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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.

Key words: Oil Sand, Bitumen, Heavy Oil, Upgrading, Synthetic Crude Oil

1. 2UME (oil sand)ZH FRRI7}2(1]

AN Afoll sldsli= 5 (bitumen), 5.8 (quartz sand),
AR (clay), & 9 vEe] uilZR o]F4] Ql=dl v $)xof uh
2} ok Aito] o o 1o, 75~85%2] R EH, A E, v
Ul 5), 3~5%2 7} 1~18%2] HIFWOF o]Foix] qlrt. 9
AE2] Moh’s = 74 FE o]tH1]. LIME=2] 314 Aol
IR 7FsE HIRWS Fig, 104 Bi= nks) o] B2 X9
=] Q171 wlEoll(encapsulated), THE A3E 5= 5E] A w2l 5
Ak 2RAe| wgEe] 9l ulFwE Awrt a1, F397] whizel
2dst o2 F3| A, sHA Q] WS ARl ARE W
o] £57g Balo] A X (refineryy7H] o1 FAl Aok}, o] H]E
W3S Aol wt 1~18% W= wigE o] Sl BE 6%
o]} H]FM-E T3k @AM = AFalo] e AFAAdo] H=3laL,
12%0132] BFue- a3t @ A=) Ao gtk LA
Ak o7l Azt 2 AM= 2 EellA] 1 (159 2lE)2] T LR
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(SCO, synthetic crude oily& AYAtst 4= QIT}, o] H]Ful2 oA
AE= ATt =2 B8l al EFECEROA £ AEE
1cp, =9 AEE 3,000 cp, BEFFE A3 o] AEE 50,000 cpz K.
k2w HFwe] A% Ho 5,000,000 cp FE)EA APT 340]
8~14° (&9] 74 2F 10°0]aL, BtA O 7 ¥4 83.1%, 24 10.1%,
A 1.17%, A2 0.56%, 3 5.14% ©]29] v]&ke] vek 3kslA U
A, A s 5OF o]Fo]A qlo], ©kAg] gho] AdtlA o % v
§ && Zlo] EA4olt},

Fig. 2¢1%= 7Rt} e} A 919) 24 725 UeRd Z10= 4]
3 A~ mlEle] migEe] Sl QUMEE & 5 Qi

UM 1973 A1xF 2 A&T o]F AHE tjalet 3
759 Pt FEEA Huok, vpdeke] di=to] vt AWElS
of wdlg<lete] eE|eTAt 5 At glom, Ayt dnElS:
o] xEMuZ] FHert e AME FeE 1,740%] miHe] A/7t
23] Q1S Zo® Ayt HH= oAl AAl Hol Aol
ARg-tlotetnjote] Ant Af- vilgTE 2,64000 WlE FEY). F
o &t 3ljef] oF 89 WA-E An|sh 7t I R} o] FERIA] A
25 = Qltk, e AMEA HIFEWE ol Uid e 1 wijEd
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Fig. 2. The geological structure of oil sands resource.

oF 20 22]9] nlgo] desl 1Et Ao gtk UM = 4
A 2ol whet Zpolzh YAIRE ANHAR] 3 A Bk e d=
Nk ulgo] 20 FE olck, &AL, 2005 HE {7t AlT7E
AARI o] g2} A 70 HelE Suskal Ak, dAAZ o @
A =e] o] opAaL Slrt.

MEQ S vle-== st ulF shar 4-9] “gHdd
H-(SCO, synthetic crude oily’?} o€} 47318k F- A4S wh==d],
o HlFF oA VRS A, FA5 Ve, 2
Aa 3 53 22 25ES A7 9. o]gAl Aol Folxl
(upgraded) J &S A LAFwkaL sh, ofi= AEAHEO® A
e Mol dH R thErh
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2-1-1. Z7137](conditioning)

WA & Golgle] UMEE Fal 23T EaS AlAg o
o, =3 E38l] 763 Balo] & ZWER Rt} o]
piping systeme hydrotransportZ} =T, 0]i= L LME FfA

3l5kast H453 H2S 20074 4%
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Fig. 3. The structure of PSV (primary separation vessel).

71 Zu)8l= AER- B 7]5R0]t)., o] hydrotransporti= 73 A4 0]
] ggzjololA, P = EUE Alo)9] T]EL] FHAARS
jAlgitt. FE8h= X7FA] olEdhs SRt LYES] 2AWE
831}, Hydrotransportell Al A23k= E-2 conditioning drum =
& tumbler RO} 71 B8 AREE7] wjEo] oux] Ax7} A},

2-1-2. 2] (separation)

£&v]2]i= PSV(primary separation vessel)Z Hujo]#] A 719 &
(three layers)© & 7 (settle)sl ™, £-2]5 & 1] we] o]50ix7]
317] Sl He-E-g v Wit Bt niEo] Wl S5l A%
o7 A ¥a1, Bl vietel], 22]ar v, 2, HES} 5ol
At Foll ARl "ot PSViE ofiZe] A7} Qo] =S o}
A2 U ste] EelE mEA o] FAXA Sth(Fig. 33x). &
¥} &3k Bi= tailings pondsthe 3O % HEZ o] F AT

2-1-3. 23} ¥-g

Middling FAE, Bl Y 252 n)Fgo] E3o] Qe &7
ZlQld] ol 2xF FE TS AXA Hrt. WA ®=%52] middling
o] 3715 T8k BlFEW AF(froth)o] T F/J=]=t] o= E]
oF 2~4%2°] BFu-E 35 5= Qlr). o] I 3]k v)FW
< A FEA AR O F H5o) 7it. oF 80 °Ce] AES P )
ZFO) F7EE AAsTE olw) F7] AFES B FFAY
(cavitationys sl 2, Hro] A& A sb7] flske] wt
EA] AAN o giT.

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

HIFF A FAIR OF 30%2] &, 10%2] 1AFE JE)E
ShR3AL Q7] Wiitell AFAE] EWE -2 counter-current decantation
vessel(Albian Sands)ollA] AZ8HA Hth AFEAE] ZWEANE F
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A2 BIAIA A 324 817 inclined plate settler?} 2] 7]
E AXA =} Inclined plate settleroll A= F2ol 28 =7} 7
2t oAl ekar, 1 o AAREE Al gk ol + FR2 9
2] 2ol =, scroll ¥R A HolglE A3 S|
oJo}E o] &3to] 7]A wro Rz Fokdt Ak kAl H1, disc
A A= AE719) 22 Ao ® 18- iR} Y o} #h&
2S5 9o g YRU=d o] stream tailing® # B2t} o]E]
A A% olahe] BE B RS A2AA 0.5% ol
s 2 RhElEH, 270l FRE o] tE-F&
AN E LYMEANA 91% o)de] vIFus 3]58A Hof, 3
9= upgrade & TA o]27)] H,

d

S

2-2. In-situ technology

9] in-situ 7|0l A Q] £ 23 B3 AFA1AQ WHH O R 1]
o] s whol, o]Fo] golsh| Wh== ot} @5 A
A o7 AL = inssitu 7]E2 CSS(cyclic steam stimulation),
SAGD(steam assisted gravity drainage) 5©] Atk SA A=
oJ gk 5 ko] in-situ AAAPH T A AT, & % in-situ O]
t ol Zlo|t},

CSSt= 2%, 2(9F 350°C0)8] 2~HE 2AM=7} vigE 3o
Flaha, 29 gHgel Q] edME gojelr) zzte] var, A
He] el gJaf nlFis ik AR wjgA] o] AmEo] 7h
A vlFglo] sEAEW FrAdste] Ao w HEdnt. o] 34
< Al HHESte] S0 UiA] 2d AlSEoZH CSSE st
Al ETkFig. 4).

SAGD= 71 b4l 7] 2A] 32 Aol &) oF 20%2] 2
UMEE 3158 5= Al ¥ ©F 80%= SAGD 7]zel| €Jste] @
AME=E 3k Z1o0% A vk SAGDE + 719 Halst
I ARl SEE wAElo], Ae] Bl 28-S 15k o
+ Els

PIA]7)1L, o] = Qlato] HErt 8 Afe HAEE W

N STAGE 1 T{ STAGE2 V STAGES
ITEAM S0AK PRCOUCTIOM
3 —r D ‘

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 HxAsio] 5E
2 AEcHFig. 5).

THAI(toe to heal air injection) &8> 19601t 7IH 7]&=
A, AF 35Eo] 98k, TR Ao, AAVEAe) & ARG
o] Aom, 2uslrk Wik Zof, SAGDS] WS BAFE
U AHE 7 ek B3 o] FA2 1 22 A3l W] of
glom, Ho] ke A8 AeM% ARgo] 7FEsltt.

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

Ak, Al f7180E ARESle] LUMES] HEE 343]
F A= 540] ). o, e 53 2 V)sE fuE 521
3k &, A|atel] vapor-chamberE §/3% = QA =1, LYo F
el gl ol = A e ™ 5= A Fct. oA ARgo] A&
Zlo] EAolrt, e UMEo|A] BIFwS: Wolli= 7]ee oM % )
ko] oj#]7} @ol ol Qirt.

AMET) ko g iRt o ® A2 218l sidsfor &
A% A Qlok. ¥ 2 d9aEe 3] FATE e dsellA
41 FEE FE5 = 1.8 ZEV stk ARRE Bl
2%°] SHEA7E 3 Lot o] ¢hds] AAshs WHHE- oF4
wRAE]R] Skt AT} Aubehi= ATt 273 A Hoks e
&l 2012714 o AlslekA: HiEE thE Eojolmt Fitt. o] A o]
AbstekA HERgo] W AT FAo] F o, AlEE QI
& di7lek 4 25do] mheistal, o] gl Ak 318k HArt
28] ] 9 AR g A sol Ateit

ol
-

e

3. HIEM Zleh3,4]

g %

PR S 9 ISR ASe] Baksh Agsel Q= g
QlEl, L] AE Ao SJslo] ulEule] T2 9 Felx
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o,

Wt} Athabasca X1932] 23w H]FMe] ZAJS Table 1o U
ERJISIT.
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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

<ZwnzZzoOoIO

Zepe] FlElZAKS, N, Oy} Edts|o] 9]
o] £& By L] 1Eo| Eau|o], W
2he5: ahz] 7)o@t u ke oalish 2o
o

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

(2) 2L2]8F3HE (cyclics, naphthenic ring type materials)

(3) "= 313ME(ring materials that are unsaturated)

U3 A weguEe S 7R n ol i
o) A Wold] QA W SRS FATEE 7h ofel &
A AL 16, T e el el o
% 27} et Aol EaElo] 4E 8-S ol A )%
mo] A4S AAst} n)Fums YR E(slmple fractionation) S}
W o}~ (asphaltene)?} Tl (maltene -2 petrolenes)©. = L}

SEE

3-1. OFAZH

oA 3}3HA o0 7 wko F R YRS Tl FA) 2|
R DER 55T PFEIGRE 0|74 k. o= v
AGokrlslelE s 5816190 u) AW 0 7 Bajgis RES uale
o) ARgsH= ebgke] Eiol| whe) TR}, o ARE S vl uwZol|A)
7V 57301 73t At Golgjo, it dell osf kel #
&2 4= QIt}. Field ionization mass spectroscopyoﬂ olshH ol A2t
El 2 B2y} olg) ZARAIS0] 214 AetE o] 9= el
ZO7 oPEct opTE o] S48 slElZARKS, N, O)= <
5lo] /3 ¥t Table 204 HZo] v)Fwn} ZAM= v]Eo} U=
£ 71 A0)% S S QR Aol i fALSHR, AP gravity
£ A2 thEnh nRs AR 7189 AR wslel FErt
= S| 292 A T30 Table 3). tES) FAR] 5

Tabel 2. UNITAR definitions of heavy oils and bitumens

QR e e

5 opgle] tisto] Aato] gitt ok dEl e T4
Gl 71—*L ARGl & Eo), wiAllell= S8l = X9, n-glel]

E-g4Jo]t}. Athabasca HIFME] 15-20%7} o} AZEI 0 7 o]Fo]A]
a1, o710l BH8-9%), A (2~3%), A(1%)= S-&-3i}.

rlr :(0

3-2. YEil(maltenes, petrolenes)

TS HFe] LR RO R, Oil Y Resin®E o]F017] 9l
g2 Elsl7 191810 Clay/gel 2ol oja) o]
Sy e Al *ﬁ‘r‘i’rﬂ—mﬁﬂ Bl ==, o]
QP s Aol A7 Resin P2 53
il “3+20] F7=]o] Resin? 0110] TelEo) AejgbAe &2
esin WA, oMAlE Ho= ARASERAe]] 23l Gl Aelgt
ZHE] S22

. o]

5

o Moy

I T
=

Ne

3-2-1. Oils

ol HFe] MAFEOH n-, iso-, cyclo-paraffin 2 &3} o}
BUIE7|E Zh= w5 WAl o7 RS AR Il 2
7he] Al E 7w 1l=Agoltt

3-2-2. Resins
ol A 0% ofAgul} wh ARG, S URAE ofA
o dojgzion w3ty Waks, sHEARE 2 Wakss 1
235, SEHRYAE 2= FE871E 2= polyeyclic AR F=
F o]Fofxict, izl OB\:’-EJ:’ BlRc} SAdo] ot At s AhE-
o) ofai.

R FAE] SRl A olsfist] flste] vheket Fel
417]%0] ARt PC-NMR, 'HNMR, GC, XRD, IR, &5 &
o] F& A-g-ETtH(Table 433). 71 ©]¢] ruthenium ion-catalyzed
oxidation (RICO), pyrolysisS- A3+ 24 H]lE,—uHQJ ?"ZC’ﬂ st
BRE dobd 4= Qlrk. Ho] Hek AN 9] Eg-S ol H)
Fuls AEs] FAsh= 2 27Fseht, WA 22 & o 2
PR A o] Thssith.

RICO:= o} ~#|lo] 25 B 5k=t] %
tl, RICO7} 19503 tholl A5 A =7 ]5=

o] -8 gvll= AkgHo] L] A 7=

B 5.0 =]
T83% qgs ah=

BFIAIRHS], acetonitrile

23] ggihs]

OMHIEUEZ-E RICO HEEol|A A EE S04 Eo] 5&1’59&
FAE = 718 WolEr) RICOE BE WEEE: BAs ol Akeeks

9} polycarboxylic acid® AFSIAIZIC}, W<
27)= A0 7 HBlE 3, B
Ao AsE,

T O

Al olstsleki® Al

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

Heavy oil 102-105 0.934-1.0 10-20 0] QJ= alkyl chain alkanoic acid® Ag ) EFE4S 7]

Bitumen >105 >1.00 <10 Z07 3j0] RICO HH-ollM Aol AAEL Ger HAsit). o
*API gravity = 141.5/(specific gravity at 15.6°C)-131.5 ol RICO HHo| AREE= ZuhEz] AAE 1l glalokio| o
Table 3. Properties of light and heavy crude oils

Light crude Cold Lake Athabasca Morichal

API gravity 38 10 9 49
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

sistzst

H45H HM25 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]

4. HEM upgrading 7|=[1]

Functional Group

Quantification Method

Upgrading® 1512 SAAGE A8A71E AurAQl 7)%
gk, e i B3k EgERA ek 24 7 o1l E@T

Benzene Mass balance on aromatic carbon

Phenanthrene 'H-NMR 9] B3R Seaiio] B Halo] thS- ZolX, AT A

Bipheny! bridge Balance on aromatic substitution ASAL 2222 A7)8Ho 2 Bx 7 e &) .

D! B e 19 48 B0 AT} DL 89 Ui

cemethylene BC-NMR, 'H-NMR o] QoA T AL AT 717 2812l Bl of

B-methyl "C-NMR, 'H-NMR #)71%) eje) AEo 7 [k 4= 9= AA49950)h. Upgrading

y-methyl BC-NMR, 'H-NMR olie CAl7L o)

Chain methylene BCNMR. 'H-NMR Jolli= A 4 SAI7} Sli=t, thermal conversion, catalytic conversion,

Chain methyne 3C-NMR, 'H-NMR distillation, hydrotreating 5] $At}. Upgrading®] 5* 42 A=

Naphthenic methyne C-NMR, 'H-NMR oA HEEL: Balsla o] 2R A7} 7R AR wreis Zlo]

Naphthenic methyl BC-NMR, 'H-NMR . } = .

Naphthenic 3C-NMR, 'H-NMR t}. Upgrading®] 3! ¥4 tHli= S7278-& E319] naphthas -2

Methylene 13C.NMR, 'H-NMR 3= Z1Q1H], o] naphthai= THE 37d0llx] ThA] ARE-SE 4= Qict.

Benzothiophene BC.NMR

Sulphoxide IR and potentiometric titration . .

Thioether BO.NMR 4-1. Thermal conversion(coking)

Indole BC-NMR dol7} 11 g3l as 98 7heto] 22 AR 2lE 3
L 13

gjmfg’hne IRC_N(?/L% ometric titrati (cracking ©]2}a15=3H)o] ™, coking A A3} thermal cracking 1],
mide anda potentiometric t 10n ) > o s N

N-substituted indole Balance on nitrogen oju wfFrlo] 7hHg- A} £ GA7E 7e et ©HEkrax(naphtha,

Benzofuran Balance on oxygen kerosene distillates, gas oil )% upgrading T} ©] I 73

Carboxylic acid
Ketone
Aromatic hydroxyl

IR and potentiometric titration
IR and potentiometric titration
IR and potentiometric titration

7} RArE 2 A=, AA) 815 MS upgradest’] 16107 delayed
coking, fluid coking 5] 7]%0] ARFE 3L QITh

4-1-1. Delayed coking

HIF-E 500 °CE 7}Q43}kal, double-sided coker®] 3 &0 2
ZZ HERITh BFENe = 7] AdEE LProfxith, é
Ble] 579} 7k FT1olnh g TR A=t oF 124131
299§ 74 drumo] AP, 71AE HFE i H
drumell @AZY, ZAA] coking drum O ZHE] TAJE| L] T
ehy)7] 91819 a1te] water drillo] ARE-EILE

>~h

l

r'\i
O ox o

fuju [-u

4-1-2. Fluid coking
o] delayed coking?} fAFSE 7' 2] 7|0l ATt A&FAo] &
Ao}, oJ7)ofi= © 3 7|9 coking drumWt =AY 30} v F-S
500 °CE 7}L3HA|RE, vl FwlS- HE T 319—?’/]‘:— thAl, coker?] A
Aol a2 o] Fejg -k vFie 7kA S8 s
WroxItt, 595 YA FER Elof upetel e wiEE.
F°] g = F A furnace®] 1HLIH], = hydrocracking &
ol H Qs A5 Wi},

Jfm

4-2. Catalytic conversion

ol LURARE U A EARE 1AL G} Ths e eskea
% WIE= 71%1c of 1l Al i) AR e
Fig. 6. A heavy oil molecule that is consistent with current analytical =93, F 71 715 ket &, s 2 112 2] 1)

information.

stol= 2 A ok Zﬂii RICO RF-2] AT =2 4%
lA ZpAeHA eflEe 4= Slek 71
eSS GOMSE A5

R owE FARe

ol oG afsle] Sl

of Faliyel ool i AN B 5 ek

ot} 7L theket &

TEE Fig. 60 HERASITHS]

ol WS Balel AN

o}l

= 7158 549 2718 Bk 2te ke ﬁ“éopﬂl st
7% Folth W& HEA] e FAE Vel A% Q)
o o1& hydroprocessmgO]E]- 3H, olu A7) FHE EalE A
g, Sl oJgt HEFRE) 7S Al 71sR) o 2ol -
Tt WES 4S T U

[‘

[

F

N

43. 5%
SElollAl 2 Lezl 7|E2A HFmE vl 2o & Qlste] F
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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.

Ha nFo] 2 gslransHo] oy AAldeHlE Kol 7]
= 855 9] gas oil, kerosene, naphtha7} €T}

4-4. Hydrotreating

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

sletmst M4sH 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)eEA], vTiS 119, 300~400 °CollA FA9) &
ghato] HEGAIZIH o] F2] Nt eslArt A ELE o] 2
ol Ak, 3 9 vjge] 5% 5 EoEo] s, ol &
A Fa3 FAGH N FAE A 5 Qe 4US AA
Sith= WAl g Foslt) vlFEmo 2 RE Alx2E TG
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Hydroprocessing Thermal cracking

Residue FCC
Coking

Deasphalting

Fig. 8. Processes for primary upgrading.

T sweetdt’] whzell FAE17F golatchel7]olA sweetdt St

Te RAHEA ool vl A =,

Fig. 7 SuncoritollA] AAeE AFREA| QPNEE FUELE
3lo] FARE AlFsl= s Al 9ot 18]al Fig. 8

olli= 3241 upgrading 712 7 9 ARl HIFS ¥AISH
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Fig. 9. Annual Canadian oil production (1995-2015) (Conventional, Oil
sands, and Offshore in Millions of bbls).
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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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