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Abstract — As conventional light oil resources deplete, it is becoming necessary to develop unconventional resources.
To meet the demand for petrochemical industry, heavier sources such as heavy oil and bitumen are being utilized. Bitu-
mens, a complex hydrocarbon made up of a long chain of molecules, are found in oil sand. It is estimated that 830 bil-
lion barrels of oil are located in the oil sand in Alberta, Canada. This paper will review briefly (1) the basic concept of
oil sand, bitumen, and heavy oil, (2) methods how to extract oil from oil sand, (3) methods how to upgrade to synthetic

crude oil, and (4) economic evaluation of technology.
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1. 2UME (oil sand)ZH FRRIT}2(1]

AN Aol slldsli= vl (bitumen), 5.8 (quartz sand),
AE(clay), = 2 P]&e] wulE=E o]FA] l=d] vl $1xel o
2} ok Aito] tHE ¢ QLo 75~85%2] 7 EA N, A E, v
vl ), 3~5%2] &7} 1~18%2] H]FHOR o]Fofx] 9t} oY
A=) Moh's e 74 &= o|th1]. LAM=9] 314 o],
IH7VE} 7Fs s RS Fig, 104 Bi= nle) o] B8 %9
=] 817] wlEoll(encapsulated), THE A3E 5= 5-E] A w2l 4
itk Al miEEle] Q= vl A5t a1, F337] wiell
As W o7 F| A, ekl WS ARSS] RS W
o] £ETS Falo] AA| A (refinery)/HA] O FA| A0k}, o] BIFE
W3S A olell wht 1~18% W= wigdE o] Sl BE 6%
o]&} H]FM-E T3k QAME = AFalo] = AAAdo] B3,
12%01732] v1FME g3k 2 AM=r} A o] Slrkar e A
Ak 7l Azt 2 AM= 2 EellA] 1 (159 2lE)e] TR

*To whom correspondence should be addressed.
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(SCO, synthetic crude oilyE AAtst 4= QIT}, o] H]Ful2 oA
AE = ATt =2 B8 al ERECERAA B9 ARE
1cp, =2 AEE 3,000 cp, BEFFE A2 AEE 50,000 cpz K.
Few BEwe] HE ) 5,000,000 cp FE)EA APT Fho
8~14° (&9] 74 2F 10°0]aL, BtA O 7 ¥4 83.1%, 24 10.1%,
AbZ 1.17%, A2 0.56%, 3 5.14% ©]9] v|Eke] wgk sl Y
A, A, i 50% o]Fo]A Qlo], §kAe] 3ol A o= uf
5 && Zlo] EA4o|t},

Fig. 2¢1%= 7Rt} e} A 919) 24 725 UERd Z1o= A
3t A~ mlElel] mgE o] gli= LYMESE B 4 Sk

QAMEE 1973 Al e UaT o)F AHE thaE XA
79| shb FEEA HQIT wgRre] diato] Aiviet AHERS
o} vldlelete] @7k F& Ate) glow, vt} dwElS:
o] xEMuZ] FHert e AME FeE 1,740%] wiHe] Af7t
23 S Zlow A} FRe stk AlA A Akfel
ARg-iotepalete] ANt A midERS 2,640%] Wi 1),
o] sk o]l ¢F 89 Mild& Anlsh7t 1 7RI o= HERIA] J
Zek 4= 9t} eUMTofA] HJF-S ol Ulgld A 1 wjEd
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Fig. 2. The geological structure of oil sands resource.

oF 20 22]9] nlgo] dedl 1Et WA gtk LAM== 4
Ak 2ol whet 2po]7h QAIRE ANHAR] 4 A Bk e ds
Mk ulgo] 20 FE ofck, SHAIRE, 2005 HE {7 AlT7E
AARI o] g2} A 70 HelE Sulskal Ak, dAAIZ o @
A =e] #o] opAaL Slrt.

AEeAS tle-a= APsto] vlFils Lelshal 49] <9
F-(SCO, synthetic crude oily’?} oJE} 4-7-3}8F F- A wh==d],
o HlFFwelN EAE-S ALY, FAE A7, 2
Aa & 53 22 =mES A7 9t o)Al Aol Folxl
(upgraded) JES “FALFekaL 3P, ofi= AFEAHEO & A
e Aol dA R thErh

2. QUMENIM HIFMH H&2 ZHORHZI]

2-1. ™M ifZ (surface mining): == (extraction)

188351 Geological Survey of Canada®] G.C. Hoffman®] 24
ERRE Ue-E-s ARgslo] nlFds elshs 7S A Al
& olel2), AT TS A7k WAL Sl e

ARz olele} At

=

o
ok
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2-1-1. 71371 (conditioning)

WA & Golgle] LUMEE Fal 23T EmS AlAg o
-, OE £38lo] 753s Eofo] 75 ZWNER Rt} o]
piping systeme hydrotransportZ} =t, 0]i= L UME F A

3l5kast H45H H2S 20074 4%

Bitumen Froth

o Middlings
Bitumen spils

orer the edge
of the weir into
the lounder
ond is drawn off (8

Fig. 3. The structure of PSV (primary separation vessel).

7P Zu)8)l= AER- @ 7]50)T), ] hydrotransporti= 73180
] ggzjololA, P 5 FUE Alo)9] 7]EL] FHAARS
Algitt. FE8h= 37FA] olEdhs st LY=L 2AWE
831}, Hydrotransportell Al AR2-3= E-2 conditioning drum =
< tumbler Bt} 2R 5 ARESL7] wiiEel] oA A&~R7} At

2-1-2. 2] (separation)

£&e]8]:= PSV(primary separation vessel)& Hujo]#] Al 71¢] &
(three layers)© = 7 (settle)=| ™, w-2]5 < 1] W] o] Fo|#]A
317] S8l He-E-g v Wit Bt niElo] Wl S5l A%
o A ¥a1, Bl vietel], 2o v, 2], HES} 2ol
1t Toll AIFA ok PSVE oFElZe] A7 Qlo] AEE of
A2 Wl QA o] & wEA| o] FAXA Sh(Fig. 337¢x). &
3} &3k B i= tailings pondsthe 3O % HIEZ o] FAIZITh

2-1-3. 22} ¥

Middling® FAE, Bl Y 252 v)Fgo] E3o] Qe &4
gleld] ol 2xF FE S AXA Hrt. WA ®=%52] middling
ol 3715 s BlFwM AF(froth)o] T F/J=]=t] o]=FE]
oF 2~4%2°] B|Fu-S 358 5= Qlr). o] FAeA s)5gk v)FEW
< A A AR O R H5o) 7tk oF 80 °Ce] AES Y] #}
ZFO) F7EE AASTE olw) ¥7] AFEE B FFAY
(cavitationys el =, B3] D55 A 3] $lste] vE
EA] AASoF giTt.

2-1-4, A% Al (froth treatment)

HIE AES FAZ 9F 30%2] =, 10%Y] LAGFE AE)E
SHA31AL Q7] witell AEAE] EWE -2 counter-current decantation
vessel(Albian Sands)olA] A&8HA Fth. AFEAE] ZWEANE



L= IRV % 11

A2 BIAIA A 324 817 inclined plate settler?} 2] 7]
Z AXA =} Inclined plate settlerol A= F2ol 28 =7} 7
2t oMl shar, 1 vk R E sl Fivk ol - FRe] 94
2] go] =1, scroll A= 1A FolglE A5 34
o]o]& o]&3to] 7|A| vro R Fokst b wEElshAl Hal, disc
QAR AE7]e 22 Ao R T YAt W ol A2
25 WO 2 YR o] streamS tailing®. 2 B2t} o]g
AT (5% olate] E& ) HIFIE AEAIA 0.5% ©l8ke]
vigs 2| vkgowX, FE3o] gt o] U= -FF
AollE 2IM=NA 91% ode] viEukE: 353 Hof, 3
A2 upgrade T Aol o]2A] Hr},

ox off H X nfd

2-2. In-situ technology

2] in-situ 7]EolM Q] F 3 HxE AAH WhHo R 1)
Fale] s weo], o]Fo] folatA vt dolnt. e5d A
A o7 AME-E= inssitu 7]E2 CSS(cyclic steam stimulation),
SAGD(steam assisted gravity drainage) 5-©] 1t A A=
oJgh ulFl AgAke] in-situ AP I BASEARE, F F in-situ O]
t @obd Zlot},

CSSE= 118, 11.2(¢F 350°C)2] A8S 2AdN=r} wigs Lo
Tk, 29 el 2J5le] e AME Hoje|r} 27te] vhar,
ge] el eJaf nlFus ik AR wjgA] o] AnjEo] 7h
A% njFuo] sEA W fxsto] Ao wEdrt. o] 34
= ¢ 2 RHEsto] /g uiA] 2d AlGSReo R CssE et
Al Fck(Fig. 4).

SAGD= 7 AREARI 7= 313 Afol] &Jal oF 20%2] 2
2 348 & Q1 v oF 80%= SAGD 7|0l 9Jslo] @
YANE=E 35k 2o A4 A St SAGDE 7+ 7ie] 38t

Q1 52 2Fslo], e fEolls AEs FYsk] o
AS WAL, o] & Qlate] Mt o Al HEE v

: STAGE 1 sTaGE2 STAGES
ITEAM 20AK PRODUCTIOM
N INJECTIIN T" v 'VQT&
p N B
X L P

Fig. 4. The principle of CSS(cyclic steam stimulation).
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Fig. 5. The principle of SAGD (steam assisted gravity drainage).

Al gt} o] Wert Gobdl v Y Ao HxAsto] 5E
2 AEcHFig. 5).

THAI(toe to heal air injection) 37d-> 19603t 7ie 7|&=
A, AF B5Eo] Srsh, TR A, dAVEAe) & ARG
o] Aom, 2uslri Wk Zof, SAGDS] WS BAE
U AHE 7 Qlek B3 o] FA2 1 22 A3l W] of
o, Aol gre 97 Aol Algo] 7Fsa}t.

VAPEX(vapor extraction process) 7]&-< SAGD 7]&3} A}

ARk, A 78S ARESle] U= HEE F43]
F = EAo] it} ofg, T2 53 722 7|3kE fulE £
3o &, A|3tel] vapor-chamberE /3% 4= QA =1, LYo F
el gl ol = Al el 5= A Fct. oA ARgo] 2
Zlo] EAolrt, e UMM BIFu-S: Jollli= 7]ee oA % )
ko] of#]7} @ol ol Qirt.

AMET) ko g iRt o ® A7) A8 sidsfor &
A% AFE Stk ¥ & d9Ee 3] FATE e dsellA
GF 1 ZEE 53 & 1.8 FET Aot AMgE Bl
2%°] SHA7F 3 Lot o]E ¢hds] AAShs WHHE- oFH
wRAE]R] kSket AT} Aubehi= ATt 2ds} A ks e
&l 20129714 o AlslekA: HiEE thF Eojolmk §itt. o] A o]
AbstekA HjEgo] W AT FAo] F o, AlEE QI
gk oi7]gl 4 edo] whstar, o] el A 13k A7k
28] 3u] 9 AR g A sol Ateit

ol
-

e

3. HIEW Zleh3,4]

NPEE S 9 Nl REG] Hspl Aeslo) = e
QU F4E2e) aa-gol Jsjo] urulel 72 9 Belgel 4
Ho] AR,

W} Athabasca X1932] 23] ¥ v]FMe] A4S Table 1o U
ERJISITE.

RE olATETL 7 Bhhol A7 o]Folx] Qx| ]l
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Table 1. Elemental composition of Athabasca bitumen

Element Composition
83.1%
10.1%
1.17%
0.56%
5.14%

150 ppm
290 ppm

<ZwnzoOoIO

P

5 oo Zlofainh, WA okels} o] F5) f718HHE
o) gkl 2 5 ork. =,

(1) A= 3= (aliphatics, linear or chain like molecules)

(2) 2L2]8F3E (cyclics, naphthenic ring type materials)

(3) W= 3135 (ring materials that are unsaturated)

A= 9 1 3ehE 33k S 7 AL QlolA, A= 7
Y A& "ol ARk, B SIS HATES 7 oY &
A7F FANA JAUE 5 Ak oA ket F72] EAkEol, 3l
H 2 A2} sk Adeiolr] EEe] Ao ag-S o] A vl
el A4S AAsiet nF WS T (simple fractionation) 3k
o}~ (asphaltene)?} el (maltene =-2- petrolenes)© & L]

SEE

3-1. OJAEHE
ofAgEle slekA o g ke FHEAAE 7 4 #EU)E
7 152 F5E WESEIER o]FojA] it o]= H]Fule]

AFsES Eelsle Wl FHoR Felss ks Teke

o] ARg-eh= 4xe] Fell whet vhEn of AT ES nlEiEellA
7P S7do] Zet At golglolH, Suljut ol oJsf EAlEel &
3] 4= )t} Field ionization mass spectroscopy®ll Jshd o} ~Z
E= & AP} opet S433 A=) AetAl AddtEo] gl FEIQ)
ZOF oPJFILE ofNFE 0] F/32 SEEARKS, N, O)= <!
sto] F/3¥tt. Table 204 KZo] v)Fula} FAf= vlEd) U=
T2 12015 Bl e 4= =), Aot U= FATSEAIEE, AP gravity
= AR tE a1 S8 715 Al vlsto] 5t
9 e} AR 3= CH(Table 3). U] SER2] 5

Tabel 2. UNITAR definitions of heavy oils and bitumens

5

- o))

A T2 opgElef| tigte] )1tsle] ghtt. ok e
FolM 7 EApEo] & o, dixlelli= B3l = AT, n-glElel
-8 Xo|t}, Athabasca BIFWO] 15~20%7} o}A~ZEl 0 & o]Fo]x]

Qa1, o710l 3H(8~9%), A (2~3%), A(1%)Z 3Ha-3i}.

rr o

3-2. YEil(maltenes, petrolenes)
)

e HEe] U] A0 %, Ol W Resin® & ©]F014] 9]
t}. o] F A wElsl]918k] Clay/gel s-2HHoll 2Ja o]Foid
4 Atk et s v 22 An) Zelglelgie] aE=), o]
28 GFuA = Ale)7hde]| FAI71H Resin i vt F2E]
3l 0il “dxo] F2=]o] Resind} Oilo] 22|Hct. Aelzhded &2
# Resin® W4, oOME i AlISReko] 23] gaEl 3 227t
AR RE FZFCh

3-2-1. Oils

o]:= H]FMe] Ao H n- iso-, cyclo-paraffin B! 2713} o}
ErPE7]E ZH= w55 galloltt. of 7| W e ) B>
i) FAlaElE 7H™ Bl=Adolth

3-2-2. Resins

o] A o7 ofAgult wh- fALSH], S URNE ofAa
’log dojgzion xslel Waks, sHEARE 2 Wakss 1
23hE, AHEAdRE 2= 8715 2= polycyclic AR
2 o]Roir}, el ofAFElH Ty F/d0] Fof Bt e A
o] oFaj}.

R FATE SRl AR olsfisl] flste] vheket Fel
EX7)%0] AREELE BCNMR, 'H-NMR, GC, XRD, IR, 557 %5
o] F& A-E-ETtH(Table 433). 71 ©]¢] ruthenium ion-catalyzed
oxidation (RICO), pyrolysisS AFE-gHC 24 H]FMe] -3¢ tft
RE dobd 4= Qlrk. Ho] Heh AN 9] B8-S ol H]
Fuls As] FAsh= A& 27Fseht, WA 22 & o 2
PR A o] Thssith.

RICOE o~ 3Hlle] 25 FAJsk=t) vl a3 93hs k=
d], RICO7} 19503 t]ol] A5 A= 7]= SFIAIRH5], acetonitrile
o] -8 gvll= AkgHo] Lefx7] A 7= #ile] slsieHel.

OMEHEHS RICO HEgolM AdH = SHdE0] o
¥ A& WolEth RICO: B Waks: ©@as oilseka

9} polycarboxylic acid® AFSIAIZITE Wk
A7)z FRpdate R Agk, S5
Arrow Agkgnh WAl oikslek s

Viscosity (mPa-s)  Density (g/cc) API gravity*

Heavy oil 102-105 0.934-1.0 10-20 £0] Q1= alkyl chain alkanoic acid® Hger} BFEAS 7)

Bitumen >105 >1.00 <10 F0 7 3lo] RICO WhEollA dojd WAELS GCE FAIsith o
*API gravity = 141.5/(specific gravity at 15.6°C)-131.5 HEO] RICO BFSol| ARRE] = ZUHEA AAE 1l 318tk o)
Table 3. Properties of light and heavy crude oils

Light crude Cold Lake Athabasca Morichal

API gravity 38 10 9 4.9
S (wt%) 0.5 4.4 49 4.1
N (Wt%) 0.1 0.4 0.5 0.8
Metal (wppm) 22 220 280 863
Viscosity (m?%/s*106 at 40°C) 5 5,000 7,000
Vacuum resid 525 °C+ (Liq. Vol%) 11 52 52 80

3l5kast H45H H2S 20074 4%
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Table 4. How the relative concentrations of various chemical functional
groups present in various catalytic hydrocracked heavy oil
fractions were calculated [4]

Functional Group Quantification Method
Benzene Mass balance on aromatic carbon
Phenanthrene 'H-NMR

Biphenyl bridge Balance on aromatic substitution
a-methyl BC-NMR, 'H-NMR
o-methylene BC-NMR, 'H-NMR

B-methyl BC-NMR, 'H-NMR
y-methyl BC-NMR, 'H-NMR

Chain methylene BC-NMR, 'H-NMR

Chain methyne BC-NMR, 'H-NMR
Naphthenic methyne BC-NMR, 'H-NMR
Naphthenic methyl BC-NMR, 'H-NMR
Naphthenic BC-NMR, 'H-NMR
Methylene BC-NMR, 'H-NMR
Benzothiophene BC-NMR

Sulphoxide IR and potentiometric titration
Thioether BC-NMR

Indole BC.NMR

Quinoline BC-NMR

Amide IR and potentiometric titration
N-substituted indole Balance on nitrogen
Benzofuran Balance on oxygen

Carboxylic acid IR and potentiometric titration
Ketone IR and potentiometric titration
Aromatic hydroxyl IR and potentiometric titration

Fig. 6. A heavy oil molecule that is consistent with current analytical
information.

st & deA ok I8 EE RICO HH-0) HAFBAEES A
Ao R FARY FEE HlwA] A A5 S Qe 1
23 ofAFELE dEdfslo] FolAl= BES GOMSE A5t
o] Tl Tzl g ARE AL 5 AT

opdh 2 thekst Tl EAMS Falo] AlAlE op izl

T2 Fig. 60 UERASITHS].

4. H|FM upgrading 7[|E=(1]

Upgradinge HF-8 FAARE AFAT)= AR 7ss
i), B wle- e EMEEA EF 21 Al o] sl
0] E3HE), FAAEo] Bhavditel] niste] wlg- Hojx, ehAE A
A A4S 71 =R #2127t v = $1tt. Upgrading
o] FolA|= F BI=E AT 713 ARl A Zor k= o]
271 Feje] o ® AskE < 9l Fd9lfolt). Upgrading 7
el A 4 GAI7F )36, thermal conversion, catalytic conversion,
distillation, hydrotreating 5] $\t}. Upgrading®] 5= 52> 2=
oA v TS Fejslal o| 25 A} 7hsst AElE vheE Alo]
t}. Upgrading®] 3 WAl WAl= 55739792 53101 naphthas 2]
3= ZQ1H], ©] naphthai= THE 37d¢llx] ThA] ARE-s 4= Qict.

— J

4-1. Thermal conversion(coking)

Aol7} 21 'k aE dE vhste] 22 EAlw 2ol
(cracking ©]2}a1%E=3H)o] ™, coking A A3} thermal cracking 1],
olu] ulFwlo] 7iR- A} 2= A7} 71es €Sl A (naphtha,
kerosene distillates, gas oil )% upgrading T} ©] ZPgA 73
7} kR A==, AA] B WS upgradest’] $1819] delayed
coking, fluid coking 5©] 7]%0] ARFE 3L QlTh,

4-1-1. Delayed coking

BHEW-E 500 °CE 7143}ka1, double-sided coker?] 3+ 0 &
2 SRt MR b AR Lrelid, =, 1Al
Ble] 59} 7k F7)olvk g AR A=t oF 1247k
209t} 3 3 drume] FAHY, 7HEE BlENe FHA F4
drumel] @A}, WA coking drum© ZHE] A FE)e] FAE
ZERY7] 95k 11k water drille] AT

> i

4-1-2. Fluid coking

3= delayed coking?} -FAFSE 7 2] 7]o] ARt A&E7go] &
Ao}, oJ7)ofli= & 3 709 coking drum%t =AY 30} v F-S
500 °CZ 7}AskA| gk, vFas HE e w&e]i= A, cokerd] %
Aol 12 JAe] Fel2 k. vFNS 7k S0 FAR
Wrolzith I35 2R FJEE Ho upgell A RE HiEEct,

F328] Fo A= T furnace®] AFLIH, ©]= hydrocracking
ol H Qs A5 Wi},

it

4-2. Catalytic conversion

ol QARAE Y 2L BRI 8|3 GA7) 7FsE el
2 sk 7m0l o] ZlmelM ARSEE Fule] o wike-
T8, F 7 7lee Zheth 5, shvhe 2 A A 2l
sh= 7Tsa 549 A719F Beke e wAbs Adate] A4St
© 7 Folth W HEEA e FiE Tk A 3
4] ©]& hydroprocessing®]g} 3h, ouj =47} FH-3F Balz A
gk}, Fofje]l o3t HEEal 71w Gwsl 7lsne v do] ¢
T WdES A 7 vk

==
4- - OTT

Selol A 2 QR 71ewA NS 5 Aol st -
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€D unoor leases land from the province of

©) 0 sand is mined wsing shorels

© Crushers and sizers in the ore

Alberta. Muskag, which is water-soaked with buckets that hold 100 tonnes, preparation plants prepare the ore
dacaying plant material, is removed and loading huge 240 to 360 tonne for defivery to primary extraction via
saved for reclamation. Overburden, a trucks.  The mine delivers about hydrotransport pipelines.

thick layer of clay, sik and gravel is used 450,000 tonnes of ol sand per day

to build dykes to hold tallings ponds. 10 the ore preparation plants.

-

The water, day, sand. and residual
bitumen, called talings, are pumped to
holding ponds where they are treated
using the consolidated talings process,
This process speeds up reclamation.
Suncor's first taiings pond is scheduled
for reclamation in 2010,

for processing.

F N

© suncor's instu project is located on leases
known locally as "Frebag." Steam Assisted
Gravity Drainage (SAGD) technology uses
underground wells to inject steam into the oil
sands deposits and collect the bitumen
released by the heat. The recovered bitumen
is sent by pipleine to upgrading,

) In sscondary extraction. the bitumen s cleaned by
removing fine clay partickes and water. The thick
biwmen is dikted with naphtha and weated to
remove remairing minerals and water, It is then
stored in holding tanks and delivered to upgrading

-

o Primary extraction plants on both sides of the
Athabasca Fiver separate raw bitumen from
the sand in giant separation cells

v

o In upgrading. naphtha is removed and 0 The utiities plant provides steam,
recycled back to extraction. The bitumen is water, and power for the operation.
heated in fumaces and sent to drums where Additional steam and power is
petroleum ooke, the heavy bottom material, suppled through TransAlta's natural
is removed. Coke, which is similar to codl, is gas-fired cogeneration plant and two
used as a fuel source for the utilities plant
The remainder is stockpled or sold.

Hydrocarbon vapours from the coke drums
are sert to the Factionators where they are
separated into naphtha, kerosene and gas
oil

-

Refinery-ready feedstock and diesel fuel is
shipped by pipeline to customers and
commercial and industrial markets throughout
North America.

Fig. 7. How bitumen in oil sand is mined and processed.

A1l vjFo] F b3lrAp]Eio] w2 dAVdER Bola, 7]
A T71i= 555 gas oil, kerosene, naphtha”} 3/ €t}

4-4. Hydrotreating

o] FAL HIF MO ZRE] gas oil, kerosene, naphtha 5= TH=

sfetmst H4sH M2 20073 48

-~

m Depending on customer requirements,
sulphur can be removed by hydrotreating
the products. Sulphur is recovered and sold
to fertilizer manufacturers.

=) Q3 7)ewA], TS 119, 300~400 °CollA FA9) &
ghato] HEAIZIH o] T2 N gslArt A ELE o] 7
Aol A, 3 2 v|ge] % 5] BBl s, ol &
AR Fa3 GAGH M EAE A 5 e 9US AA
k= Aol il Foslt) v)FEmo 2 RE] Al2E T



L= IRV % 115

Hydroprocessing Thermal cracking

Residue FCC
Coking

Deasphalting

Fig. 8. Processes for primary upgrading.

T sweetdt?] whzell FAE 171 golatchel7]elA sweetdt 3t

e PANEA Fego] S AL T,

Fig. 7 SuncoritollA] AAeE ApR2A| QANEE FUELE
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Table 5. Estimated operating and supply cost (by crude type at the plant gate in 2003 SCDN/bbI)

Operation Crude type Operating cost Supply cost Recovery factor (%)
Cold production, wabasca, seal Bitumen 4~7 10~14 5~15

Cold heavy oil production with sand (CHOPS), cold lake Bitumen 6~9 12~16 5~15

Cyclic steam stimulation (CSS) Bitumen 8~14 13~19 20~25

Steam assisted gravity drainage (SAGD) Bitumen 8~14 11~17 4~50
Mining and/or extraction Bitumen 6~10 12~16

Integrated mining and upgrading Synthetic 12~18 22~28

Source: national energy board (NEB)
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Fig. 10. Process and product quality in the upgrading bitumen to syn-
thetic crude oil followed by refining to clean fuels.
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