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=2 i (FF

)

%39 CAGR, '13~'19 :

19) #*: Navigant Analysis

= '1349 18% o] 154l 23.3%= 57 FAIE

2015 2017 2019

A FAR Ao 1749 olF 2% F

o= Eoig 3‘1

TN AF AFE g Al A YA ]S
ASAE, Al-AAA IR o] 8 AHE AFALE, YA
A dA By FAge] w2 o= AW

Lol w53 8
64.3%)



04 8 Key Player A% AF&

I A

Energy(MCFC), Eneos Celtech(SOFC), Toshiba(PEMFC)7} AAl] A%
€] 50% old= A

O (8%  <dAsdx)  AA 3t Major  HAl  FCE/POSCO

43 (Staionary) A2 A% Key Player Al%d H-4820

20134 20154

[MCFC) Fuelcell [MCFC) Fuelcell
Energy/POSCO Energy/POSCO

45.9%

(PEMFC)
Toshiba
38.6%

(SOFC]Eneos
Celltech
215%

(PEMFC)
o Toshiba
ArEes Ll

(SOFC)Eneos
Celltech
271%

&
=)
=

20174

[MCFC) Fuelcell
Energy/POSCO
48.9%

(PEMFC)

Toshib
Aes L

(SOFC]Eneos
Celltech
230%

0'13dE VlFor uAY AAAY M E AEE AT dA= 20039 F
H REYHS FA3) & "5 FCES =79 POSCO Energy®, AlAl A%
o ¢F 25%%E AASI o™ "19EAE AA 1995 FAT AR o4
% A4 148 d5AA A% Aes &9 (1349 71F)

: [MCFC] FCE/POSCO (25.3%) > [PEMFC] Toshiba (15.0%) > [SOFC] Panasonic (15%)

A 149 A5AA A A o9l (159 718)
: [MCFC] FCE/POSCO (22.9%) > [PEMFC] Toshiba (22.1%) > [SOFC] Panasonic (12.3%)

20) Z*|: Navigant Analysis

Bl T
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V340XY ¥3LN3D A90TTONHIIL NI

O (5438 AsAdA) 133 71&o=2 AA PEMFC 3t Major
?jiﬂ(Plug Power, Ballard, Hydrogenics)”7} AA A &S JA3A
o H E} gAe Ve I 2 AAFgoz Qe HAA A%

20154 2017

44.9%
Plug Power

71t 71% S |7 |E} 90%

0 '15dE VwleR FF5Y dudAe s F AFE AR dAE v=y
Plug Power®, AA A& ¢k 18%= At ow, vttt 71¢d<l Ballard7}ok
6% AA AFS A 291E5 ZA

¢ '154 ol Fol % i3 3t) Major 7|9 &S] ZAAAE wolAT, A A&
= oaAE ny dew AW

# AA 48 dsAA A g ¢ (159 79)
: [PEMFC] Plug Power (18.0%) > [PEMFC] Ballard (6.0%) > [PEMFC] Hydrogenics (5.0%)

0 (FU938 dA=5xA) '133L 7]+ FE dAxHdA AlFe A
7= ¢k 0.14 M$=, A7 _JZ_EA Horizon, Z=9I¥1e] MyFCe} &

Protonexg& <53 Zlubtte] Ballard7b AA A1 92%5 A3t
Aot '15dREH= FuE A FY Aubzel Ao w 3u 7Y

of AAl A Argeol AA Fad Ao, ook B2 A=

21) Z&3]: Navigant Analysis



&3 (Portable) AR AR Key Player A% 48822

2013

(PEMFC)Horizon [PEMFC)Horizon
32.7% 37.0%
[PEMFC) MyFc -
32.7% d [PEMFC) MyFc
52.9%
[SOFC) Ballard S0FC) Balard
Sk 101%

PEMFC)Horizon)
41.0%
0%

PEMFC) MyFc
e

[SOFC) Ballard
13.1%

0 '139& 712 % Ballard—Protonex”} AA AlA9] 31.9%E A3+ 32, Horizon
I MyFC7F AA A F 30.1%E sLstA A3t oy, '15d@FEHE
Ballard —Protonex?] ZA| Al Hf&o] & FA4hHo 3.6%0 13 o=

4
0 '13d%E '19d7+A Horizon® MyFC9 wi&HE& A Z=r1ste] dF 783

0] 140% olds HY Zox HAY
# AA FdE A5A4A A A4S ¢ (134 7]9)
: [SOFC] Ballard—Protonex (31.9%) > [PEMFC] MyFC (30.1%) > [PEMFC] Horizon (30.1%)

AA FAY A5AA A AHE =4 (159 715)
: [PEMFC] MyFC (19.0%) > [PEMFC] Horizon (13.3%) > [SOFC] Ballard—Protonex (3.6%)

22) 2. Navigant Analysis



44

IV.
Z] z0 & s
01 =9 43

O (M=) "= Ul sPMAE ARES EAE F e 7lE NS Hst
o] m= AFe} oYX H-(Department of Energy, DEO)¢] 733}
by oA a8 D AN HAF(Energy Efficiency and
Renewable Energy, EERE)9] 508 ATHZF XY, Ax 2 &
& FHE S JAHE Ay 5 AR ALSs AHF F

O (Z=FAE) A715F %Y (American Recovery & Reinvestment Act, ARRA)
— "= DOES] F¥#o 2 2009d5E Algi® ARRAE 201997HA] olUA] & &
A QAR AFE FHor AgHA J|E BT x]% Fotoll 42 M$ 59
ke =z 117) 5 WAL, 71 2 gt 8/l Z2AEE Y F

o (FFAY) FwiE7t~ AsA A& A& (Zero Emission Vehicle Action
Plan)
— AP EYolFalA 2013 dFE Al@ste] 2025de] %RFH= Afor, F3
dl4b 1.5 M$= 20254 150%td) e} Fgs) A Bas 5H0= ¢
dojaeF F QARES FEaAE A AL A8k 2016 A
ulsts A AxPAE BT F 14%E ATHH0

e YFstetal ol A5HAA & AV AsAE Ha 32 AASE
o (ZEa¥) mAA oA g EE 7 (Solid State Energy Conversion Program,
_ 999@ E] }\]XLEJ SECA:= Hlﬁ% SOFC }\]}\Eﬂ 7HH1-_Q_ 5]343]] }\]—(ﬁ;‘(ﬂ o:].'_r_le

I, AR dAAste] &= o4 516.9 M$E F4s819032, 20159744 SOFC 712
kWS $400 222 @Alst7] 93 7|EnqEs 6§T

23) Chrysler, Ford, Toyota, Nissan, Honda, &ti, 7]o}, BMW, Volkswagen, Volovo, Land Rover, Daimler, Fuji—HI,
Matsuda

24) A7)A5=}(Electric Vehicle, EV), 484X A}5%HFuel Cell Vehicle, FCV), Z#]1¢l slo|Bg=x}5x}t
(Plug—in Hybrid Vehicle, PHEV)



o (ZEa¥) F£4 %W dgxHx T2 W AE (Energy Hydrogen and Fuel
Cells Program Plan)
— 2013d5E A= o] 20200 €5 oHo=

Sad ARAA AEWARE Adeta,
g AQe B AFARE 33

o (Z21¥) SGIP A% (Self—Generated Incentive Program, SGIP)\
— "= A Yol FolA Al AER, 2000d o] A o]% 2001d I

ARFARE BHOE A3

- FH T 247 A AR FEdasd 2HS T, AY Fax A
On—Site WAL 3= FEZ 2016W7HA 22471~ A7 a3, AAAAA o
H] o] 85 A g3 bR o] &E SOl uiEf SIAEIE A&

9] A SgAE AT dolEl AlE, 39, YhE 5

# @ E Ho grogy Z g v A
o a3
2 -7

O (d%) 1980del  HHE AlduyAdrle TEME7])F(New
Energy Development Organization, NEDO)E E3}o] AR A% 7]
%TJr Faolg 7|lEs FTd MEsilon ANFEAIZRAES

Halo] AL A8dA =4 A= AEabake ;O%E—% 73}
—g— Aaf FmjA Y B FaaHolA A Hy F

0 (Z3A9) 244 ZTEZAE (New Hydrogen Project, NHP)

- 20209714 7188 A8 AA (Ene—Farm)9 2% 60U, 458 d5d

25) 7F2A1E 11413 (2014. 01) [2014 AJAER]AES] 7148 A8 W% A5}



JINII AD0TONHOIL NIFH9

v340M o

A= 5007 E Hgd Alg
— ZAAAAA (The Ministry of Economy, Trade and Industry, METI)o| A=
20131717 714 S A8 AR Al 2E ©rle] 30~40%2 AEREF Y

0 (Z¥A&) The Next—Generation Vehicle and Fuel Initiative
— 2050 o|itslElA AES H3F FEE VoA ARAA] AEAF, HA7AE
zk, wpoledg & AAY aZTLANA 11%E ZFE ok 3, o] & &3]
gk FA A Aetew F3H
- 2030 FHEoF AF 9ER 20% TAa9 AdUAAS 30% FF FL 2015
W ASAARE AR e AlUE s ERsEsla, 2015W7HA 4719 die

d
=
Al el FAaFHA 1003 o4 dAE F3

L

Phase1 Phase2 ! Phase3 i Phased
Technology Tachmhgy&Marlcs( Early Commercializaton | Full Commercialization
Demonsiration | Demonslration | [Stering Period] [Expansion Period] [Praﬁlaua business Period]
i [JHFC=2] [Post JHFC] i
E 2010 ' 2011 2015 2016 ms 2026
=
E -SoMnghdmbdmandpmoinnd *Expanding production and sales ! Contritute to n,a!
2 | review regulations (verifying & reviewing of FCVs while d"‘;é"v“‘hs ‘ mfagy woieces e
ﬁ development progress as needed W%MH;M i | reducion of CO: emissicns
T Aations { ’
eriguityol POV Qe mecu\g technalogy
and H, stafions from i development and review of
s ~ rogdations Year 2025 7
' Increase numbers of FCV and H. siations
T | Approx 1,000 H stations® Year 2015 : profita
Sl e Targe! commercialization starl__ nased bl i Hel?'yih?sf ____________
B || aporoxzmibionFovs of FCV1o gereralpublic | P Costs for s station
E : : Penod n which : cu:‘bumanlaannmwsgm
E Detarmme specil Begin bubdng ] preceded H, stabon :mﬂt?;mﬁ .,,;%,. "
= cations of commercial commercielfype H: stations , - buling s necessay | (FCY 2,000 unifsisation)
Type Ha stafions i L
i s Irersase of FCV numbers Sirough
i ] miroduction of more vehicle modeks
Year : Mots ; Verscef ais indicaes iz rejative scafe betwasn vehice rumbar & ss=fon rumier

Z= milestone is set in 2025 1o confribute 1o reducton of CO: emissions.
Approximately 1,000 H: stations and appraximately 2 million FCVs are sel as common perspective,
* Precondition - Benefit for FCV users (p rise/oonvenience elc) ard secursd, and FCVs are widely and smoothly deployed

26) Fuel Cell Commercialization Conference of Japan (2010) AR AX| A5 =Fe] A-&3F AUz



[e] 1l
aste] 2020744 2A7FE WSR-S 34% 75, 205097t

(Z233) F42d58 21X 3B (The Hydrogen and Fuel Cell Research Hub,
H,FCsupergen)
- FAadedA #
A SH7tA e A &
o

Programme®l 4] =4

e
ofy
X
o
2
il
:c,)g
[e]

Asl7] 98 71E 9 A AERE A AN/ALE
$_

3l 1o, Research Councils Energy

(22 a3) o= H, Mobility 2713 (UK H, Mobility Phase Programme)

— 2012356 AZEo] F2damHXK H7]AE2H(Hydrogen Fuel Cell Electric
Vehicle, FCEVs)®] st 9@ FAATAA A 7|HAI A7 wEsAAe] AF
S ExE F

— FCEVs9 CO.uiEo] A AFxrt} 75% SE=F 3t 2050@7H4] A=
CO, WlEE&Y 20~50%2 A1 AFs @4 A%

47



02 =ul A3

O AAAANA Fe G AgFeHAdor A5y Ads F
otz 198937 H A= AlAtste] 2004058 w4 A5
Al AN SRS Fristalon], AT X] g ol

AL Tow By g F

o (FFAE) AAAAAA 7T D o] &-Hg VEAF
— 20099 =E3|ofdlA 2020@7bA] ] =AM AEER
30% #E)E Asta TAALSe] Fx. a3 AL, 23 F
(C09), H5AM7]ER&DEZHHC09), ICT7|HF YA e HFAH
(13), A7t~ ZAEEF 94 22W(14) 5 247~ 753 AL

Ag A F4

# 20154 i*‘ﬂ A5 3 AdgAES AT 6 @l A 2] A RE AL (6d 71E)
B A, A, wpol el A], AT, ofabdA|, o] st A% 2 (2t E&) oy A7
1*E"(ESS) 2 A AAAE2HV26)

— 2014 9ol Al4xF AAAYANAA AT B o] & By VEAEE TR}
o] 2035W7HA] 12} A 2] 11%, AA AZeFe] 13.4%S AAPANUAZ FF
stazl shE HxE FHsta, sds AL FE R 3 AR UAE

s oR §43517] A A B AV g oo wE Izl

THE BEZ AAGAUA &S Ade AF 22 F

AN

o (AIFAR) A AN A F o) T 54 = (RPS)
- 2012098 ABF GEA AP 20220744 WA 1093 A
ARAIAZ JAZ Aoz, ZR7h IGO0 DS Asha, o)

gt A 71z el BuE shslof ¢

¥ O EhAALE Al AR Holo] AH FAaAY REC(Renewable Energy Certificate) S 7 23}
oJold) bk, H F¥H JhEA R HE F



o (ARAY) FUATE ArAA LAY
— 20209744 FEARE ARAA AQAGE Fal AU A A4 AR
7 ulg ARE A9

o

o (AFAL) BZAE AALAUA o] & oL FHAE
~ 20119 49 o|F FE/|Po] AF, FF w: AFa Awz 3wy
o A%Zo] sl F oluA AgFe] 10% oS AARNIAR A o] F
cl
o (ARAL) 27 BAAL
— 2010 12€¥€] ¥xH
M, 20150 FAEE so

20194 ook‘l__O_ 37 [ei3

=2 1 L =

=2 WA 2pdol A mpEEN S
gAst F3a gaky 2018 B A AL @

- Fadze 5SS 9§ 20209704 FAazEH ol 1687] AA H3E
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Al =3k

01 PEMFC

V340X ¥3LN3D A90TTONHOTIL NIFH9

0 AF7I=Ma

I step 2 4 A

TennpnnnnnnnnnnaduneEny Electricity T I

Drive
battery

Hydro- ’p

{ step 1 ¢

FCStack

# Conceptual diagram; does not convey precise placement of fuel cell system components inside vehicle.

27) 3 Toyota

o4

gen
Hydrogen




— PEMFCO] & 882 40~60% Ao, 43 HAS 3l 4 TFa s>
90% o]/\ lso}xl

=

w Hol 7ML AR HA(Ene—Farm)+= LPGE I8 2 AE3t1 /A7 S B8 d85 4= dAsst=
FE 2 A7 EEAS 39% AEolu, ST (CHP)S AA AlaEo g B 49 90~95%2] G842
UERE

N

e L5 = 22(50~100°C) 3 2-2(120~190°C)Y] F7HA] FEl= vy, A&
Bj7F drA o2 A4 9l PEMFColY, the As A 7|eE57 valstd]

A e BF AL &3

ot

F A

Olr

o A2ol|M 2FEH= PEMFCE 834 2Fs-8 WA AJ2keh 4= s slod, H]
SZHAQl AYo g o]gE 4= 9lo] thfdt 58 Hofo| gt # Rnom

i o
SHAge] & ZoHAAA o EFrdel 28 The

o

3|

A

—_

’

B3
— AubA A2 (Low Temperature, LT) PEMFCE 49 B<4E(CO)ol gl WAdo]
ol o]gfst A S sfAst7] $s] -2 (High Temperature, HT)ol A 253l
HT—PEMFCA ko] o] Foy A AL &
- LT-PEMFCE $2918.8] 0] B3tak, £57h & 429 7170] 317}
o HT-PEMFCE LT—PEMFCe]| W3l al-20)|A ZEslns Age] sjzo] B4 esire
A28 desl A1 9= 9lar, < oo digh gk uid-S A ya olom
HES LA (CHP)O &8 5 &= F-o] &
- A1E A Fastel Mee Slal Fulz NFEe Agen, olm A
74 Azre] x=¥o] ")

-
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i)

g 452 9l Ful AgEE
HE(AR, BOP 5ol 49l 7144

g ol :wg e I, 1 9 ,
7 arE 23 e 29



O A7 53

0 & dadA] FAel Ballard Power Systems, Hydrogenics, Horizon Fuel Cell
Technologies, Intelligent Energy, MyFC, Altergy, GS Fuel Cells =3}, t}=3]
o2 AZHAE JNEsE Toshiba®t Panasonic 53 B A& GA|=o]
PEMFC 1ol th7] 3ol &<
— PAFC®} MCFC} o] R A ofEstaL

AAZF 71l Fodstar Qo] A &

N
ﬂH>
_L

7} @], PEMFCE o9

X

=

o "= (ClearEdge PowerAl:= HT-PEMFC9 A%zl 7|« /M A4
2012d UTC Powerd PAFC 7]&2 93t %, HT-PEMFC W&s =
a1, 2014l SAkS e F Tkl Al A4E

% o] F A& PAFC 71l Aaeta A&

ur

f
< e

o HT-PEMFCY MEA 7]& 7ES = 249 oA = 3}l BASFE
HT-PEMFCol| Al£53+= MEASY S F93sta IPS wjzbsh

i

of whxtE 7hglom, I w A Zujolo A AR H A
o] tfgk B FA7F o] Fol
— Daimler®} Honda® 201718 E3X 2 FCV A-&3lo] 4351 9o BMWEF

GML 20204 o] 38 Egg &

— LDV(Light Duty Vehicle)oll et A)122] e AdsArt, A< 37) o] Fof
271 o#9H, Fdshrt o] Fo1=x]7] 74| EV(Electric Vehicle, A 7122} 74 &

=] = < =
A 5 Qe 43

* FCVZ7FEV 2t} uh 43& 59 7hs 7 e]oh dmaie] 2144
et FHsw EVete] Aol Fed oz ol

# <+ Toyotast dh7l A &}}E FCVE Rt FH5&
iy
C)

d

;
i
o
L
[N
o,

© FH FCVe| stelBE= FEjQl FCEV(ARAAA7AE2HE 7gste] Az
AE EVY FPAY AFS ¢33 X (range extender)Z AFESFo =X FCVO
A7F A7l gk oy & A
— A=A wEE R gEol wHEE T2 A3, Toyotat UATA WA E
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o FCV Fwol A EAaA o), AXAAEL Re Aakae] wio] N
A R FFAE Foh 2719 FOVE AlAsIglon, o2 Qs A% wh )

EV advantages

1500 Wayshs

FCV advantages

O A&

Cruising range

© PEMFC 9884 = dAgdA e dA 3} vdsA ddd Adew A7

— PEMFC 9847 A& 2 517 Aud AAAES gon 2014 a3
oF 8,400 oA vk HAH o2 Ag3le] MdA A HEEn, /3835l =oF

28) w2t} 7)e9rtael Y (2014, 3) KEIT PD o]+ ZXEE: $2A854Ax 74 d3 2 d%

o7



o8

7] fa e
# PEMFC 98449 Z3tFe Asaks 7leMda) &4 343 438 302 did

# 4ol B A FEE B SR A
A2l & 5o o f= AA AF ] 27t

AT Aolv, Fastst A AL 2T Ao A
- AmAA BE F MEAS] Euj92 U ofFelAlol A Belw AL it &
A= b 2 HFE AT A0 oYY

%R the B gabsie} I JhA ol shee Ao sy MEAS] Fi9a B A 43
e 7H skl A7) 9let 500,000 S AT Aol 47t 49%9} 22%2 A @t

T 7P 2 uEs AAT Aew 4%

80kW #3 A5 PEMFC 28 F3& #]g W9 (20133 7]5)29

s $4,530 $1,251 $236 32% 29% 11%
Zd] J3 &
o =g Ao A $2,242 $1,168 $1,051 16% 27% 49%
MEa | MEA Cutting | g0y $55 $4 1% 1% 0%
& Slitting
MEA Z# A7
A $1,493 $265 $130 10% 6% 6%
GDL $2,661 $795 $102 19% 18% 5%
o) $1,976 $572 $486 14% 13% 22%
7Y A . 71 & 2E
Topamg | 9933 $255 $155 6% 6% %
% 28 Hg $14,368 $4,361 $2,164 100% 100% 100%

29) Zx]: Navigant Analysis
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¢+ 2011 FFAEE Al o] 3 FAPA DS o] &8 dE gl FHsHA AmdA
kel gk A ds A3

« o2 913}, Yd¥o] PEMFC A|ZAVELS &
A SFAIL, 20201 37HA] 140%FT] o] %,
e 3

A7 123§ HHE AR
20304744 5300t o1l f B

— SHAIRE 12701¢] EU 5717 2oyt -7 9] Ene—Field 22132 13719] 714 &
CHP dA=z=|9] HA& AFstal 7|e/dS stglon, L2013 Xl 502 ofF]

o S99 A 2YASL PEMFC Xt} SOFC 714 7t 4S8 31 9101, SOFC
7% A E Ul disk AFA FRIF oY 7 o] XAHI S

~ ma, W3 A EUole] SGIP oA e ARAA wSjel Ao
L PlEe TPl FEE AEel 9st 4Ae) 2 B} glol tAld R ARz
AR} wRed 849

gl

2 PEMFCe] Aol g3t

BAA =S A% Y A He

— BAbA 9 Ao QIAIE|HE Al F-&h= 3hro] RPS Z 2133} nj=re] Q1 AlE| B

X2 IWELS MCFC, SOFC, PAFC 5-9] #dg =20l &S v 5ol om,

o] ool YT} EFHHE Al Fgks v Fo i o

o 2] ARRAE A8 AR A|l2=E9] kW @ 3,000 $7FA] A]2=E] Hx|H]L-2] 30%E

SRR AFshH, 2016\ 129704 AP u= 2 o) dka)] Alg-3A dEs

o AAAYL FCVeF M2 Aol Sl s 98] 44 olr, v A E Yo} =
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60

# ZEV Z2afe a7k vl & A7 A dld $2 AQS 5 glon, $AE A%
Y72 7)Fo2 a7] Yo FCV7F EVel Hl8) o B §7 A9S S 4 S
o dE A FCV & tiell 20,000 $2] FH S AlFstal 74 T4 AX|d digh
A Fo=, o] Qldl] U FCVe] 714 d2o] dlid=lo] EVele] AAz o] wold
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