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Abstract:

SCWC (Supercritical Water Cracking) is a technology which uses supercritical water for
the conversion of heavy crude oil to synthetic crude oil which can be transported by
pipeline. Key features of this technology, i.e. the simple configuration of the process and
the minimal production of cokes, make it eminently suitable as a field upgrading
technology for extra heavy oil at wellheads. This technology has been codeveloped by
JOGMEC (Japan Oil, Gas and Metals National Corporation) and JGC. At the pilot
operation in Canada, Canadian Oil sand bitumen can be converted to a synthetic crude oil
(19° API) by 85vol% yield and the residual pitch to be used for a material for road
asphalt. In this report, pilot plant testing conducted in Canada and a conceptual design

for a semi-commercial plant are reported.
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Fig. 1 Recoverable Oil Resources (Source : IEA World Energy Outlook)

W Extra Heavy QOil m Convemtional Oil

Production (mb/d)

2040

Fig. 2 IEA Oil Production Outlook (New Policies)
(Source: IEA World Energy Outlook 2017)
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Fig. 3 Properties of Feedstock and SCO Target
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Fig. 4 Schematic Flow Diagram of SCWC Process

2.2. SCWC RS AH =K 1

Fig. 52 SCWC Kt gD H TOGE AN =K b nd, MEGRKIZIE, 1) BE B ORIz 05
IREADBLIG, 2) RS- E OB L O8) 2 fiEtk Oy F OFEA OMH D L7z 3 oD
BB DD, SCWC Uit Tl BUGERNHECo i LTo A& ot 2 B ER S K I K0 Rl LN R
SMCHEH 528 B RIS KD iR T AL — 7 AD A R AL D0 WK IN R 72 g 7
Rz A HEL L TD,

-!.:uj
.](J:.0.0.U. SCO
(> 21API) |

Extraction

. Thermal Cracking
2. Extracting SCO
3. Inhibition of Pitch

polymerization

IPonmerization
? Inhibited

Fig. 5 Schematic Diagram of Supercritical Water Cracking
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Table 1 Comparison of Bench Unit to Semi-Commercial Unit

Bench Unit Pilot Plant Semi-Commercial
Capacity BPD 0.15 5~10 300~2,000
Reactor I.D./Height | mm/mm 25/1,300 100/4,000 850/16,200*
Linear velocity cm/sec 0.5 1.0~2.0 6.0*

* Unit capacity is 2,000BPD for reference

ZI T B R IOG DI FE 2 R THREE S L TR WSS Severity Index (SD#% H
WCT — &R 520 L UTe, B g BSOS TR BROG IR EE S B R [ 23 KRR 72 SO T 573, ST I
FNHDOREE 1 SOBETRELLIZIEHTHY ., Eq.(1) TEHRIND, SI #HNT, ~oFllre
Ay MR O SR E B L O E R A2 — R E LRI E N ATREE 22 D7 | REHTIZHE L
TWHEE X T,

SI=t¢x exp{— (%j[% - %)} .-+ Eq.(1)

t: AR [sec] T: ssiRE [K]
Ea: Bitumen 20 i DAL = %1% —(=50.1) [kcal/mol]
R: KA E$(=0.001987) [keal/(K+mol)]
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Fig. 7 Comparison of Performance between Bench Unit and Pilot Plnt
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SCWC D/ 3Amy MEE THLAUE MO % Table 2 (237, D8 #—7 e LT
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Table 2 Properties of Upgraded Crude and Target Value

ANALYSIS METHOD N | RIrEed | arGET
AP| GRAVITY - 5 29 > 19
KINETIC VISCOSITY@10C | ASTMD7042 | oSt 321 <350
OLEFIN 1H-NVR Wi% 3.67 <10
SULFUR ASTMDA4294 |  wt% 3.23
SATURATES Wt % 372
TYPE AROMATICS | ASTMD2007M | wt % 37.3
ANALYSIS POLARS wt % 9.9
ASPHALTENE | ASTMD4055M | wt % 0.05
NMCRT ASTMD4530 | wi% 05
TAN ASTMD664 | mgKOHig|  2.87
DIENE VALUE UOP326 | g-b/100g 194

FV T4 TR T 2 EE LU TOKECLBET HZET 1%L PR TEAZ LIRS TV D,
KRFACABLLUAN D FIELEL T AL T4 DEL G 7V E x5BT, Zivx: SA-SAGD
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55 EmR®H5, Fig. 8 12 SA-SAGD & SCWC OA> T/ L —varkzmrd, SCWC oA L7 40 %8
e 7 EEEFIEL T SA-SAGD HICHBET 24, FRABEM P OA L7 4R 1.0wt% LA F &7
O, BFE DN AT TA B Z T,

*7-. SCWC Yut AL, 727717 MCR 28 OFEZE M S IHITEAEE TN THARNTZD
TIROBMPTIC BT D5 2 M 0 iE B L OUKE LR L o e 28855,
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Fig. 8 Integration of SA-SAGD and SCWC
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Fig. 9 Compatibility between Upgraded Crude (SCWC) with WCS
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Fig. 10 Long Term Storage Stability of SCWC SCO (ASTM D4625)
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Fig. 13 Block Flow Diagram for SCWC Partial Upgrading Case
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Fig. 17 Comparison of Footprint and Solid Waste
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