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Abstract

Oil sands are sands containing bitumen similar to crude petroleum. Oil sands had not received enough interest because of the
high production cost. However, in the current record-high oil price situation, oil sands are considered as new sources for uncon-
ventional oil. In this study, patents analysis was performed for the technologies of production of synthetic crude oil from oil
sands. The patents covered were open patents applied in Korea, US, Canada, Japan, Europe, and China. The patents were divided
into five detailed technologies; mining and in-situ, extraction, upgrading, fuelling, and other technologies. For oil sands tech-
nologies, there have been steady patent applications, since the first patent was applied in 1969. The number of patents applied
appeared to be affected by the variation of world oil price. The portion of patents applied in US and Canada was about 90%
of the overall patents and it means US and Canada have led oil sands technologies. Mining and in-situ technologies, and extrac-
tion have been developed actively and occupied more than 77% of the overall patents. However, the number of patents applied
for mining and in-situ technologies, and extraction has been constant or started to decrease since 2000. The number of patents
applied for upgrading technologies increases recently and it shows the development of upgrading technologies is active now.
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Fig. 1. Oil sands areas and initial in-place volumes of crude bitumen in Alberta, Canada.
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Table 1. Classification of technologies for synthetic crude oil
production from oil sands

Table 2. Properties of typical Athabasca bitumen and Syncrude
sweet blend® .
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Fig. 2. Synthetic crude oil (SCO) production process from
oil sands.?
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Fig. 3. Procedure for patent analysis and database building.
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Fig. 4. Trend of the number of patents applied for oil sands
technologies.
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Fig. 7. Trend of the number of patents applied for oil sands
technologies in different countries.

AA7E dig B37F LA Avelelrds 1970
ddlel] 2 295 e o]F 7hidle FAE 2ol
ot 19800 ~1990:athell= 107 oz I 249
AFE e Utk 2 3 2002958 27K 15
7 olde = EAAFI} Fukeke FHE 2ol .
vl B39 &9 FolE Adrm vl o) 70
dolel] $2 249 HYou, o) FukRE Ed
£9L Hol3 glen 20039 ©o)F HA EdAF
7t XA 8] Frlshe ZoE vehta ok dEe) 7
1978 o]% wid g Tzl #H B3t 2=
I, 90} 2nbl FEHF 53EY %2 Ko,
1993dS 71402 &4lo] A3 9IS ¢ & it
fFES 19799 SUANF o]F 129 vt} FA A9
#8 B8y} 2993 o1} 20004015 EHE 294
F7F A9 ok 2L 19943 Li Wanfud] &5 A
Zgo] ® o]&Z 19959 174, 1996 571, 1998 1
Z, 19993 2001 d9) zF 27, 200200 379 &
571 9=k g B3 19873 B3 71l
gk 9 ARERE HA GA 959 Ax 2 A4
e 8 Ugez wusdate] mtevep S. Aol

o

i A So) o]Fo)R o)FZ&D 1989 17, 1997
d 27, 20018 17, 2006 170] SAEHAUTE

43. ERlolY S3EE

Fig. 8& 2INM=2RE FHLH Hiles B
3 919 F tEg £o07 AHT F2 2999
dEE Uebd aeizolrt. w529 Chevrono] 1427
L2 7 WE EHE 93N, Exxon®] 9370
I HE oYtk 9222 Majesty the Queen her in
right 7} 9171, Gulf OQilel 727, Sunoco 577, Petro

e

J. of Korean Inst. Resources Recycling Vol. 18, No. 1, 2009

R - BARL - R - DR - Pk - 2N

Citgo

Shell Canada

Irperial Oil

Suncor

Pefro Canada

Sunoco

Gutf Oil

Majesty The Queen

Exxon

Chevron : z "

0 20 4 80 80 100
sszEns

120 140 160

Fig. 8. Major applicants of the patents applied for oil sands
technologies.

® Chevron

W Exxon

< Majesty The Queen
Gulf Oil

Sunoco

Fig. 9. Trend of the number of patents applied for oil sands
technologies by major applicants.

Canada 557, Suncor 5171, Imperial Oil 4771, Shell
Canada 397, Citgo?} 3770¢ &93i%th. 713 94
7} @& Chevion?} Exxon A &¢29 53
Azl e SRS 47 72%% 47%= 18
34 gt} &, B3I FYUAo] v 29& 3 A0
olljgl thekst 4ol ULS I F Unt. Ed
F2&91Q tiEo] n= FHe] AR =] 24
AM=2HE FALF e T dSS ¢

# % 9tk

b

(A

d

Fig. 9= 53124 A7t 22 sl &4U& 94
std A=Y &9 T veRd aeizolt b @
L EFE 293 ChevronS AA| 14249 AHES
T 8370] AZF 7&e] O HAR QUMEZREH o
AL JgIe £F Ve NPoz B2 53t &
L=}t Chevrond 197439 247402 71 & &
Ag BYon, olF 1FE3| FAVES Sthr}t 1980
o] St EojA] EEo] EalA 1990 °]F=2 1990
d, 19924, 20013, 2003d, 20054 zH 173 &4

31T} Exxon® 19749~2003971%] o 7 @&
o] 298 1A 9AN A 2079] EFE FE



QUM Hfie] RRFIER T 9

3] 2939, 2004 o|FE= FYAFIE fidh A AFIE 5 52 /ledd 587t 668742; 7V
2000 ©)3¢] BHES EYFES B, Suncor/t 18 o) &Y=, 71 kg At JE B AeR
Aoz 7t Be 29¢ ¥, 20033 A YL g 4 3tk 7 HE ol A e 3347d, Na 7
3 Eni Spa’} 177, Exxon®] 1671 22 £939t. & 2137j, O&EQ 71& 5471, 71Er 7% 157¢] &4
57702 AA U2 T AR gL 2498 7= At} & 71&s) AF el WA 71ed 77% ©
3+ Sunocor 19761 ©|F & HYU A4V} gith AHe zAjsle] s 2t 352 Holdl glow, A)
A Nes FA 7R $A1F Holi slth

44. THSSER (IPC)E S5i58 Fig. 12¢ edA=2Ye FA9H Jarlss) A%

Fig. 10& %XJIEo%Tr E3E94E v 2 71&d tiEt 299 E3EAEEE vEr o2
Zzoltt C10G-001, “FEY, 4L B84 3F & olth, & 74 19749~19774d, 1979 ~19841d
22 8 BE $AF A5, o, 24, Aeela] A4 8 2044072 3 2ATES Kot 1980t -
el ZEY Axrol et S50 413702 s WREE] 7hREl) Algksle] Ag7kA] 1070~2070 WE H]
2ok, the-o g E21B-043, “AHZFAolA Al 7k, ZE 18 29AFE Bolu gt AlE Ved F&
g, 894 v 484 B2 e P2 dgdL A 71&3 7he] 197445 E 198090 2R 2 &9
Hatrl flgt Wy Ee A& OiEixEr H8E S Holtpy} 1984915 H aate] 107 virke] &4
AE Ayl ik E371F 2177 EYEAT BO3B- FE 72350, 200285 A FUkshe AdE
009, C10C-003, C10L-001, C10G-047°] Z+z} 837, Hol7 Yu} A 71Ee 19823 ~198430] 7H ghgt
527, 4671, 337lc] &= L HE 2 s, 3] &lo] HAL, o]F ABE7HA wid 59719 £38{7}
BO3B-009 “A}, B T SIS A S48
g); BelZAES) A Wg”, C10C-003S “¥)H, of —
2ZE | 9% (bitumen)?] A&7, CI0L-001L “47) & 500
27 987, Cl0G-0472 22 Bld RIS A7) ¢ 500
S A e A A SEEY EX) stlA 'ele L
s Bal 2ROl OF B30l o

i -
5 &N 8 &AM o
. - - -

5.1. ME7l@el M| S5i58 oo e

Fig. 112 SUM=ZTE FHLR B 7= Al Fig. 11. The number of patents applied for oil sands tech-
Br2d] H8t EFEYAGE Jepd zejzon) A nologies sorted by detailed technologies.

450

400 -~ ! 4 |
30 I ™
300 i ) !
¢+ @ /
B sy ! { 0
oFl :
W 200 ) 3 | -
ur B & o e .
150 p ~ \
100 | Wy
% ;
50 717375 g
' ' - . 77 7981 8385 87 89 g B o507 71et
. 9001 o3
C10G-001 E£21B-043 BO3B-000 C10C-003 C10L-001 C10G-047 B o
Fig. 10. The number of patents applied for oil sands tech- Fig. 12. Trend of the number of patents of detailed technol-
nologies sorted by IPC. ogies applied for SCO production form oil sands.

AdEnelEd A 189 Al 1E, 2009



10 ' SR, - DA - A - AP - AR - SN

4532 Y 53], 200080 oA Flske FAE
w2003 o|FE FF3] 104 ot B3t &
A ) d8sk 7)1ee 1976 2] Westvaco
Corpdl] 28] & &40 € & ol 12708 53]
2992 Uk 7lEr e 19759 "= The
University of Southern California®] €3] R &¢9]
HoolF wid 12734 E9HEgUE 19829 o) Fel
19883, 1996'3, 200003, 20063 z} 1A¥0] &4=
Ak AR AR Jleel B 200030 o]Fe] FEgS
By A 7ew F2 718 29490 228
ARG WA, 7 Ve 294} FT Bl 18
% 4 Qitk ol e B e S AR
71l gigt dF7F EES veERlZ 3l Aot

Tl
0]10. S
2 JEE

52. Misolsel 201 =35188

Fig. 132 9dA=22E LG Biled™d A
el 55159 7] 482 vehd g =eld
s A Ve 488 Neg ALde VX B8
7Y ARIEEE JHY B2 e AREke 3o
2 e ¢l Adoelide A2 Zlsdd 537t
7V Bl 29993, MER 22 Ve B9 BEsle
vl oo £ Wsg B W&S sk Yt 7
e 71e3™ 53 g AudeiMT 29E9,
dE3l 7les FaIrpEz Hox 1749 #AAES)
E9HEAY =G Sy AR e FREg BE U
st Ay, f9, S9eME 08 Aivlegnn &
£ /g B 53U M 2] EdE A ¢ F 3
o dES d8s Jied AR 7iEd vaE Be &
HAFE Wolx gla, g=rolixs V1 Ve 14, 98

8 7ol tigt 579 5871 4=

—_

i

P!
s [ t67% oo 833%

0% 20% 40% 60% 80% 100%

BF271¢ WA2712 OAE7ie OARET|E mM7IED|s

Fig. 13. Portion of detailed oil sands technologies in dif-
ferent countries.

J. of Korean Inst. Resources Recycling Vol. 18, No. 1, 2009

Fig. 14= 29797 B =, AU, 4, 8
oz eAdM=EZRE FPAF A AFTled i
& EFEEXSF(Activity Index, ADE vehd ol
BEAgliolx ES|EERSd 54 e oM B4
9=l AulE AEEE APES) 98 AZEN, 2
zrol 1080} & Afde AFos E5gEol g9
e Jeldd. 7z ried &45vie) AdiE ASeE
B vFeAe 71e 71ge] SEEEe] AUReR &
gl 983 7je JUESE Rl Hes ¢
A3, AMUTlME F5 71gM EslEse] B
vepdy, A rlest A8 red ddder 8%
o] ALL ¥ & o} 7 Ao A Jledt A
83} 7igolA AU eR Ul EHEES BoliL 9]
I, folMeE A 7ies A Vgl ddides 3
FHT she Aoz Jepdth 58 24709 AL &
7} gt S gFo] FHdAN ¥ oE 83
71 W3 5slEFe] gttty & ¢ qlct

68 £

LANEE AfdEe] FaEY e RHE F49
F B Ao Qs & HAe A YA
FH2 2787 AUE gol AE2 A ARF2A AlA
AHog ZEury gt FeNE 20068 T4 FA
7 Ay Peele A 259 wiE JFEe] Blackgold
QUdME FIINFE AIRHOE QYUME Aol
1} 0|8 o]g3le FARE Aatshs Vel B
& o] FFEHL st

B dpoMe edMeaiE U A 71sd
#a) 196935E 7R d5g st v]F, Ay

=

%20l BEe0le Sna0ie WARE s #2isDs

o= FHLiCH

Fig. 14. Activity indexes (Al) for different countries.



QA= Pe) RETER ST 11

o, A, ‘lle, %Oﬂf‘i —2—7H Y53 128408
/‘\O

2} FE SEER AL Jed B3 Bsle
19699 3 Z90] o]Foizl ol F 1974 1984L4
Atolel] 7Fg BE ZUAETS Holx QlE, o|F Fat

ISt dAx SRS Fol9)
ST HE ESHEUASFE vz 2H 1974
19799, 19813, 1986\ =7te] =
LHﬁ K=, 1 %xﬂ%} HEo) oM

gs] 19741:1 JJr 1979»:14 *4 JJ% A71el E3Z90]
= 3‘] %_7}_§E1:;_] 37,],7_]94 %568_ ?:ﬂ_z %}1]%7}-7}- %%‘

1970358 2007 197K ole eda==re ¢
AR Ale AR ESEUAs 12847 7FeE) W)
E517F 62071 (48.3%)02 71 B 298 BT, A
Ut} 53671(41.7%), BE- 627 (4/8%), &7 4571(3.5%),
9 1541.2%), 3= 64(0.5%) 2.2 LEhtth, 5
9 AfgoA vt vt dAe) oF 0%E @
UMERNE AR A4 7] Eoke] dyrldo) v
=3 Aol 4] oEAR] 2E % S AUt vl
B85 L Hlfﬂ*t“ AREoM AuEE, ocdMER
RE] 9 & 7)E 537%, AZ 71 24.5%, NE 7)
= 184%% YERY, Muttel B$= 94 35 7)E
53.2%, AF 71% 32.5%, N 71 11.8%2 Uepsdth
AR AR7E T 5% 7edd E57) 668002
71 Bl 4=, 1 HE olo AF 7l& 3347,
W 7% 213710 Q=AY £5 Ve A2 Ve
o] AA 719 77% °VFE AXd g ed &
& EAo 20009 o019 FES BE AjE 7]
=3 F& 716 29797 Zasnt A3 i,
N 7les 297471 A2 29 % ﬁh Ao =2
of /d 7ol gt A7t e
E3GFR g0l 273 4o ¢
B 7lE, Avtelre 2 7
83} 7%, fyoME At Hé_ 1 w%ﬂr s
M AEs) 71E Fopold Auidor ool A
SHAL A Aoz EAH).
Aol AHom REet g+ 7% NEE B3
A 2R AiE S Eolof shs A, 53 &

oty a2

1.

15.

AERRE AR A e SHE 9H 7]

A T4 eYaEThe FT Fo) VA

& 2AH R olgsjor & Zlojrt

Al 2
2 dre dadiRz|ed e Z12ARI SR
MRA Amel 2FNS 7 % Hhat 200895 34
Farke] ALE@EYEAE HEFH 712AT 1 - 715 )
WAy ofste] FYHYOH, old ZAEHUT

Alberta Energy and Utilities Board, 2007 : Alberta's Energy
Reserves 2006 and Supply/Demand QOutlook 2007-2016.

. National Energy Board, 2004 : Canada's Oil Sands: Op-

portunities and Challenges to 2015.

. OECD, 2007 : Compendium of Patent Statistics.
. Isaacs, E., 2007 : The Canadian Oil Sands in the Context

of the Global Energy Demand, 17th Convocation of the
International Council of Academies of Engineering and
Technological Sciences (CAETS), Tokyo, Japan, October
2007.

. Alberta Department of Energy, 2007 : Alberta's Oil Sands

2006.

. Yui, S., 2008 : Producing Quality Synthetic Crude Oil from

Canadian Oil Sands Bitumen, J. Jpn. Petrol. Inst., 51(1),
ppl-13.

. Furimsky, E., 1998 : Gasification of Oil Sand Coke:

Review, Fuel Process. Technol., 56(3), pp263-290.

. Bruce, G W., 2006 : Alberta Oil Sands in the Global

Marketplace - Getting There? 4th Upgrading and Refining
of Heavy Oil, Bitumen, and Synthetic Crude Oil
Conference, National Centre for Upgrading Technology,
Edmonton, Alberta, Canada, 25-27 September 2006.

. McCann, T. J. and Associates Ltd., 2002 : Petrochemicals

from Oil Sands, report for Alberta Energy Research
Institute, Nova Chemicals Ltd., Shell Chemicals Canada,
and Suncor Energy Inc.

. KIPRIS, www.kipris.or.kr.
11.
12.
13.
14.

IBM, www.delphion.com.

WIPS, www.wips.co.kr.

Canadian Intellectual Property Office, www.cipo.ic.gc.ca.
BP Statistical Review of World Energy, 2008 : www.bp.
com/statisticalreview.

Intevep, S. A.: F¢78 JA AR AE H ALY,
wEsl= 53 1989-0003932.

AheolZy A 18 W A 135, 2009



SR, - AL - R - B - AR - S

F E R

A}
+2005%] Purdue Univ. 3-&HAL
*2006-20071 Lehigh Univ. Postdoc.
« @A PR Ied T AER
AFAE Mg

2 8 A

+ 19963 AAhEkw. sfekyelat Fet

+ 1998\ AAThE slekyeket FEt
AL

+ 2006\ SH=AE)e SEgeta)
el 8

o« @A) Sl ed T dARE
ATAH Mg

+1983d A sjekgsla FaAl

+ 19853 A=A sekgslat 3
A}

« 1996 g=s)ed Blel g 3
IS

+2001-2002%d Univ. of Utah Postdoc.

o EA) SRl EATY gAdR
AAE AT

- 1995 RNk ) A A 81
e

20014 S etE BATET )
AL

A7AH B9 719

I N 3

+19754 ekl sjekE sl FEpa)

+1980¢ relEta sstEEta) 3t
XA}

1987 el slehysta) Fat
B

+1988-1980%  Univ. of Wyoming
Postdoc.

o FA) ShEeuA7 AT diHdE
AFAE AT

< @2 FEAfEAL el AVeRd

I. of Korean Inst. Resources Recycling Vol. 18, No. 1, 2009



