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ADU: Atmosph’c Dist. Unit
VDU: Vaccum Dist. Unit
ARDS: EiIREE
VGODS: X Z i 4R &
CCR: Continuous Cat. Crack.

AR: Atmospheric

Residue FCC: Fluid Cat. Cracker
VR: Vacuum HT: Hydrotreator
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BEE R ELEE (VR Cracker)

Slurry Bed RT Ebullated Bed RT Delayed Cq_ker (DC) RDS*RFCC 028Gy 1998 Nov. 23

(SHC) (EBHC)

Fig. 1a

m\ Flue gas ~—e= — Cracked vapor
Shell 2
- vessel design
ok =
4
|-—Steam

X
Feedstock Mocer Preheater] A e &
46 410 413
Hy
414

US patent, US8303302, Headwaters Heavy Oil, Llc
HOT OIL

Z2 ) RS —RKFRILH iR TALRa—h— B RKFRIE B it - F&HFCC

R B fRKR1IE 2o iR BHKFRIEGRER e i o 7

o 430~470°C 500°C33 40055 ~425C 510~535°C

EAH 15~21MPa 0.3~0.4MPaG 20MPa 20MPa/0.1~0.2MPaG
G B e 1~2 hrs 17~24 hrs 3hrs 3 hrs/2~3 sec

i 5 5~10 wt%. 5~10 wt%. Cat/Oil: 6~10
(4 X) (nm~% u ¢) (=1mm*5~7mmL) (Fmm / 101 )

)

DR 93~97 wt% 70~75 wt% 55~70 wt% 93~95 wt%




SHC / Thermal-Cracking Reaction Comparison

Thermal Cracker Yield vs Temp. (wt%, Kh-VR, 90min.)

(JJPI, 27, No.1, 81-87, 1984, Honda etc.)

Therm. Crack. Pitch Comp. vs Temp. (wt%, Kh-VR, 90min)

(JJPI, 18, No.9, 1975, Yamada, Honda etc.)

120 70.0%
100 60.0%
80 50.0% (———
Gas 40.0% ——
60 _ EE——— '
oil 300%
40 MW Pitch
20.0% ——
20 10.0%
0 0.0%
420°C 430°C 440°C
SHC Temp. vs Yield (wt%)
Canmet(SHC), Cold Lake VR: (UOP LLC, 2009)
120.0% /A\
100.0%
80.0% Gas
=N
60.0%
CLGO
|
40.0% _ €idY)
M Residue
20.0%
0.0% I 4@
430°C 450°C

120

100

80

60

40

20

Delayed Coker Yield (wt%)

(sh B RiMVR, CCR:22.4wt%)

490°C/12H

;3B 52 (EP)
<400°C

BS
H BI-QS
mQl



SHC — EBHC Catalyst Behavior Comparison
' Catalyst addition \

SHC

Ebullated bed

& s med /

Brcron Plenu TR i Distributor

o chanm b 3 q_p‘ / grid plate
CAdditives -

Hydrogen and
feed oil «——— Ebullating

pump

Catalyst withdrawal —— Recycle oil

EBHC

Slurry Bed Hydrocracking Ebullated Bed Hydrocracking
Cat. or Additive Makeup (0.2~) 10—50 kg/t-feed 0.6—0.7 kg/t-feed
Cat. or Additive conc. In RT 3~8 wt% 10—20 wt%

Cat. Size(Terminal Velocity) 1pud—~5ud (0.06cm/s) 0.7mmd¢ X5mm-L (60cm/s)
Cat. Surface Area 3~5 *¥10° m? 800—850 m?

Liquid & Gas velocity (cm/s)  Liq.: 0.7~1/ Gas: 2—~5 Lig.: 7—9 / Gas: 20—~30
Temp.(°C) & Pressure(Mpa) 440~470/ 15~25 410~440/ 15~20

VR Conversion (wt%) 93~97 55~70

Operation Concern Carbonious Agglomerate
Formation



VR Cracker Performance (aH crude, 200kBD Grass-Roots)

VR Cracker Product Yield (vol%) Refinery Product Yield (vol%)
140.0% 120.0%
120.0% 100.0%
LPG
100.0% Gas
80.0% Naph.
LPG
80.0% Gasol.

Naph 60.0%
Kero.

60.0% LGO
LGO
40.0% = HGO 40.0%
. EFO
M Res o
20.0% 20.0% H Res.
0.0% | 0.0% = N

EBHC RDS = RFCC SHC DC EBHC RDS = RFCC
Crude Oil Requirement on Transportation Fuel Products Refinery Margin (S/B-Crude Oil Feed)
1.50 5.00
4.50
1.45
4.00
1.40 3.50
3.00
1.35
[RiH : %9 9% 2.50
130 CO2:f94%40L —] — T 200
1.25 — — — 150 |
- I I B
1.20 ———— ] —
0.50 — — —
1.15 T T T ) 0.00

SHC DC EBHC RDS - RFCC SHC DC EBHC RDS - RFCC
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(B HAEEEWE) Step-1 [RHNERE N HIBTLAE (VRS RHE NIEX)

ERN2Y: i 2014 10414 (2024)
Group  SLyHpT ADU FCC RFCC VR—Cracker | H-0i1, SDA VR-Cr/ADU TR B
A A-1 160, 000 { 33, 000 6. 2% 160, 000
A-2 220,000 | 45,000 6. 1% 220, 000
A-3 175, 000 50, 000 26. 6% 175, 000
A-4 70, 000 27, 000 27. 0% 70, 000
A-5 255, 000 61, 000 22. 2% 255, 000
A-6 120,000 { 28,000 7. 0%
A-7 | 143,000 30, 000 14. 7% 143, 000
/MR 1,143,000 | 106, 000 111000 57000 18. 4% 1, 023, 000
B B-1 240,000 | 40, 000 5. 0% 240, 000
B-2 112, 000 0. 0%
B-3 100, 000 25, 000 17. 5% 100, 000
/NEF 452, 000 40, 000 25000 6. 5% 340, 000
C c-1 118, 000 0. 0%
D D-1 100, 000 0. 0%
/Nat 218, 000 0. 0%
E E-1 145, 000 43, 000 27. 6% 145, 000
E-2 252, 000 35, 500 22, 000 17. 9% 252, 000
E-3 270, 000 83, 000 20, 000 33. 8% 270, 000
E-4 380, 200 46, 000 30, 000 25, 000 16. 8% 380, 200
E-5 127, 000 22, 000 12. 1% 127, 000
E-6 136, 000 0. 0%
E-7 152, 000 0. 0% 152, 000
E-8 268,000 | 92,000 31,450 | 16. 8% 268, 000
E-9 156, 000 0. 0% 156, 000
E-10 132, 000 0. 0%
E-11 115, 000 0. 0%
/NEE 2,133, 200 92000 207, 500 72000 78450 17. 0% 1, 750, 200
&5t [ADURES) | 3, 946,200 | 238,000 318, 500 154000 78450 13. 1% 3,113,200
S AT 23 16
ADUHIIS#% VR ) fif i 210, 000 318, 500 154000 78450  |ADUP#AVRAYfESR|  15.9%
VR Gy fife 0. 3: 0.93! 0.7 0. 55

2 B){= Lk Criteria: ADU < 150kBD 7>-> VR-Cracking/ADU < 10%  tHERADURBZY: 400kBDETER



(RiBfFHEEDE) Step-1[R RN BE N AR

85 5k 38 ADUEEF] | 1ADUTEE] | vRofREED | [RHALER | Fioigm=
= (kBSD) (kBSD) | (RYADU%) | (kBSD) (%)

TN 3946.2 171.6 2 3252.3
(2014)
10442 23 s Gl Gl 24692 62.6

(5% 0 - J/K)

10% % s )
(Eﬁﬁﬁ‘ﬁljﬂﬁ) 16 3113.2 194.6 15.9 HJ: 85.1

Coking Capacity in China, Japan and US

___ China___| __Japan | __USTotal

Coking kBSD 1,321 119 2,419 359*
(Coker/ADU) (12.0%) (2.7%) (7.3%)
ADU kBSD 10,984 4,454 17,763 -

1): 20165 HREMIAERISHORHAER]
2 BEBVHETR [F

S T e | wa | o | v

2010~2014 -2.05% -3.19% +2.09% -4.91% -1.19% -5.23% -3.18%
2015~2024 -2.5% -3.0% +2.5% -5% -1.0% -4.5% -5.0%

3): Export=
4): ADUBE 71 <15kBSD7>D. VR Crackeing / ADU<10% OELHMATIZASE CEIE (BFTATAR, by/&)



(B MFE R EE SR Step-2, 2’ VR-Cracker[SHC]E A
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(B HBRBE Eﬂl%Step 2,2') ¥ [[E 5

—SIurry HydroCracker

Licenser

PE 5B - RAE

TOtER$EE
WA ILEE)

Catalyst or
Additive

VR Cracking?)

mE /[N

I% II';%IJ H# FEﬁ

&R i/ el B )

Remarks

WW II it C A R kA b

FEPE, 1987400
Veba VR,
20104, KBREZAIZ,

R L R A b

9000BD
#% : TAIF, 54000BSD
20164 1E LB G T /E

Once Through
Red Mud/ Lignite :
# wt%

95%
(Russia Cr. VR)

460°C/21MPa
/2hrs

1 (Base)

HC Processing, Confer., ‘10,

Rome

1):Canada Bitumen Crack. #Z& (J&)

ENI

'904F X #JR&DRA %A
20054 1200BD
Demo Plant Test,
20134 10A.
Sannazzaro Refinery
23000BD
R B E R AR
Residue & Cat.
JS5A49IL

MoS2 :
HBwtppm

96.2%
(Ural VR)

=410°C/16MPa
/2~3hrs

1.05

worldenergy.org / congress
papers

OP

1979Fhibh T4
CANMETTOil Sand
nEEELTEHE,
19854 ~ 19974
PetroCanada Co.T
5000BDE % 3&Ex,
2007 FEUOPHTIZ,

SREEEEH
Ao

Tailored Cat.
(none Mo)

94%
(Cold Lake VR)

440°C/14MPa
/_

1.09

JJPI, Vol.53,No.1

- F4CH

1970FE K Hh LR KK
ERAZE,
2005F M BVRA I
Eﬁﬁ %nIE'ﬂ:P”Ot
Test BITERRE,

Residue & Cat.
JHAo)L

JKE&IE 8% - #% 8L
(RARVEFAF)

93~97%
(FRER A VR)

0.98%)

2): JIPECIREE
2013, 20144
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Qil Pipeline Crossing Rockey Mts West Canadian Rail Ways

" - ; TR
’ /'_ r“ i ,A‘ ’ CBO':.IUTIL : :‘A 'v
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ALBERTA

I
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|

Northern Gate Way | New pipeline, 525 kBD

s anauyl
First Passage
to the West

e aaanyy

Journey through
the Clouds

sy

Rainforest to
Gold Rush

Coastal Passage

Laaaaaaays]

Whistler Sea
to Sky Climb

Scenic Highway

(Enbridge) (2020) Hot Tank Car: 30,000gallon/Car

C Expansion, 590 kBD 50~120 Cars/Train: 35—~85 kbbl/Train
(2020) =5 Trains/Day: =175—~425 kBSD

NBE 2016 “Canada’s Energy Future 2016”

Heavy Oil (API=22)Latin America &

Canada (at 2011) (Energy Analytics Institute, Dec. 2012

Reserve (mill.bbl) 298,000 57,00 5800 1,900 5,660 1,040 172,000

Production (kBD) 2011 1,460 1,400 1,300 270 500 30 2,200
2015 _plan 2,000 1,000 800 4,400 ('20)

API 7~(21) 11~21 11~20 8~20 14~20 10~22 8—~(18)

Panama Canal Expansion: Crude Oil Transportation: (300~400) — (500~600) kbbl/ship



SHCO BE 77 &L M AT & x4 i

HEEEMHIBEELLTOEA., RETTr—REMFER
7| omsn B
BL-Present 23 0 143.9  AXL:AL=60:40(36) Base
BL-"24 23-Ref'ry 23 0 115.2 s -1.84
BL-"24 16-Ref’'ry 16 0 165.6 Eis (7.1) 1.42 0.31
PJ- AH 16 4 @ AH (27) 87.2 1.32 0.87
PJ-AH VR=Coal-P 16 4 @ AH (27) EE 1.91
PJ-AH+Dilbit80 16 4 [t AH(27) + Dilbit(22)  88.3 80 1.17
PJ-AH+Dilbit800 16 4 Bt AH(27) + Dilbit(22)  97.6 800 4.64

DilBit : Diluted Bitumen ( Bitumen(Oil Sand) 75%+ Natural Gas Condensate 25%)

BL: Baseline (no New VR-Cracking Process)
PJ : Project (SHCETER [Z &k B [E 4 f#Project)
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