Fri. Oct 27, 2023

Room-B

Decarbonizing refineries

[2B05] Decarbonizing refineries (1)
Chair:Jun Akimoto(Japan Petroleum Energy Center)
10:15 AM - 10:45 AM Room-B (4F-room-404)

[2BO5] A new technology of direct air capture with
LNG coldeness
OKoyo Norinaga' (1. Nagoya University)
10:15 AM - 10:45 AM

Decarbonizing refineries

[2B06-2B08] Decarbonizing refineries (2)
Chair:Koji Nakano(JGC Catalysts and Chemicals Ltd.)
10:45 AM - 11:30 AM Room-B (4F-room-404)

[2B06] Analysis technology for fouling behavior in
refinery heat exchangers.
OTeruo Suzuki’, Kiyoshi Sase', Ryuzo Tanaka'?,
Hiroshi Kato' (1. Japan Petroleum Energy Center
(JPEC) Advanced Technology and Research Institute,
Petroleomics Technology Laboratory, 2. Idemitsu
Kosan Co., Ltd.)
10:45 AM - 11:00 AM

[2B0O7] Fouling deposits formation by asphaltene
heating
OFEri Fumoto’, Shinya Sato', Toshihiro Kakinuma',
Masato Morimoto’, Takeshi Morita?, Ryuzo Tanaka™*,
Teruo Suzuki* (1. National Institute of Advanced
Industrial Science and Technology, 2. Chiba University,
3. Idemitsu Kosan Co.,Ltd, 4. Japan Petroleum Energy
Center)
11:00 AM - 11:15 AM

[2B08] Surface aggregation structural analysis of
fouling materials using small-angle scattering
OTakeshi Morita', Eri Fumoto?, Masato Morimoto?,
Ryuzo Tanaka>*, Teruo Suzuki* (1. Graduate School
of Science, Chiba University, 2. AIST, 3. Idemitsu
Kosan Co., Ltd., 4. JPEC)
11:15 AM - 11:30 AM

Decarbonizing refineries

[2B09-2B14] Decarbonizing refineries (3)
Chair:Shigeki Nagamatsu(JEPLAN, Inc.)
1:00 PM - 2:30 PM Room-B (4F-room-404)

[2B09] Development of machine-learning model to

predict crude oil molecular composition for

©The Japan Petroleum Institute

The Japan Petroleum Institute Osaka Conv. of JPI (53rd Petroleum-

Petrochemical Symposium of JPI)

enhancing energy efficiency of CDU (Part2)
OYouta NAKAGAWA', Koutarou MATUMOTO',
Hiromasa ARAI", Hiroshi KATOU', Junpei YOSHIDUKA?,
Hiromasa KANEKO? (1. Japan petroleum energy
center,Advanced technology and research
institute,Petroleomics technology laboratory
researcher, 2. Meiji University School of Science and
Technology Department of Applied Chemistry)
1:00 PM - 1:15 PM

[2B10] Development of machine-learning model to
predict crude oil molecular composition for
enhancing energy efficiency of CDU (Part3)
OKotaro Matsumoto’, Youta Nakagawa', Masanori
Arai’, Hiroshi Kato", Junpei Yoshizuka?, Hiromasa
Kaneko? (1. Japan Petroleum Energy Center(JPEC)
Advanced Technology and Research Institute
Petroleomics Technology Laboratory, 2. Meiji
University Department of Applied Chemistry, School
of Science and Technology)
1:15 PM - 1:30 PM

[2B11] Construction of machine learning model for
prediction of reaction product composition in
co-processing of biooil and heavy oil in catalytic
cracking process
Olori Shimada', Shun Yasuike' (1. Shinshu
University)
1:30 PM - 1:45 PM

[2B12] Optimization of petrochemical raw material
production by co-hydroprocessing
unconventional low-carbon materials with
petroleum feedstock
OTakahiro Himukai', lwao Anzai', Mayumi Yokoi',
Kiyoshi Sase? (1. ENEOS Corporation, Central
Technical Research Laboratory, 2. Japan Petroleum
Energy Center (JPEC))
1:45 PM - 2:00 PM

[2B13] Investigation of co-pyrolysis behavior of
vacuum residue and bio-oil
OShogo Kumagai', Miranti Budi Kusumawati'~?,
Toshiaki Yoshioka® (1. Tohoku University, 2. National
Research and Innovation Agency of Indonesia)
2:00 PM - 2:15 PM

[2B14] Synthesized asphaltene molecular aggregate
OMasato Morimoto', David E. Scott?, Robin J.
Hamilton?, Jeffrey M. Stryker?, Rik R. Tykwinski?,
Murray R. Gray2 (1. National Institute of Advanced
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Industrial Science and Technology (AIST), 2. University
of Alberta)
2:15 PM - 2:30 PM
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Decarbonizing refineries

[2BO5] Decarbonizing refineries (1)
Chair:Jun Akimoto(Japan Petroleum Energy Center)
Fri. Oct 27, 2023 10:15 AM - 10:45 AM Room-B (4F-room-404)

[2B0O5] A new technology of direct air capture with LNG coldeness
OKoyo Norinaga' (1. Nagoya University)
10:15 AM - 10:45 AM
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1) IEA (2021), Net Zero by 2050, IEA, Paris
https://www. iea. org/reports/net-zero—by—2050

2) bp (2022), Statistical Review of World Energy
2022, 71th edition

3) Global CCS Institute, 2021.
of CCS: 2021. Australia.

4) MTHE, A ERREHET7 e T4 T2
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https://www. youtube. com/watch?v=B0yFo8GcQn0
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8) Nikkei Asia, Japan’ s 2021 LNG imports slip as
China takes top spot, January 20, 2022.

norinaga@agoya—u. jp

Copyright(C) The Japan Petroleum Institute 2023 All rights reserved. 2B05 -


mailto:norinaga@nagoya-u.jp

The Japan Petroleum Institute Osaka Conv. of JPI (53rd Petroleum-Petrochemical Symposium of JPI)

Decarbonizing refineries

[2B06-2B08] Decarbonizing refineries (2)

Chair:Koji Nakano(JGC Catalysts and Chemicals Ltd.)
Fri. Oct 27, 2023 10:45 AM - 11:30 AM Room-B (4F-room-404)

[2B06] Analysis technology for fouling behavior in refinery heat exchangers.
OTeruo Suzuki’, Kiyoshi Sase’, Ryuzo Tanaka'?, Hiroshi Kato' (1. Japan Petroleum Energy
Center (JPEC) Advanced Technology and Research Institute, Petroleomics Technology
Laboratory, 2. Idemitsu Kosan Co., Ltd.)
10:45 AM - 11:00 AM

[2B0O7] Fouling deposits formation by asphaltene heating
OEri Fumoto’, Shinya Sato’, Toshihiro Kakinuma®, Masato Morimoto', Takeshi Morita?, Ryuzo
Tanaka®*, Teruo Suzuki* (1. National Institute of Advanced Industrial Science and Technology,
2. Chiba University, 3. Idemitsu Kosan Co.,Ltd, 4. Japan Petroleum Energy Center)
11:00 AM - 11:15 AM

[2B0O8] Surface aggregation structural analysis of fouling materials using small-
angle scattering
OTakeshi Morita’, Eri Fumoto?, Masato Morimoto?, Ryuzo Tanaka®*, Teruo Suzuki* (1.
Graduate School of Science, Chiba University, 2. AIST, 3. Idemitsu Kosan Co., Ltd., 4. JPEC)
11:15 AM - 11:30 AM
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Fig. 1 Recovery yield before and after heating of As, As-Fe-S,
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Fig.2 faestimated from IR spectra and H/C ratio of TL
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1) Coletti, F, et al, "Crude Oil Fouling," Gulf
Professional Publishing, Boston (2015).

2) BEE, etal, "5 52 B - AL
¥y, R (2022), 2D21.

3) MEEH, etal,"# 59 MIAREI A" HATILE
—fa, AUBE (2022), 2-18.

4) Fumoto, E., et al, J. Jpn. Pet. Inst, 66 (2023), in
press.
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Decarbonizing refineries

[2B09-2B14] Decarbonizing refineries (3)

Chair:Shigeki Nagamatsu(JEPLAN, Inc.)
Fri. Oct 27, 2023 1:00 PM - 2:30 PM Room-B (4F-room-404)

[2B09] Development of machine-learning model to predict crude oil molecular
composition for enhancing energy efficiency of CDU (Part2)
OYouta NAKAGAWA', Koutarou MATUMOTQ", Hiromasa ARAI", Hiroshi KATOU", Junpei
YOSHIDUKA?, Hiromasa KANEKO? (1. Japan petroleum energy center,Advanced technology and
research institute,Petroleomics technology laboratory researcher, 2. Meiji University School of
Science and Technology Department of Applied Chemistry)
1:00 PM - 1:15 PM

[2B10] Development of machine-learning model to predict crude oil molecular
composition for enhancing energy efficiency of CDU (Part3)
OKotaro Matsumoto’, Youta Nakagawa', Masanori Arai’, Hiroshi Kato', Junpei Yoshizuka?,
Hiromasa Kaneko? (1. Japan Petroleum Energy Center(JPEC) Advanced Technology and
Research Institute Petroleomics Technology Laboratory, 2. Meiji University Department of
Applied Chemistry, School of Science and Technology)
1:15 PM - 1:30 PM

[2B11] Construction of machine learning model for prediction of reaction
product composition in co-processing of biooil and heavy oil in catalytic
cracking process
Olori Shimada', Shun Yasuike' (1. Shinshu University)
1:30 PM - 1:45 PM

[2B12] Optimization of petrochemical raw material production by co-
hydroprocessing unconventional low-carbon materials with petroleum
feedstock
OTakahiro Himukai', Iwao Anzai', Mayumi Yokoi', Kiyoshi Sase® (1. ENEOS Corporation,
Central Technical Research Laboratory, 2. Japan Petroleum Energy Center (JPEC))
1:45 PM - 2:00 PM

[2B13] Investigation of co-pyrolysis behavior of vacuum residue and bio-oil
OShogo Kumagai', Miranti Budi Kusumawati'?, Toshiaki Yoshioka' (1. Tohoku University, 2.
National Research and Innovation Agency of Indonesia)
2:00 PM - 2:15 PM

[2B14] Synthesized asphaltene molecular aggregate
OMasato Morimoto', David E. Scott?, Robin J. Hamilton?, Jeffrey M. Stryker?, Rik R. Tykwinski?
, Murray R. Gray® (1. National Institute of Advanced Industrial Science and Technology (AIST),
2. University of Alberta)
2:15 PM - 2:30 PM
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Table 1 Descriptors used in model construction

Basic descriptors

Temperature T

Contact time t

Feedstock concentration Xi(i=1-28)
Additional descriptors (Physics-based feature engineering)

Concentration interaction Xi X (i,j=1-28)

Arrhenius type temperature  exp(—Ea/RT)

Reaction rate exp(—Eo/RT)-X;

exp(—E/RT)-Xi-X;

Concentration change exp(—E/RT)-Xit

(Differential reactor) exp(—E/RT)-Xi- Xt
Concentraition change Xrexp(—kt)
(Integral reactor) XA XAH(kt)™)
Intermediate term XiX;

exp(—Ea/RT')-)(}/)(_}
exp(—E/RT)-Xi/ Xt

i 100|R? test = 0.71
g RMSE test = 0.98 /

R? test = 0.82
e RMSE_test = 0.56

R? test = 0.78
3| RNISE_test = 0.10

molf

estimated_COIMOI/kgreea]

t 2
H,O o Wee

d 3 10 0o 2 50 75 0
n-Aromatics[m; ] L Olmoliges]

Fig. 1 Parlty plot ﬁom LASSO model w1th basic
descriptors.
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R_test = 0.91 X
3 RMSE_test = 0.07

o [RMISE_test = 0.35, /%

HO| o
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1 z 3
actual CO{MolKge]

Fig. 2 Parity plot from LASSO model with physics-
based feature engineering.
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FEARKFHEED %2 DTS L7 LASSO 7 /1Z
BT 5 EHE & TRHEDORMR % Fig. 1 (2R L, WEML
RACEE S ET =T U 7 & i L= LASSO
TV TORER%E Fig. 2 (R, FEAKHEEO DT
FOTIE RS ENED - =D L, WEY bR &
SLEHE BT V=T ) I K o TTRCOERY
WELZFHVHETTHTE D LT RoTz, BT,
LASSO &7 /L DIEHERNFERE D & BHEL 7RSS DR
BOEEMINTE DRt b R 2 &N TE T,
BEE AUFRITRIFPE RS ORI L0 (—EhH A=
R —Hlit v Z =D FE i D EATHR FEEO—BR
ELTUTONT D TH D,

1) A. Tbarra et al., Ind. Ing. Chem. Res, 55, 1872-1880
(2016).
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FAME VGO

HE&(15C) g/cm3  0.7785 0.8113 0.8322 0.8154 0.8849 0.89 ~ 0.94
i wtppm 2 7 6 9 1 1000 ~ 30000
EeE 3 wtppm 13 51 140 48 14 200 ~ 1000
5% wtppm 1 3 46 1 3 0o~5
AR wit% 14.1 12.7 11.4 135 11.8 11~ 13
B wit% 0.4 0.3 0.3 2.1 11.3 4]

b E
Ti0 T 112 117 111 148 333 320 ~ 370
TS50 C 222 193 157 269 356 420 ~ 470
TS0 T 331 333 303 357 359 520 ~ 570

¥PE: KU=FLyv, PP: KU Fab Ly PS: KU AFLr, FAME : 5l A F /Lo 27 v
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1) 2023 4 JPEC 7 +—7 & ShATHL IR AL
(2 B9 % A E TR AR (2023/5/10 BRTE)

2) 2023 FEFEJPEC 74 —F b TITAFvIE
FIEER 7 v A EB R E 7 I L) A
7 VAR OB B A AR (2023/5/10 BRfE)

3) 2023 4EfE JPEC 7 +—7 & il it
WAL B 58 (2023/5/10 B fE)
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HA, kQa—7 Z&EW LI, 728, F—/Lflidun
THhbA LA VB IOY ) VufE TRy E L,
FA1 38 X UVFA3S IZE N HBIHEIERIL, £ 0.7%
BILR10%TH-T,

National Research and Innovation Agency of Indonesia**)

t)f ST EbLTuw
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Z BT L

hE
Kusumawati Miranti*** d:.: A *

EfY
&

3. HRBLUER

VR, FAl, FA3S, BXO VR %31 A4 A Lt
B BRI BN TR AR OIRE X 2 1T,
ARG TFIZEBWTIE, VR & FAL £7213 FA3S & 33y
#3252 & T ENTIEH DDA A VPRI L =
— 7 AP T D L F OB H 2 L
RNz, 5%, B LT-A A NV E g - EEEY
(2R L, D ORGSR 28 U C, VR B X
OIS F A NBIT OBGIRES DO TED L D 72
FEAEAERDBAE T TW D00 BT L TWLS EHETH S,
FEkpiz, Bz 2 hr—LT& 5 &
NT7eruE, BUMPTEH & AR O SV R % ATRE

THavuty i TO—FELLTEEERDZ L
BHIRF S D,

Cokes Oil Gas
100 YD=105%  YD=96%
9.9 62 7.1 10.1 9.2
90
80
S
£70 ¥D=101%  ¥D=101%
=]
£ 0 | . 60.8 60.7
g 50
£ 88.8 88.4
Q
o
= 40
&0
2 30
20 YD=97%  YD=98%
311 27.6 277
10
0 35 32
VR100 FA1_100 FA3S_100 VRI0_FA1 VR90_FA3S

YDA FIURICK 4 5 FHIROEIE B R R A& K36,
YD<100% : UL, YD>100%!X 4

X2 VR, FAl. 3 X ONFA3S OBESIRA R K TN VR:
INA F T AV =10:90 IRAEM DO IEN 3R R DI

4. BiFt
AR, — Y EE AT oL —Hiffe o %
— (JPEC) & DI:EIFFRIC I EiishE Lz,

1) RERIEE, HHBEL, R, Sk —, B
17, SRS, 55 51 A - AilbSatine
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BHRFS KRA: (B53EAM - AHLENGHRR)

T AT 7 VT oy AR DG R

bhbeE FE &

(PEXSHE" + Univ. Alberta ™) O#A< 1E A" - Scott, D. E.”* + Hamilton, R. J.™" -

1. #%
AMZEEND T AT 7 VT A3 FEEICER
THMBEE S & 2372, Al & B R
IR 2 Z LAk D, I, TR B
BixHO e OERIZ LY . —H 05705
LS N DM IR T T, BlzIE, K&
IRREE BRI DRV MABED S ERE STV D 503
B THD D, FxlZZonraETVE LR
kAW E AT HRABEEE L, BN TREHN
T AT 7T v e TR A2~ T 2 & 238 A
Lz, TNETT AT 70T O E 2 HEE
2 B TR A e BT MEEMBER SV TE T 29
BN, BOFTIRHIBAMOT A7 7 VT v &L FREOR
SRR EZ R T L OIFR <  IBRELIZELTY
TATZ7NT TR B HMRETRTHOTH
-7,

2. B

Fig. 1 IR TR &7 THT A7 7 /L7 1 (SA)

il

ZET TEUFR O L72T A7 74T 2 (ArA,

NTH RS F SA E DRIV, Wi
OV BB ME & BRI 2 R L. B & AT
(MALDITOFMS) ., NMR, FTIR % O & flifdas 7541
%55 LT,

3. RREEBE

SA OAMBITHHEE T, BIMEE T T ArA & [AERD
B TH -7, DWTIHE 150~250°C TIRRE L, K
RICEBIE L7z (Fig.2), SA IE ML= U AZAR TS
BAARIBELE NI T AT 7 VTV DEFREMT-T I
(T <L ZEOfth 34 FREO AT L TH ArA
CRIBROBFMEZ R LTz, SA X CeHis (5312
1085.5) & CgiHys (1087.5) DIREWTHY | Ry
PIIEEERNWZ L 2R Lz (Fig. 3), CsHye &
CsHos DIFAEERIL, MS ¥ — 7 3RE . FHFIRIREZE D
FAEEIS (BC-NMR) 12XV 2:1 THDZ EDRE
STz, CaaHye 13 17 B DB E BRI R HEE 12 O]
BHS 2 REPWIAEIETH Y | Caalrs 13 8 RO B HER
(2R FE 12 EOBEAT - REE S 2 OfE ST
WahEEZLND,

'H-NMR, BC-NMR. FTIR A7 RLIZBWT,
SA Il S - e — 271342 T ArA FIZHIFEL,

Stryker, J. M.™* « Tykwinski, R. R."* + Gray, M. R.™"

SA IE ArA DALFAEEZ BN HE LT D Z i
RENTZ, SA & ArA % chroloform-d H 3000 ppm T
HIE L7z '"HANMR A7 v, Wint 7a— R
BME—7 &R L, WE L bR T TEE L
TWNWD I EPmE sz,

SA IZHT=b ArtA O—EZHhH L TH L2
DX D 72T R AR Uiz, SA T NEIFH 7 &
DT A7 7 IVT U FEEIK] LB R D, A%
WUTT AT 70T COERUITHE L7272 T2 <
T AT 7 IVT v OYERINFEBLT DAL FEE A0 % i
T 572D OF AR m ARG LTz,

Diels-Alder /

O O CO extrusion O Scholl
o T O DDQ/CF;SOH o
O Q ) O : Dichloromethane, 0°C (SA)
Fig. 1 Synthesis scheme

Fig. 2
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