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I Energy recovery Bl Landfill

100%

PlasticsEurope, Plastics-the Facts 2018

BARICSIFBTSTAFYIVEA VI DIBREEER

New Tech. (2030)

Conventional Tech. (2017)

Mechanical (Domestic) [P InTIR:

Mechanical

Mechanical (I 5 1.49mill.
-Blast furnace reductig e 9 t

-Coke oven .
-Gasification Feedstock 0.40mill.t
-Liquefaction -Blast furnace reduction
-Monomer -Coke oven
-Gasification
-Liquefaction
-Monomer
Energy Recovery 5.24mill.t
o Petro. and
| industry

2% of crude oil
(186.79 mill.kL) =
3.7 mill.t

Energy Recovery
(High efficiency)

Incineration/Landfill 1.28mill.t

T.Yoshioka, Y.Saito, S.Kumagai, Environmental Information Science, ,48, No.3, 39-44, (2019)
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Crude oil use and production by product type (2017), Japan

Petroleum
products

—[gasotine |

53.74 mill.kL
(29%)

Petrochemical
basic products

—Dl naphtha =

18.79 mill.kL (10%)

crude oil >

186.79 mill.kL

kerosene
(paraffine)

15.90 mill.kL (9%)

light oil

41.88 mill.kKL (22%)

29.68 mill.kL (16%)

Imported

A

naphtha

27.06 mill.kL
(= ca. 18 mill.t)

\ 4

ethylene 6.53 mill.t

Propylene 5.46 mill.t
B-B fraction 2.80 mill.t
Aromatics 13.29 mill.t

Others

Petrolum naphtha

45.85 mill.kL
(= ca. 30 mill.t)

Plastics
11.02 mill.t
PE 2.65 mill.t
PP 2.51 mill.t
» PVC 1.71 mill.t
PS 1.24 mill.t
Other
Thermoplastic resin
1.76 mill.t
thermosetting resins
0.94 mill.t
Othres 0.22 mill.t

Raw chemicals

’ other than plastic

Source: Plastic Waste Management Institute, “An Introduction to Plastic Recycling in Japan (2017)" in

Japanese
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- BASF cTIN—Y o EISEFERICEDEA )L EEE 2,00055€
+ Quantafuel - RAWA « AF-LOSYH—-TREISEHRL. TFL>&TFO 16,000ty
- Vitol S.A. EL > mAERL
Sabic. FAS5>4 - BF - KD - BEBREDOSV\NTISEY—FT4 20> 2339&&'@(:45
Plastic Energy 45—THKZ%EL.  (LDPE, HDPE, PP, PS) Z#pfiRL BRI
THRAL KRB BRI, 2021 55K
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https://www.bkv-gmbh.de/infothek/studien.html

HA{E

OQEX> MRV TEREIN SR BRIl
@British Gas-Lurgi (BGL) ATXOHRILE=E
QE RN A bl

@BRIPRAMT

g

ORFRBBEATRFINEAF CEDREEIRR N E R R HATS
QT ZNINITADIEL TRANEER T BICE. SHIHRENBE.
QBIEY AN Him THIZ I B(C(E SE~15FENN D,

https://www.bkv-gmbh.de/infothek/studien.html

1) RECHORDFUBZITIES
183 ~ 274 €/ton (FIMFAFEEAMHEDH)

FTIURBEUTERNAZ (IR D EEHDOIRTTUIX A ZZEE I HE
100 ~ 180 €/ton
(FEEMFRET O NMBIFBRIRINF-UANU-LEFEFREDODIRN?)

2) TFENNWVBLINTOLAICIEATESLSICTBRILEIR M
Bad&x 5055
BAEIZMNE, h$H1zN23~33 €/ton

ASRDIZE.
#128 €/ton (EBADHESEICLBER N HERTZ8)

BGLELUTREIR AR EEEDIZS

AN R 2 AR BNV EHEINNIRA MW E,
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TS 2 F P — o DRI
EDRETSAFVH INAANR—REDRETSAFYV D RAATSZF v
% | pva, PGA Bio-PBS TR SLEE
B RUITFLOTFSR—  |RUAEETL >R - PBAT PHA% (PHBHZ%)
B ~FLosL— k. 29—FITL >R - RUT RS
H | RUIFL>FLISY |RUITFLOFLIYL— KNGOS
L— o3~ K, =k
Z oAt
TSAFYY NAARRTSRAFYVY NAARRTSAFVY
PE Bio-PTT Bio-PE
PP Bio-PET Bio-PP
3 | PET Bio-PA610, 410, 510 Bi0-PA11
& | PVC Bio-PA11T, MXD10 Bio-PA1010
% | PS Bio-PC
@& | ABS, PC, PBT Bio-PU
i% | POM, PMMA BEBRIATIL
PPS, PA6, PA66 Bio-Jx ./ —IL
PU, Jx_/—IL. Bio-T/RF= 1818
TIRF.
Z oA

BE . ISAFVVAREREK NEASEN 13

EDNBUTSRAF VI ENAAN—RTSRFY U DEREIE T

Figure 4.1: Global production of biodegradable and bio-based plastics (2019)

Other
(bio-based/ .
non-biodegradable) PBAT polybutylene adipate terephthalate
PBAT PBS polybutylene succinate
PE ® PLA polylactic acid
® PHA polyhydroxyalkanoates
sb starch blends
11.8% 13.4% PBS ® PTT polytrimethylene terephthalate
PP polypropylene
PET 1.1% ® PA polyamides
" PET polyethylene terephthalate
9.8% PE polyethylene
4.3%

PLA Bio-based/non-biodegradable
44.5%

PA 0.9% 122

1.4% > Petrochemical-based/biodegradable
° PHA 1774

21.3% o0
Bio-based/biodegradable
37.8%

PP

PTT
Other Sb Bioplastics:

(biodegradable)
eca. 4.2 mill.t (2016) — ca. 6.1 mill.t (2021)
of production in the world.
041% in Asia, 25% in Europe (2021)

A white paper from the 8t Chemical Sciences and Society Summit (CS3) 14
Registered charity number. 207890 ©Royal Society of Chemistry 2020
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Integration with Petroleum and Petrochemical industries for Plastic Recycling

Petroleum
products

Petrochemical
basic products

» naphtha
- .| kerosene .
crude oil | > (paraffine i
light oil [

C2-C5 chemicals
Ethylene
Propylene

EtOH
1,3-propanediol
1,4-butanediol
etc.

B-B fraction
Aromatics

Others

Plastics

AL

\ 4

PE

PP

PVC

PS

Other

Thermoplastic resins
Thermosetting resins
Othres

Bioplastics
°
°
°

q 1
| Biomass |

—

Raw chemicals
other than plastic
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Locations of refineries and petrochemical plants in Japan

The target collection amount for
waste plastic refineries is 2.5 to
3 million t / y, which is about

2% of crude oil processing . Location point

volume. @. 100km area )

Refining capacity (2018): 3340 thousand BDP
(Excluding Osaka International Oil and
Condensate Splitter Capabilities)

Crude oil average density: 0.84 (36.5 API
degree)

%og EOCZH‘} @

Benzene
PET

HydrolySiS of PET Decomposition of TP-Ca

o o H,, CO, CO,
o < > J Formation of TP-Ca 2.
d ‘OH 0
TPA

(0]
{ f@ffb ]Caz* CaCO,

H,O(steam) TP-Ca

Ca(OH), A CaO

S. Kumagai, G. Grause, T. Kameda, T. Takano, H. Horiuchi, T. Yoshioka. Ind. Eng. Chem. Res. 2011, 50, 1831.
S. Kumagai, G. Grause, T. Kameda, T. Takano, H. Horiuchi, T. Yoshioka. Ind. Eng. Chem. Res. 2011, 50, 6594.

20
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Applications using Benzene production Process from PET

Selective conversion into Benzene from aromatic acids 13
HO

Y Fundamental resources in petrochemicals
mH Feedstocks of Styrene, Phenol, Aniline etc.
CaO Selective conversion into oil (benzene) from
—
B

TPA 1 il
@_{)’ w PET becomes available.
H

Benzoic
Simultaneous recovery of metals and benzene from metal-containing PET 4

OO

Benzene

. Ll Hydrolysis TPA a0 CaCo, 80 %
X-ray films
(PET+AQ)

% 10000

o,

- Possibility of simultaneous
y-Fe,0; 98% recovery both of metals and
y-Fe,0;
98% Tio, 97% benzene
AlLO; 100%

Magnetic tape Magnetic card
(PET+Fe) (PET+Fe, Ti, Al)

Ex.) our published 1) Chem. Lett., 43, 637 (2014). 2) Ind. Eng. Chem. Res., 50, 1831 (2011). 3) Ind. Eng. Chem. Res., 50, 6594 (2011).
papers 4) J. Mater. Cycles and Waste Manag., 16, 282 (2014). 5) Chem. Lett., 42,212 (2013). 6) Environ. Sci. Technol., 48, 3430 (2014).

21

[ ] Tio, [] Fe,0; [] others
Ilmenite ore 50.0 | 43.5 |6.
. residues .
5 1100 62.0 | 31.0 |6
<
g
=]
= 1000 61.8 | 31.0 | ]
5 Z
[= 1
=
2
900 59.7 | 30.2 9
[Jearbon” 22 Manufacturing process of TiO,
(Sulfate process)
800 56.8 | 29.8 |11
2.4 )
TiO, (anatase)
g 20 e ey e 100 from prepaid card
Content (%)

22
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Location of each basic industry plants in Japan

Yoshioka et al., Trans. Mater. Res. Soc. Jpn., 2004.
BEaEE, SR, FEENERBRT S, 2014,

/.
S

® Power plant
® Steel industry
o

® Paper & Pulp industry

50km radius

Thank you for your attention!

24
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CO, it A% 15EFaﬁ®ﬁiﬁ(pH&UEC%%fE) 10.6g — 70.2g 662%}

coO ﬁﬁﬁﬂﬁ 15HREIDFELS (P HR U ECK SIE) = B |
: 10.0g —> 99.55 995%}# 1.SEOREIE !

995/662 =

SRIER EAX | EETR
Pb (mg/kg) | N.D. 0.05

BROTIEE

Cd N.D. 0.04 o 5tz S i

(mo/ko) VRIS
As (mg/kg) |N-D. |0.1 EBICRIERL |
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01

CCUSHAMT D EEEZDE

© 2020 Toshiba Energy Systems & Solutions Ct

IRV —EERFIZHT5CO,HIREH D RER

50
- Reference scenario — current ambition g S 1 59
. BFH 6%
z CCS 14%
n 30
n 4
= & \Ix 35%
& o™
o 20
O
o} »HEEE 40%
10
2DS
0
2015 2020 2030 2040 2050 2060
Source: International Energy Agency, === Efficiency 40%
“Energy Technology Perspectives 2017”, === Renewables 35%
Paris: OECD/IEA, 2017 — CCS 14%
=== Nuclear 6%
=== Fuel switching 5%

Hi8#8 : The Global Status of CCS 2017 - P.20

https://www.globalccsinstitute.com/webform/global-status-ccs-2017/

\
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-48-




B EIF—(HTHCO,BEH IR Lh 8

__ 1000 2~

= O BRI ORBEICLDHEH
i 290 [ 742 W 5 - AR C S B
H

& 600

S

& 400

Q

2 200

=

2

i

AR B CO28EE T AT W BHRRARAREE

© 2020 Toshiba Energy Systems & Solutions Corporation 4

CCS/CCUIZDIT
CCS : Carbon (Dioxide ) Capture and Storage KiiE
CCuU (—EbLEE) (HBEEIR) Sequestration
(B5E5 -Pt)

Utilization IMRIE

CCSs

CClU | A
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Australia =

IHI CO, capture plant in Loy Yang A power station
(0.5 ton-CO2/day, in Australia)

Item Specification

Flue gas Coal fired power plant
EhEAE CO, capacity Rating 0.5 ton-CO,/day
AGL LY AGL Loy Yang Pty Ltd. C02 capture rate Rating 90%
CSIRO Commonwealth Scientific and- Gas flow rate Max. 100m3N/h (wet)
Industrial Research Organlzatlon . Inlet CO, concentration (dry) 14 -15%
BCIA Brown Coal Innovation Australia
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