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8/23 Tuesday

13:00 Visit to distributor pilot test

15:00 Discussion the problem about Topsoe catalyst on CPC

8/24 Wednesday

09:00 Company presentation

09:10 Important factors of testing hydrotreating catalysts-Mikkel Budtz Nielsen

10:00 Measuring sulfur and visit to analytical laboratories for oil-Ingeborg Vind Nielsen

11:15 Visit to microscopes

11:30 Important factors of testing hydrotreating catalysts.

13:00 Visit to pilot plants for oil pilot plant testing

14:00 Biofuels-Rasmus Egebjerg

15:00 General introduction to Topsoe hydroprocessing-MiKKel Budtz Nieslen

8/25 Thursday

10:00 Discussions on catalyst for VGO treatment and Biofuels-Per Zeuthen

11:30 Grading catalyst — Mikkel Budtz Nielsen

13:00 Diesel hydrotreating catalysts- Mikkel Budtz Nielsen

14:00 Topsoe Crack Gasoline catalysts-Kristina Pilt Jorgensen

15:45 Tour of the analytical laboratory- Mr. Stia Roen

8/26 Friday

10:00 Overview of Topsoe hydroprocessing technologies-JPR

10:15 Recent developments in ULSD technologies-JPR

11:00 Topsoe technologies for production of transportation fuel based on renewable
feedstocks-Lars Jorgensen

13:00 Topsoe hydrocracking technologies - ole AlKilde

14:00 Discussion
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New design

Previous design
~150 mm more catalyst
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— ~ Topsoe hydroprocessing overview
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Metal clustering (TEM)

040p mm TE-576 BRIM™
I hew CoMo
030
:
53_2[: 8% of the metal slabs are 8 nm or longer
fral . —,
0.10
0
2 4 g 8 10 12 14 18 18 20

Length nm)
Results indicate improved metal dispersionl

HaLoor Torsoe M

[&](71.) Topsoe T il < Ak R A

HDS as a function of catalyst volume

|
Middle East SR LGO
S =13000 wt ppm S =2000 wt ppm.
All Ts and BTs has

5% ) __——  beenremoved
10% [ Jr P@U
s s

Feed LGO
33%
g S = 800 wi ppm. Most
| " DBT without substituents

TK'S-'_'F?“ in 4,6 or both has been
BRIM removed
) ﬁ,ﬁmmmm
S =120 wt ppm.

- 2/3 of the catalyst volume
! is being used for removal of
4 6-alkylsubstituted DBTs !

ULSD diesel,

S =10 wt ppm HALDOR TOPSOE (1)

[l (7X) M s B i G e R Y S

10



ULSD
Recent atomic insight into reaction sites

Extraction

sites \ R

Brim sites

Properties of sites: Properties of sites:
High activity, high stability, Good HDA and HDN at high
low H, consumption, pressure
poison resistant HALDOR ToPSOE T

[ () S0 FEE R B Y i 1

HydroTech™ — multiple process layouts

— Example: Topsge integrated two-stage HDS/HDA process:

= Ultra low aromatic diesel and/or high Cetane/density improvements

Make-u
hydrogen D
Dlesel foed

charge
Firat heater

Produst
diessl
shipper

G == (
HDA
HDA

separator

HALDOR TORPSOE 1]

& (OB RIT B ~ &+ e E R S S AR
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& SAEFE 3324 Topsoe ~ Unocal ~ UOP ~ Makfining & Exxon Mobil & »
H AiT4% H Topsoe #%5EK revamp AYH 54 FE T35 NG ZUERE - BEBE 1R
&I~ 200bar~700bar » HABRIE(IL) - 2Ry 370°C BB H L EAEfE T 5%
EREH > AL ENLS A ISR T - it > BT AGO » EaeE hiE
A fR% B RiNeUEE THER Mk & REESes TSR
TR SRR & SS  WhELSE  ARESHINS S R EnE
ol > B H/C B S » FFH S E FCC 15~ BUE M T35 RS TSGR HERD B ()

Ry SRIH I SR -

BRIl S 15 - N A IER S 005 & ICEA - B E&H NYIR——)
ARSES o (C)RSRRHRAEYE - —EIER - S ATERIVATEEY) - SIS
TR () ERERR(K - amH A AR TR (A0S () (W) B E A -

[E](-+ )% Topsoe ¥ HPNA HYARIATTZ - R EE LR HRISER -

BRI R SR AR AR ZE A - (A S L IERe ISR T RERL % > Topsoe &%

B Freezing point € EE#A FHRE -

B SR E RS S > Topsoe 78 B EH FHUMEIE -
Refinery with FCC and HC block
flow diagram

T

F
¥
a Jet
c Hydrogen
t Plant
! Diesel
o _—
n
3 [T
:2 IAGO. Naphtha
] HC Diesel
n
Naphtha
FCC Lco
(Visbreaker)—s VBGO HALDOR TOPsOE @

(Asphall) —» DAO

[ (JL) E S N SRR
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Typical single-stage hydrocracker
process sketch

AN
(E T

Fresh Feed

Recycle Oil (Fractionator Bottoms) +

(1) SRS

The Red Death

[ Increasing total conversion >

[ Increasing HPNA >

[ (LR A i A 2 Bl
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Topsa@e’s HPNA solution (patent pending)

OFF-GAS

STRIPPER

HYDROCRACKER
FF Rate — 30,000 bpsd

—

FRACTIONATOR

STEAM ——

I \ : KERO/JET

HPNA
»JCONCENTRATOR

uco
1000 BPD

RECYCLEOIL _ STEAM

20,000 BPD -

& (1 —)Topsoe’s HPNAZE I 172
Y~ s Bl T35

s TIGINEEBER] - AR & BTERAL - EH SR iR S A A A 2
TR SRR S MRS - Al sl Do E IR E B2 DIag
DI ERFEMmIERREAEE - SR > Topsoe ZH¢H 250°C W&/ NFEZLE - 111
BFEATE AR E & - JEFFLY 40~50%HT 60mesh EHfHD = FifE - S MMpbnyE 5
H YA DACE IR AG RIS 1o - MRV AT DM &S - % AR
R ALl ASTM DA4180 734 » Fssle TE5HY S RS » %5 LA 100ml (40ml <25
Wb > 60ml M) il » ~FERERK S B 10 {EEERT » S IESSIEERSLIE 0.5g HUBH
MR BYE b o TCE i) S B - w7 i as B AR = S A 2T - B A 3mm
R/NHBFEEREY 3 Aoy » BB ORFF S SRV EE . -

LA DMDS £ A EfaSm{E H ST 24 3% » Topsoe ZRELHHY EP < 365°C »
T90<345°C » SG<0.85 » {HAG AN F] IS E K B4 bR/ VA 370°C » {RFERT ~
I RV - —REHEGOHANEORRFRELE /N 370°C » 2RI &8 1 na 24T
Wi, HEMAORRA R G S 2 390°C - At - BUGTENLE - HEEE RS
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AL E SR G TCHEMBEEIRLE 180°C DART » T 2R AR Mty - /A 0%
—TE A LS

LSRR 30 77 #1% - BUEERIFEEE £ Pedt-10Bar WHR > #2002 150°C
OREF 1 /NS (2 EEIME » S DMDS SEHPENR » F2BEE Pet 10Bar » fREF—/)\
B > 2 LHSV=2.0 h" & Ho/o0il=500 NL/L > BL 15°C/h FRERZR S 150°C f2F+2
350°C &Y 13 /NHF - 4Ef5F 350°C /NEf - FERR(ESERE -

S HFER T —REFEHAVHIEL - & ebli NyEER TN -
—(EAEE N NS A RS - TR A EIRRERIE A EHRE RS i
BEEIRIE TR - MRS — s T T — D S [F—InEVEA L
SR RS AEN (=) o R T E A an EI R - Ao(E U S
Nippon ketjen & [F]—IZEWEA VU SZ S LS > e VU B fn EIHFHTE - VO(EmE L
AEUREME > Bl L — SR SR T HAR PRI - AR g — InEE (2
Fy—Z [ JiE=s > Topsoe WaR FA2litfi & & 10ppm > MR BB RIEFREE 2m
LLE - JHBRmRG[El (backmixing BREAVEZEE » WIFR—FR > RVNIYS RS > it
BRI > RS SRR EE SR -

e R TSR Topsoe fAEIEBINY Vincl 22 EIERIEN » YA A E)H
LIRS o R HERE Zeeton ~ TRIEEHY THE A\ S]fit&3% o

FERESCHBFII SR - SR R S R E AT - R 2
M7 - BELR LI E SRR b E At -

Commercial Large Bench-scale Micro
Pilot Plant Pilot Plant Reactors
Catalyst volume, | 100,000 10 0.15 0.008
Diameter, cm 250 4 2 1
Length, cm 2,000 800 50 10
Linear liquid velocity 0.88 0.35 0.021 0.004
at LHSV=1, cm/s

T AFERNR RS - HRUERAEL#EE
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Start +2hr +3hr +4hr +5Shr
: ; : I ; >
Drying Catalyst Weighing of  Flush with N, Increase T to
: cooling in catalyst, for 30 min. 1507T
2hr@230T  jessicator distribute in  Introduce H, (302°F) and
{482F) Wei beakers. and testfor  hold for 1 hr
eigh Coverand  leaks in H, flow
carborundum, s * 2 :
distribute in AT
diately. Seal
beakers
reactor,
+7hr +9hr +22hr +28hr
] l l ] >
1 | T T
Introduction of Start sulphi- Continue Sulphidation
sulphidation dation ail flow. sulphidation for 7 complete. Switch
feedstock. hours @ 350C o test feedstock
Temperature (662F)

Flooding to ramp: 15C/hr
prewet cata- (27F/hr) to
lyst. 350T (B62F)

Total: 13 hours.

[ (U)o EE AT - FEbR BRF A TR
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AN AIRHIEECE » BRI ERE
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(TDFTR - Q#EERNEES RERE > FEBR - QNEY TR LY 5
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fEERRFEA CO ~ CO K CH A » (6 HAYRENMELLEGE -

ER DA BRI G E A EEfTZE el - AE O » 4B ERHInE
BEHET% » SE[E B freezing  point ) BB HEMT 2 PREATIREI-48°C » M FREME(L1E -
SR EE[E|BE IR o (H S REREF AT o NI Topsoe BR NN G LB S LAk i 77

PR - Hydrotreating of Triglycerides

HDO pathway products

o. 0.
T

water octadecane

S N I e e W Wia - e e
HDO propane ater watar octadecane
e
ﬁz e ' i e el H/G\H + w0=c i Es
water . 2 everse
J\/\/\/\/carbon dioxide hydrogen water Carbon monoxide
0
s}
H—H
= hydrogen
=0 4y oy w A
o carbon monoxide H H Methanation
hydrogen methane waler
= P —
wﬁz hydrogen
Decarboxylation = e —
carbon dioxid heptadecane
AN == NG S TR T N e e
propane carbon dioxid: heptadecane
o—c—0 TN S e s T T e D R
carbon dioxide henicosane

Confidential HALDOR TorsoE M
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Co-processing pilot test

n-C,; AnC
An-
% decarboxylation = ————— =64%
An-C,; + An-C,,
n-Cia
c
[=]
=
i
=
§ n-Cy;
[=]
© n-Cos
dad_add 1 1 1 1 1
5 10 15 20 25 30 35 40 45
Retention time (min)
Confidential HALDOR TORSOE T

[ (+7X) A SR Ry n-C17

Higher hydrogen consumption

= Additional 3-4 Nm3/m3 pr % biofeed added

H, consumed Nm?®/m?

Base + 100

Base + 75

Base + 50

Base + 25

-]
Base

Base - 25
0

1] G e K =

5 10 15
Confidentigl% biofeed
SHRHEAC E

20 25
HALDOR ToRsoE T
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