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EX 1A AR 7IENY 2EY (2021)

@ s s
(5H=1)

(35, GE) tiE 7IAHEIQI 7HA.02E 7|8t2 2 Long Ridge Energy TerminalO A 424 20
éoH =

~30% MY XS HA| F0/H, 012 +ATAR M| 93t 7| HLS [ 5

(18, Siemens) HY TIAEBIOIN SASAS 30% +FS D4OIACH, SGT-400 7HAHY!
(12MW)E 0|28t HYFLEXPOWER Z2ZHMEE "20H0| &t4=, '23EH7IX| SGT-400 7tAEEIS
100% #=afiaz Mot 2H FL 0|0, 0| 0|80 tid 7IAHBINME 4 TAE SHZ
AE

(H, MHI) MOHX| A 7|EZ87H27|7H(NEDO) 2 EAGLE Z2HE|M = IGCCR
SHTIA JIAHEI 7|&8 HIEHOZ multiple injection dry low NOx HA7|2 0|25 G&/J8

JIAEE 24534 30% 45, 100% 4 HAS SHE of= AA7| WL S

(3%, Capstone) 7|& AAR0IA 2 HE Q0] 4247} 7SS SQI6IUL, +48 2AXMH0|

[H5t EGE FS 5 0|2 MR AIFO| ZZ 100% $4 HA SHEZ AIHE O|F

(B, Kawasaki HI) NEDO Z2MEZE E5| MOIIA-LA BA UM QA J|& /Y U A= =
=0|0, '18H 42 THIA| TEOIUHEY 1MW 7AEE] 0|2 £AHZ 100% EQ| £AHNMS

0125t =Y SSAIE0 H7|2t B 520 43

(%, Solar) 5.67MWgZ Taurus ZE0 +AZAE 50% OlA2 Fdotd, 0|8 Y5
TAMAZ TJIEE B0 US. JIAHEIRI 7THA.02E 7[HCZ Long Ridge Energy
TerminalOfl N =422 A2 20 ~ 30% A 2M2 HAIS0|H, 0|8 SA™AZ MBSH| Yot 7=

LS T S
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(FAISTY) 8OMWE LNG 7HAEIMIO| JH0 A451HT, S ATS T[S0 $ATA 5
TS 7HHE+<>1| B, FUDNE N B 270N 50% E4 HAIE S TAZ T

(FUBSEY) BMW A THAEEIS SR 2 JHESI0] HA7IA 3 BRO|7HA0 CHol LXA
3 2 2= (GEUZA landfill gas E8). S AT M7t a4 AATIE WY SO0

Soh AN 7|E70E oY (NOx 15ppm O[5 =H). A E[Q|
5t

(B2 PI9172) 71% HATIAR HATIS 7]2 DR 5101 SIS 52 T2ist A2 HA Dt
S S42 U 47| HOf 7|22 S5 300MWS UE JHAEY HRS st 44 B4
o147 Jo] B 5

(HITR) BHITIA S TRAEI 9147| I UK TLAEH GAT| AlE 2 HARY 7|2
M HQ. WHADL 2% B0l AN $ABA BRSO M| st 2-T|uIE
g 271 5

(SIS HZAHO|A) =8 kW ~EMWTIX| 38 ZHAE I 7|&7hY & 3 23 S0|0, 4
TIAHEI R7)7|s HEE flof &EE IAHEI 7RIS IMWE 4 HAE D032 7tAFY
SR EES

Hydrogen Small
Hydrogen
Flames

Low—NOx
Combustor Hydrogen Burner

Gas Turbine

EX: NEDO News, 2020. 7. 21., “https://www.nedo.go.jp/english/news/AAben_100427 html” (F&L
2021.9. 14)
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HAIE-MRIIEE JIe+

e!

A
e =8

AX O] II
=EAZH

A7 |S-H |2

X7 |&=4%(Baseline)

e

=5

@ -

>
T

E

r
N
>

270MW ZIAE{HI 2A
SAE HAY| &L
- $ABAE 0%

- 5gas 1 60%

- NOx : 15ppm

(30) L8 sAHY SAME &te
(2 : 380MWE, AEAS* .
2388 63%, NOx 15ppm)

(40) LHERY +AZA(~60%) =5 4E3t

(50) 8% +AMA S5t M85
LEA|E 2
(712 : 38OMWE t, =AZAE !
100%, 2862 65% t, NOx 15ppm })

HAZIAE BMW ZHAE(EI
2 S kW~5MW
TIAEE 7| 7

-OE §8 1 25% (IMWE),

30% (5BMW)
- NOx : 64ppm (1MWZR),
25ppm (BMW)

(28) TIMW/BMW £=AFA GT i & Al
ez
(82 1 25%(1MW), 30%(5MW),
NOx : 25ppm (1MW), 15ppm | (5MW))
('30) TMW/BMW £=AFA GT A5t &
T 2
(82 : 28%(1MW), 33%**(bMW),
NOx : 15ppm (1MW), 10ppm } (5MW))

ol

EA8 0%

(28) 270MW 7HAEIKI 50% EA* 7k et
U NS 2R
(:30) 380MW 7EAE(HI 50% B4+ 7| Tl

U NS 2B

M2

285 7tAHY
%A 50% 24
ZEZT 7|= Y

ol Al=
< 2O

(28) 150MW 7EAE(HI 50% E4* 7|4 e
U NS 2R
(30) 250MW ZIAEEI 50% 24* 7|& i

Y S oR

T £t AARiA (:30) BOMW ZRAE{H] A4 7|2 JHik o
SH T FNEyeIT=
AEH| 7|& JHEt L &4 XA 7|& M2 =0 =

ZIEHIE N SH SR BRIBER ] 40) 380MW TAEIR 2414 715 Ty 2
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" 24Z01 F JIAEIHI(TF.03) 71

23



HuAP|E 2

2
=]

2060 EAS

o K N W o o K S ol 44 S T W o o
OF o Ki o AT ® Ok Jjo IH I b ol T o %0
& 0 ol iy = o M K 20 NM_.._ o= o« Ko< 9
R oor d ol oK ouo o ) I Q0 o ) SN %
o Ky~ & oz W5 or Ky B W g 3T o T
A<k = 70 g M0 T < <k x K fo N Xl T
<+ g 21 oo mr <k = 1l Cod N - s
go M RO < o o B = T X o S o
= T = < - o
= N .= ol K = =7 Kr R <2< &< Br s X0 8l
& K 5 o o, <D =] L 4k g o OF
|A.I_HL M..__O|._ o nA__.__A A_llk_.A_h_ |A.I_|H_.m_H o“_on_l._H ma AT.M.PO_H bl |A.I_ 5
N ud qr = — = OO = o N
& < A_vo_*E w0 oy B o n il Hgs 7o 2 u I gwm Db
Rl 5 B R o= Rl Im N o 1 3 =
, oW AR s A Th= DS ®Mag Lo B
< T =l LTS oF & ol T~ 0 Ko = ol ) o0 o K
B 4 ROB o g 20 &l &l R B ok oo U3 710 ._ﬂ_m 2
Em Fygq®F T 4D o0 Kokl RO RO el ) oW M oF = 5
Ko ~ K ~ ol W ko R T = o Jo T o7 W Ko g or IH
Ao DY LR Hs W §oF TN IO AW ZHoE
ok mron = P = NNy R oK o= i il <0 w s N~ i ofd = <+ go
n = R <D K =up DS MG a el & ar o
LU A il o of oo = ~ ol & Ko = M0 oo mn 3l uo o
T oz Baw Bozo faw X _of 2 awmamp=s™ @ fuw oy
9 Wo — o Z0 uo @ o Wop or T Ko o oy = o w0 —p F O Rr
o 05 go A AT U o X0 m % 5 ok T o <0y 2 — O oo
~ o o or au KA = D S = mo MR W !
Qoo g M N g N g P E g Sy 5 TTOL
WoSR mod O T 4 F e WS 2T g = og3 o
e ST M 5 % S+t < SWn 55 T ook gl o5 XN g
S Sl Hys oS g & Sow gpod g e Scwo§oallog
D owdRN om B 4 12 T oA HgRE S " SHE < RN o
A =K mm & < TE 2N IR RRN DK 020 Wogr ~ &1
DR E R R o o M8 N~ R K ol o KO [ d o3 o Il
Mool T ou I Tl O oo 4 om W g L L IS | 3
o ST H ,WE T ooy TR G T T w4 s T ok omompk -
oToSXW 2 @ <Ky HE g T2 SR G oW gy Aoz~ N
dHSm JTEHT N opm FH R oBm oW g IR ST ST
N mg o o R g F WEN G Ea oz U sd@ z b5
= 30 = I = ol o g g o = I
Mool o<l o OB o on oo IR ~mtT = W I B A =
=N~ o - RO 7y X0 Klo RO 9 = 20 o 3l . Ax_a K 053 - Ax_a ol X0
W oMo Hopd W Mgooly MOBom g @ OT 5 Sgooy W T o o
N D F £ 20< N D 51 H N D = Hl =T N A == iy ~ ookl
H_lT _ o = _ < F H_|_| _ o (_\ OH H_|_| _ o = _ ~ H_|_| _ _ 4 H_|_| _ _
3 < < < <

=
[s)

7t

o

S

HRIAIE =201 T

IIAEIT} b

4

o

G

Z2M, SH

A
=

JtAHE 7|

F

o
[

IPP(Independent Power Plant)

2R

24



LNG 7t&

Bg &
S == OlttetEa

MAHOZ et
Tlag MA| 2

@ Jiz7e
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SEtA(carbon-free) AR YBLIOKNH)S 7|Z Erei4A7 129 28 52 H
EiA 2% o B BS QNS 4 Ol YTLIOF THAEY G4 2 WK J|S
$e 7|ZO YDLIOF B4 IS T2t OJMBIES 25 TS
(maw)
BRHOI 9l 44 EUS 5t 24 20| ABLIOF AIF SHtholl W2 By

HEE Aot

IR,

EhA GI2OI UDLIOKRO| MEt 7SS Y L MB5H0] LHAAM
= SAHOR 2% s

*El—lof 7ME1H| —‘?'—OF HMA 715 WS Soff 7IAEE =4tst

Exhaust
(H20, N2)

As-Is LNG

b
To—Be NH:

Carbon—Free
Fuel

2AELOH ZtARE 7]E W HEE

e
—AANAA—

Regenerator

: ,-)g'

v

\ /

pcrgs"sIc_)r Turbine

Ammonia Combustion
Anir  (CaNH+3(0:+3.76N) = 6H0+13.28N: )

*
*® CO2-Free
Electricity

25



—

26

2050 EAEY ofx7|s 2ey | HEAZEH |

(5H=1)

(=) 144184, M¥SiA KxT 2 ] 2M(SIP*) 28 22, ‘Energy Carriers’ ZZHE (1Y
5T USD ME XI12)9] USO 2 QL0 7HAEHI T ﬁ—_rl ol

* SIP: Cross—ministerial Strategic Innovation promotion Program

(YE) 50kWaE YZLIOt MA 2 2MWE YEZLI0t EAE 20% 7IAEE! 7|4 71t 43 42
(YE) Mitsubishi Poweres "214 32, A0MWE L EL|0F MA JEAEEI 78 A|RIS YE
(¥=) 70T TS, X|HA S ADLIOF THAEHI AR IS SHZ 7|E ¢ L 88 HAHUS

117 | A IRE|(STFO) = 38R Tt YZLI0H Mz ALZSh= 7HAEH] AT WY &

-

=23
Ammonia Energy Association (https://www.ammoniaenergy.org)S St

KIER, '134 YRLIOF-7k&2l RESAL 7|27 212 (YBLIOF EAS 70%)
SPBOSID, SRATAC XIYOR UYTL0} HE 7|E A SN A7 48 5

KIER, "21E2E] 7I=AIY HOlY MtH2 LZLO 7HARE HAT| JHEEAS 2t 7|2 B A &

@ |z =25
SAT|A-HEI|SY Jla4E U 28
HAMI|E-MET|= SiX7|&=4==(Baseline) =25
UDLIOL EA  : 2MW | (30) B4 L HA EF SMW 04 7|E71,
QUTILIOIEEI 7| | L2L|Of BAE : 20% O[5} SAS 50% OJA AlS
ot@L|OF MA 82F: 50kW | (50) BA LU HA 82 100MW 04 AtRst

YZLIOt A H5

SCR O/&&A| 500ppm 014 | (30) NOx: 10ppm O[5t (SCREE)*

SEAF O
SIS X MNOX SCR x84 10ppm DIt | (40) NOX: 10ppm Olat (SCROIXE)*

&
UL o} Fid or ('30) BMW (T 27)
L0} MA 2§ : ==
Do 227 paEs i | B HOH A B8 S0KW 1 40) 5omwy (Cascade 2%1+%)
URATtAHE MY H
35t SEQMHEE|H0IA
emLjor ¢iE SM7IAQI L0t (125) YRL|OF 7RAEEI OFHT | T E T
QITTIE THY Fg7|x0| oFA (40) YZL{OF YA Z O HE IHY
ADLIOF Q1 I oA 2
oM |ZE QU
*15% 0, & 7|&
**Cascade @7%: 59| O}0|3 2 7IAEZI(MGT)SS €2 HZot0] 27 XS St 712



7|2 - QELIO} 914 A5 34 2 X NOX 71&

ool

- (V129 L2LO0fF fHO| FYEE S| ot A= = E HA TVIE H 7IAHE AA7|0M
Yot= NOx2| dgs AHMsHAL MAsk= 71&

- (HQ4) Y2 0t= 7|E Batea AZ AR BISH HAKETH1/6 2FO2 MR HOf 3t

P

AYES Eol| 022 H=O0|2= 0|0 CHet H=eE HA 715 WO BL. E8F A= L{0f0]
HotE HAs 129 MIER7|0A Lalt HIZ010] NOx 40| 2451 S7tet22 01§

AXISHAHLE MAHsh= 71& 7HY0] 2L

ME7|% : ¢aL|of MA OI0|Z2IFAE{YI FHet

- (V1589 A BEHE ZUHUCE HEY 4 Uz YL OF MAZ O10|F 2 TIAE I A|AH

Y B P8 2UTE N0 AHBY T 2L 020 UE JSUE Bioi
MBI AR 5B HZ 95t 7|2 Y U 45 B, Cascade 2X71&S SoH HMOILHX|
224E JEo, D092 0RIE AT 24t HE AAHS| $01 H22E Jla A He

MIS71% : IEILIOF HZ OFXTIE TH
- (71570)) YBLIO FHAE[I AARIS| AT, £
- (LR4) YBLI0F H20 Ch3t 21 Q14 HT Y +84S ST
=]

A HEE

siA17|5 3 QEN=TIEC PN

rc

SYEH ALY Vs

@ J1Ehe
(12)

7|E LELOt HRE +42 Folfoks 22 (cracking) HHES AL SUH MOIS LHO|
LSIAA Zofl g2l O &2 2XIE siiZdet T AlAH

(Zay)
A=pgo OFgdu AHES 1120t FEA YMAARO| Hs CHASIE F13407| fIoh A2t
OIDL|OIE 25 G2 E20| 755t UHA|AE O
=2 71202 A2 L|O0E A1 &&8olV| HZE0| A= 0150] 8O0[otl, 7|& 7tA=gle YLK
H SHHHIE QU2 8 = AN A SHLH| £5H|Z1 $E|Toé§ ZHE SAI0f oiEE ==
UA=l=s
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ARLIOF Fefd-+2HE SEUH ST ALY HEE

Calorific value increases 1.14 NHs Cracked Gas :
times by chemical recuperation 163 t/h
H2=75%, N2=25% NH Cracker
NHs +46k) o 3/2H, +1/2N ( _NHsCracker
.l LS 3/2H. +1/ZNe NH3=0.03%) : Catalyst Lig,NHs
31?"‘] 3_6,3'(“] Gas == :5.2Mpa ‘:| |-‘
.................................. _— ST S,
Hz, Nz, and
Residual NHs
Cracked Gas » Steam
NHa Ammonia St
Tank Cracker ’ ; ? Tuﬁinr?e
Exhaust heat Gas -_@

Gas Turbine Turbine

&4 : Mitsubishi Power, Ltd., Journal of the Combustion Society of Japan, Vol.61, No.198 (2019) 293-298

@’z 38
(SH=)
(2=, Toyota Energy Solutions) 50kW 2 300kWZ 100% LU=ZL|0t OIO|ZZ7tAEEIS
WS YLt 7tAREI MEN AFRE
(YL, HI) 2MWZ 7HAEBI0|A HATIAC| LD LIOLS 2F20% EAGHE ADL|OF A JHAEH]

g MEE

e
rhe
=
L

) B0 JHAENIS YBLO 1R HR Y172 S5 YRLI0F T2 B oJulx
43

) o =
ANS HAGHS JLARE SRATAIAY ¢S

— —

(FMEZY) TIAEHY YA J|BAIRA 7|25 MW, 270MW 7HAE{HI DEIS 7|HtoZ Z2L|
AStANL S SRMKZ 4 224 /A AAT| Y S

]
re
4

7 48 Bt 9l

0jo

L0} &8 ALT|s S+t = iofd Ara0M LR 7

=L YEL Ot ZE ZIAHEI JHE Hl= AR HAN HE2f AL, 7|1E = THAEE HIZATE
Ret7les HEe= YELIOF A g4 & 2ol o4 EHCZ oY ks

= =
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I S2Ys 2 sHAT|S
@ M e EH
HAT|S-HETIEE VESE L 28
SHMT|=-ME7|= X7 |=4=Z=(Baseline) 25
3t | ('30) YZL{0IT 20 SAEH STIAAL JHL
CN) QL |0 F24 N
e oy | (32 o1 a4 (40) 500M/ [ BE 45
Ilja,;f‘ﬁ” (L) AUS (88 )63%)
=== (50) GOOMW O[Al ZHE ArR3}
251512 E51 ° ('35) 100ton/h2 (23T 250MWE)
AHS
Aot 25 71 | M7 (40) 200ton/hZ (2T 500MWE)
(=2)) pilot A= AF
FED ¢zLof Eaholz (>100ppm) ('35) NOx {45ppm (pilot AT M)
HaTls (ZL) HEgd 7=+ (40) NOx {25ppm (Ui EHE A3B)
(>50ppm)
MgE7|s : S8isi S8y 2L of 26l 71=
- (71=H9)) &=L 0} %E% 29| AR =0 U137\ &SI 42 EAZ FolSHH

80| 7tsst ot 71s

- (oM A HZO AMAHZ| 0|5 HIRE L 6}01 £=4 712|0(hydrogen carrier)2M YZL|0tS
SAEBI0 HE517| fiet B 7|=0|H, W8 Hs ZoiA AN LMSH= OUHX]-HIE8 &48
75t oA 221t ZHES SEol7| flof Seat2 S A ROz HWYE HRH0| =5

MRI|& : S2L[o BollA= HATIE

- (71889) 4, HA Y T ARLOIE LHEE= YL 2o ARE A HAT|0
HEol SSct A M5 SHo| 28t ¢AT| 2|EE T (retrofit) 7|

- (HRY) AMRE 7|HO R JHLUE A HAAY|0| YL Eolf H=EE MES 0 Lst 4
U= AAHES Heo| tiSots 71= ME0| 2. HA H4ES et s A82= 218 NOx
L S7t AMLt HANS EH HIHE H|0{ot= 71=0] 2R

CERRE At AR SR AAR T|s

@ 71ze

(HL)

SAH0| S7|tH &=MAE MESHE EXE I, HSRHME MMEStAl7 = A0 (semi-
closed cycle) 1HS Soll YHMEE 75%0|49 1S E UMO| 7Hs0IH, EtATL Qe 2404
HaTt gle tAS ZEEO 2 CO2t NOXO| U A7t Gtz AIARI0|22 SCR(Selective

Catalytic Rreduction)

1

} CCS(Carbon Capture and Storage

~

| H=
22 8l

o] =x{=| 28|17}

&
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A0 A X| AHIE &25H= P2G2P(power—to—gas—to—power) A|AHEIO| §8 ZHFIE ¢
SAQLAMAE SLFH= TGS UX A|AE TQ

ot04

YUK 20 DiSot= MY A +A0| 7tsotil, 55 /ISt FE2RO0ME =2 28

SRE +

i
K oo
fol
Mo
30
re
nz
ra
>
[>
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Siemens HL—Class gas turbines

Derived fom - o : W
Proven G-class Design ‘-’ ‘-‘I .
450,000 operating hours /
with 99.5% relebility /%

. Advanced combustion
~ system for higher
. firing temperatures

&
$

Capacity of gas turbine \"._
8000HL 50Hz 453MW 4}\ )
9000HL 50Hz 545MW  **
9000HL 60Hz 374MW g

( #¢  Optimized sealing
g~ ) o-designor
{ —aesign
Large blade 4 | ﬁ | \\ @ . blades and vanes
. Uttra-efficient intemal

) Y "N\ 1 #  cooling features

y 0 \ /

v f #f \ > 63 A) - forblades and vanes
o =G . efficiency in CCPP mode

. /" with a clear roadmap to 85%

7
Inovative coatings for blades o

N A

Latest HL—technologles will be rolled out to complete Siemens gas
turbine portfolio subsequently to optimize output and life-cycle costs.

Z£X : Power Technology Newsletter, 2017. 8. 17, “https://www.power-technology.com/news/newssiemens
~develops—new-hl-class-of-turbines—to-improve—power-plant-efficiency-5897163/ (T4 : 2021.9.14.)

ZtAEEI SUM(CCGT)0IM 2 o X| &4

HRSG STG
Losses Losses

0.5 (0.6)

I:ue(|1t(c))0?TG Exhaust to HRSG m
(61.5) y ‘

Condenser

(32.5)
GTG( 1Lc1)§ses Stac'(‘égf‘ e

Z7X:S. Can Gulen, Gas Turbines for Electric Power Generation, Cambridge University Press, 2019
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a S el
HZ(carbon—neutral

=Y Z50=E, HASH
CUS (CO; Capture, Utilization and Storage)2t &4

A 2(carbon-free fuel).‘d Q2 L|0t>t
C
LA HHEE= O|AMBIEIA L 2Kt O|MHX|(NOX)

I%

Lo 22 7|=

PC Boiler

w B At FGR F s - > o ‘ Metal-Water j’_“d »
I o é Combustion o e
X : IHI Engineering Review vol. 53(2020), 3=0l|L{X|7|& %719, Applied Energy 186 (2017) p.13-27
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De-SOxlLimestone] - | |
ID Fan
| >Q_
Induced i
\ Dt !
Ammonia i

v

/
/
// Pulverizer

PC Boiler
/ Stack
Raw Coal Feeder Flue Gas Composition Coal
Measurement Position Ambient Ammor
-t Q Air Injection Method *
Primary Air Fan Forced Draft
(PAF)

Fan(FDF) Wind-Box

Cyclone  Bag  Fan(IDF)

Filter Downcomer

Injection location
De-NOx De-SOx De-Dust

CFBC Boiler JSeiEgEco]
0O Stack
jation]

FGR Fan

(Note) — Composition Air
—> Coal |

EX: IHI Engineering Review vol. 53 No. 1 2020, st=0{4X|7|&H
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- 1,000MW Z=ZQA(USC) LA Tha LZLI0F20% E4 A5 0 H (~'23)

~ 20T St UDLIOF WHE THA| $ 20% B (~'35) U FA(~'45) £

(22) IEEJ(Institute of Energy Economics)= EL|0}

=
ZIE 2H= O3 YELO0IE A8t 20% &4 EHS 30
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AT et 3MA BEYE 87t
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(FLH)
KIERE LPGRt 7H&2 82| ATIS /4 Z=010] L0t AIEIS HESIRACH, 70%2| L 2L 0t}
30%2| 7t&2E B8t =S MEot= ASHAMVeh)E 7Y

oFd MHATHOIA AZLOF 24 LW 7 |2S U ME =0 HESH | A IS TAE T S

— L
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(FL) Y20 &4 9
otaL|oF B & 7c>4_x‘||75| EtEd ('30) Y=2LI0F 20% %i o245 %EH/)C\:}%?
S = AT Al = (40) YZLI0F50% 24 HF L &/ M85}
& (22)) 16W U3 20% S4 | (40) SHAR AL FA AJAH Ax

HEAT AR(H,'21)

(FLH) YZL0F =4 FLkshA | (30) DIZEH 22 Y=L0F20% 24

DJSEr Bl 3 o1z ZAAY AE(EEAQ 0M ARE) I
om0 S 7B HE AA = siy/Ar2 )
7= (Z22) 1GW 22 20% 24 | (40) O|2E 2 ARL|0F 50% A A5
Mz KA, 21) 3 siry/AlR )
(30) 353 22 Y20t 20% 24 Mgt
955 Y ME(RAAR O AR T
omLo} 34 HE |2l Siry/AR3|
e (40) SEZ HUH UTLIO} 50% B4 K
4= 9 siry/Ags)
RS oo (40) TAAIR QTLIO} FlA AAT Al

=28 7ls

th: thermal input (2 £¢] &2
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L)
7|Z AEH SRIUHAN HIO|QUA G122 M THR|SHT AAA P4 7|22 M50 T5E2
UM H2|5|= COE B8, HABORNM 7] ZOZ BB EI= CO,7} 9= EHAHIS(negative
CO, emission®)0| 7H53t BECCUS** Tl 7|2

- &ita G Vs B9 IY AH| Gl0] Sa & 90% 0l CO, EXEd 7ts

- 7|1E 87| A4 LA UiH] BiE 5= 8171712 Y0] 80% Ol 45 7ts
*Negative CO, emission : 275 IEE= CO,E HA(E+2hA

*BECCUS : bio energy carbon capture, utilization and storage

[
N
$Q
i
N
I8

(a4
™ MA CO, ZEE ¢let 60 £H = BECCUS 7|&8 EtAYHiE(negative CO, emission)
JIEEM U, SHe HH|, M S0IM ettt e o Aoz HiE (IEA, '209)
7|1E ME UM CO, BEE Il €2 SXHMD 271 gH|7t HRet HA S CO, 2
S8(post combustion)t F2l, 71& QH| HE| 2|48t I BXHY 4271 M2 ait4 Ha

JlE ML L HE ER

CO: Storage

Purification
Unit (CPU) (ccs)

Special
CO: Chemicals
Electrolysis CO/H: (CCU)

By Product O
Air (05:160
I8~ 4 Separation Production
Unit(ASU) (ccu)
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@z 58
(K<)
7|& MEt SIEE0A Sl BECCU 23 T2ME= Rgi= Ht ¢l BECCS &3 T2ME=
TIsh 22 A& Z(Global CCS Institute, ' 194)

A=) 49MW Mikawa power plant (=&8f55 MEH UHMEMHE )N HIO|QI|A M4 F CO;
Ma™ HA B 0.18Mt/year offshore storage (BECCS) M1
)

ﬁ
mln

ITE
- (=) Drax power 660MW 7|Z 0|2 SHEANE 67| 5 47| HIO|Q0HA M4 wHO2
HESIROM " 30EMK| BECCS 2715 THLSH HZE4Mt2| CO,E E4-6t0] offshore storage KX

et Eta GAS S5 CO, BY 7|22 457 +F0M HYED UXIT 93 Holss 15
= a]
=

2 9l YAIsH= 7| 7|&2 JHetE HE
- (AHQ1) CIUDENOIIA] 30MW1thZ AEH Z=AtA
MW 72 A /SHOIKt S0 Ci5H Al 7|2 &5 AHOl L E2TAMA CCSE ¢
onshore storage 7 &

(FUH)
KIEROIAE 0.TMWth HIO|QUHA 2
a5l 10MWIhE AEH A4 2B9SE

Olgs SHZ 37 28 3(2149 35)

A HAS Solf 90% 0142 CO, ETED 7Is MY
HLZHE 80% Old CO, ETELE 24, 90%

ol

P M H0AE GTIZ H SHE 88 s 7ol /1Y =it =2REs a/lss

WY S UAS

r

HATIE-MRTISE TIE4E Y

HAT|&-ME7|& $ix17| &= (Baseline) =H

I'-I)I

(30) 72 : 10MWith Ob4 Oxy-CFBC
Oxy-PB*** AlA") It
CO, BT : 93% O[4

2 2 0.1-10 M (40) T : 100 MW O[&} Oxy-CFBC ¥

Oxy-CFBC*, =]
i) FTIIENESTN 1MWth Oxy-PC** Oy PBLSE 83
=Holg 7| CO, YXME2| : 80-90% O} 2 dEe] 1 93% 0

= '50) 72 : 500 MW O Oxy-CFBC %
AA}A OE|A cO %"295, X-Ijé}- ( s
S| : N HY %1% Oxy-PB AAR 423}

CO, eM=Z2] : 93% Ol
e} SIET Co2 32 KETF: gk 7|1E

95% Ol




HMT|S-ME7|& &xH7|&4-Z(Baseline) =H
NOx &= : CHHAA, SNCR,
SCR X8 (30) 7% : 10MWith OAf Oxy~CFBC &
N5 HIO|QOHA 2=AtA | 8 ZE : Flue gas Oxy-PB A|A"I K&
A = ZAASIE condenser M | (40) 72 : 100MW 04 Oxy-CFBC &
(NOX), H.0, 21 0.1MWth Oxy-CFBC,|  Oxy-PB AIAE| S
2HUE I|IE TMWth Oxy—-PC ('50) 7= : 500MW 0|4 Oxy-CFBC 2!
2YHLE TN Sa Oxy-PB AAE &E2t

= 0. TMWth Oxy-CFBC

A 'I?' A~ = ’

giﬁ)zéé.‘]’jo{éf’e ('30) T2 : 10MWth O[4 Oxy-CFBC X&
e = |2 0.1MWth Oxy-CFBC | (40) T2 : 100MW 0[4f Oxy-CFBC 45
Egﬁiﬁgﬁo%g (50) 72 : 500MW 0|A Oxy-CFBC At23}
TS T

('30) TH2 : 1 MWth OJ4 #4tA ¢14-CO,
28 AN 2T 7=
(50) 2 : 500 MW OAf 28AkA A

CO,0 &ta Xiar | %8 NAE-CO2 &8
2] — —

VP A5 OUIS B8 CO2 25

== M| CO2 &2

RS U 7IF 95% Ol

[=] A
alusd HIO|20HA it ('25) BECCUS®| negative CO, emissions

— St S =
%ﬁ co.¥8 | of3t CDM HHZ &=
s | (50) &5/48 BECCUS EUE CDM QI
COM 2 i

o)

Ot

*Oxy—CFBC : Oxy~-circulating fluidized bed combustion (A4 2319 =
**Oxy—PC : Oxy—pulverized coal combustion (&=At4 O|2E ¢14)
***Oxy—PB : Oxy—pulverized biomass combustion (z=At4A 0|2 HIO[QOA HA)
th: Thermal input (12 £¢] &2

J

ME71& : HIOIA 44 A4 F RAMSE(NOX), H0, 2EH A5 7|2

>

- (71&39)) Negative CO, emission 7|&Q BECCUS EHHEQ| QX0 2F S 2ol HIO|204A
it GA F UMSE HAMSIE(NOX), H.0 12|10 HIO|0HA W &z F4(K, Na S),
3|

2(S), GA(Cl) =0l gt SEH HMAH 718

=
o 2adslE HiERlE de U8 2R — SHE 29

=t A (oxidant staging combustion) 7|& S A

um
A o
~
>
re
%2}
=
O
=)
[
I5]
x6}

o it AL E MAL} XESHE= HY T [7IA T E-E O] AAE ASHH|(O,, CO,, H,0, O/ NO,
SOy, CO 82 MEE =M £, ti7|7tA Mgt Al T H07t 2ME 42, 245 dd| &
! wMA HA 2FS H6ll — Flue gas condenserZ 0|8510

ol
—
Hi7|7tAE S& (4200 23 ML SEHES 2ot 718 2R
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A 7=
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Pl
0%
Il
P
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- ey

« HIO| QA &4t HA-CO, 28, X
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=1 AABIHH =25 gle 3 YA 71310] 7tsaiE
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M5 7|&(X2) : HI0| QA &AA HA-CO,

futo
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SHEIEE 4E 3 WHE e
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@ 7IEHe
(L)
S (Helea) ARE ASIH 342 371 F= 210 2 HSohs PHoA Llshs 22
&5t ™otz 71s
Ex 2Y 59 o] FYu= HUXIE HEHUXIE 7[Hez SYotl HE(S7| HA X =
H8) Zu=S TAl egll 4502 SHaA7I= HUX] Al HMOUXIE AL
o

=52 A =20 ZYEA H2 FHA H=0|H, gs MakE
—
(=)

FHOUUXIOIHM MHEHE 7hset 24 A== OUX| 7H2(0i(energy carrien)ZA B4 PHiZ(zero

carbon) AeiE ?foll 7|E Te LTAAH &2 ZHOM 214 ARl KUY TR

/& HEE St YAMA|, HE, JtAHY, UM S HAYEA FA Tts

Metal Fuel Redox Cycle

Clean Zero—Carbon Power

t"'n%:
STEM
; Fuel Reduction
(Electrolytic

Metal-Fuel Recycling)

o

s, Clean Zero—-Carbon Energy
iz for Transportation &
Power Generation

Metal Fuel

.;2

Products

ZX : Progress in Energy and Combustion Science 68 (2018) 169-196 (www.elsevier.com/locate/pecs)
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A
=582

[ Renewable Primary ]

Energy Source
< Metal Oxide Products

Metal Oxide Products> v
Zer

o—Carbon
Metal Fuel

h Metal Fuel

Metal Recycling
Metal-Water

Reaction

Metal-Air
Reaction

Combustion

Mode
N

Reactor
Mode

Fuel Cell
or Engine

<

Direct
Combustion

Electrochemical
Oxidation

( Heat )

Heat Metal-Air Heat
Engine Battery Engine
Clean, Zero—Carbon
Secondary Energy

%4

£X : Progress in Energy and Combustion Science 68 (2018) 169-196 (www.elsevier.com/locate/pecs)

@z 3%
(a2l
LEYEM 11X 27 boosterQ| HIIA| = ducted 29| F HX|2 &L
Metal oxidation 7|&& 2tA¢ = TiH| AT X |EE i S E
(FHLICH HACHOIIN SHAZ AT ST +F SHYM HES

A
T
HEE RS HA8H 45 '21d 1Mwg, 244

(HIZRIE) 208 OO|ESHBCHOIA d

10MWE HZ0| 0 E0] U0 '301 gt 51210] S 1R TR At oY
(@)

ST, OF, Fu 20t FHO| IAAR ALI|E BQ U o 47 4

MES 34 BU 37| Y 01534 71| SEHIS, YU HAS HE AR IY S

29 380/ 8IS AT HO| U S 5 BRI Y oY
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HATIE-HETIEY TIS4E U 2E
SADIE-MEIIE | |a+E(Baseline) 25

(40) ~1OMWE A3

(ZU, 32l) Lab-scale AZ | (45) 3HMZ THR]| A (AR TS

2IE (50) EARKIRIG YHAIAE 423}

TGS sags-| o | (Ghe) dieig el us | (30 BT ATl SHANES
WHAIAE 7| U2 2NHIMW | So s e
&Ig_o:”;gl ood 2o
'30) A2 HIS A=
EE suas-sus | @) US o e )
UTAAE TIS | (19 FCOIRAOIZ BB B | 0 (S0 b

- (712M9) Mt 242 ZEM=0| MRS W MALO| AMStI|abE BIX|5H7| S L2
L2 0|B524S SEI610] MALLO| A3t HABS S Eot0] 0f|HX|E EEot= HMI|E2
271 At0|Z(Rankine cycle)2 0|85H= 7|&

- (HRAN) 7= MEHHAZ Of THA| 2 MOI HMA|AEIQ X|&, 24 HAZHOIN HEY 2

Metal Fuel Tank

P

Clean Nitrogen
Exhaust

-

Maetal Fuel ~1GW
Combustor
Air =3 I_’_ / Cycolone ~100MW
" Metal Oxide
Dispersion System Separator
~TMW
Solid Metal Oxide
Storage Tank ~100kW

£X : Progress in Energy and Combustion Science 68 (2018) 169-196
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4012 ALHO] A3

[== ey

Z5]: World first: Dutch brewery burns iron as a clean recyclable fuel, A1 Iron Powder Passes First Industrial Test

NewAtlas,” https://newaenergy/bavarian—-brewery—carbon ~ asReneweble, C“arbonlDioxide—FreQ Fuel,

free-renewable-iron—fuel/underfiend ("4 2020.11.04.) !EEE_E ru_m, http_s._/ / sEectrum.le_ee.org/
iron—powder—passes-first-industrial-test-as
—renewable=co2free—fueltttoggle—odor ‘(R
Q% 2020.11.13)

Metal-H,0 B3-S S5t &X7|& O A= (FHLITH HZLH)

RANKINE CYCLE

~1GW

DR s o
GAS TURBINE ENGINE

Bpmm  ° ~10MW

FEEDING CHAMBERS
METAL POWER

DIESEL ENGINE
~ 1MW

TEAM
REACTOR TﬁRBINE FUEL CELL

Hz AND STEAM

M}
5

] BURNER

METAL OXIDE
PRODUCT

EXTERNAL ~100kW
COLLECTOR HEAT

ENGINE

£X : Progress in Energy and Combustion Science 68 (2018) 169-196
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ULLIOF B2 7|=

HIO|QOHA £AA HOUY J|&

[EA2| 214 H 1A ‘Net zero by 2050 - A roadmap for the Global Energy Sector’ 0f =

UMEZE 40 TK| zero= A5, MR/4E/718 22 'b0H0| = HIEF0| Y5 EX, 7|Ef
H29| &2 S43Hnegative CO; emission)g £l X 22 CO, & HIEZS zeroZ

ZE30F 310t B

FEA AZQ YRLIOKNH)= HA Al 2ATHA HIS0] Q= Tietd A2 XM 7|22 BA7|H
sz TH QH|0f Mz Y AEYezM 240 Higsks CO, g XNEsS Sol
SASEHH 76 +~ US

- S MIA OIAX| A|ABIS EEtASHE flot siyT S HI0|Q0|HX|, CCUS, BECCUS & &gt
1.5°C 722 E 92 95t 504 M AILIZIQY WM 22 JAH CO, tEZ}
CO, == zero AlL12|R 7= Q5 2=t
Abatements 2050
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Z=X : Wood Mackenzie Webinar, 2020. 11.30
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EX : MITSUI&Co. Global Strategic Studies Institute(MGSSI), “Thermal Energy Storage Developing for a
Decarbonized Society,” Mitsui & Co. Global Strategic Studies Institute Monthly Report ( 2021)
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