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(# 1-1) PEFC 25 % =X 2088 AlY MY (el © MY)

Actual Forecast

31 31 34 38 96 297

Stationary(Large) 31
Stationary(Residential) 411 380 407 525 694 2,848 6,464
FCV 1,058 1,235 1,297 1,601 4,787 10,351 60,359
Electrode Transportation 1,774 3,662 5,336 6,833 7,378 32,847 333,146
Portable/Backup 276 244 259 338 404 1,639 3,203
Mobile Device 24 24 24 26 €S 326 738
Sub total 3573 5576 7,353 9357 13337 48107 404,201
Stationary(Large) 75 75 75 78 87 149 406
Stationary(Residential) 652 556 564 617 806 2,900 6,553
FCV 1,829 1,929 2014 2,190 3,856 8,555 38,306
Electrolyte Transportation 409 835 1,212 1,547 2,081 7,228 57,721
Portable/Backup 209 199 221 268 348 1,167 2,071
Mobile Device 41 41 42 43 51 305 665
Sub total 3,215 3,634 4127 4742 7,230 20,304 105,722
Stationary(Large) 72 72 72 85 89 181 575
Stationary(Residential) 770 695 701 716 839 2.294 5,190
_ FCV 1,848 1,885 1,908 2,222 4,563 11,171 40,728
B;)T;':r Transportation 380 795 1033 1151 1498 8872 79,971
Portable/Backup 284 260 268 279 332 1,110 1,583
Mobile Device 1561 150 153 160 217 635 1,226
Sub total 3514 3,856 4135 4612 7,538 24262 129,274
Stationary(Large) 41 41 41 43 47 95 192
Stationary(Residentil) 165 151 153 154 179 608 1,379
FCV 475 544 576 695 1,628 5,465 25,494
GDL Transportation 107 208 292 372 487 1,762 15,056
Portable/Backup 46 41 44 60 79 291 B33
Mobile Device 28 27 28 31 41 323 730
Sub total 862 1,013 1,134 1,355 2,461 8,542 43,384
Total 11,164 14,079 16,750 20,065 30,566 101,216 682,580
Stationary(Large) 219 219 219 240 261 520 1,464
Stationary(Residential) 1,999 1,782 1,824 2,011 2518 8,650 19,585
Sub tolal FCV 5,210 5,593 5,795 6,708 14834 35541 164,887
Transportation 2,678 5,499 7872 9,902 11,444 50,710 485894
Portable/Backup 815 744 793 945 1,163 4,207 7,390
Mobile Device 243 242 247 260 346 1,588 3,360
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Stationary
(Large) (0. 8%) o} 6%) (0, 3%) (0, 07%)
Stationary 105 98 178 1,657
(Residentia)  (115%) (68%)  (52%)  (1.6%)
-y 271 317 1208 15477
(29.6%) (22.2%) (35.9%) (14.9%)
: 455 939 1892 85422
Transpotalon g 7%) (65.7%) (653%)  (82.4%)
71 62 104 81
Porteble/Backup (') (44%)  (30%)  (08%)
o 6 6 9 189
Mobie Device  ngw) (0.4%)  (03%)  (0.2%)
Total 916 1,430 3420 103,641
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o o A|&E X0f
(H 2-2) PEFC Electrode A& ™Y (29 : kg - Pt-C)

o Actua
_
0 0 0 0 0 0 0

Japan
_ North America 3 3 3 3 3 9 10
Szil‘:g:)ry Europe 6 6 6 6 7 20 65
Asia 0 0 0 0 0 0 0
Sub total 8 8 8 9 10 25 75
Japan 100 92 99 127 166 397 594
_ North America 0 0 0 0 2 48 19
(F?;astigg:tgl) Europe > 3 5 6 237 707
Asia 3 2 3 4 48 237
Sub total 105 98 104 135 178 730 1,657
Japan 98 64 75 102 442 658 3,151
North America 110 188 1565 174 595 1,052 5,296
FCV Europe 38 37 39 44 57 436 3,979
Asia 25 28 63 90 133 509 3,051
Sub total 271 317 332 410 1,228 2,654 15,477
Japan 11 21 81 87 19 337 759
North America 413 568 748 973 1,064 1,327 1,778
Transportation Europe 16 56 73 213 244 1,106 2,967
Asia 15 294 466 478 466 5,653 79,918
Sub total 455 939 1,368 1,752 1,892 8,422 85,422
Japan 79 42 4.3 6.4 7.1 8 11
North America ~ 50.6 46.6 473 54.3 56.2 158 350
i:::ﬂ? Europe 6.4 6.1 6.1 86 108 109 182
Asia 58 8.5 88 17.5 29.6 145 278
Sub total 71 62 66 87 104 420 821
Japan 1.50 1.50 1.55 1.55 1.60 2.1 2.8
. North America 152 1.51 1.51 1.60 2.00 13 28
E\)A;’th’ii Europe 1,53 1,51 151 160 200 13 28
Asia 1.51 1.51 1.65 2.00 3.50 56.5 132
Sub total 6 6 6 7 9 84 189
Total 916 1,430 1,885 2,399 3,420 12,335 103,641
Japan 219 183 259 323 736 1,402 4519
T North America 577 806 955 1,206 1,722 2,603 7,580
Europe 69 108 129 278 327 1,919 7,927
Asia 51 332 542 591 636 6,412 83615
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Stationary
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Stationary
(Residential)

FCV

Transportation

Portable/
Backup

Mobile
Device

Japan
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Japan
North America
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Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total

Total

Sub Total

Japan
North America
Europe
Asia

(& 2-3) PEFC Electrode AR ™9}

Actual

10
21

0

31
391

411
383
428

99
1,058

1,744
31

25
23
276
a8
S
6.0
a8
24
3,573
854
2,252
270
197

10
21
0

31

244
59
58
59
59
24
5,576
715
3,145
423
1,293

10
21
0

31

259
6.0
59
59
6.4
24

7,353

1,012

3724

502

2115

2018 XN HeMA| AE S

11
23
0
34
494
0
20
11
525
399
680
170
352
1,601
338
3,796
832
1,866
6,833
25

34
68
338
6.0
6.2
6.2
7.8
26
9,357
1,261
4,705
1,086
2,305

gk ol M
(T M¥)

Forecast

== R
0 0 0 0 0 0 0

11
27
0
38
648

13,337
2,869
6,714
1,274
2,480

20 39
6 252
0 0
96 291
1,547 2,318
189 464
923 2,758
189 923
2,848 6,464
2,565 12,289
4,102 20,653
1,699 15,518
1,985 11,899
10,351 60,359
1,312 2,960
5175 6,930
4,313 11,572
22,047 311,680
32847 333,146
33 44
617 1,366
424 709
565 1,084
1,639 3,203
8 11
49 107
49 107
220 913
326 738
48,107 404,201
5,466 17,623
10,151 29,564
7,484 30,915
25,007 326,099
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1}. Electrolyte

1 A2 Aw

Value(M ¥)
120,000
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80,000
60,000
40,000

20,000
4742 7230

7222 7
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4127
[2227)
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3634
P
207

3.215
0 A
2016

[PEFC Electrolyte A& H2f - 24 7]

(m?)
==g=Shipping Price/m2

105,722 40,000

28744

27.405

30,000 26,915

20.000

11,288
10,000

(=]

2016

2017

2018 2019 2020 2025 2030

[AZTX] AAE TS 7|8 AIY HY]

On, 50|t OFA[0f

* 2016 60%, 712 HZMX|7b oF 20%°| HIEZE xfX|otm UQoLt
201794 AZ ZASIRCH, 248 H=TX|Q H|ES0| 2435| 2y
o &= AR MX|Q] OtAOF AN 2= CF 20 S, FEE 3t 0l S7tet=0
= MAMCZE fAMT|HARL ATV |IEHO| HE0| StfEd| et S7fet ez Tt
(m?) L
10,000,000 S ' 9365531 2016 2017 2020 2030
alonardlarge) Stafiorary 1029 1029 1337 9581
= Stationary(Residentil) (Large) 09%) (08% (03%  (0.1%)
800000 | wrov Sfionary 25020 22974 38999 362799
Transparlation (Residential)  (22.4%) (17.3%)  (9.4%) (3.9%)
6.000.000 Porable Backup
00, O 65982 75207 292004 6373426
GMotile Device FCv (59.0%) (56.7%) (70.7%)  (68.1%)
4,000,000 13356 27304 68320 2500440
Transportafion —(7'99)  (0B%)  (16.5%)  (26.8%)
2,000,000 Portable/ 5755 5403 11215 88805
111838 132601 412818 Backup (5.2%) (1%  (27%) (0.9%)
o Mobile 688 684 1033 21480
2016 2017 2020 2030 Device 06%) (05%) (03%)  (0.2%)
Total 111,838 132,601 412,818 9,365,531

(B Al T
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z2 71 5%

T XS Mo

2 50071 ojMez =24
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oFe O

OO -

2HX] A
t04 5,000A1ZF O
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916

S &= W d=d8X] M= 7Y

Hz X i 7]

o=
FN=1¢]

.
Saot

38,378
(28.9%)

66,703
(50.3%)
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2 ME

o SEEHE MEEeH,
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0
146,003 1,209
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186611 2343643
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412,818 9,365,531

SCHHonda),

4 SFHAS0IN QhExoR

pN ==
1O

* Gored| Mo 52 LiTHS west HECR Olguor U, B Eo| AR A= x|
A0 BE5H QUOH, 85 Gored] HlZIBIS THIOR B ABK JH0| FRID o2 FY

O Asahi KASEl :
o X7t 1L+ ndssE 467 et MoliEES TSt

YRR VWL = & sl 52

U, ol HaHx| XZel £

sizoldx|7 a7 15



KIER 7|=3X Focus

0 AGC : REZ 1ds H=MX| MeffAah 7
* XM A - XMHI8 A=TX| AARINMS] 28E =12 A=MX| HMeiES /st e,
IMPACT(Impulsing Paradigm Change through Disruptive Technologies Program, SIAIX &=L
N X@ Z=a)e| Xj@ez &1

* 00|32 &8 Hojgezl HdXE 1+t 242 Halld 12Xt Lo g3aka,
oMz DEX g/ HSoil en, g 48=E flet VlaE

(H 2-4) PEFC Electrolyte 2 Z=Q 7| ot

_--- a7

rH

AsahiKASE IEMAXIERIS FMiEIat s
&= . PR Nds A=A MeiHey
Kaneka Corporation ] SPer—FC ZZME(NEDO)
Johnson Matthey o o PEFC2} DMFCE MEA 7HE!
UEA HefEY 85 &
Sumitomo  Chemical o P
Daikin Industries . =7 A TeliE i
Toyobo e N ESEIV)
Toray Industries . NSRS SR )
: GoreQ| Y=0lo=z HiOF
Hhon Gore | SRl 57t HfS A AR
3M . A=TXE HiE Mz 3
Fumatech J PEFCL 1%/ =) =

Johnson Matthey

C c PEFC2 DMFCE MEA JHet
Fuel Cell
CREX Y SR
°
S 247] T Ay
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20183 ZX|AN| HEMX| AR S8 U MY
(B 2-5) PEFC Electrolyte AR gt el )
=
Japan 0 0 0 0 0 0 0
_ North America 322 322 322 347 437 643 1,286
Si::g:)ry Furope 707 707 707 772 900 2508 8,295
Asia 0 0 0 0 0 0 0
Sub fotal 1029 1029 1029 1119 1337 3151 9,581
Japan 23737 21629 21813 27710 36362 86837 130,101
. North America 0 0 0 0 412 10,610 26,061
(éﬁzg;igo Europe 624 794 916 1226 1339 51814 154823
Asia 669 551 566 680 886 10610 51814
Sub folal 25029 22974 23294 20615 38999 150871 362799
Japan 23863 15602 20088 24214 104745 270879 1.297.655
Noth America 26,678 45661 37794 41285 140904 433131 2,180,756
FoV Furope 9257 7104 9116 10307 14876 179366 1638541
Asia 6183 6841 15391 21395 31479 200565 1256474
Swb fotal 65982 75207 82390 97201 292004 1092940 6373426
Japan 372 611 0342 2519 3951 9716 21915
North America 12053 16516 21756 28305 38556 70541 94541
O8ansportation  Europe 494 1628 2128 6207 8831 31929 85664
Asia 435 8549 13556 13912 16893 163213 2307321
Swbfofal 13356 27,304 39782 50943 68230 275399 250,440
Japan 643 366 397 611 763 916 1,221
North America 4120 4033 4376 5221 6076  17.108  37.879
igﬁiﬁ? Europe 518 525 560 827 1170 11755 19652
Asia 474 478 814 1679 3206 15673 30,053
Sub fotal 5755 5403 6147 8338 11215 45451 88805
Japan 170 170 176 176 182 233 318
| North America 172 171 171 182 207 1418 3120
Egiﬂz Furope 174 171 171 182 227 1,418 3,120
Asia 171 171 187 207 397 6411 14,921
Sub total 688 684 706 766 1033 9486 21480
Total 111,838 132,601 153,348 187,982 412,818 1,586,297 9,365,531
Japan 48786 38378 44815 55229 146003 368585 1451209
ap Ty O ATEica 43345 66703 64419 75340 186611 533451 2343643
Furope 11774 10930 13599 19520 27.343 278789 1910095
Asia 7933 16590 30514 37803 52860 405472 3660583

stzoldx|7lana 17
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Te

Stationary
(Large)

Stationary
(Residential)

FCV

Transportation

Portable/
Backup

Mobile
Device

Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total

Total

Sub Total

Japan
North America
Europe
Asia

(H 2-6) PEFC Electrolyte A&l &9t

(e -

M¥)

0 0 0 0 0 0 0

22 22 22 22 22 26 51
53 53 53 56 65 123 355
0 0 0 0 0 0 0
75 75 75 78 87 149 406
602 505 509 561 733 1,569 2,347
0 0 0 0 14 197 475
26 29 33 33 33 938 2,192
25 22 23 23 25 197 938
652 556 564 617 806 2,900 6,553
596 420 517 536 1,297 1,915 7,802
652 1,006 816 861 1,731 3,051 13,101
339 255 282 285 306 1,275 9,848
242 249 400 508 522 2,313 7,555
1,829 1,929 2014 2,190 3,856 8,555 38,306
14 21 73 78 121 254 505
364 498 655 852 1,159 1,835 2,175
17 51 66 189 268 895 1,971

13 264 417 428 533 4,245 53,069
409 835 1,212 1,547 2,081 7,228 57,721
28 20 21 26 30 31 35
133 130 140 155 179 435 878
24.7 24.9 26 32 41 301 459
23 24 34 56 98 399 698
209 199 221 268 348 1,167 2,071
10.2 10.2 104 104 10.6 12 15
10.3 10.2 10.2 10.6 1.9 48 99
10.3 10.2 10.2 10.6 11.9 48 99
10.2 10.2 10.7 1.9 17.0 197 453
41 41 42 43 51 305 665
3,215 3,634 4,127 4,742 7,230 20,304 105,722
1,250 976 1,130 1,211 2,192 3,780 10,705
1,181 1,666 1,643 1,900 3,117 5,501 16,779
470 423 470 605 725 3,581 15,524
314 569 884 1,026 1,196 7,351 62,714
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t}. Bipolar Plate(Separa

1) A% XY

2018 XN HeMA| AE S

tor)

Valug(M¥) (1.000plates) Shipping Price/oiat
g SN PP rice, e
140,000 129274 200 pping (s}
608
120,000 600 o7 541
100,000 500 457
80,000 A00 340
0w 0 200
206
40000 24262 20
20,000 7538 77 100
3514 a856 4135 4812 /
v v Pz vz 7] /

0 2016 27 2018 2019 2020 2025 0 2016 2007 2018 2019 2020 2025 2030
[PEFC Bipolar Plate Al MY - 24 7|&] [HA=TX] AAH THEAEZ [ A TY]
0 20174 Bipoler Plale AISS 3820102 J1HE CIRTIX|SL BTHS - I8 ARMA| 2L

LABIURIY, 2ATI (R} SAE HRFA| BT Sk olsh Mtk 10% HF
o 242 HFMX|Z A MEYM = CIUSHH, Separatore] 4L #240| B30 QUX| 9411,
A HZ)9| S5 |- 2t HSkety| R0 Separator M= 7|¥H MZ0| CHY
o AEH X 7| S7t2 QIS SeparatorQl MEO0| CHUEHA Aoz J|CHGHR|BE 7+ X 7t3}
SS0s REE 20l0R XEF HOR o4
o | Applcaton |
Application 2016 2017 2020 2030
B i ----
& Slationary(Residential) Stafionary o7 563
600,000 cov b (Large) (0.7%) (O. 6%) (0.3%) (0.1%)
) Stationary 1,908 1,745 3,109 28,068
.00 :‘n’:;";‘;‘a"’: (Residentia)  (330%) (262%) (140%)  (45%)
&/ Backup
400,000 Mo ) 2,813 3,405 15168 402,754
PMable Device ey (486%) (51.1%) (684%) (65.2%)
300,000
) 453 927 2,327 145,393
200,000 Transporalion 7 ae)  (13.9%)  (105%)  (235%)
Portable/ 262 239 510 3,890
100,000 5784 6660 22,191 Backup (45%)  (36%) (23%)  (0.6%)
. ) 312 306 1,020 37,060
0 . ,
2016 2017 2020 2030 taale Dees (5.4%)  (4.6%)  (4.6%) (6.0%)
Total 5,784 6,660 22,191 617,728
(S AR Y]

SH=EOEX7 e S T E _
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(1.000plates)
000 S 2016 | 2017 | 2020 | 2030
600,000 North America Loan 3022 2370 8747 93748
500,000 Europe pa (52.2%) (35.6%) (39.4%) (15.2%)
Asia
100000 2042 3248 9322 149,925
o oo Noth America (35a0)  (a88%) (42.0%)  (24.3%)
425 447 1287 127230
200.000 Europe (7.4%)  (67%) (58%)  (206%)
RO s7ma 6660 22191 Asia 205 595 2835 246826
ol — o, - (51%)  (89%) (128%)  (40.0%)
Total 5784 6660 22191 617,728
(X9 A& Y]
2) 2 7Y 5
O Nisshinbo Holdings: 7t8& H=ZFX| Separator 7Het
o UIAE 2HA= AR L JIYE HRNX| A8 RV|2H 72 NHY0|HE Sgot U2H,

o Lo =7

7 HldeﬂOIH
13%40l0| THE

R

— Ballard Power System2

(¥ 2-7) PEFC Bipolar Plate &t&

=7t5

Stefof et B
Ot OfL|2t Ballard Power SystemOi|

7fota

UCH, 2018 38 JIE
of w2t o=

1
rer=ial

s

SAIZ9| HRUX| AAH HE 2HE F2

=6 ~
T =l

d

| A
=]

ror

B SR R 7Ie

H-ONE
Kobe Steel Group
Shin—Etsu Polymer
Nippon Steel Corporation

=CHHonda) Separator N3 712
EIEHs | Separator 72t
HEMXE 22T g
AT H>7tS
oA =9 HZE, ZyA 71E,

TOKUDA-ARD . Hoixal
Toyota Auto Body . QB XISAF Separator S
Toyota Boshoku . EQFF XtSAF Separator S5

Mol mpA SR 28

Nishimura

Nisshinbo Chemical
Nippon Steel Nisshin
Mitsubishi- Pencil
Hyundai Steel
Cell Impact

20
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oA 7 |E 7Ht”

EtA Separator i 7|
PAMTIXIE Separator JHEE
ATt AHO=Z Separator 7HE
NEXOE 2% Separator 35

Separator & MEA 7Hgt



Te

Stationary
(Large)

Stationary
(Residential)

FCV

Transportation

Portable/
Backup

Mobile
Device

Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total

Total

Sub Total

Japan
North America
Europe
Asia

(B 2-8) PEFC Biopolar Plate A& Xt

Actual

14
22.5
0
36
1,845

104
106
102
312
5,784
3,022
2,042
425
295

14
234
0
37
1,681
0
38

102
102
102
306

6,660
2,370
3,248

447
596

14
234
0
37
1,778

48
26
1,853
837
1,958
302
682
3,778

272
10
102
102
130
344
7,638
2,713
3,032
565
1,327

2018 XN HeMA| AE S

17
28
0
45
2,265

470
1,738

450
10,097
3,662
3,659
884
1,893

(1)

Forecast

=
0 0 0 0 0 0 0

23
34
0
57
2,948
17
94

500
1,020
22,191
8,747
9,322
1,287
2,835

39
130
0
169
6,717
807
4,002
807
12,333
17,697
28,370
11,678
13,664
71,408
643
2,539
2,116
10,823
16,121

1,973
220
2,300
2,300
11,100
15,920
117,924
25,308
34,802
20,736
37,078

stzo|dx|7|ary 21

0%
o
gl
=

1,000 plates)

79
485
0
563
10,072
2,005
11,989
4,002
28,068
81,981
137,851
103,547
79,376
402,754
1,290
3,025
5,049
136,029
145,393
44
1,666
860
1,320
3,890
360
5,300
5,300
26,100
37,060
617,728
93,748
149,925
127,230
246,826
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Te

Stationary
(Large)

Stationary
(Residential)

FCV

Transportation

Portable/
Backup

Mobile
Device

Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total

Total

Sub Total

Japan
North America
Europe
Asia

(E 2-9) PEFC Bipolar Plate Al 2

(e -

M¥)

0 0 0 0 0 0 0

27 27 27 32 34 39 79
45 45 45 58 55 142 496
0 0 0 0 0 0 0
72 72 72 85 89 181 575
715 636 637 649 752 1,224 1,828
0 0 0 0 19 160 375
28 34 40 41 41 735 2,173
27 24 24 26 27 176 815
770 695 701 716 839 2,294 5,190
638 405 435 550 1,694 2,766 8,308
703 968 799 880 2,120 4,367 13,895
274 270 289 296 320 1,877 10,478
233 241 385 496 529 2,161 8,048
1,848 1,885 1,908 2,222 4563 11,171 40,728
10 17 64 69 109 359 711
352 482 524 555 732 1,398 1,665
14 47 51 122 168 1,165 2,778

13 248 394 404 490 5,954 74817
389 795 1,033 1,151 1,498 8,872 79,971
29 14 15 19 21 22 23
213 205 198 175 180 418 674
22 22 22 28 36 287 351
20 20 34 56 96 383 535
284 260 268 279 332 1,110 1,583
0 0 0 0 51 53 57
50.3 50.1 50.1 50.8 53 12 196
50.4 50.1 50.1 50.8 53 12 196
50.2 50.2 524 58.0 61 358 778
151 150 153 160 217 635 1,226
3,514 3,856 4,135 4,612 7,538 24,262 129,274
1,393 1,072 1,151 1,288 2,526 4,420 10,927
1,345 1,732 1,598 1,693 3,137 6,493 16,883
433 469 498 591 672 4,318 16,471
343 583 889 1,040 1,203 9,032 84,992
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#}. GDL(Gas Diffusion

1) A% XY

2018 XN HeMA| AE S

Layer)

valuel¥) i = Shipping Price/m2
50,000 5.000
45,000
40,000 3.853 3809 3,760 3,620
35,000
30,000 3,000
25,000
20,000 2,000
15,000
8542
10,000 1,000
5000 | gg2 1,013 1,134 1355 2461
] PRZZTA PR A m
0 2016 207 2018 2019 2020 2025 0 2016 2017 2018 2019 2020 2025 2030
[PEFC GDL AR} M2f - 2 7|&] [HAZ K] ANAE TH2ARSZE 7(EE AR S
0 20174 PEFC CDL A2 +AMY[XH Ea 2itho] deks 20t 20161 thH] 17.5% S7tet
o0l 24
o JHE HAZTXIQ HgHE OtA ZASIYOLE NAXCE fAMI|EH £ATMIIHA S
45 A=2MX|9] HZ0| =HE0 w2t GDL A S7t0 Feks 7R
o S AMYIXF A0 ZAst A Ol Af=|0] 2020 GDL AJRIE 828t mPof &5t Zicz &
% 2017 Y75t SXIEMQ] HBRFX| AR T2 H 1Mo M= 2020 GDL ARO[ 1158F m?o
cgg 2o o5
g 2016 | 2017 [ 2020 2030
' Satonanflarge) bi7.728 Staionary 2058 2058 2508
600,000 *iimaMmﬂ*mm] i (Large) (10%)  (08%)  (0.3%) (O %)
_ Staionary 50059 45815 77.875 725598
500000 Lfﬂ”aj;‘:‘a':;‘o (Residential)  (22.4%) (17.2%) (95%)  (3.9%)
400,000 ol Deviee — 131963 151204 581333 12746852
0000 (59.0%) (569%) (707%) (26.8%)
' 26711 45607 136400 5018798
200,000 Transportaion (17 gery  (205%)  (16.6%)  (26.8%)
oo Poriable/ 11510 10806 22430  177.610
100, 5784 6.660 22,191 Backup (51%)  (41%)  (2.7%) (0.9%)
0 . 1375 1368 2085 42,960
2016 2017 2020 2080 Mobile Device 06%)  (05%)  (0.3%) (0.2%)
Total 223676 265858 822,761 18,730,981
[BEE AY MY

SH=EOEX7 e S T E _
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(1.000plates)
o 206 | 2017 | 2020 | 20
Japan 617,728

600,000 North America pan 97571 76757 292006 2902,419
50,000 Europe pa (436%) (289%) (355%)  (155%)
400,000 fete Noh 86680 133406 373223 4.687.287
America (38.8%) (50.2%) (45.4%)  (25.0%)

300,000
23549 22516 51935 3820190
200.000 Buope  (155%)  (85%)  (63%)  (204%)
10001 57 6660 22191 s 15866 33179 105507 7.321.084
0 (71%)  (125%) (128%)  (39.1%)

2016 2017 2020 2030

Total 223,676 265858 822,761 18,730,981
[(X|HE A

Y

2) 22 719 5%

Q Toray : sAM7IXE CDL 28
o T3H0|= Toyota®t Hondad| 2AXY|X2 GDLES ZIIFon, XM 2AMI X} HES
Slal Six J|&7[BeE GDL i Ty
* Carbon Peper 7|&2 7[Elez D|LESHS 27 kofeet 287|eS Z86IH H=HX| 24
Xofoll et Xetst COL WY 58 B
* Toray= M2 24 HAMS E5 GDL MAH Z710f| 26t QOB AT |XIO| 2AETS

SHANS MM B SR IR0 M0 BARoR sel Al ZE

(E 2-10) PEFC GDL & =@ 7|

r9£
ofob

I ) I T
Taiyo Wire Cloth CieFst == GDL 7HE!
Teijin J AT (XS CGDL 7HeE
Toray . ElA NS 7/Ht GDL =QEH 25
Japan Vilene o Sxin ZH 7|8t GDL i
Microphase o 2L C-REE 0[3¢et GDL 7H&
Mitsubishi Chemical o £ FEfO| EtAMSI 7|8t GDL JHY
AvCarb Material Solutions . SATIIXIE GDL i
Ce TECH . COL &5
Freudenberg Group . PEFC, DMFCE GDL 7H&f
SGL Group . SiChRol $4%7(XH2 CDL 23

The Carbon Company
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Te

Stationary
(Large)

Stationary
(Residential)

FCV

Transportation

Portable/
Backup

Mobile
Device

Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total

Total

Sub Total

Japan
North America
Europe
Asia

2018 XN HeMA| AE S

(E 2-11) PEFC GDL AIE Y

Actual

643 643 643 694
1,415 1,415 1,415 1,466
0 0 0 0
2,058 2,058 2,058 2,160
47,473 43259 43625 55419
0 0 0 0
1,248 1,455 1,683 2,266
1,337 1,101 1,101 1,236
50089 45815 « 46309 58921
47,726 31,204 36229 = 48428
63357 91322 75589 82570
18514 14,997 17,444 19277
12,366 13,681 30,783 42,789
131,963 151,204 160,044 193,065
745 1,221 4,684 5,039
24105 33032 43511 56,611
989 3,257 4,257 12413
872 17097 27112 27824
26,711 54607 79564 101,887
1,286 733 794 1,221
8,239 8,066 8,752 10,442
1,036 1,050 1,119 1,655
949 957 1,628 3,358
11,510 10806 12294 16,676
340 340 352 352
345 343 343 363
347 343 343 363
343 343 374 454
1,375 1,368 1,412 1,532
223,676 265,858 301,679 374,241
97,571 76,757 85683 110,458
86,689 133406 128838 150,680
23549 22516 26160 37,441
15866 33179 60998 75,662

0%
o
gl
=

(e

S m)

Forecast

== R
0 0 0 0 0 0 0

874
1,723
0
2,598
72,725
824
2,678
1,648
77875
209,490
281,808
27,078
62,958
581,333
7,903
77,111
17,661
33,785
136,460
1,527
12,151
2,341
6,412
22,430
363
454
454
794
2,065
822,761
292,006
373,223
51,935
105,597

1,286 2,572
5015 16,590
0 0
6,301 19,162
173674 260,202
21,220 52,123
103,627 309,646
21,220 103,627
319,741 725,598
541,757 2,595,310
866,262 4,361,512
358,731 3,277,082
419,130 2,512,948
2,185,881 12,746,852
19,431 43,829
141,081 189,081
63,858 171,328
326,345 4,614,560
550,716 5,018,798
1,832 2,442
34,215 75,758
23,509 39,304
31,345 60,106
90,902 177,610
477 635
2,837 6,241
2,837 6,241
12,822 29,843
18,972 42,960
3,172,513 18,730,981
737,171 2,002,419
1,066,902 4,687,287
557,578 3,820,190
810,862 7,321,084

sizodx|7 a7 2D
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Te

Stationary
(Large)

Stationary
(Residential)

FCV

Transportation

Portable/
Backup

Mobile
Device

Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total

Total

Sub Total

Japan
North America
Europe
Asia

(B 2-12) PEFC GDL A|&F Fat

(T -

M¥)

0 0 0 0 0 0 0

13 13 13 14 16 19 26
28 28 28 29 31 75 166
0 0 0 0 0 0 0
41 41 41 43 47 95 192
157 143 144 144 167 330 494
0 0 0 0 2 40 99
4.1 48 5.2 O 6.2 197 588
4.4 3.6 3.6 3.6 3.8 40 197
165 151 153 154 179 608 1,379
172 112 130 174 587 1,354 5,191
192 329 272 297 789 2,166 8,723
67 54 63 69 76 897 6,554
45 49 111 154 176 1,048 5,026
475 544 576 695 1,628 5,465 25,494
3 S 17 18 28 62 131
96 126 157 204 270 451 567
4 12 15 45 62 204 514
3 65 103 106 128 1,044 13,844
107 208 292 372 487 1,762 15,056
5.1 2.8 29 4 5 6 7
33 31 32 38 43 109 22f
4.1 4.0 4.0 6 8 75 118
3.8 3.6 6 12 22 100 180
46 41 44 60 79 291 533
6.8 6.8 7 7 7 8 11
6.9 (G 6.9 7.3 48 106
6.9 6.9 6.9 7.3 48 106
6.9 (61 7.5 9.1 16 218 507
28 27 28 31 41 323 730
862 1,013 1,134 1,355 2,461 8,542 43,384
343 269 301 348 794 1,761 5,835
341 505 480 560 1,128 2,834 9,748
114 110 123 163 192 1,497 8,046
63 128 231 284 346 2,451 19,754
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2018 2X|ZN HadX| AlY S o MY

R] SOFC A® == A% 5%

7}. Electrode(Anode)

1) A%} xo}
Value(M¥) (¥ fka) —e—Shipping Price/kg
z:z 1:& 16254 15867 T e 15617
7.000 14.000
6.000 12000 1564
5,000 2477 10,000 9547
4,000 7 8000
3.000 % 6,000
1566 1.954 /
2,000 1.243 ) o % 4,000
o 601 830 % 7 % o
N 2 '
2016 2017 2018 2019 2020 2025 2016 2017 2018 2019 2020 2025 2030
[SOFC Anode Al F8t - 4 7|%] (CIRAR] ALAS MR 7[Hh AV 2

0 2017 SOFC T=(Anode)AlE2 8% 30008H1Iez MHACHH| 37.4% S7I5I, 0= MY -

D2 olzxix| Al ol tet 715t Hom wH
o MO 222 of

2XX| AZE Bloom Energy?t FE511 120, 20174 4] - @28 ol
FsIRIEr 45 F2of cholol AAE W M= AES F7t

4
L T
82 HzHX| &3 SHZ Anode AIH0| 3/2E Zo=z 7|)

mjo
i

PN ON il

O 20173 SOFC FZ(Anode) ARt AfQ] . 422 HAZXMX|7} F 66% O|Af
S O XEX[ot=

JHHE HRMXIR SOFC A|AH JHg - 220| S7HE0| Tt M2 12 A

HIS2 Hlzxg Ae2 o5

o MO . B HAREX| AR MESHT QL= Bloom Energy2] SOFC All - AEHS HMaiZIX|X[go=
ANE5t= Anode?] A= 30~50 m

* S8 SOFC AAEIS 2a| HEgotn Qe 0to[d F7|et 4 - ARE HEMX| AN
MUS SHE ofs Y& 7Y S3XIXF X9 SOFC 1Y

stzodx|7|any 27
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o
CIRTIX| AAH A

s 20l 7ts
Volume(kg)
1,000,000 Stationary{Large)
& Slationary{Residential) 806,310
800,000 FCv
Transportation
600,000 Portable/Backup
& Mabile Device
400,000
200,000 125.120
37,160 52310
o — e
2016 2017 2020 2030

[B=E Al HY]

O 2020 0|2 SOFC AnodeA|&E Portable 2! Backup20Fe| AJE ZI¢!

° RE SelC2 Ho|HMEH

2Eot/| fIet

WVolume(ka)

AR 3 APUEZR
— SOLIDpowere BHAMER SOFC A|AEIS JHRf6I, Ceres Powere 248

FATIXE TEO| SOFC LS A

=(Anode)S XIXIM[Z oiH, Tei& Bihst 713

Safionary 23480 34710 84460 397.610
(Large) (63.2%) (66.4%) (67.5%) (49.3%)
Safionary 13680 17.580 39570 381.170
(Residentia)  (36.8%) (336%) (31.6%) (47.3%)
0 0 0 0
FCv 00% (0% 008 (00%)
. 0 0 50 2120
Transportaion 500y (0.0%)  (0.0%)  (6.3%)
0 20 1040 25410
Portable/Backup  (5.00)  (00%)  (6.8%)  (32%)
Mobie Device /0 0 0 0
(0.0%) (0.0%) (0.0%)  (0.0%)
Total 37160 52310 125120 806,310
o2 By
M2 SOFC AIAE {2 AIZNof| ZIR)
A=z X0

1.000.000 Japan 806.310
North America ' s 13500 16980 41700 270,540
800000 | g one P (32.5%) (325%) (333%) (33.6%)
Asia
0,000 23350 34330 57690 237.890
Noth America (araer)  (e5.6%) (46.1%)  (29.5%)
400,000
' 220 1000 4050 187.410
oo . Euope (19w (19%) G2%)  (232%)
' 37.160 52310 .
i 0 0 21680 110470
0 = o o — 00%)  (00% (17.3%) (137%)
Total 37,160 52,310 125,120 806,310
RS IPNPSERSIEY
0O SOFC MI&7|of waf Al - ABH X0} X|X|H|Q) LX= T2, 34X Bloom EnergyQ| ZUHs
(TSI ESPNIN ) Kyocera® “%?é(%%xlxlsé 0 YAkt

\d

Ho oW
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2018 XN HeMA| AE S

0%
o
gl
o

(B 3—1) 7|98 SOFC ©M™X| X

0!

Bloom Energy Anode : 30~50 m
HSHEX|X | Sunfire & - 100 um

Fraunhofer IKTS Cathode : 30~50 m

UEEATN 1070 Anode : 200~500 um
SIX|XH SOLIDpower Kyocera Mol : 10~30 um

Alrex Energy

FuelCell Energy Elcogen Cathode : 30~50 m

Ceres Power Anode : 20~50 um
ZAX|X|S Plansee A : 5~30 um
GE Cathode : 30~50 um

7|et SetEf MHPS NGK =

0 SOFC Anode= NIO(MSH )t YSZ7F 23K MEl(Cermet) FEHS M=E A8tk 49

e 2=9| Symitomo Metal Mining2t Seido Chemical IndustryOilAf & Atsf|Z

sl
e
I
Rlil

=
)
0=
s
nd
=

= L
— Sumitomo Metal Mining2 SOFC anodeZ Ik ASLIZINIO) 22 UASH AS MHIE
T=(2018H)ot¥ 2, LA = MM M= MEZIK| datE M 3HE BERdle 5

R AR HOiE Y8t i 2t

* YS/= YU=09] Daiichi Kigenso Kagaku Kogyo2t Toray7t £=9| Sinocera S0| £2 22 &

(E 3-2) SOFC Anode & Z=2 7|9 5igt

°=| AI]
I 7 2 T

KCM Corporation SOFC AX{ 7HeY
. . ASLE MM J|He =
Sumitomo Metal Mining ° OFARSH AdH| O

Seido Chemical C Fut=slele gt
Toyo Corporation o fuelcelmateriall Mz FZ
Magnex . . UL0|| Keeracell MZ S5
Cera—FC . Maha M= B4, NO, YSZ FZ
EG Corporation o SOFCEZ NiO M=z 7He
Keeracel . SOFCE M= g
Nexceris . . . NexTech MeaterialsOlAl SIAHY HE
Praxair . 2= Mz 34 Mg 2
SOFCMAN Energy . . d A HEI|Ho=
Technology Mz of THof AA|

stzo|ux7|Ieene 29
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(B 3-3) SOFC Anode A|& ™ot (=2 - kg

1,060

Japan

Stationary
(Large)

Stationary
(Residential)

FCV

Transportation

Portable/
Backup

Mobile
Device

North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total

Total

Sub Total

Japan
North America
Europe
Asia

23,350 34,310
0 220
0 0
23480 34,710
13460 16,800
0 0
220 780
0 0
13680 17,580
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 20
0 0
0 0
0 20
0 0
0 0
0 0
0 0
0 0
37,160 52,310
13590 16,980
23,350 34,330
220 1,000
0 0

307KIER Energy Technology Policy Focus

46,180
220
4,430
51,350
20,220
0
1,220
0
21,440

(@)

O O O O O O O O o o

73,080
20,740
46,470
1,440
4,430

49,450
1,260
15,620
67,390
25,320
0
1,320
0
26,640

(@)

O O O O O O O O o o

94,560
26,380
49,980
2,580
15,620

3,860 20,430
56,490 11,600
2,430 18,900
21,680 54,180
84,460 205,110
37,840 107,100
110 9,000
1,620 45,000

0 9,000
39,570 170,100
0 0
0 0
0 0
0 0
0 0
0 0
50 1,130
0 0
0 0
50 1,130
0 0
1,040 0,800
0 0
0 0
1,040 10,800
0 0
0 0
0 0
0 0
0 0
125,120 387,140
41,700 127,530
57,690 132530
4,050 63,900
21,680 63,180

92,7 0
81,530
75,180
397,610
222,350
17,650
105,880
35,290
381,170

806,310
270,540
237,890
187,410
110,470



Te

Stationary
(Large)

Stationary
(Residential)

FCV

Transportation

Portable/
Backup

Mobile
Device

Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total

Total

Sub Total

Japan
North America
Europe
Asia

20184 ZX|AHN| HEMX| AT S8 3 ™ot
T 3— NSRSt
(& 3—4) SOFC Anode A|A; ot 9 My

2 3 9 18 61 245 530

362 515 794 831 893 1,339 2,120
0 3 4 21 38 227 897
0 0 6 262 343 650 827

364 521 883 1,132 1,335 2,461 4,374

236 294 334 405 575 1,178 1,779
0 0 0 0 2 o8 141
4 14 20 21 25 495 847
0 0 0 0 0 99 282

240 308 354 426 602 1,871 3,049
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 1 15 21
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 1 15 21
0 0 0 0 0 0 0
0 1 6 8 16 130 254
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 1 6 8 16 130 254
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0

604 830 1,243 1,566 1,954 4,477 7,698

238 297 343 423 636 1,423 2,309

362 516 800 839 912 1,583 2,536
4 17 24 42 63 722 1,744
0 0 76 262 343 749 1,109

31
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1}. Electrode(Cathode)

1) A% XY

Value(M¥) o (¥/kal —e—Shipping Price/kg
6000 ’ 30,000
5.000 25,000 24218 p3001 22338
21084 95019
4.000 3.158 20,000 17,570
15,757
3,000 15,000
2.000 1591 10,000
1,000 g a % 5,000
0 zms 2017 2018 2019 2006 2007 2018 2019 2000 2025 2030
[PEFC Cathode - 2 7|&] [HZXX| AAE IH2ARREZF 7|8F AR HO]

O 201743 SOFC Electrode(Cathode)Q] AIX2 XA CHH| 38.5% S7t8t 821 4,500
o QMO QIS 22 SIHZE QIS CathodeQ It oiet0| TIdE Zio=Z O MTX|2 M2
SOFC 2l MS3IMS 95t MER 7S%(Cathode) ko] X2 Zdo2 offATH, Anodeo

Hlsh tH=z =7t oiEtEs e Ae= oY

|0

=4

-

|0

Volumelkg) .

349760

& Stationary(Residential) ' Stationary 23,480 34,480 79,350 266,320
350000 Fov (Large) (93.2%) (94.0%) (93.9%) (76.1%)
300,000 Transportation Stationary 1,710 2200 4940 76,240
250,000 orable/Backun (Residential) ~ (6.8%) (60%) (58%) (21.8%)
% Mobile Devi 0 0 0 0
200,000 o FCV 00% (00% (0% (0.0%
150,000 g 0 0 50 2,120
84470 Transportation () (0.0%)  (01%)  (6.6%)
100000 %690 - 0 10 130 5080
50,000 25,190 POrtable/BackUp (OO%) <O.OO/O) (O 2%) <1'.5%)
) ) 0 0 0 0
° 2016 2017 2020 2030 Mobile: Device (0.0%) (0.0%) (0.0%) (0.0%)

Total 25190 36,690 84,470 349,760
[B=E Ay Y]

O 20179 SOFC Cathode AJRE At .

S0|X99 +28 UREE FE0fL,

R

22 HAZXMX|7t 94.0%= XFX|GHH, Bloom Energy’t
SOFC &t 718 B7t2 =0| 2] X[FoM=E 27t

o0t
1o

st Aoz oY
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2018¢ 2X[AN H=MX| MY s X dY

© J1HE GIRMXIE MY - ADE H=FX0) Hlsl 10ig 20| Zfof 2017 M2 XE 4L
HIEE 6.0%0ILt SOFCAIAR 72 sttt U2, OtA[of, R AIYS| Sti2 20302 20%
Ol&= XX
Volumelkg)
350,000 ertn America Japan 1810 2240 5710 57.080
0000 | “Europe P (72%)  (6.1%)  (68%) (16.3%)
mAsia
250.000 . 23350 34320 56680 203440
200 North America (570 (035%) (67.1%) (582%)
150.000 30 130 500 37,490
160,000 Europe (0.1%)  (0.4%)  (0.6%) (10.7%)
50,000 Ada 0 0 21580 51750
0 (0.0%)  (0.0%) (255%) (14.8%)
Total 25,190 36,690 84,470 349,760

O SOFC Cathode AZ+= LSCH(Lanthanum Strontium Cobalt Ferrite), LSM(Lanthanum Strontium
Manganate), LSF(Lanthanum Strontium Ferrite) S SOFC2| X=2EQF ENo| et A5k
M=ot CEX2E 22 LSCFE AR
* Bloom Energy= LSCFE Ar25HH, Kyocera= LSF, MHPS(Mitsubishi Hitachi Power Systems)=

LSCME ARE

(F 3-5) 7|99 SOFC M= Af2

o
ol

Eﬂ UIE NI*ELlo

of NGK Spark|] NGK Bloom SOLID
MHPS TOTO Insulators Murata Energy power Elcogen

Cathode LSk LSCM LSCF LSCF LSCF LSCF LSCF LSCF

rHI

sl & YSZ YSZ LSGM YSZ YSZ SeSZ SeS/ YSZ YSZ
. . Ni/YSZ : : : . : .
Anode Ni/YSZ  Ni/YSZ NI/GDC Ni/YSZ Ni/YSZ  Ni/SeSZ Ni/SeSZ  Ni/YSZ Ni/YSZ

0 X2 A U DESIHE 9t MR BT iR NS &7
+ A

B 20| SI0fH JISAIZE TE, HRX| 48 a4

sizoldx|7 a7 33
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* | SCF= 700~800°C2o| =20] A
Neo] g240| 76t 20| A
o M= 71 700C Olot2 HLOMK|A EEH 7|& LY

1O L

Jtsell AA" XMItete

AEst=

s0lM

St
=50

s Az MY

22, Z=271 700C 0lgkz2 S0
A= TH= 0| 2

[XIEH =

AE|O|E|)\ 7|I:|f KHEE M=o |

* Elcogen((IAEL|OH0 M= LSCE Cathode == AFEdH=L, 600CHME AS0] 7tso6tLt

Ugel Ex7r 2

— gt 7| 7|8 24XIXE SOFCE 600C &

=
LSt 7tsot0, 2488 200 Mg 4 g Aozt 7|
O 120|M ASoh= SOFCE &=, Mald 5 A ol 72 MM=S0| Sotohs 2H(7F Lo,
Cathode? Est= Cr IlF, R Il 50| &2
* Cr I=2 UEEERE AMEX = Cro| 120lM 22T Cathode? SHEPISES A
HSGstE RYAIIH, I20lN AES7tset LSM, LSCMOfAl 25l 227t RS
¢ 28 I=2 F7| Bz Hr0M S22 &Xicte F&0] Cathodell S2=H, Hato| &7

(B 3-6) SOFC Cathode & =2 7|H

{=(400C7HX| 7ts

st 7

Aoz HA)o| X2

f

54

Otor

o=| Au
IR CIEIEIERE

AGC Seimi Chemical
Dowa—Electronics
KCM Corporation

Solvay Special Chem
Japan

Daiichi Kigenso Kogyo
Magnex

Cera—FC

ElectroScience
Laboratories(ESL)

H.C.Starck
Nexceris
Praxair

SOFCMAN Energy
Technology
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m]]

SOFC XM= gl Mz S WL
LSCF, LSCM § 2= M=z Hg
SOFC =z 7Hg

SOFCE Cathode 7Hgt

Xl O
= o-d

SOFCE s
H.C.Starck 2= M= =Ly
LSM, LSCF 7ygt

=2, daliE, QlEH4E
SOFCE Az et

U
gl

LSM, LSCF, LSCM S 7Hgt
NexTech MaterialsOil A SIAIH HZ

o g

== & &=, HallE

M=

=
Al AEH [JRT IO 2
LSM, I_SCF LSC Ttaf



Te

Stationary
(Large)

Stationary
(Residential)

FCV

Transportation

Portable/
Backup

Mobile
Device

Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total

Total

Sub Total

Japan
North America
Europe
Asia

2018 XN HeMA| AE S

(# 3-7) SOFC Cathode A|Zf &2t

30 140 180 390 980

23350 34310 46180 49,450
0 30 30 160
0 0 4,430 15,620
23480 34480 50820 65620
1,680 2,100 2,530 3,160
0 0 0 0
30 100 150 160
0 0 0 0
1,710 2,200 2,680 3,320
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 10 40 70
0 0 0 0
0 0 0 0
0 10 40 70
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
25,190 36,690 53,540 69,010
1,810 2,240 2,710 3,550
23350 34320 46220 49520
30 130 180 320
0 0 4,430 15,620

0%
o
gl
=

(1)

© ka)

Forecast

56,490
300
21,580
79,350
4,730
10
200
0
4,940
0

0
0
0
0
0
50

0
0

(@)
o

(@)

OOOO(é)OOOOO

0
84,470
5710
56,680
500
21,580

3,740 12,610
111,600 192,710
2,360 16,310
38,280 44,690
165,980 266,320
13,390 44,470
1,130 3,530
5,630 21,180
1,130 7,060
21,280 76,240
0 0
0 0
0 0
0 0
0 0
0 0
1,130 2,120
0 0
0
1,130 2,120
0 0
1,350 5,080
0 0
0 0
1,350 5,080
0 0
0 0
0 0
0 0
0 0
179,740 349,760
17,130 57,080
115210 203,440
7,990 37,490
39,410 51,750
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T

Stationary
(Large)

Stationary
(Residential)

FCV

Transportation

Portable/
Backup

Mobile
Device

Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total

Total

Sub Total

Japan
North America
Europe
Asia

(E 3-8) SOFC Cathode A& gt

(T -

M¥)

3 3 4 8 20 65 199

565 789 1,030 1,043 1,130 1,953 3,045
0 1 1 3 6 41 258
0 0 99 330 432 670 706

568 793 1,134 1,384 1,588 2,729 4,208

41 49 57 66 95 241 689
0 0 0 0 0 20 55
1 2 3 3 4 101 328
0 0 0 0 0 20 109

42 51 60 69 99 382 1,181
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 1 21 36
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 1 21 36
0 0 0 0 0 0 0
0 1 2 2 3 26 86
0 0 0 0 0 0
0 0 0 0 0 0 0
0 1 2 2 3 26 86
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0

610 845 1,196 1,455 1,691 3,158 5,511

44 52 61 74 115 306 888

565 790 1,032 1,045 1,134 2,020 3,222
1 3 4 6 10 142 586
0 0 99 330 432 690 815
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t}. Electrolyte

1) A% XY

Value(M ¥)

15,000

12,000

9,000

6,000

3,000

0

B

2m6 2m7 2amsa

2mg

2018 XN HaHX| AlE S 3

(¥ /kg)
35,000
30,000
25,000
20,000
15,000
10,000

5,000

0
2016

2007

31,392

2018

o
=

—e=Shipping Price/kg

2019

2020

2025

2030

[SOFC Electrolyte A& Y - ZH 7|ZF] [H2XX| AAE IHZARRZF 7|EE A& A9
O 20178 MY - HEE HARMX|Q] A HAZ Qs &ot 7|& MEUH| AZ ZASIHOLY
201848 25712 Qlall SOFC Electrolyte A2 &7t 2102 oA
° 2017d Al £F ZA= 20X|9o| TC M= FHH0| 22192 Boom Energys HAZ0|
OIEGIX| i= AN RIE ol M= NItsE flet i T
* 2018 TC M=9| MA2 HRTX| M| £57t S7t6101 Elecirolyle +R& E7t2 MY
Volumekg) 2016 | 2017 | 2020 | 2030
800,000 Slationary(Large)
SRl 721980 Stationary 70460 103360 236580 666,700
700,000 . (Large) (97.6%) (97.9%) (97.9%) (92.3%)
600,000 ' Stationary 1,710 2200 4940 50,830
Tranepotaton (Resdentid)  (3.4%) (3.1%) (20%) (7.0%)
500,000 Porlable/Backup . . ) ;
400,000 “Moble Devics FCv 00% (00% (00% (00%
300,000 241670 ] 0 0 20 1,060
............... Transportalion 0y (0.0%)  (0.0%)  (C.1%)
200,000
’ 105,570 0 10 130 3,390
100,000 72170 Portable/Backup 00% (0% (1% (05%
- 0 0 0 0
’ 2016 2017 2000 2030 Moblle Device  (h0%)  (0.0%) (0.0%  (0.0%)
Total 72470 105570 241,670 721,980
[2EY AR MY

stzoldx|7 a7 37
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Volume(kg)

Japan 721,980

Morth America
Europe

Asia

241870

72.170 105,570

2016 2020 2030

O Hsl&(Electrolyte)2] A= SOFC &

O|A 10~30 m

o, S=AXEe Heiae

e Bloom Energyc=

Ol

2) ZoME TY

o

0O 20173 SOFC Electrolyte AR At .
S3XIXF 70| 18 SOFCE sl
2 xo

A2 AX

=

HX[oll ofgt AldEdo] Xi&E e
* MEH0| 48t ScSZA| Mol %
NS L

O OL- XNL— L—

o S=AIKE H SEXIXEA B

387KIER Energy Technology Policy Focus

] VO] &

2016 2017 2020 2030

Japan

North America

Europe

Asia

Total

cHEX[Q] XIXIA| <201 w2t

MeHA XX SOFC A|AHE JHE5;
(Scandium, Sc)0| &7+=l ScSZ(Scandia stabilized zirconia) Al M

— 2018& Bloom Energy SOFC AJAE! 42 S22 AZHEO| 4

Hox
TS
71 O

I_

2,080
(2.9%)

70,060
(97.1%)

30
(0.0%)

0
(0.0%)

72,170

1 9o

A= MX|7F ot

o,

&=

2,510
(2.4%)

102,930
(97.5%)

130
(0.1%)

0
(0.0%)

105,570 241,670

olo
M=

6,840
(2.8%)

169,620
(70.2%)

50
(0.2%)

64,710
(26.8%)

Cl=, Haild XX

U7| 201l Electrolyte AR Ated -

45810
(6.3%)

539,040
(74.7%)

24.990
(3.5%)

12,140
(15.5%)

721,980

2100 m

O, Kyocera SO0|M=

HeE U=

i S0t =2 HlE2= Qlall Bloom Energy?| AME

7FSIHM, YSZ(Yitria stablized zirconia) | TEHES



20184 EXHA| ARWK| MY 5% 3 XY

T

O MY - HFE A=MXIE Fsh= Boom Energy?l = S0[X[H0IA HO{7F CIRE
e T RE SYeR s=AKd & S4XIX SOFC JiEs Sall AY0| gdE Ae=

HolLt Mafjzlol Biotsl2 Qls Electrolyte AR O|X|= FSS Moz 2 702t

e SIS0|% Bloom Energy’t kot Ue S0 St & ORAOF X[H0IAM2] HISO0| =0

3) Mgt s

Q I M= SOFC AEHO| TAs3) Ol HRX=S Qs

* SOFC 452 s 0|2M= 0 HES 27| (i20f ol TEE

2= 27| U= HEEE F007] flott HaiEel

dafel & HAEEE0] w2 Mz VLS FLUoiH a2 Mas H57] et S+ &Y

* SOFC AARQ] H[E = ?lotH M20M Ascle At ARO[ 2622 015 st
MM M7|Meto] S of=28=rt 2 Hoid JHE0] 2

* 7t B0l AI8El= SOFCE Maide YSZ2 HE HIEu S H0] 240t EF= 7iXln

UX|2E 0|2 T=g0] EX| eL0F Hufelyt BRoIH, ScS/= YS/20 O|28Ert &1 &2

— CeresPowere Ceria| Hsl{21Q1 CGO(Gadolinium doped Ceria) AF&3H0 500~600°C 0f| A
X=5hE 2AX|X[E X0 SOFCE SteelCell 7HE!

o Q= @rgm%gg HALA(AIST, National Institute of Advanced Science and Techonology)=
80mm 7|9 LMX}t Mo RS 0lEet M2t HZHX|(PCFCZHL &5
z )

— LIt HeliES ASsiE 0I2XQl SOFC| ez S20] 100%017| ol 71& SOFCECt

O d=20 5= S92 SOFC Mol 7Heh sl &
o U= A= Daiichi Kigenso Kagaku Kogyo?l Sc
YSZE T

S/7E UMD IO, Tosoh?t KCMOIME
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— Sumitomo Metal Mining2 ScS79| {91 AZH=0| OFH™ LS Qs LIZAZAMIM AZIES

S48 7k 755 MAMSHs B 7

—

L. OO
* SR0M= XE2ds sgE dNF0| B2 7Y Seez Mol Mz Y

(B 3-9) SOFC Elecirolyte & =2 7Y

._-_rL *ﬂH
AlAE Ax | 712 7|E

o
ofob

AGC Seimi Chemical SOFC A= 2l Ms{al xij= sfet
KCM Corporation ] SOFC M= 7Het
Toyo Corporation . fuelcellmaterials.com| XMZ g

Daiichi Kigenso

Kagaku Koayo . SOFCE Mol =5 Al
Nippon Shokubai J J X|[2FL{of 7|8k HMoli& M= i
Sumitomp Metel R ATIE BA Al =X
Mining
Magnex o o Koeracell@| HMaHZE! M= At
Cera—FC . ScSZ, YSZ, CeriaA| Taofi&! 7HY
oo e SOFC 4, A% 5 31 X2 M
Keeracell o ScSZ, YSZ, CeriaZ| ZaiE 7Hed
MEL Chenmicals J GOl el ik 71
Nexceris . . . NexTech MaterialsOf Al SIAHE #HZ
S . YSZ, ScSZ Z2E H=A MEat
Sinocera J =9 MeiE M= 7Y
SOFCMAN Energy . R Al AEH TR T|Ee 2
Technology YSZ, ScSZ, CGO TEof
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Te

Stationary
(Large)

Stationary
(Residential)

FCV

Transportation

Portable/
Backup

Mobile
Device

Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total

Total

Sub Total

Japan
North America
Europe
Asia

(& 3-10) SOFC Electrolyte AR Mgt

Actual

4
70,060 102,920
0 30
0 0
70,460 103,360
1,680 2,100
0 0
30 100
0 0
1,710 2,200
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 10
0 0
0 0
0 10
0 0
0 0
0 0
0 0
0 0
72,170 105,570
2,080 2,510
70,060 102,930
30 130
0 0

138,540
30
13,300
152,320
2,530
0
150
0
2,680
0

O O O O O O O O o o

IS N
o © © 5

O O O O O

155,040
2,980
138,580
180
13,300

2018 XN HeMA| AE S

®
00 410 450 960 2,110

09
o
ol
0

(H% ko)

Forecast

1

148,360 169,460
160 300
46,850 64,710
196,330 236,580
3,160 4,730
0 10
160 200
0 0
3,320 4,940
0 0
0 0
0 0
0 0
0 0
0 0
0 20
0 0
0 0
0 20
0 0
70 130
0 0
0 0
70 130
0 0
0 0
0 0
0 0
0 0
199,720 241,670
4,120 6,840
148430 169,620
320 500
46,850 64,710

16,160

6,440
334,800 532,240
2,360 10,870
110,280 107,430
453880 666,700
13,390 29,650
1,130 2,350
5,630 14,120
1,130 4,710
21,280 50,830
0 0
0 0
0 0
0 0
0 0
0 0
560 1,060
0 0
0 0
560 1,060
0 0
1,350 3,390
0 0
0 0
1,350 3,390
0 0
0 0
0 0
0 0
0 0
477,070 721,980
19,830 45,810
337,840 539,040
7,990 24,990
111,410 112,140
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T

Stationary
(Large)

Stationary
(Residential)

FCV

Transportation

Portable/
Backup

Mobile
Device

Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total

Total

Sub Total

Japan
North America
Europe
Asia

(B 3-11) SOFC Electrolyte A|& &2}

(EF9]

M¥)

Actual Forecast

== R
2 11 14 27 56 142 323

1

2,032 2,830 4,364 4,154 4,491 7,366 10,645

0 1 1 4 8 52 217

0 0 419 1,312 1,715 2,426 2,149
2,044 2,842 4,798 5,497 6,270 9,986 13,334

47 55 63 70 95 238 460

0 20 36

1 4 100 219

0 0 0 0 0 20 73

48 58 67 4 99 378 788

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 1 15 27

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 1 15 27

0 0 0 0 0 0 0

0 1 2 2 4 34 68

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 1 2 2 4 34 68

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0
2,092 2,901 4,867 5,573 6,374 10,413 14,217

59 66 7 97 151 380 783
2,032 2,831 4,366 4,156 4,496 7,435 10,776

1 4 ® 8 12 162 436

0 0 419 1,312 1,715 2,446 2,222
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#}. Metallic IC

1) A% XY

Value{M¥)
30,000

25,000
19,948
20,000

15,000

10,000
5719

2017 2018

5,000 4003

. 0

2016

AN\

[SOFC Metallic IC A& Xt -

O SOFC Metallic Interconnects(2

B Ae2 olyEH, 2017 Lt

AXZS
T FE

X o] oo oje)
. 3%

Fe—CrA 2= 25 ©

Volume(ka)
3,500,000 StationarylLarge)
1000000 & Slalionary(Residential)
" FCV
2,500,000 Transportation
Portable/Backup
2,000,000 %Mobile Davice
1,500,000
944760
1,000,000 e
412,360
500,000 20720
0
2016 2017 2020

QlE{7{HIE| A2 Bloom Energyll 222
OIE{FHUE] IHR R Af

3,123,730

2030

2018¢ 2X[AN H=MX| MY s X dY

¥ /K
(¥/kg) —e=Shipping Price/kg

15000 , 14079

13869

12,000

9,000
6,000

3,000

2016 2017 2018 2019 2020

(A=K AAH THEAEZ (8 A TY]

HUEAIRS 201751t 2018 H|LSE 30| NAIES
7 UAE TH=E Z0I2H ¥ k)0 SlgoLt 2018
7102 o=

=
S

2016 | 2017 | 2020 2030

Safionary 261760 375930 859,980 2283830
(Large) (90.0%) (91.2%) (91.0%) (73.3%)
Statiorary 28960 36370 81330 746810
(Residentia)  (10.0%) (©8%) (86%) (23.9%)
0 0 0 0
FCev 00% (0.0% (0% (0.0%)
. 0 0 250 11.490
Transportaon g0y (00%)  (0.0%)  (0.4%)
0 60 3200 76600
Porteble/Backup 900y (00%)  (03%)  (25%)
o 0 0 0 0
Mobile Device 0 0w)  (00%) (0.0%  (0.0%)
Total 290,720 412,360 944,760 3,123,730

SH=EOEX7 e S T E _
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O Bloom Energy2| =27t HEECZ 20| X|FUM| 7t &2 A%

* Bloom Energy® SOFC 24 MM|0|E= SAM7F 2 mm BEZ 1 kW & 5 kg 0|Ao] 24

MIHHOIHE AlZste 7| =0l AlEel tHEES XA
* Kyocera®l 24 MHO|E= &1l MEH0| Mo 5% MH|0E AlZoM 78S

10% 0|2t

>
Ral
gﬂ
rr
°
Of¥
rlo

AZ X7}

¢ 55 MY - YRR =KX A0 A0l S HOZ KTl SOFC AAE0| 25

H7tets S22 ot a4 QUBAUES| M0 a4d Aoz MY

Volumel(kg)
2016 2017 2020 2030
3,500,000 Japan 3123730

3,000,000 North America - 29,960 36,330 85,490
Europe (103%) (88%)  (9.0%)
2,500,000 _
02000 feia Norh America 250290 373620 614780
0 (805%) (90.6%) (65.1%)
1,500,000
844760 fuo 470 2410 10830
1,000,000 pe 02%)  (06%)  (1.1%)
412 360
500,000 290,720
' s 0 0 233660
0 00%)  (00%) (24.7%)
2016 2017 2020 2030

Total 290,720 412,360 944,760

527,660
(16.9%)

1,671,600
(63.5%)

453,190
(14.5%)

471,280
(15.1%)

3,123,730

0 52 MS2E(800~ 1,000 M MEfin ALEAL7L BB, LIZA0| 248t SOFCS
34 QlEfFIUE 2t 27
o Fo-Cr7ll 342 QIEIHHIEIZ AIRSIE DRI FIAH0| 25t Cr MEIZS S5l Lh2 A3
AMZ BIIAPIT, BNS0| Katels S Tt BA0| LS| TR0 34 OlE e
HR0| 2LECO) S8 Y50 LT FNS =7

— Magnex(B)= Co—Ni| ZEICZ FHE=X{SHContact Resistance, ASR)E ZAsIF 1T, MnCoFe

r MSE0l SME A 4~ UE Vs
A =

C
— AHQIMA ZIE A2SH= Sandvik(AYENE CeCoZ
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2018¢ 2X[AN H=MX| MY s X dY

0 SOFC M2 Xzg £fst TaiElnt Cathode HZ JHZH0| ZIHE|T Qlon, LILSZ0A AHQIR{A
So=2 24 AUHAHUH M=ot Hete|H JHAx et & AAYO) BYet FH0] JtsE
Aoz MY
* SOFCY| AF2ke= 750~1,000T2 D20 WEY - HAG0] =2 M2E MES ER
* SOFCO| M2AEE ?l5t0] 700T OfstolM A5 4 QU= MaliE & Cathode Mz 7H
* Flcogen2 Cathode AMz= LSCE AtSoldl, AHQIMA 7[EHO] F4RIEHEE, 3 um 0|5+

90} HaiEe| SOFCE WSR2, 650TIA AS0] 7ts

3) x2 V1Y 5%

O Y20 RE XY90M SOFCE =4 QIEZHEE Jigol 2
* Plansee(@AE2|0H2} Polite(H)2 Bloom Energy0l 22 QIE{74{HIH
HE &
— Plansee= Bloom Energy 228t OtL|2} CeresPowerfl= 24 QIHAHUIHE S50t U,
Franuhofer IKTS2F ConvionOl] 2556t7| I8t Aup ABHS Jgl

— Hitachi Metal(B)2 Fe—24Crs FNEOZ ot= H2H0|EA &2 "MG232G10's 7HE

5 i

(E 3-12) SOFC Metalic IC & F2 7|Y o1

o | A
-.

Hitachi Metal

Porite

Magnex

Allegheny Technologies
Incorporated(ATI)

Sandivil
Plansee

VDM Metals

MG 2321, ZMG232G10 7

Bloom Energy 2522
AZ 24 B QB4R JH

>

=Xl 2E Tle B

AHQIHA MEE oh=
E-BRITE 742t

Sanergy HT ZHEY

47 T2 o

ol

A
=L

re

BAHYEH S5

OIE{7{HIE{= Crofer22 7HE!
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(# 3-13) SOFC Metallic IC AIE Y (] - kg)

Actual Forecast

== R
0 1,570 1,690

Japan 1,47 3,540 7,710 33,150 92,020
_ North America 260,290 373560 491570 521980 611,110 1078260 1,548940
Szil‘:g:)ry Europe 0 800 79 3790 7500 57070 245740
Asia 0 0 47190 164840 233660 399,190 402,130
Sub total 261,760 375930 541240 694,150 859,980 1,567,670 2288830
Japan 28490 34760 40900 50,770 77,780 194,020 435640
North America 0 0 0 0 220 16,300 34,570
Stationary
(Residential Europe 470 1,610 2,470 2,640 3,330 81,520 207,450
Asia 0 0 0 0 0 16,300 69,150
Sub total 28960 36370 43370 53410 81,330 308140 746,810
Japan 0 0 0 0 0 0 0
North America 0 0 0 0 0 0 0
FCV Europe 0 0 0 0 0 0 0
Asia 0 0 0 0 0 0 0
Sub total 0 0 0 0 0 0 0
Japan 0 0 0 0 0 0 0
North America 0 0 0 0 250 7,340 11,490
Transportation Europe 0 0 0 0 0 0 0
Asia 0 0 0 0 0 0 0
Sub total 0 0 0 0 250 7,340 11,490
Japan 0 0 0 0 0 0 0
North America 0 60 1,020 1,580 3,200 32,610 76,600
g‘fﬂz/ Europe 0 0 0 0 0 0 0
Asia 0 0 0 0 0 0 0
Sub total 0 60 1,020 1,580 3,200 32,610 76,600
Japan 0 0 0 0 0 0 0
. North America 0 0 0 0 0 0 0
mi Europe 0 0 0 0 0 0 0
Asia 0 0 0 0 0 0 0
Sub total 0 0 0 0 0 0 0
Total 290,720 412,360 585,630 749,140 944,760 1,915,760 3,123,730
Japan 29960 36330 42590 54310 85490 227,170 527,660
North America 260,290 373620 492590 523560 614,780 1,134510 1,671,600
Sub Toid Europe 470 2,410 3,260 6,430 10830 138590 453,190
Asia 0 0 47190 164840 233660 415490 471,280
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T

Stationary
(Large)

Stationary
(Residential)

FCV

Transportation

Portable/
Backup

Mobile
Device

Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total
Japan
North America
Europe
Asia
Sub total

Total

Sub Total

Japan
North America
Europe
Asia

(B 3-14) SOFC Metalic IC A& M3}

Actual

3,696
0
0
3,717
370
0

376

SO O O O O O O O O O O O o oo o o o o o

0
4,093
391
3,696
6
0

5,230
11
0

5,263

435
0
20
0
455

SO O O O == O O ~ O O O O oo oo o o o o o

0
5,719
457
5,231
31
0

6,489
10
623
7,144
491
0
30
0

(&)
O O O O O O O O O O O N

O O O O© O g © O G

[)]

7,680
513
6,504
40
623

—

2018 XN HeMA| AE S

6,525
47
2,061
8,677
584
0

w
(@]

(o))
~

O O O O O O O O o o o = o

N nNo
~ © ©

S O O O

0
9,315
628
6,549
7
2,061

gk gl Moy
(T2 MY¥)

Forecast

= R
21 22 22 44 93 348 782

7,333
90
2,804
10,320
840
2
36
0
878

SO W O O W O O O o o o

o O O O

11,243
933
7,380

2,804

11,322 13,166
5819 2,089
4,191 3,418
16,460 19,455
1,940 3,485
163 277
815 1,660
163 553
3,081 5975
0 0
0 0
0 0
0 0
0 0
0 0
81 103
0 0
0 0
81 103
0 0
326 689
0 0
0 0
326 689
0 0
0 0
0 0
0 0
0 0
19,948 26,222
2,288 4,267
11,892 14,235
1,414 3,749
4,354 3,971

stzoldx|7|axn 47



e KIER 7|&%4 Focus )

0¥
El
Rl
re

[1] Fuki Keizai Group, 20188 ARIEMBIERAN - TSI RES, 2018,
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R A = Vol. , No.

2016, 8 ;;iJ Z;I;ldxl MY 2ATA ZF "ot ¢ AA, 0l=, RE, Y= Vol 10, No. 6
2016. 7. IEAQ O4X| 712 MU[ETP] 201629 2 L 2 AAE Vol, 10, No, 5
2016, 7. 7|2HS OIg 7IeFAMSEH(I) @ OI2, 522 A= Vol. 10, No. 4
2016, 6. Eig ;gj O[ASIEA HIEHE B4 @ UNAA SHOIZa AHRFY H Vol 10 No. 3
2016. 4. Y=o oXIHY ¥ ZeH2016F 0|22 FH) Vol. 10, No. 2
2016. 1. MT OflHX| AT SEEZAL 24 Vol. 10, No. 1
2015, 9. 7|2HE- ofiX[HE HEAE 24 Vol. 9, No. 5
2015, 7. Ml ol4XIEMSEHT) Vol. 9, No. 4
2015, 6. 0= OlHX| & ZR2IOARPA-E) 5T Vol. 9, No. 3
2015, 5. MIA OUXIERSSH L) @ 0=, EU, SUE S Vol 9, No. 2
2015, 3. Y=o ouxjEE Jisvnd 2oy 2A Vol. 9, No, 1
2014, 10. 28t OUXIXY M L 7|2 U5t Vol. 8, No, 2
2014, 4. 0= O4X| 4l Z2IARPA-E) A Vol. 8, No. 1
2013 11, FQ MZIZ ofux] A7 L RRD Z2T0H 2N : 0|2, U= Q8 54 Vol 7, No,
2012, 12.  F2=9| 0|4X| R&D S& Vol. 6, No, 2
2012, 2. 22U olux|7IasAlel FixA Vol. 6, No, 1
2011, 10, OjUX|EA7|=H2F 2011(Y=) Vol. 5, No. 2
2011 g —7.38:?;9| Energy Security Index H|WEM @ 0|2, Y2 I, ZZA =Q Vol 5. No. 1

==, 2=

2010, 12, ZoluExZ &7 [3] : a2ZoluX] Al & Mdse Vol. 4, No. 3
2010. 9. JEoUXZIEsNY [2] @ Fe=d J=oluUX] Ty S8 Vol. 4, No, 2
2010. 6. EOIUXZIEZNY [1] @ e =718 HY FUSE Vol. 4, No. 1
2000, 11, gg;lél%w%* EXtel ZNA SutEA ¢ etRoUX| EST T gAIS Vol 3 No, 2
2009. 10.  =UQ| 7|2Hst tE MMt 244(2008~2009) Vol. 3, No, 1
2008, 12. iﬂilg?ﬂtﬂwl SN M) @ FRIVME 7ISHSUE ojUX7|E Vol 2 No. 4
2008 11, ULl oUXP7|e™Mst 2A() - G, DA HEs, 5 Vol. 2, No. 3
2008 10.  =UQl o4XP7|s™MsT 2A(1) : 3=, 52 Y= Vol. 2, No, 2
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