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Table 1 Long-term goals of major countries under the Paris
Agreement and their positioning
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Table 3 Global financial institutions deciding on coal divestment ©'
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Table 4 Financing policy for coal fired power generation of
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Fig. 9 Schematic flow of Oxygen-blown IGCC
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Table 2 Technical specification of gas turbine facility
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Fig. 2 Fly ash and slag
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Fig. 6 Coal gasification furnace pressure containers
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Fig. 12 Block flow diagram of the SNG plant

[ZSaN TR | A=Y (W08

FIZCO 2 F LA 2 1%, EMWRICTAE SR, /8
A T4 y~&EHN, CCS,/ EORZ EIZHIHENS,

VAT 2 B L7z 233 L LTH, COB &
UCOATTHER S L, AHESURIZ T A & Y iZiifbE b,
A5 YEBSUGE & I AISNG (BRI A) T
HY, IN5OTaX RAZLEMNEL L DEEVD S,
6.2 {LEER AREE

SNGOAB, FipeHT AMET AT VBT RAY ) — )
e EOLFEERDME (VX F VI —F)V) % EDBk
FHLEICHHSTRETH 5o

7 VEZTEBEMNIE, FAYON—N=LKy a2
KX ENTN=N=FR Y V2FEDBHFLTH S, £
KA AR Y7 MUBSESH T LITL ) KHEL
L, 8RR TCT VBT 28T 2, $2T7
E=7 &I 2NH;+CO—~ (NH2)CO+H:0) JRFE
(LR 2SERTE %,

— T RAE )=, ART LT A% Y7 UG X
DCO/Holb RIS L, MEIC X VAR T %o T2 X
7 )= SBARSIZE YDME (Y AF )L —5)V)
DELETE 13, MTO (Methanol To Olefin) 7a+
22T F LR rul v i Eeat bF e S 4
WHETH 5o

¥ 7-Fischer-Tropschi: 12 & 5 i #4335 1ZCTL
(Coal To Liquid) & LCdHSNTBY, BT 7N
TREBICHEALESN TV S,

6.3 KFRHE

AR AT ZNZCO LMoL TH B A, ¥ 7 b
BB & ) —HAR L72CO% 7 - Bred 5 2 & Tl
EORVKEPEIETE D, REITREEORE R T
ANF—RE L THMFAH SN S,

6.4 HE MLFEHA N1 T U v RIGCC

AR AT ALK S DA AT A % 58 &AL 5 (2 F)
HugeZz2N4 7)) v FIGCCH @M RETH % (Fig. 13)o
HAEEORVERIIEETR, BXEEOLWKMIZ
AL OBE AR & — = OZRUTIE U725l A3
k%

Gasifier

- Co:
* * Elecmiciny
[ lw l% . Ehercal Chemicals

Process

Fig. 13 Hybrid IGCC system

7. BbHVIC

ML RAFEICE ) IGCCOFAM 5 & FEH L2 HEAE L
T & 720 BERALH KT & KR 72 COLHE H i D AR
HHEETHY, 24 F < ZADRLERLCCSE DA
LUWHETH 5o
EHNTHEEMEIGCCT T Y = 7 M Tl
BEFAZEITXY, KIARE S FATE DIGCCH A A
ERSRERRIC DAL b D LHIE L T b,

WA I S O RS EHAM T 5IGCCHE K12
R ICHL D LA, BIHO ARG & MERBR B 4 -
COMNENC—RBEML TWELWEEZ TS,

2 EZ X

(1) WEHEREA
https://www.meti.go.jp/press/2018/07/20180703001/20
180703001.html.

(2) WHE—, WLFEZ, HTEUL RdE— HEEHE—,
NS, IGCCH 7 AMLE@M A 7 7 O HF I B
T B LA, 552500 T R L F— AT R4, (2016),
pp. 188-189.

(3) ZWRIGCC/7 — &R &tk
http://www.nakoso-igcc.co.jp/

Download service for the GTSJ member of ID , via 216.73.216.87, 2025/06/07.



237 BAHZX 2 —E 255

Vol.47 No.4 2019.7

g o Bt —

Bt © KIS D CO 2 PRI O BT B2 D1 C
L2 : & FI > 72 C O Bl I I B A

CO: Capture Technology using Chemical Absorption

F—7— K ERiBE L, CCS, CO247rHERNKT, b5

d b

ey ™!

KITAMURA Hideo

W, 7 v

Key Words : Global warming, CCS, CO2 Capture, Chemical Absorption, Amine

1. &8
ﬁ%l%w¥—92?AXW(MT M) 1k, kT
BT HEESTICBOCRET LT AICETN L
@Eﬂimyﬁ (CO2) ZorBEmIL L CHirp IZPhREErEE 5 %
CCS (Carbon dioxide Capture and Storage) % F-Jjic
FEHL, IR 59X, CO2 4 BRI
B o s L LMD TV 5,

ARIZBWTE, ZoOEMBAEEMNTALLEEDBIC
EETER THITMA L 72CO BRI 7 5 ~ I\iocl:
UBRBEERIEFEO-BRE LTEML TWAHCO, 4
SR OB IO W TR T %,

2. CO s REERBHMTEREFE

Fig. WORTMY, KRB EHEZHNLE LT 2EE600
IRBART &, ORRBER BN X @R FEIRIE ) X GRRBERT
RO Z DR EN D, BEERIINERITB VT
&, MEFHOPEN A D SCO. BN ZIT ). BERIRSE
FHRNE, BROHERMICE ) ZEPOBEOARZIDY
HMLUTEA I TREESE LD, HEF2DKRPEHNCO, &
Kb edblzd, ITNEHEHNTLILICL-TCO%
B Ao BRBERTEIG X, F& L TIGCC (RARA
AAL#i A FF Integrated Gasification Combined Cycle)
WEAT 2L ERIRELAZDDTHY, Akr T A
fLL7GRM AT AP O—m b2 KB E OGS ET
CO L KRFEICHHEL, ZZ25C0 2T 2HDT
Hbo COLBREBDHT AL, HAFZ Y VITHHBELT
JEET %o

INSEDOHRDI B, BB TIIBRBER [ X
R L TWED, HEW ASAIRH % & BERR O BUT 12
i UCHEMTTRE, KIIFEBHTR M S EPICIRIL < #H T

Efazft 2019426 H5 H
*1 HEIANVF—TZAFT AW
INT =Y AT KB
KIJH = AFAMFR  CCSHIHEAL - HiBiFs4H Y
E-mail: hide kitamura@toshiba.co.jp

COz

i H20

2 — — e 2
B = R = BOG = CO, 98l =t N

——— —— 02

C0o,
RN PABEREIINA

Post Combustion Capture (PCC)

m _E— CO; T e H:0
o,

EC e BATIAGES T

Oxy-Fuel (Firing)

€0
E?O Hz0 sz Hz
H
by d ﬁ!ﬁﬁ—L E’ﬁF —"COpH = Glizs-tT)
A
co
me i o, e .
=R — JRBERIEIURTS 2

Pre Combustion Capture

Fig. 1 Comparison of CO:2 capture technologies applied to
thermal power plant

&%, P AHCO,D—Fr DA EZMIT 5 Loz
TR ZEM DB, DL L OMEEHT 5,
COBMBEBR NG R IZ WL OO D B A,
CO2 I FEDS LB K < WHE OHEH Z 20 & O U8 L
TALFMINEZ R LCTB Y, F& L TCO, &ERY
RS - WIS 5 7 3 > ARG 2 VW TWwW b,

Fig. 2l D HRD Y AF L %RT, CO %G AT HE
HADS, WEETHIUTATULE % fili X 72 5 WIS T 56

“31 1 ' CO HA ";\

‘¢

I ' Co,ER fi
l!n.ﬁll @ /

| "mes

CORE

CO,A—F12% (mal-CO,/mol-amine)

Fig. 2 CO2 capture system and characteristic of amine solvent

Download service for the GTSJ member of ID , via 216.73.216.87, 2025/06/07.



238 {EF RN % & B = CO2 43 B U 4

AEAHR 2 —E ¥R

PHEASN, WIGES R MG S5, HWNTIE
e & Ui 2S5 i L, AR TCO . & W §
57 3 Y RWIGEOSREC L ) CO 2SR A 2 S A IS
BT %o CO 2 G AWIPRIZFHABICBE SN
A, WP TSGR L D ARSI N5,

A CIRBIR TINS5 7 3 ¥ RIGED
RIS X D COL AR S ZACRATT 245, ZOR
IS HSLE IS T dh 5 729012 O b B & Bt Lk 5 72
DR EOBPEPLETH Y, VKRAL T L) Ak
DLW N L THIREZRAIT )0 CO B L 720
PRI AT AL AR B2 12 X 0 I S TS 12 3% 5
s,

COEIITWHIHEIZT T Y PNEIEERL, COD%
B ASEAE AT DI S UL 72CO2 3% E#% 12
PR EIREX D HER SN D25, RIS U ThiKkER ED
B 29235 2 LD HETH B,

VUF @Fig. 312, CO o 438 M D B 56 - WG - 8
Ho7a—%5Rkd,

¥ 50| £
f= | £2 8
—Hr— 1L

)y *E |

ot _ TR — T !

PEal—a—CEBTOER =

Bl VAFAEERAERE  SItOvkTsobk

FRERHON Y

( - ﬁﬂ

nuamuna.w BT TD RMARTF A0
EESIUREHERE Bl R ARR

Fig. 3 Flow diagram of development, verification, adoption of
CO2 capture technologies

CO G EERIN 75 v MiZBWwW T, KAV F—H
B, BRIy MEEK I A MEL ERRD LN
B, IR EWIGEOMEREN B, B - Tk 2O

FHCX D EBIT %, &b, e LT, IPBE - %
A AR - VRA TOWNON, FELRDOL
b

FR7OT—IIBWTIE, FRKAT—VDRHLXRXYF R
F—)v, X4y PAFr—)~NE, JutAy Izl —
oa YRBAERANT S BEIGH LoD Ay — VT v 7
ATV, RN E L CTEBBE T F >~ b ok
ﬁ%ﬁ%ﬁ CDAT—=NT v FICBWTHICEE RO

. WY oy —FH ZNISSEPT R KA HT)
W IRELfay b TT b (Fig 4) 2w
AETH Do

KTF v ME, 2009FICFBEEBHMNICHKELZDDOT
HY, BEINETAO—H2WH L CTHEIOtDCO, &
SEERINT 2N HT 5, TOT TV bW TY A
T LVEREDMGE, FEHEH A DIRFER 2 D & A A A3

RURES —

Fig. 4 Mikawa pilot plant

PR 70 SV BT OMGE, itk - w5
FYIZOWTOMGER E2TV, T ORER % TR T
7 v MIEHALTWwAY

Bl z X, ATl X 9 IS B W TCO, it RS
ZkfE S 5 7 OICBE GG T 2 LENH ), HAIYIC
EREHERO —HE AL THV 225, W 287
AEDBIGRKTH 5 72D E D IEFITRE L, %BE
MREET SN E 2D, ZNEWHIT 72D
IS DN S WIIE A IS L, F 7287 1 & A DR
R PRI ORBERFNI L > TT 7 v PAIZBT
5 A EGE DB Z X > T b,

BIZ, ZOXI %7 IV RPINEE H 7 AbFAIGE
BT, WIPBED & RGP S 2 HE7 2RI
HROMET I VI EEN, IHPREISEEY S
ADLUHEEDIRRHM I N TV B, TOEEOHEL LV
PEIIIHIHEAM OBIZ D DTV 5,

Fig. 5ICZ OREO—Fla R, Tk, WIGEE L
TMEA (Monoethanolamine) KiF# %= HW/2=)l[7%4
Ty F75 Y FREBICBWT, WGBS IIHES 2 s E
ihém%%ﬁ%fL%%®T&é07‘y@ﬁE%

L LTEI A MREGARRO ZFEEDSGEAAET 505, 3
xMﬂ:@iJ/\iP/*TZISO):F Uk, F72, IAMIBWT
RO mUL T Db DO PEG L EE DL T Ehbh
bo BB, TNODOEAFITOWTIL, WIGHFERE R LI
RO AEIRIAEAFE T 5 2 e b o T 5,

1.5
IAMHIE
1.0 [1tm]
=>10

HBAELEMEARE [

=5.3-10
) .: -
0.0 :

IAMR4+RHR AR
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Fig. 6 Small test plant at Saga waste incineration plant

EEWICE A ZOMH%ZE T, BIXCO: DHLEEA
El, BERECRBTETHL Do, —T
T, ER TP ZI2onTIE, ST TUHAID
Wo TERKIBETPAT AL ZRAL LG % EHL

THBY, FICITAHholtwikoftk#E (HC) 275

PEHSLAEMINTIE D 5 2B mg/m3ND R THEA A
FIZEEN L7290, BIUESIESROA L STT T >V b

R DI B RDP LI L 5B Z e b h oz Tz,

KIJFEEIT LT R ) HEH A PCOL L E DL B IEF
WCREWZEDLWHLNIT R o7,

CONMERT T v boEATHS MR E, il
D, fieOREOCO EHIEA A% T A M iHEZR =)
NA4ay VI N TOHMREMEELZLICED, i
FBIHPEN 255 —~EBDCO 2% E L THBERILT
ELHMLAMGONTz, HEITIEREED [ RRILkE
WA BN & BEREM R BRG] (IR, 7224
A T O AFTH L CHIE10t/ H DCO 45 BE RIX
TV RERE, CNOZHICEST,

20164F 8 H S BB M5 7= A7 5 » M, KR ITY
TREHAH SNSRI OCO. 58RI TS ~ b TH
D, WL 72CO I3 HHE DR SIEHT 572012,
T AREEITRH L T b,

DUF OFig. Ti2Z o8l z " §. % 7-Fig 81X ¥ A
FLA7A—%RTH, K7T V&, A Ao bk
FxFEIRET 2P0 AR, CO 2 o 55 Bl
%479 CO2 B ML, CO. DM & BFE % 17> T
WH LR TERIMRT 2 720 0CO I ikl 2
SHR SN D, R IE2 51, 7 A2 THELRD
B %2 20T, CO BN BB LB 7 Bl 2 WP L C
W5,

Fig. 8 System flow of CO2 capture plant
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Table 1 Advantages of ammonia as an energy carrier

Supply Chain Advantage

- Efficient production method from natural gas
is already established (Haber-Bosch process)

Production |, Can be synthesized from hydrogen made by
renewable electricity.
- Large hydrogen content per unit volume
Storage - Easy to liquefy
& - Already widely used as fertilizer, chemical

Transportation| feedstock and de-NOx agent. Existing
infrastructure can be used.

Ammonia is a combustible gas and can be used

Utilization directly as a fuel in thermal power plant.
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Table 2 Problems to overcome to use ammonia in power plant

Ttems Problems

System Optimized combustor design for stable flame
designing |and reduction of fuel-NOx

Performance |Evaluation of performance of power plant

Safety Safety measures to avoid poisoning

Feasibility |Cost evaluation of the system
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Fig. 2 System of ammonia co-firing gas turbine power plant

Fig. 3 Appearance of 2MWe Gas Turbine (IM270)
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Fig. 4 Appearance of ammonia supply unit
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Fig. 5 Effect of ammonia co-firing ratio on COzand NOx
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Table 1 Factors that make combustion unstable

No. Factor
1 Difference with designed fuel (Properties Moisture)
2 Load Fluctuation, Disturbance
3 | Temperature (Water or Air)
4 Mixed Burning Rate
5 Boiler Aging
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Fig. 3 Control diagram and connection diagram with ULTY
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Fig. 6 Probability density of main steam pressure and fuel flow
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Fig. 7 Comparison of ULTY" ON” and ULTY “OFF" -2

Table 2 Actual list of ULTY

CFB

Industry Conventional (Circulating- | Amount
Fluidized-Bed)
For Power 12 1

. 18
Business | ipp 5 0
Steel 14 1

For Papermaking 12 11 6
Industry | petrochemistry 15 0
Cement 3 5

Amount 61 19 80
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Fig. 1 Noshiro Thermal Power Station No. 1 unit (600MW)
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Fig. 2 Turbine cross section of Noshiro Thermal Power Station No. 1 unit (after replacement)
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Table 1 Turbine specification of Noshiro No. 1 unit

Type: Tandem-compound, reaction type, single reheat,
4-cylinder, 4-flow condensing turbine (TC4F-41.3)
Rated output 600 MW

Speed 3,000 min™

Main steam pressure and 24.5 MPaG
temperature 538 C

Reheat steam temperature 566 C

Exhaust pressure 4.3 kPa

Number of extractions 8
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Fig. 3 Assembly of low-pressure turbine (image)
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Table 2 Comparison of low-pressure turbines

Original design | New design
Rotor length (mm) 8,707 8,707
Number of stages 7 7
Last Blade height (mm) 1,050 977
stage |Mean diameter (mm) 2,600 2,877
blade [y ular area (m?) © 858 883

(*) m % Blade height X Mean diameter
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Fig. 11 New low-pressure rotor for Noshiro No. 1 unit
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Fig. 12 Flow analysis of diffuser and exhaust casing by CFD
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