁgthufa?ga:;"’}ﬂn(fﬁzt’ifnsﬁﬂﬁﬂ°” Limited ° Ler)ad Proponent: MEG $5M for research, development Towards suppo.rtlng 2,450 researc .ers Y Bﬁi’\f’g{;ﬁ; :Jrrﬁrézisoﬁ?%s%s(égls)wn egeor é'g;endsnce?gogigg\éaeriﬂrgszgtégggﬁg? a chemistry . Ezcszlgéﬁfa?evg Isvtz?t_lﬂgslecarg;g&, zsgf4[rlv$vllidcir§rﬁ\éir;cel% r:g\t,zrr:isd materials Higher Top Sectors in Canada's Top 100 R&D é aﬁ;u Eie 3:1'5 - 22 \mperal ?;" Ha $]?$é§§ m 2288 7. Energy products _ B, 7L Reserves: 41 Billion BOE orics: 23.8% :ﬁiﬁﬁ:ﬁ Ir\:; Eleezri}tsgr:;triant/eeg:t in EOR ’ %Lmtgu%gfsffaﬂggf fglt1 Ihr:eaaf/;liagle 2015 2016E 2017F 2015 2016E 2017F
Inefficiencies 1996 : Petroleum Technology Alliance Canada (PTAC) established to GoVERD: $2,375M (2014 OECD) Alberta Innovates and FP Innovations. Project Total: $16.5M Energy Corp. and demonstration projects Total NSERC filled Re‘.c'leamh Chhagrs]' : 11612 (Canada First Research Excellence Fund A — the highest rate among OECD countries the Squamish Oceanfront Development Oil and Gas Initiatives: » Bio-Zone: Working with SIREM and Federated Co-op to scale-up, field test, and Education ) Corporate Performers (2016) 40 - o 22 &?2:’;;‘; Tt 427 M 7471 ﬁrﬂﬂfalo";”?\I%tge:r']té’mr%%uas %g’gggm Reggg/v %'.‘I'f;}fg ears P e s | * Largest oil fields are mature coalbed methane, and offshore $27B $175B $26.5B $38B $25B $25B
® 1985: Prices were deregulated and fell facilitate R&D collaboration across the industry. By 2016, PTAC \ < AP G de e 5Eu i Project Total: $56.9M focused on improving recovery o b e Budget 2014: $1.5 B over 10 years to excel post-secondary institutions — OECD avg: 35% (OECD, 2015) * Carbon Engineering is operating a $9 M " $2.4 M Centre for Ol and Gas Research and bring BTEX degrading bioaugmentation tech to market. Already used to restore \ ies o ¥ 46 Pembina Pipeline Cor $406 M 1,274 B $8,427 M ive E&P Companies: based on 2005-levels | * SNOPec plans to double shale gas by | o Shale drilling tech and expertise : : ' '
sharply, ciland gas companies were forced developed 18 industry best practices and completed over 500 projects GoVERD/GDP: 0.15% (2015 OECD average: r~ : A Objective: studies design parameters  NRCan Contribution: $9.9 M technologies and processes for Research Chairs in Related Sectors | 9" - $1. v _ carbon capture pilot plant in Squamish. Development and $34 M Churchill Marine over 500 industrial contaminated sites world wide # Companies % of total R&D 20 Natural S p p. So00 1 Ses Refined petroleum products ’ Active E&P Companies: 43 baSZeO?f)n -le 2020, but has aging fields e e
to improve efficiency with technolo i improving value-added products, reducin Environmental Studies Research Fund for a commercial 2,500 barrel per Obijective: Reduces steam in i « Environmental Science/Agriculture: 209 | | 9lobally o Top Fields of Study (Graduates, StatCan 2014) _ . o Observatory established 2015 conducting » Centre for Research in Sustainable Aviation researching efficiert fuels, designs in Top 100 Spending Gas ¥ 72 EnbridgeInc. , Other $1,131 M Canadian: 3 y « Canada’s, Alberta’s 2 export o e e e
p Y gy for enhanced oil recovery p g p , g 0 : p j . . g g g
’ ; di ’ - g ’ : - logi 0.26%) (Southern Region) day DSUTM unit If . - the cleanup of heavy oil products » Natural Resources and Energy: 147 $1.25 B was allocated in 2015-16 to 18 institutions. Universities Colleges University of Victoria arctic oil research ] ) . o Aerospace 5 23.2% (up) ¥ 73 Westcoast Energy $244 M 3,654 Source: GAC. StatCan .
innovation and innovative processes environmental impacts, and developing nano and genomic technologies 2016-17 Study Contribution: $3.8 M f:))r/n - Oﬁrf](l);’ rn‘:;?r\:eeﬁsg ur bitumen extraction spilled in marine environments. o Water-related Research: 80 « Future Energy Systems Research $75 M 1. Business/Public Admin/Management 67,000 45,000 Simon Fraser University * GENICE: $10.7 M from Genome Canada to Un!vers!t)f of Waterlgo Universite Lavgl . . o SWI/Computer Systems 17 14.5% (up) 0 Jo01 1996 2001 2008 2011 o016e ¥ 80 e G $202 M 085 : ) )
Oil Sands 1996 — 2014 : Natural Gas Faring reduced OECD Rank: GovERD/GDP: 23"/34 ESRF research program sponsors social and W ) O\ / \_ * Northern Research: 28 ) (UAlberta, with SAIT) 2. Social/Behavioural Science/Law 58,000 18,000 British Columbia Institute collatilorate with QC&;Igafy' L_JDE‘_'IhO‘,JISI'e' Universiteé de Montreal gCG'” Ur1L|ngrS|tyt Oil & Gas Innovation & Collaboration Associations Pharma/Biotech 23 13.3% (up) ¥ 97 Granite Oil $150 M 16 Mexico 2012 Share of Global | e 2014: Market Stlemi-privatizedlv;iégo o glest Opp: F;EMhEX —3ffsh|ore tecl]c, cleantech \
® No new recent discoveries. Much of the @ 63% in Alberta with regulation and @ 2001 - 16 : Major SAGD inventions: environmental studies around petroleum ' T . 3. Health, Related fields 39,000 36,000 McGill on genomics for Arctic oil spills University of Western Ontario ueen’s University C / Tel Equi t 9 11.7% (down) % 103 Enbridge Income Fund Holdings $138 M 0 : ; - GHGs: 1.27% unconventional auctions unti o Clean supply-chain developmen
( : : - N , ields , ) : ' ATe omm/ Telecom Equipmen ge g Oil and Gas Impact on Trade Balance Reserves: 13 Billion BOE . ' N : s
known conventional resources were already technology advar'm?merft = Well pad designs that allow wells to : : exploration, development and production for NRCan — CanmetENERGY NSERC Elarenet . * Global Research nitiative in Sustainable Low $75M 4. Architecture/Engineering/Related 28,000 34,000 University of Winnipeg Energy / Oil & Gas 10 9.6% (up) 2017 Forecasted Capital Expenditure by Comparative Industries: ¥ 104 PEYTO Exp. & Development $138 M Reserve Life: 10 Years Paris Commitment: Offshore declined as PEMEX (state- | o Horizontal drilling, EOR to lengthen well
developed of unreachable. Unconventional 2000 : First CO2 injection plant for be drilled from same site so local Budget 2017: A new Innovation and Skills Plan  policy and innovation. ) - — _ ] -~ $5.5M over 5 years — NSERC strategic Carbon Unconvgntlonal Resources (UCalgary) e Maior R&D Associations Y Telecom Services 3 9.0% (same) ¥ 118 ShawCor Lid. $98 M 5,919 Crude oil and crude bitumen 259% Oil 25% Gae Reduce GHGS to 25% Sosv;neg) Iagrg(elg |n3(;gsh0|;e mng;aEthF? I|fe|£ well cor.nplet|o|,r]1ftech/expe.rt|i<..e
oll respurees wese ngeded to substftute Enhanced Oil Recover built in ecosystems remain intact FIIOR el (CeEEN EREN s ey LK P (El 212 Sl el povie CpEeiiies io partnership grant 0 SEUB Gl ST o9 IS S gl O 2l . i : Automotive 4 7.0% (same) il Oil and Gas Sector: $44.0 B Transportation and Warehousing: $30.4 B % 119 Veresennc. $94 M 259 Natural gas, NGLs, and products Active E&P Companies: 33 | based on 2010-evels | 222 5 FE 0 7 g]rZuuprS’ " fikcprevention tech fornew pipelines [ \
® Heavy Oil & Crude Bitumen difficult to Saskatchewan " Steam Assisted Generation 6 economic growth strategies: Al . Partrers include 5 universities, two industry g C v A zar (LTS i) CAPP Canadian Association of Petroleum Products . . Source: Research Infosource 2016 Utilities: $33.0 B Manufacturing: $15.2 B Source: Globe and Mail (2016) Refined petroleum products Canadian: 4 by 2030 demanding clean innovation 2 E NVI RO N M E NTA L 0 UTCO M ES
extract and upgrade 2005/6 : First Canadian tight oil and shale gas Technologies developed to recover Devon (Alberta) Research Centre: Devon Labs Generate Solutions n: associations, 5 federal and provincial o Global Water Futures: Solutions to Water $78 M Members: Upstream producers of natural gas anq cmde oil. Members are responsible for Source: CAPP using StatCan - 1 . E CO N O M IC O U TCO M E S °
productions as a result from horizontal drilling greater quantities of oil with less 1. Advanced Manufacturing 130 scientists, engineers, technologists, managers, support staff e Upgrading IO|I Sgnds,. Heavy Oil government departments, and private sector \_  Threats (USaskatchewan) J M on ey $1 1 71 M fOT 85% of natural gas and crude 0|I.product|o.n' in Canadad . ; e Australia 2012 Share of Global |7 ma.jc’r]&Nﬁprojdem‘ap’?m;ec:. ° E{eSt' optp;lcgg:lped milthlane' EOIF' of;sho re
and multi-stage hydraulic fracturing resource use, making wells last longer 2' Aari . o ) _ _ o Future Fuels and Emissions lead (Clearstone Engineering in Alberta) - ! Priorities: Advocate and enable economic competitiveness and safe, environmentally an . . . Reserves: 24 Billion BOE GHGs: 1.45% * Existing field production in decline * Horizontal drilling and clean well-pa ) . . .
) i . Agri-Food Federal Science Based Goal 1 « Make oil sands and heavy oil a cleaner energy option o Multi e Systems \_ / . f i ; ; i Government Revenues from the Oil and Gas Sector Top Exporting Industries in Canada (2016) ; and demand for EOR increasing designs (new to Australian companies) for | t t | b t t
2001 - 2018 2009 : National Energy Board established pipeline - "fill wells drilled into the same 3. Clean Technology . : 2 : A Sy Ll Hiah-Ed. R&D (2016 socially responsible performance Oil and Gas Capital Expenditures > Reserve Life: 46 Years Paris Commitment: : . 8 e Improve environmental international best practices
i i ’ : . i ) Goal 2 e Ensure Canada is receiving maximum value for the e Extraction and Tailings Ig = . ; Source: StatCan requested data, StatCan Table 180-0003, CAPP Statistical Handbook 2016 . . . % Oil 74% G o, | ® Growingenvironmental concern for coalbed methane . . . . o q
Creating a Foundation nd well abandonment regulations. Companies reservoir for enhanced recovery iqi i Departments & Agencies ; . . 9 PTAC Petroleum Technology Alliance of Canada Automobile Motor Vehicle Manufacturing $62,875 M 26% Oil 74% Gas Reduce GHGs to 27% X - . ' - .
for Collaborative Innovation ?nust o dean and inspegct wellbore, fill well . 20005 : First commercially g zgtl?rllllg%gcilee?\ces enwronment_al costal_ready incurred for its oil sands o Water Management P ROVI N CIAL TE R RITO R I AL GOVE R N M E NTS Members: 203 (19 producers, 130 service and supply, 5 post-secondary, 11 government Source: CANSIM (2017), Table 029-0046, NAICS Codes: 211, 213, 2212, 324, 412, 486. *Because " 40 Oil and Gas Extraction $61,168 M Active E&P Companies: 212 based on 2005-levels \c/gclzet)zc\j/\/;s;eé::: land use in . 2?1|(Ijaﬁgariitr:onl_'NAGu?ter)?clr|:ci I(:tacfllgr ;n ES::S ) ° ACCG | eration a nd commercia | Ization Of Cl ean a nd efﬂClent Im p rove overa ” environmenta | performa nce a Iong th e Oll
Collaborative Innovation with non-corrosive fluid. case the well bellow viable SAGD project 6. pealtn/Bio-Scien " = g \ and heavy oil production ) - N N\ N\ agencies, 14 research organizations, etc.) n of aggregated stafistics, data also includes expenditures for coal manufacturing, services to mining. g Gold and Silver Ore Mining $16.438 M Canadian: 12 by 2030 g ’ ge, 2 tech nOIOgleS 5 nd ga sva I e Cha I N
; sub-surface with a venting cap, and clean and ) . ' National Research Council Canada i . : : : i d i bv Reqi 2016 isgi by Reqi 2015 Projects: 50 project launches facilitated by PTAC in 2016 < 100 = Aerospace Product and Parts Manufacturing ~ $15,781 M lombi £Global % Producti EOR. Ecopetrol o Bt Onee Metume felik mara: & EoR =
® In the 1980's Industry R&D shrank with th : ot ; 2008 : FirstS full | d . = = Iits Oil & Gas Production egion ) GHG Emissions egion ( ) oL o . . ° _ = auc Colombia 2012 Share of Global | e 9% Production use EOR, Ecopetrol est Opp: -mar . . .
fnII e . 's Industry shrank with the remediate all contamination, and restore soil @ |rs.’;. udc.ceish uo\(lr;ec :lee A review and consolidation of business innovation Annual Budget: $1,054 M (2016-17) Innovation, Science and Economic Development Sustainable Development Federal |y Funded Not-For-Prof 51008 Economic Contribution of Oil & Gas (2016) 150 K ) y g ( y g Priorities: EOR and efficiency, value-added products, environment and ecological research = 2017 Estimated Total: $48 B o 30 Petroleum Refineries . $13,010 M Reserves: 3 Billion BOE GHGs: 0.33% (state-owned) top priority is EOR * Ecopetrol: cleantech (will drill 1000 wells) A $129 9 B contribution to Canada’s GDP (Ch ained 2007) ) .
allin ol p"CET oal chal o Iprotjlles, replant native vegetation with original site Is certified in the Ol Sands programs (including SR&ED) Total S&T Expenditures: $881 M (2016-17) - ~, Technology Canada (SDTC) o Values are Chained from 2007 Crude Oil Natural Gas COSIA Canadian Oil Sands Innovation Alliance m . Yy Pharmaceutical and Medicine Manufecturing  $11,760 M Reserve Life: 7 Years paris Commitment: | ® Significant gap in dean safety, drilling, | e Seismic 2/3D modelling, clean exploration . . Low carbon and low cost oil and gasin d UStry
) Icrz:ljlzzt;:laatri:iisd iozu:s:;]?:;;::tuig: effort i . 2012 : Canada’s Oil Sands Energy Emissions Reduction Projects: Strategic Innovation Fund ('SD Tech Fund Value: $915 M (2013-20) ) - N N 8 Source: CANSIM Tables 379-0030 and 383-0031 Production by province, 2015 Marketable production by province, 2015 Que. $219 M invested in cleantech in the energy sector in 2016 » 75 . w Source: StatCan & US Census Bureau 85% Oil 15% Gas Reduce GHGs to 25% seismic,_lre_se!'I\/o! ; &C'Omglemdn e sGean el _com;l?lg'gio ct 'Waslt?i gh\_/vatgrf':e_cg ¢ $48 Bin ca pltal SR ditures for oil and gas extraction in Expansion of sustainable resource deve|0p ment
] . 2009': First liquified patural gas Innovation Alliance (13 A review of federal support for fundamental science e Measurement methods anq §tandard§ for Black Carbon (BC) _ Budget: $1.6 B (over five years) Budget 2017 Recapi.talizethe rch Flind Mitacs rCanada Foundation for Innovation (CFI) ) (Genome Canada o NAICS Codes: 211,21311A, 2212, 23C2, 32411, 3241A, 412, 486 2 Ont. 11% Members: 10 (Ov.er 90% of the oil sands proFIuction in (_:anada) 8 - g Active E&P Companies: 125 based on 2010-levels | ° H8§?I:¥1t2g2?;ISaArl(tﬁllgséls\éZa:ﬂijelactr}zn ° L(Jsr:)cl\?gr\:f-r;zsc}gtaea tléiﬁt;gr::?)nszr\llzgwatel':‘l) S . p
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Canada Is the Nln th LargeSt Greenhouse Gas Emltter in t € or _ recommended by the Naylor Repor Total S&T Expenditures: $601 M (2016-17) Nul?(ge l;jgé ';u::;t\—llvncl?ksc:? gvgrlgég Iﬁ\rc]iz?s(tjr)ial Technology N O e ? < > N | ° Lechnological Prospects for Reducing Environmental Footprint of (~ (- N (- WA WA N (-~ ) PrioritVieS' Facilitate collaboration between industry members to find innovative solutions, as CI ean tECh VC $O 2 B gg‘r’/eoebrgﬁ)rw go%nsalcé%g%r(e;gst&{e(gjgzigiﬁgyIg\éggs = I Low Risk but Low Return: o Increase Of economic d IVErs Ity th roug h Pl n_Off =l d * isslonfnnov ’ gy
0 u : : R o : Y ! . =
iagi icai i - Mitacs Converge Qi Sands ' iti Newfoundland & Labrador Yukon Provincial Cap and Trade Programs well as advocate and represent petroleum services across Canada . . < : 50 [ Peru Norwa . 0
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