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IGBRT T+%%¥ PNP bipolar transistor?} Power MOSFETS %<3 3dHZE
Power MOSEFET®] Drain =9 p+ & F7I3t +x4.

IGBTE 7led oz 29A £=7F w2v+= MOSFET9 &3+
3t Bipolar transistor®] #Ad& A3 Aoz Jd"yg & 7}
< MOSFET 543 #ARRF Ad75d 4Aola, 28542 23] ¥
bipolar transistore} A

GTO% %+ Anode, Cathode, Gate?] 3© AAlo]H 27019 Transistor =3
2 A9d

GTOx Thyristore}l #Z¢] NPN Transistor?] Baseol Gate signalS <17}std
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oA BF GTO IGBT
Gate 3|2 CHe 2~
TSAA MNE1S M s
TS3| 2 Szt Tl
Mo 3Ct ZtCt
EAFNES e Lt Sztsict ZHEksiCt
Switching Frequency AtCh 3ct
NP EE-E = UL UL}
Surge L{Z 3ct ZC}
A KLY F 4500V 3300V
AXEZ 4000A 1200A
AQE &4 3ct ZC}
AQE & calch it} = Cf
Snubber &4 3t ZhC}
Turn-onX 25} ST} =C}
Mz 3Act EC}
A2 3ct =
7tA X7} b

[GTO2t IGBT £ H|u]

A AA daEe thFE-E GTO(Gate turn-off thyristor) #2418 # &3t o

2]
H dX IGBT(Insulated gate bipolar transistor) W& Z&3st1 UL

Sy

- GTOW]2 dE9 217kA 5004, WIN 350(West railway's Innovation for

operation at 350km/h), STAR21(Superior Train for the Advanced Railway
toward tile 21%' century), &% 9] ICE3(Inter-City Tilting trains)s°] #8311
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O (2 ARF-¢%) a4 AA7t20) vl&) WxrF Y Ruyl 97] wiol] 7bH
28 nlgroz HAr2RT 3u] AT W24 &4£%EE Aol AHo|) AA7~
Aadol=sAY AMFA AdsE Ao o,

- (1]=) AAYA A AYURE = oZ FEro] 9= 2.600kme] o2E I
o]ZglS T3l o]FoX o, #H-S A(150~300km)= S Yol T4
7t AR E7E AAG FREAAY ©l§

- (F48) F&2 HA7x o)zl F&

O (@79 #& AF2F) AT7AA ARSFAA YA Pagn susEe] F
Fovt Mnsigoy, £3 FRENYY Fo 33 A4
- RAFATE ASEE A HA AR voliz Adstd we

Hlg TA(2018E T VlE HrstehdA Aol 200km A A)

- A AR} FHAE FAHLR FHEHIY s8I S7HsH 2030Lﬂ77}11
800t o] e Altgert FEd AR FA(2018d & 7]& ¢F 500 +99)
- ddHor F=e A - WEF FEIS AN - ) A 935 Ve &

H7} Algshy, ot s Hl§ =t

1. 000

Large |

|I'-:III'.I ! A F g i1 b ! i
: Distribution pipalines Ships

wai @ ® e
i | 0.05 - 0.06 0.06-0.22 . 022-182 <3.00 3+
.. I " . !-' i L = . 1 ...-'...'I.
sman| [N G [N 2 @ e
;i 65 -0. 0.68-173 | 0.96 - 3.87 3.87 -6.70 /)
Very CGH, - . '
small Wywiatie’
0.68-173 0.96 - 3.87 3.87-6.70 7, /
jp e R . e — — o
! Local 10 Urban 100 lntﬂr-ﬂl}r 1,000 Inter- IIHJI.'rll
continental

Distance (km)
(44 244C0HE HE M

Z=X: Bloombera(2020), 'Hydrogen-Economy-Outlook-Key-Messages’, March, 2020.

(6) FaTH
O AAHSRE FARZTHA
A

AA A 370789

o et A&A Exprl 2d Folw ‘18W 12€ 7|E
3 F(AFAT, 2019)

ofj
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N
4
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- 20143 32170 diwv] <F 3970 7}
- ZOP*gAPHP*‘(Off—Site)% 41.4%, AA Y42 (On-site)S 14.8%2] BlZ R 31Y
oYU ARV} Q= AT 40% A3

= Off-site On-site M 47
T (TS Yt (51 K| A AFEEAL gle 2
AN 157 55
M 158 370
) 74.1% 25.9%
H| & 41.4% 14.8% 438% | 100%
AlAH| = =
Z 2 SH = o
H 2oH|E &t A
IR e org
gl =38} A

[ TMA =2358a 2dg 8 4235 L4 e dHd)
A K|S
=S

=N FELSIEY|

S5HS -f%?l

- AR AFe wet 20229 FA 31071, 20309 FH 6607] FEo] =A: 20224
of A5 BAH EJA}‘EOE 150704, FER HIFAYoR 1458 9 &
ol 160704 gX F3

O A AARCE Fa5H4 &3S 109 ojdd 19 100kg ©+e] F4

ofj
2
0%
=2

- 592 19 <9F 100kgFolA e}t o]&F 200kgH L
vt o A 370~670kgwF o2 = F

- GBS M E FAaFHA 1Y ¢ 600kgT oM 97k FAFTHAA F 32
A&7k 250kgw ol3ke] olF4 FaFHs

A B *g A&
18] 44230 %S SkgO 2 /PYSHE 19 60wt FAsHE
300 Bhell 4 H o) 600%HTH A%
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SHL 8 250kg/day 500kg/day 1,000kg/day

] ENEES)) 12,0007 2~ 6,0007H 2~ 3,0007H 2
[T MA =258 2 AE TYEEH) - (EX : Business Wire 2032 FYX|) |
(7) ol4tsters Azt
O BE FAaA o] COy-free H2]& olyH, 37 COp-free 4 3dF o
E 98l A7 A Q] Wte] B g
- A71A 072 o|4E e A HjEo] flv IS A AMAUA AA FHE Wrow
AE FA40 Fg vlE U7 295, FEFAVF AW o4 EA e F
AR HAV2: FE2FL0A4 ol4ksie s ¥ 9 87| &

O 20159 7] CCUS AMA A1 Az ¢F 8,0009HE, 59 7|&o 2% 1539 &
Holm, 71 & 88X = 5Ere d

- Visiongain (2011)= AMA CCS A& 20114 1199 E8dA 20213@ 2439
g2 AFE Ao A%

1 12 13 L] 15 16 7 18 L) 2 |2

S 39 | 41 | 44 | 48 | 52 | 56 | 61 | 67 | 73 | 80 | 88 | 886
2o| | 22 |24 | 26 | 27 | 29 | 32 | 34 | 37 | 41 | 44 | 49 80
opbt | 19 | 20 [ 21 | 23 | 24 | 26 [ 28 | 31 [ 33 |36 | 39 | 76
E= |6 | 16|17 ]| B|1©]|20]| 21 |22 |23 |24 26 52
Z= |4 [ a5 16|16 17]18]19]21]22]]24] 57
Hol | 10 11 11 11 12 3] 13 ] 4 | 16 | 16 18 56
A | 19 | 26 | 134 | 43 | 53 | 64 | 77 | 90 | 206 |23 | 43 | 74
82 |05 |06 |08 |03 |033]| 03|03 04 | 044 | 047 | 05 76

[ MIA ccus AlE MZ (2011-2021)]

[m]
(EX: =0HX7|EE7HY, 2015.11.13 O|&tatEa M & AHA3L 7|& O/=2 CCUS MY s =4)

=

218

000%kE 5 It o]l 5T Eo] AF3+F(EOR) AHEHIL o,

8
RS v Autels Ae
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=

=X st=0HX|7|=E 7+, 2015.11.13 O|AtStERA X2

SK

&k enhanced ol recovery

[ MA CO, =8 & 011E 7|F) ]
s

o= O HX|7|=E7HR, 2015.11 O&tetEra Mz & AHet 7€ O|=2| CCus LY 38 24)
Er)o] Y7345 3(CO-EOR) &8 202097kA +4 59 £(0.5 Gt)dl @&
Aoz AYE w Qovl, o9) Suol YuEE FU), WEhE, FEVNE of
&3 CO, 1A oA tiate 8 &<l
CCU AFeo &4 % 20119 8
Urea 100 70 & months
Methanol 40 14 & months
Inorganic carbonates BO 30 decades to centuries
Organic carbonates 2.6 0.2 decades to centuries
Polylurethane)s 10 =10 decades to centuries
Technological 10 10 decades to years
Food B8 8 maonths te years

XtRI3 7|= 0|29 CCUS At =3&F

A
1x

#g

: EOR, $-dlo} A4k
Az, 94l Az,

=
b2 A=), AA-E

GCCSI(2011)9] =A} A3} CCUSY &&xE= ¢F 21744
& U, Af 2 724kl Ao AlF AR
A bR A, g7kl Ay, oFEF v}

3L

o,
of AF, FAY, BHAY st FA A FE AT, 2UA CO, SO, AA
A, 45 BAY, S, I, 257 L 2§ sbs, A9 Fx P FAE A

CCUS A& o A FAHA7|F= ol4tstes I3 -AH ZHE a7}
2020 10070l A 2050 3,400/ = tiF o & Z o2 o= (International
Energy Agency (2009), CCS Roadmap)
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222 TS5 A AW

(1) AR (A HHE=A))

O 2027@7+A] 620998 FEE AP 17.8% A o7

- SiC AEgut=A A AA SgHof st 2 2016@%EH 6" SiC Wafer
Ao E SiC AERt=A 7HAQIStE Qs AEH=A] AlAFo] 2012 909
ThgF ol A 2020 1,095 tks 2 A Avk

- Future Market Insightsell 23l AAYAYE HEHE AL 20173 1209
oA AP 17.8%2 AA3st 20273 6209 2E7HA /1S Aow A

lo
o|\
N

[MIA CIX|Z 8 Ha AT 2 % HY]

2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027
Xt=: Future Market Insights, 2017.10

[CIXIE MY HSAT 32 L By
O A3} d&H(GaN) A8 WA AA AZtEs 20179 tir] 2030d0d= 72.2
wje} 1,300011 0% Z7}
- HAIE0]l 600EE WA ol T WAIYY &= AFTs FFst doH
2019 o] % A&7t 243 A9

- DC/DC #AWE B 2RE FH7|AAM A& +Ade] AL = A4
& 2okl 437
- FAVA 2 o577 5 1 T B2t ad AR f8 FUFE AW
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XEMICH Zhelgtee] MA AlE

2500, (A¢h)

2000+ & SiC
--== GaN
1500} | ARIZEA
1000+ ;
500+
O — -h--------.--_--_-".'".'."

15 16 17 18 19 20 21 22))25))30 &
T+EgmE~x (B L— o —

[REMICH THI R MAAE ]

(3) AARAAZEA

O =24 ESSAY 2 2018d7H F43] 4%

- 20179744 45GWhell B343d FR2E 20189 11.6GWh® FA4AL
alaro]l  FE(F=AIZLS 20179 1.2GWhellA 2018 5.6GWhZE, ml=
0.8GWhell 4] 1.9GWh= Z7})

- 20199 ==Y AATEE 2018dET 38% A3 16GWh 7|S3om ],

9, €Eo AFAAV =RAS.
- SNE A xleo] w2 20254 AAMA ESSA AL 86.9GWh, 20303 A&t
179.7GWhdp € Aoz oA, AFAL HEAUA €3 =glo]BE

A= EH7E FEF JoR 4=
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=2H ESS 8 2| B0|2 HX| =0 MY 179.7

B GWh
l l l

18 "19 '20 '2 ‘22 '23 '24 '25 '26 '27 '28 '29 '3
[Z2Y ESSE 2[&0|=2 MX| =28, £X: SNEZ|MX[]
(3) FA&EHEE

O Market and Markets(2018)2 20253 AA FA&A53 A/ FEE 26800 =
sty o, IF F82HPC)7F 269 Oi2 d=H<Q vHlF 2A

Vehicle Type 2016 2017 2018-¢ 2020 2022 2025p - f:-ﬁzim
Buses 53 o4 219 858 2958 12970 7921%
LoV 15 25 58 183 677 2107 67 16%
PC 2564 4332 7.442 19,706 64,784 240,963 6521%
Trucks . 1 55 79 1522 3,746 8277%
Total 2632 4,452 7.7 21226 60,041 268,785 65 80%

[ MMA 2K AIREY (Markets and Markets, 2018) 1

O 2030474X 9] o] @ F/bE BF BEE FFe 859 o), U 180%
o, v1F 1009 o, QB 8wt o, FF 1003 o) Folm, AAAHCE Ao
1,3009 2 HAY A

- (82 =v] 37080, f3 420540, opAlo} 510%H)

- (&) vl 30m), #4570, okAlo} 65T
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Ciobal Ania
i e e : T <
2030 HAMA =AT7|A 22 Y]
AtE: XSRS AR RA(2020) =ACUEWXE 283 484 84 7|2 58, ZHZ[E[QAOIE
2020 9EZ(EH H92)
O g=olA FA-3 4 Hagd & 4 78 AWS &89S o, 20309 +
22 1,3009H) B Al oF pajuk7aigl Bo] 4 Q8 WA o
20
Eﬂ3ﬂ"|.'. SHRO| £AXSA HT W $4 £9 F
/
Ag 2g \ -
&84 g10tcy 1220t |\ ',
B A 20t 1940LE >
EH A| 19HCH 0.80IE 7 ,-"f
E¥ 10tcH 50LE , /s
+9% 850l 374TE |
a L]
2020 25 0 2035
[ 2030 =A%t E5 o|F0] M2 4 0 MY
(EN . HBARNLS2020). T4 HENAH BEH Zp Wk H ydrogen Council(2018), Hydrogen
Meets Digital 2018 &138l0] X7
O A ANHUA| 7] FH(IEA)= 20503 F&at A EE DA AsAt A9 17% A=
3,400%F O 2 =4
O = Fazk AZL 18d9] 5119 o 7=, 24d0= 3% 3:dY 722 Ay
- U 4z Fodge 2018 731, 2019 4,1979, 20203 AFEE7] 3,292
7} v HAoew, HZE gl A ALES EUE 63.7% B2 FH35HH
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20240l = 3% 339 A =2 A%
- oz A AR wE =y

o
ARRA NS AFsEH, 2030d ¢F 2=

57189 o HE=Z AT Ho=Z A
() U
20184 20224 20404
Aaxt 1.8 CH 8.12tCH 6202 O] &
T (0.9K1 LK) (6.72tCH) (2902tCH)
L]
8%t 1.8 (0.9FCH) 7.92+CH (6.52tCH) 5902tCH (2752tCH)
B EHA| - - 122FCH (8THCH)
HA 200 (K A) 2,000C] (M A) 6THCH (4THCH)
a| EH - - 122hEH (3THEH)
- AL 1470 2 310702 1,2007H4 O] &t
Akl A{HE
HHUE | rep 9 4Z B0l 304 OW 488 A sEZaNE =7

CAGR{2018™2030] = 21.00%

1
‘

NS

O TechNavio2]

[GHEMX] I AE 72 &)
St IRYC|Z], 2019.7.25., MYUHOIE DN HZFX| 2019-17)

‘Global Fuel Cell Market 2019-2023’¢) wt=H,

AlA A s A

A|ALS 2018 789.79MWOl A AH L+ 25.86% AAstd 2023 2,494.58MW 9
ANZTEE 4T Ao =Z AWHY, olF FaAd HE&H= 58 AFo] A
A 70% 71 xA AW
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1. G=HX AA A 2 (MW)
T CAGR|IOE7073] = 29-R6N _T
.

2. ﬁlﬂ?ﬂ:q REE" A ZEHMW)

R s
AR
il
e i i
m = = Bl
=TTLY e bt Pk AU i1

et i R ne ] ZEE Bistionergl 0 WS Fnsabie)

[HEMX MA AIE A2 X 2=E AF]
(At=2: st=IREQ|F], 2019.7.25., AMYHOIE A AZMX| 2019-17)

(4) /‘g,\_/\g/\]. uj Zﬂ%k—?—-/g—

O F2 A4 AZe 209 12969 ZHelA 259 2,0149 2H2 AWF <f
9.2% A% A (Markets & Markets, 21)

- ofAJolElH Y W FH|, {FH FEY A FA <

Region 2018 2019 2020-p 2021-p 2025-p (2020;2125}
North America 31.367 34,066 31,999 34,045 48,261 90%
South America 5683 6121 5273 5,688 6676 4 8%
Europe 28,143 31.377 27,898 30,271 43,543 9.3%
Middle East 5,385 5,505 4548 4,657 6,246 6 1%
Asia-Pacific 56973 63012 58042 62914 93 468 10.0%
Africa 1903 2031 1758 1.840 2191 45%
Total 129,454 143,012 129,618 139,415 201.385 92%

[MA =4 da AR M2HQ2018EH~2025H, HHTH Shayy)
(Rt=E: MarketsandMarkets, 2021, Hydrogen Generation Market — Global Forecast To 2025)
- SEROPIRE Ma4A, Rt Mo AuH uFo] A&d o2 Mol
U, Fa3 A A et AFES =5 FEo /M =5 Aoz U
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CAGR
Application 2020-¢ 2021 2022 2023 2024 2025-p

(2020-2025)
Petroleum Refinery 64,262 69 447 75,613 &2.807 91,136 102,386 9 8%
Ammonia Production 52 650 56,332 60,821 75,828 71556 79529 & 6%
Methanol Production 5163 5,549 6,017 6512 7120 7.938 9.0%
Transportation 1,902 2,075 2,287 2,496 2778 3,140 10.5%
Power Generation 1630 1762 1,926 2,074 2297 2517 O &%
Other Applications 4,006 4,249 4713 4,842 5,288 5,815 7%
Total 129618 139415 151376 184560 180215 201385 9.2%

(B8 =O0F & MA =2 AT TY(@018H~2025H, It E2Y)]
(Rt=E: MarketsandMarkets, 2021, Hydrogen Generation Market — Global Forecast To 2025)

O (5U) $=mMzA e Biuxd wad b 20209 F4& Foe 447
o™, 100% AAl &5 ¥ A, 5 7|2+ ¢F 73.69 EEl o] MW

- TN TFEZE AA 59, o] F 86%t ARFTolA BT AoE o=

- Markets and Markets®] Y32 Ay 2(20208~20253 Aol 4 A& AY
o 12.2% Sol) AY A, 202563 U 4 AL AJALS 130.89 € 7T

O (AA) 74 AR A2 201998 1379 Z8jolA 20249 1829 Z8|E ABH
°F 6% A& A (Markets & Markets, 19)

- 5r 8§ A SASE A IAEHU FF oAt B Y AY HAAEE

ed Aog et
—
2023

O

182

—
137
e
B
2020

2017 2018 201%-8 2021 2022 2024-p
B MNorth America ®Europe ®Asia Pacific Middie East & Alrica B South America

e- Estimated; p- Projected

[ K|S N =2 ME A MR 22y

ZX: MarketsandMarkets, Hydrogen Energy Storage Market by State (Liquid, Gas, Solid), Storage

Technology (Compression, Liquefaction, Material based), End-User (Industrial, Commercial, Utilities),
and Region - Global Forecast to 2024

- AU R =712 dEHVE 710% S AAE Aoz AdHM, HA(27%), 714
(3%) o= A%
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g8 HolRE 49 o]f Eoke ARAA ¢ I A, dRYol A4k, wWE
< 4 AFrehst JFof vlFo] dEAHoly, 1AHY A=A (Stationary Fuel

188 ¥ $2 XY N A2 2)
State 2017 2018 2019-¢ ?dz 4-p CAGR (2019-2024)
Liquid 6583 ATHO 38734 486 4%
Gas
Sold Sto G = T 801 <=3 ) 24%
Total 120024 131623 137623 15180 588

2. 28 F0FE 74 Y AT A2 &2d)

End-User 2017 2018 2019-¢ 2024-p CAGR (2019-2024)
industrial 119508 124234 120620 174887 5 &9
Commeercial
Utisties 1737 1823 1920 54 '
Total 126624 131623 137623 182180 L

[FUE 28 ZOIE MA =2 MY A #=2]

E=X: MarketsandMarkets, Hydrogen Energy Storage Market by State (Liquid, Gas, Solid), Storage
Technology (Compression, Liquefaction, Material based), End-User (Industrial, Commercial, Utilities),

and Region - Global Forecast to 2024

ofAlob Bl A9 FAa AR AL 20179 19.79 oA 2024d 27.3Y
22 A% 5.1% S A, oAl A WA e =Y BlFol d=F
d Ao AEH

FAaEA

(MA) 202088 D7kA] 337 =70l 58471 34 (Stations)7} AR HoH, g%
EMEA(Europe, the Middle East and Africa)®] ®l= o A=

g% A8HA SEAE Hol W EY T A&aket A, @], Ad 5
NN A5HA A wat SH4L F8 g o4

AEL2 150709 THdA A, MA 19 A4 24300y 7P mE Zs B
ol I7tE FHoE FQl

ARy F=o] wWE AT B3t 2035 EMEA A Y2 HlFo] 50%E 4
518k Aog Mt
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Share of Hydrogen 5tations Globally, 2020 Share of Hydrogen Stations Globally, 2035
Information Trends Iinformation Trends

Americas
12% Americas

13%

EMEA
6%

APAC EMEA
52% 33%

APALC
%
MA =258 ZX0f OE XHE HS (202031t 2035H]

ZX: Research and Markets, Global Market for Hydrogen Fueling Stations, 2021

= A wet 20229 FH4 F4 31071, 20309 FH4& 3 660
7], 20409 ZA 24 F& 1,200/ F3Z0] 23

|

- SR AR ¥R 309 9 a1y A, 20229 4 S AR RS oF 3.62d

2018 20224 20304 20404
™2 | 7H 86 310 660 1,200
FaXhE) | £H 6,395 6.78t 850t 2902t

(B $4 A MK WY

N BARNYES(2019) +28H EYBE flot 4 Qz=at A FHL 7= Y
- FaFAs PARA L ANEFE B0 L8 5 AAE A HjE A
S aad. @A 4B Fa FALE AAAG d8 L9 o, ¥
o fABEN, AF AF, A B YY) FAAe] A B we
Mg FEE A A4S AdsE ok

O 3 JdE AT diEE CCU 7lsod 93 7€ AgdFezde
GCCSI(GlobalCarbon Capture and Storage Institute)ollA] #4413 A3 CCU
Z1E &3 F718 CO, 8T At 139 EdA 229 & Alo|=2 44
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EMERGING USES

POTENTIAL NON-CAPTIVE CO:2

DEMAND (MTPA)

Enhanced coal bed methane recovery (ECBM) 30<demand<300
Enhanced ge.othermal systems — CO2 as a heat 5 <demand <30
exchange fluid

Power generation — CO2 as a power cycle working <1

fluid

Polymer processing 5<demand<30

Chemical synthesis (excludes polymers and liquid
fuels/hydrocarbons)

1<demand<5

Algae cultivation >300
Mineralisation

Calcium carbonate and magnesium carbonate >300
Baking soda (sodium bicarbonate) <1

CO2 concrete curing 30<demand<300
Bauxite residue treatment (‘'red mud’) 5<demand<30
Liguid Fuels

Renewable methanol >300
Formic acid >300
Genetically engineered micro-organisms for direct fuel +300

secretion

CO:2 injection to conventional methanol synthesis

1<demand<5

[ Ol2f CO, 7t =2

HY(HUE)

ZX GCSCI(2011), ‘Accelerating uptake CCS industrial use captured carbon dioxide’

O AAZA7]# Markets and Markets+
and Storage) A& T2+ 202093 169
B 17.0% B2 7))

CCUS(Carbon Capture, Utilization,
g oA 2025 35¢]

28z A%, o

- 20209 o]Hole &RiE RS Holth o|F WEA FUtete S HolH,
REERE oldses X HFo] M ¥EE 2
Service 2018 2019 2020 2025 CAGR (‘20-25)
Capture 1,036 1,141 1,194 2,765 18.3%
Transportation 207 223 245 413 11.0%
Utilization 115 118 132 198 8.5%
Storage 28 42 45 166 30.0%
Total 1,386 1,524 1,616 3,542 17%

[O]2] CCUS A& &2 T

M3 20204, 20254)]

Petrochemical, Power Generation), and Region - Global Forecast to 2025

=i}
=

- A53+s, Oil&Gas

S
d sdel, 71 T 4

_5"_

WHE FAES CO, 4% U= Szt 713
o= 4% 3 7Y

& A%

=X MarketsandMarkets, 2020, Carbon Capture, Utilization, and Storage Market by Service (Capture,
Transportation, Utilization, Storage), End-Use Industry (Oil & Gas, Iron & Steel, Cement, Chemical &

3



1,600.0

§ 14000
E 12000
E 1,000.0
S 8000
‘g 600.0
£ 4000
= 200.0
0.0 . Chemical & § Power
0il & Gas Fateochimrical Generation Iron & Steel Cement Others
| 12020 B32.3 i 335.4 2826 70.3 18.5 76.6
2025 | 10372 | es66 | 14771 | 753 | 822 | 2140
CAGR (2020-2025) 4.5% 14.4% 39.2% 1.4% 34.8% 22.8%

[=8 ZO0FE Oj2f CCus AlE 2 T (2020, 20254)]
=X MarketsandMarkets, 2020, Carbon Capture, Utilization, and Storage Market by Service (Capture,
Transportation, Utilization, Storage), End-Use Industry (Oil & Gas, lron & Steel, Cement, Chemical &
Petrochemical, Power Generation), and Region - Global Forecast to 2025

- Az 20199 @4 Boxele] wFo] gEAo, 20259744 F7o 4
ZA7t FEgE A

EUROPE
4%
NORTH AMERICA @ 68.7%
75% APAC
",
% 10.4% 195
% 16.5%
MEA
8%
LATIN AMERICA % 8.6%
1%
% 1.9%

MARKET SHARE (2019) ﬁ CAGR (2020-2025)

(KI9E CcCus AlE HIT W 4% (2020, 2025H)]
=X MarketsandMarkets, 2020, Carbon Capture, Utilization, and Storage Market by Service (Capture,
Transportation, Utilization, Storage), End-Use Industry (Oil & Gas, Iron & Steel, Cement, Chemical &
Petrochemical, Power Generation), and Region - Global Forecast to 2025
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23 3% Q5T AT
231 FF AL F
ST ME A9 Wl

- 1960 AFtholE, Thyristor s°] &3 1980d
MEASF o]& 751%%& < ‘HHQ] HFo2 dgol8&aEo] I f‘o‘“oL

é".:
o
E
2
[
Q
o9]
—
N
il

Fu3 WEAL 5 oS

- SIC WEAS GaN WLEAE AeFel vis) B S50 953 o gu) w2
e AW AT ARE 1000744 FL S glon, ARl Hejum
A AR ok ouiA dekol 3

O 71Aaglst 9@ 4, A4k 3804 5 A HA
- A AAIA S & Infineon, Cree, STMicroelectronics, Rohm, X2 ZAlu}, 2
WAb2: S 20697 71del A 600V, 1200V, 1700V S SiC Shorted diode %A+

- JFET, MOSFET(Metal Oxide Semiconductor Field Effect Transistor),

BJT(Bipolar junction transistor) 52| A|&o] 7/, F4HE 1 QL.

A EEs meos 1d%, IHE] AHaAl

- Low-Voltage o} 4+ PFC(power factor corrector) invertor, °o]&s %4l 2
A Y So £853 901 Medium-Voltageioks A7) A5 xte] QAW EH,
UPS, High-Voltage #°FollA+= Wind turbine, Rail traction, 48] EoF A

Aojel FEASA $EHT YL
el 2719 WEEAS U 4 el WA PRCS HAYEE Avle Lo
FHOE SIC AFaA Agol I 9L
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T8 AHE Voltage 72 Application

< S00W + PFC/Power Supply : ZP0I0{ M, Y& D B PC Sever B
IT & Consumer
1 - Skw » Converter/inverter - UPS (IT8), 718 M&
Automotive 30 ~ 350kW |+ DC/AC Inverter, DC/DC Converter : Hybrid ZHEZL, EV. T7| 88 7|
5~ 100kW |« Inverter : PV, Rail Traction, 228 Motor, ESS &
Industry 100 ~ 1MW |+ Inverter | 288 UPS

= 1MW « Inverter : Wind Turbines
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Ao At 754 = AsAl BAsE SAAUAE AFstATIE S8
gt Mo R 9 Wi 51,525kWhe] AHAEFS Aidste Aos 4#d
2012 MEE 754 ARTRES FEHAL 1,350kWHE olH A A/ A el &
AAE AR, 3N FRElAM ATt 51,525kWh, o] S H S AREStL Sl
At 957 AAE Adox g H&5ta v FAY
SAQAHEE 7 AMEIE Tl wRE WS F s
(6.6kV)Z Fxdste] AL BojdulolA AvlstEs §h95.

A SIEAALY HHA 4 YA ZFA (B-CHOP)7E A&H30on, sPdd s
2AAA (T EolL WE ) FF ARE F, MIAY ALE AAS dsA
o 9 LHdHo R AAHE
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flo

System for absorption of regenerative
Store excess regenerative energy electric power using storage batteries

(use for traction energy) ﬁ /

A

REGSIERHTG Y Traction energy l 1 N Uses same
{ i ildi wel [ lithium-ion

\;J | ‘::/ Station building T . ™1 |7 batteries as

7 |/ hybrid vehicles

ol L I I |
n n 1 y — — -
ary = B
N X ____F | ﬂ | Product specifications |
* Rated capacity: 2,000 kW, 15 s/180 s cycle

* Rated voltage: DC 1,500 V or 750 V/600 V
* Switching frequency: 600 Hz or 720 Hz

\ ¢ Lithium-ion batteries: 4 (series) x 20 ( paralle])//

[ M8 XI8IE 99| Hitachi B-Chop Al2AH! ]

LIS PAPS P PN

EHE or
T 7l Al

A2l FofEt

[ M2 AIoHE 9= 0| HEE OHRIMFEXIC 4 HEE ]
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MAL 58 (m3/hr)
AX H T I=RTE=YN NS HZ= 2017 H2
ototA| 0] Z T | Ag3= 29 35,000
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20478 Ytst M | AZFE 29 13,000
ot EEF M | LEZE 2 9,000
Ef &3}t A | T2 EeA 13,000
LG2}st T | 2g= = 11,000
oA | AFE 2ol 5,000
9 Bichakal + | 232 B9 1,500 190,000*
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Z4A oz BN LIZEl &3 3,000
2 H|BP3tet =4t B-C &oi 2,500
HAEA3SE)(AHA d4h | 24 | NG(LPG) &6 50,000
HY(EHSSTh Q1M 100
2 156,100
MAH 53 (m3/hr)
A w3 fe] Jrn e o = HEA|
AN H =R E=PN| X< HZ= 2017 "
SPGH|O|Z OtA | D ERZ JHE 2,000
S A& = coG FH| 1,500
ZHAH0|Z, LGstEt — o
SPG 1 Léﬁaol i ciat | LhmEF 28 | 10,000
701 = = = e
Z4AOZ, LGetE O | LIZE} 25 45,000
A 21,200
o012 ol o{2|FE 1 = UE! 10,000
3c ofoz[#E 2 T HE 38,000
- A 311,500
214 7212 | MEIA WA 1,200
2| ELE 712 | LtZEl 29 1,200
A 0
Ci o7 =t 4 | LIZE 26 5,300
N Ef e =4 | LIZEF 23 2,000
AI=EI 24 A | T2 e 6,000
(5DG) SKO{EBHAE A | T2 e 10,000
2 0
CH A AFO —
e A AF QI 7hA x| e 2,000
Alztst ZOHADIZ, LGstst MA | LEZE 23 5,200
Z0H|Bpztat 4 | LIZEF 23 6,000
SpGAFO] SKOEHAL =4 | Z2HE L 8,000
== aM 24 | TRAESA 2,000
Enl 0
S H|** 311,500

[ =L =2 4 A ]
A= MUS YL - ST X SE MY HX|'AE](2018), 12018 LK YOf LK HHA] .
X

H2/yrofl SHE.
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s & 318 1,500m3/hr2 24A12Zt, A 3309 7ts 7|&E 228t 2758
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TR Hae Eo o]esld &8x= s H(electrolyzer)dl AH-E& FF 3t
2S Fio AR BIsteE JIeEA AdEY TR uwel el
(Alkaline), &2 A3 Z=HPEM, proton exchange membrane), Jﬂxﬂﬁ‘}ﬂ%
(SOEC, solidoxide electrolysis cell) =33 ®jo g2 FEEHH, o] T Iz
A A o] @A FPAE ol&HIL U+
d7tete] s AA s JlE T A3 wWol IAHHAJL, FE L)
g A A& o] &3t &5 AV E3lste e
- &7kl TR Vsl A S AR e 2 A=A FAY st vk

- %=(Anode) : 40H" — 02 + 2H,0 + 4e”
- & =(Catode) : 2H,0 + 2 — 20H + H2

a73A A AHHPEM) A3+ 522 Fud =0 FAYEAAY AR F
7F Ha, FAYEAE FPAnUTS Bt SFO0=E olFd & At 4
et FAEAE A
PEM FHae] Z+ A=A LAyt vk

- &=(Cathode) : 4H" + 4 — 2H,

ok=(Anode) : 2H,0 — O, + 4H" + 4de”
A 4B E A (Solid Oxide Electrolyzer Cell: SOEC) & 12427 4
e aALEE AsfE-s o8& 800 ol n2FUIE AU|ESEIH T4
E Aiete TIEEA FAs Ve T A9 AR EFS VM ZAoy, 1E f{A
st7] flel 7hdel 22
SOEC Fxal] dxd=A9e 2+ "dFoA HAst= vk

- &= (Cathode) : 2H,0 + 4e” — 2Hy(gas) + 204

- 9F=Z(Anode) : 20,7 — Oy(gas) + 4e”
71es Aas SHAAE A7 A7 EEo & el sy red
R E7Y THE =ob A AFT vkel o] AEsidAe XY IudE dF
AN HE I A+
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YW 2E AA 7% (17~22) S E38] HyPU-100(2F 100Nm®/h)e} HyPU-250 (&
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NH, 28 - M, % H, &4 20 Nm'/h
> 2
> a - 4 >
> o >
H, > 99.97%
MNH M, M; < 100 ppm
MNH,; < 0.1 ppm

[ FE2LoF 2

A dz2E 20149 FE 2017 37MA] A E AL RS AdeE “1 KWH
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J

Catalytic NH Characterization System h'l-'blgnh;n Application io
Dmnmpmilk;n - & Optimization - & Efficiency Analysis — Tethered Drone
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_1 Regenermtive Technology Voltage Commond
Voltnge Compumd i .
Charge Thscharge L
Conunand Light
Substation H & Eud o ke H
Power Regenerative
oy 5 P Stomge . l;‘ L
£ 1 i ot stations |
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Power demand == - b
7_5‘5# ™~
Commumcation network i

TRECS: TRaction Energy Contral System, TIMS: Troin Integrated Management Sytem

[ €& MitsubishiAte| TIMS 7HE = ]
(EX : http://www.mitsubishielectric.com/news/2013/0214-c.html)
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Injeciaen Trmnaformern

[ South Africa stellenbosh university S|4 QIHE JHEE)
(ZX : Pieter Hendrik Henning, the University of Stellenbosch, April 2015)
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Basic Concept or Summary

Electrical § -
Substationiy ] USRI ACGS00V
Station Energy Saving Inverter S-EIV Siidin

n Electrical

) - Room
200KW — 30 sec.

| Flow of Regenerative Power mmp |

Regenerative Starting Voltage
for Station Energy Saving Inverter

I Station Energy Saving Inverter
Train Line Voltage Converts into Low Voltage Here

1700V -+

Voltage Increased by Railway Car
Regeneration

1600V} - ppf - -~
Voltage Decreased by Railway Car
Acceleration

Train Line Waveform
1400V |

/

E*E‘EQILEE"[ —» Acceleration ﬁjﬂ?g%% Braking

[Mitsubishiit 2| S-EIV 7HEx]

High-frequency link type
DC/DC converler + SiC
power module inverter
200kW — 30 sec. (3 min.
imterval)
D900 - 1850V
AC210VES%, 3 phase,
S060Hz

0.85 — 1 (leading)

Oweerall: 5% or less
Each level: 3% or less (Up
to 407 level)

IP54 JEM-TR144

Power Unit Appearance Power Unit Specifications

[Mitsubishiit 2| S-EIV &4 & A &)
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