20124 072 252

A Bl - | .,4'} bendne 1 N L Lty A = /)

XA Ex H=XX| PD 0]3

s
RERER 211 evry






sr=olx7 Iemote ©] § : £, T -

sl Ny e olE g oy » ] HES ABHX| 22| I TS AL
¢ : , ? SR MYl 01 ErEEan
‘EH:ﬁLE ix']xl Al % ]-%] 1 PR 00 S5 (5298 SEETIET| YN UR NI S e ¥ i B A 2 ‘
GB 0 R o) s eEmT SUEYARIE IR - AT B3

ZUERIANY 0l ZESA - HERE AHEE LR

R IR Rl R Bl B e L e 2

R R Aol
Eriapepe sl ol Ho ol xE
Sl 3 DR WE
Eich

PR Pl PR B 7|
iRl RSl SR S OEN
FEEE DSl S UE
AR MR RS ArEEE Dol
M -3 2 1S Phar
e o= 0 U R 5% ORIl R B3

AE= SIS Tl A SHCE DP|2|eKe-45 B s o E

E o ST i AR T Al 12 1948 AR ARICZ A TIY 25
j LA E 0 AT ‘ ] A= olEE W AT o
AP TR Al ] 4 oA BB A .
» AN WIREEAH RS 2§ = PuT— el Al THAl B of BETECE RIS AR SR ST SeN BI s S8 S a B,
/\/\1." O =} AN AT 5 = T = O P ety & Tl AT SR AR T
vy P = qFALETA

:!ﬂl A% ST} I A BFX] 20 S0 kl Ij:“ _‘_I [_H O:l Ex-l xl H |-x-| KA 7-| A-I

OAISHEL T} o

e s g8, A7 =3P Al e 22 518k 53 3 S/ E MOU

BIHE QRAAE 48NS BHE ¥
KZehl Aol T3 FUNS VAT sl
E3 AR 128 golzil= 2012
B+ A&t

At 009 38 A SEHA RED AFVIS A AQ - Belsh=
SR cREI(PD)] o218 W Sl sl

2 gojezio}l ghich,
] 2 Sg2 tAlE
1o Qa2 o}

TDAE NS BFAY g
7188 A= WA vy 243y

B Xk 2005 WER A opsi@R S E
MBOBEAFES TR SR HE) METHE e
Aot D056 A THEE SREN 2R A& A :ﬂ ’i‘t‘!h_.:ll“'il'"a_ R 2
ot ATttt ghebe TS B EF

FEE H2EN SR AR E JHEE gEEE|
M| CFRE JEAISE B B e AR
&, 7H R o =7 AR HAE AT 200
Ak Hol 5L SR SA2 & SRRAE Al
25 IR e, PHE oS Sl 0%
*}ﬂqubtﬁﬂe_em@: a

A1) HEE 2710 W12 o) # Rl 5 FEe A
o 349 Geldt

W] T AR SR A A

¥k
DRFPAAR ' R T e = F - — i P P
W A5, olsh ‘dH| B GOMWVE, & 3200042} 7 B :
we I8¢ 1 »#|7] v} o) 83} T AL LR BE S
BVEGHRIR oot (00 B 2 I O AP T = A B Sl Y
=3 g,.”r.,_k e = == 2 - N O R e o e v
,-x;c sopmay Of A1 SO A B AR dedEh BeEEs AA A e22Hlo)d 234 ;J:?;t,:;?;:ﬂ =
oo} phuxe W o GRER WELR IEHETL 7= Mk 42 720N P
ek TEE 4 AT AR S2E ol S TR fji"" gg}-g_o-u of T2 LR S B TR Mol TE
LASEOE X L P FE R O A A e A B TLHEHNAR HER PR o SEEY SLESEN A8 45

L WA B gad swad S s ER B3 drie d-mR AR o Hedate SiEkEs @Ee 3
e bon e S LNCESY ob oL THE UAZ SMWE  HEUSDTRAE! 2o WL R IR WAL S WU LSk s FE B
AHESNER gm0 ) EEUCHE B AV|GRETEES B SUSE DAl o 0 BE (LR lnd Al sl R SIS N0N AKEE Sbasioitiol S5 Eoh
N _ BN ufe] LB R SEASIEE A U TNl Sbi SRR
| sesemamsieasme  eomsse mews | logpene s SIS ECTRE G0 Y WD Z4R0 S BOMIGT B2 7Himn® SWE S Y soith
sbASolES 2 207) ol Aol




.28 g i
G X IO HHet

oM iU Xl XHE2] & 1)l
2490l mE X+ &3 91|
A XM S2YE 724 - =2 HH M=l

28| 9 3

=

A

MAD I F=A

i7i=ln; \




.2 s dI]
=42 ZH Ale
o= ZH #S0M =271 U XI BHHAMIEnergy Carrier)Z 0I12%l= A
AedX: sAZH AIRC #S)| o4&
=29 fluxid XM= A HiHF= &

y A=
ZHE/EBA



.49 Hg XM
SIS XX g

=Xl 0iZ
UINSHUIXIAE S

ISAHL HA, Mut xt2st o], SFM, XIAHIX SS
O MI(Energy Carrier)=2 Ol= iU Xl M & & 2™
o Z M XI(Regenerative Fuel Cell): =AM XQ} 2HHME ST IUX] HE 9
ITHAHOIUX] M OHH D} AMg| A SFat

*%

>
i

A

I
z =
0=

r

& Power Quality, Remote/UPS/Distributed Utility, Transmission & Distribution,
Spinning Reserve/ Load management, Load leveling ML Jis




S

=

249

)
=
=Kl
WO._
=< <
8131
=< Kl
J
S
=]
[0 <4

22 & 80%), F& FOlM U E

(o]}

Hoky/




LA eS|

LEMIIZAO Het OIEX ME X el AJABCST A HE

A

High Efficiency
& Reliability

ZERO/NEAR ZERO
EMISSIONS




s g1 3AH JItHE

X
o

=
EFH JI=01ME 22 10l XX 1t RPS HI=

3l
=3
<0
RO
H
oI
o
LH
KF
o1
ol
<l

i

£ 582 U 0IF0 A

X0l
FCE
A
go| &

=
5
T
m
il
=
=
m
=
n
S
T
s
~

Ot01 M|

« MIAHIAIE 202049 2223, 202544 66X AT
il
¢ HEE,

259 IR M

(=1 X =]
=Oo

=
s
—c
ok
=
ol
<l
<
Lo
=<
o
o]
ol
<l




. Jls ag

A2 MA| A|2EIS] MAIAIES 2010E71X] 5= 75,000CH o[ Ate| AR MX|7} EZ |20, 20104 &
(T2 - HER E3), HIIB U $58 HSHKIAAH S o 30,0000H7} HIJEIAS(2011, SXIZH)

=11 =9l +8 ug
- Q=2 JiNg A 210000 B0 HE0 ASOHE A IIAMUL SHAA 4701 VS
(ECHE S0 45 2 012 HZ 2SS 2N 4B IS, HSAS A BN
Agg | HEYAIS MY 39 300K £X 2500 23 SH 43
azmy - EUS JHES IZHXI 201249 AN} 20154 208HH/1 BINE SEE FCH IUE SOH
RD&D + %
2008~20134NHXI JIOHEL0N 450M R SX, HEJJAH|, SNUHD B, TI| NF WL
xig S0l X
wxg | -FOEAI Jl& & 300KW, 1.4MW, 28MWS HIZ( S CFC Solution, OAIOL EATIOILXI JISHI)
MCFC . 20154 01F $2,000/kw(2F $3,500/kW, 2010) MCFC & A|AH =H
- K AS/LHSOT LS, 113 L2E SHOET FHIIS/NAY 17 =Y
AE/uHS
SOFC . Ol= SECA = J#: 20129 AIAH J14 S400/kW SH
. 2 AOIL{KIHEANE TS SIFC AIASI0AW 010k 20101 2 1000iLH) A5 017 528




=t AU =2

HEE ARMI= 488 SH0IN JHEEMA Y ZYE fi8 d4 JHE &
- w2AOY SOHIM AIAESE MEGH AT FSIHEAIA LN AIEEZ AIAS
TE/AEE | Supply Chain =S (AMAHY J1E Ml 591 &)

As M JH MAE /At FS38% da £ 4T S JI=i Wy S VI
-JFE 8 AN BUHSE A 2= 5 21001 &AIEA2H,

2010495 H J8E H2Ae S Soll i 20001 < A¥ 2351 AS

- A2 4SA0 Q20 KO AIA” IS X 25 AT JHE ALY X
. SliXiskis O, 20, EQEH 0101 /1= FCV Jl&s AZE 1 AS.
- FAUSHEIIXSAH1S3H 2UHS A ‘06~ 10)

oy | - SE00U, HAM HIE, 29 / SBA 571 40
SESA ooy azAlgos NS 841 SAI0S FCV 10001 2BS( 09~ 12) _
- EJ A0 Y HO8 SHE 1295 FCV 1,0000H/4 MAGIH 1540 j‘
10,0000H/'3 A AF 3|2 " =
-SASEAUE2 2007495 H 300kwa, 20089 EH MWE MCFC A|AH! R =
wme | - EATOIUXIMN MUE ASHIIO HANAS ATV HL 3
TIIEFE - TAAMAHMAM O0I= FCEiLQl JI=HIEE SMAY] =3 L A|AH M2 3SEHME MAH 4] =)

-BOP X AMMXEY HE, B A S LHATX

- 20123 RPS AlY(H FITZ 16site, 2 50MW &1X], 20114 &) 10




72 Hyosung GS Fuel Cell

€  samcheonri @ HY city gas L PAFC Plant: 1 site, 4.8MW
FEP Fuel Cell Power MCFC Plant - Residential FCs: 206 Units

MCFC Plants: 18sites, 51.3MW
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Power | Remote/UPS/ | Transmission & | Spinning Load
Quality | Distributed Distribution Reserve/Load | Levelling
Technology Utility management

Hydrogen-Fueled
Electric
Generator with
Storage

Batteries v \ v \ v

Compressed Air
Energy v v v v
Storage(CAES)

Pumped Hydro v \ \
Flywheels v V

Superconducting
Magnetic Energy \ v \ N J
Storage(SMES)

Super Capacitor \
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1) power quality: short discharge at 1 MW power level,
2) distributed generation scheduled dispatch of up to 1 hr/day at 1 MW power level,
3) load management: hours of discharge at 50 MW.

Capital Cost, Millions of Dollars
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DischargeTime, hours

Load Management Technologies

(50 MW)
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=3¢~ Pumped Hydro |
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. —e—Hydrogen Engine/Hydride starage |
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Discharge Time, sec

Power Quality Systems (1 MW)
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12-Pulse ac/dc
Thyristor Controlled
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Wind
Turbine
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Wind Speed

Three-Phase
Voltage Source

Fixed
dc Voltage il \I

Turbine
Torque

| e—

. Rotor

Mechanical
Qutput

ac Voltage
Stator
Asynchronous
Induction
Generator

Water E“'"m\o o

Round Trip Efficiency

Assumed to be 30%

-

Electrolyzer - /g =

EWind Power

[ Peaker Power from
Stored H2*

H, Storage
| [3Power to Electrolyzer| %14

0.00

A

A

L

2.00
4.00
6.00

8.00

- |===Net Power to Grid **

H, flow

FE+2=rA/

5kHz IGBT
PWM Inverter

|

Synchronization

o
K 'l
H, -

* Stored Hydrogen is
100% from Electrolyzer
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stem

Fuel Cell
Stack

Ultra
Capacitor

- ** Net Grid Power =

Wind Power

plus Peaker Power

less Power to Eleciblyzer

10.00
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Q
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24.00

—

Average Wind Output

Time of Day 38 kw

Variable Loads
Two-Winding
Coupling
Transformer

]
ac Voltage . 3{

\) \

Voltage and
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ac Voltage

ALt 1 5kHz IGBT
i PWM Inverter

Fixed
dc
Voltage

de

Voltage
- dc/dc
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==l = Converter
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02 Hz vent A
25kW & Nmh H Butter Hz vent Hz vent
m>/h H2
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y ‘ » Compressor T gltlgr ——
.DWoutT 1- -|-T----> A
r T Hot \ Metal
o || \ 4 H water Hydride
? | boiler [€—  Tank
| Cooling
§ | Water A
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Wind Park of CRES in Athens

500kW gearless, synchronous , A e T N
multiple Enercon E40 wind turbine o
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