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@® Primary Energy Consumption : 10th (233.4 million TOE)
@ Petroleum Consumption : 7th (101.8 million TOE)
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1 USA USA
2 China China
3 Russia Japan
4 Japan Russia
5 India Germany
6 Germany India
7 Canada Korea(2.8%)
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Dependence
(%)

Import amount
(Billion USD)

@ Overseas Dependence : 96.6% (2007)
@ Import Amount : 95 Billion USD (2007)
@ crude Oil Import : 4™ (875 Million Bbl, 2007]
@ Energy Production (0il, Gas) : 4.2% (2006] TGRS 1 | () I Bl
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@ Renewable Energy Potential : 11.3 Billion TOE/year
@ Renewable Energy rate in Primary Energy Supply
: 2.24% (2006)

(unit : million TOE/year)

16.2 (unit : %)
Type Potential Available
Solar Thermal
11,100
PV
Wind 165
Hydropower 8 1
Biomass 11
Total 11,284 3,901
% Source : Korea Institute of Energy Research (2004)
S L ® c < = Wind PV oth
D p . o
3 % 3 ;’: = § Biomass 1.14% ,~0.14% 0.8?22
V) () g > Hydropow 5.25%
=~ < er _\
% Source : IEA 2007 16.59%

(Korea: '06 Data, the Others: '05 Data)
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Current flow A

Anode
Electrolyte

Cathode
< Air

Tor

Efficiancy, % LHY

production of electric energy by
direct electro-chemical reaction

efficiency : over 40-60 %,
over 80% (combined heat)

usable fuel : natural gas, methanol,
coal-gas...

pollution-free : SOx. NOx-free
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U$ 12 ~ 22 billion 1400 billion won
power plant (ABI) (KEPCO)
distributed U$ 24 billion _

power (BC Inc.)
. U$ 15 billion 600 billion won
Transportation (ABI) (2015, Hyundai)
portable U$ 2.5 billion 400 billion won
device (ABI) (MOCIE)
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I Eectrolyte
‘ Fuel Cell '

Efficiency- : Heat & Electricity — =
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= thermal power plant

Steam

Genarator Turbine
Genarator

|
Fuel Sub Station

Elermert=
chemical  heat mechanical electric > high efficiency
energy energy energy » pollution-free
= fuel cell » low noise
» various fuel types
» easy modulation
—— » combined heat &
Ilg-_ﬂ
- power plant
AR
chemical energy ’ electric energy — [
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onsite, power plant
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Technologies
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1993 :100 W (G7)

1997 :5 KW

1999 25 kW

2008 :250 kW

KEPRI €2

2003 :25 kW
2004:6kW (BF Type)



o Xl AR (SIREEATE)

25kW A AH 100kW Stack 100kW Al AE

~  HF%¥ (EAD- 0= FCE)
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=H (2012)

« W54 : 40,000 h

« B8 M 45%, MKl 80%
<« J14 - US$1,500 / kW

“ 250kW 215 JHEE MCFC
= J12t: 2006 - 2010
« OllAr: 428 & &
« 0471 : KEPRI, POSCO, KIST

+ 300kW LHE! JHES MCFC
» 712t : 2007 - 2010
+ OIlAt: 350 & &
« I FHSSY, KIST, KIER

100kW (2005)
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< MCFC Power Plant 3% =3
« Stack - FCE
« BOP - POSCO Power
< 821
o TGt
« 207,000 m2
« HE
w MMAFAIZEF: 2008 82
« %2 150 MW/yr (120 MW/yr)
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Slurr:t,-r manufacturmg system

.:_.; __';_"--__'-'l

-
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DOOSAN installed components manufacturing facilities with 2-SMW/yr capacity in early 2008

Tape casting machine
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- BEFFMW) D ﬁ%ﬁﬁﬁ
ax | r3 oD
2008 10 10 410
2009 42 52 340
2010 104 156 310
2011 127 283 274
2012 148 431 234
2013 184 615 210
2014 228 843 180
2015 249 1092 160
(1) POSCO Powerd Hi A&
(2) POSCO Powerd 71528 &
NR: +2HBEK MeIC

> 10MW 2HA| WK HE
: 10MW X 1000KW X 24hr x 365&! X 26281

= 2479
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78 124 M2 A =F XA (PEMFC)
FA7| 2 GS Fuel Cell, FuelCellPower
7|2 ol X|Z|sH T, SETHATH EmIIAZ AL B El0|0, HE &

*
b,

-
'i'i

-
'i'i

— A071710
A KIER EQOIIL]IPIEETL‘
NS =AHS M A S \mmmm—  KORER INSTITUTE OF ENERGY RESEARCH



< AGUXI2, 07.1.22]
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T 2006 2007 2008 Al
2ot 40 70 100 210
SEE (e ) 1.4 1 0.8
HEX|HE (22 ) 55 70 80 205
HR ExE 50% 50% 50%
TS H| 2 55% 70% 80%
Mg A=l (R bR
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252 | sezs | sz | yousea
BE | 2300 | woy m/oy | (mer /o) | B (e ®) | (me =) k12
2008 A0 100 130 H 200 0
2007 T0 80 100 7.000 0 H1x 2LIEHE AE
2008 100 E5 80 8.000 0
2009 290 50 50 14,500 Q
HZ2x 2LIEE AME

2010 800 20 30 24,000 0
2011 2. 000 20 14 28,000 6

10 E5AIE (BRE X2 T0~60%)
2012 6,700 10 3] 40,200 4
2013 15,000 8 48 72,000 32
2014 25.000 T 4 100,000 3 108t 22 A8 (BREE2 80~40%)
2015 50,000 5 2 100,000 3
+= | 100,000 - - 388,800 -
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> 25KWS SIS ET] AlAE Y  (BOIR)
» 25KWS PEMFC % (BICHA, KIST)
» 25KW2 DIEHE SISB&D| Y (SK)

75kW PEMFC i
ol0|=E2IE HABHET T}
D2/DX AlE

§ & 80kW PEMFC
ot0|EelE 2R EX| T}

> 10KWE AZEX ANAS N (MOX)  ozzn wmi e
» 10KWS PEMFC % (KIST, ®0HXH)

» 10kWS HIEHE SIS S| Y (8K)

> HEHE A 5I0|E2E NST WL (B0, e

> MEHH 4 HEET] TS HE (RO

= U120 50
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=H (2012]

« LH72A : 5,000 h (10 yrs]
» WAIS 2% : -400C

« 714 < US $100,000 / car

< 80KW PEMFC (=211
« J|2t: 2004 - 2009
o OlAH:334 & &
+ ZHH 71 : HMC, KIST, etc.

= 200KW PEMFC (HA)
« 712} : 2005 - 2010 Hyundai i-Blue ( 20074 98)
= OflAF: 490 S
+ &0{7]1 : HMC, KIST, etc.
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Driving Range
Max. Speed
Fuel Cell Power
Battery

Fuel

Driving Range
Max. Speed
Fuel Cell Power
Supercapacitor

Fuel

187 miles (300 km)
95 mph (152 kph)
107 hp (B0 kW)
LiPB 152V
Hydrogen (350 Bar)

187 miles (300 km)
50 mph (80 kph)
267 hp (200 kW)
9.7F

Hydrogen (350 Bar)

= VR TI| Y

KIER m — —_ T
— KORER INSTITUTE OF ENERGY RESEARCH



T 2006 _ 2007 2008 Al
LS X} & 4 8 18 30
SECF (YY) 10 9 6.5
of @ M X| x|
A 4= 1 1 2 4
ZECE(SH: o ¥) 30 25 15
TaAHOM 2 4 2, 8
HEXF (CH Y H) 58 74 95 027
HE Hxg 50% | 50% 50%
= 4{EHH| S 50% | 60% 70%
p— O [
KIER N —

=911 57|

— KORER INSTITUTE OF ENERGY RESEARCH



R&D Status of Fuel Cells

In KIER
[PEMFC, DMFC, and SOFC)

= U120 50
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il

1996-
2kW PEMFC Stack

1996-1998
5kW PEMFC system for RPG
with Methanol reformer

Fuel Cell/Battery
Hybrid mini—Bus 2004
with a S0kW Stack Fuel Cell/Battery

1997-2000
10kW PEMFC power system
for a hybrid fuel cell vehicle

1999-2001

5kW PEMFC system for RPG
with Natural Gas reformer

2003-2004

50W PEMFC system for

Laptop computer
1999-2004 beb L

1kW PEMFC system for
Small & Portable

Module Hybrid Vehicle with
2kW Air—cooled Stack
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Anode-support flat tubular 1kW SOFC stack

Anode-support tubular 1TkW SOFC stack for APU
application

Pressurized 5kW SOFC stack operation
Development of core technology for SOFC material

Bl Paper : Domestic 24, International
21

M Patent pending : Domestic 6,
International 3 (2007)

¥ Patent: Pressurized 5kW SOFC system
M Korea 0344936 (2002)
M U.S. Patent
6,436,565(2002)
M U.S., China, Germany
Patent 6,436,565(2007)

First development of anode
support tubular cell (O.D.: 20 mm)

2
30 25 cme cell

= ERT F_'E LI X7 &0
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1994-1997
180W Stack

2007-2009
DMFC/Battery
Hybrid scooter
with a 500W Stack
Module

10W DMFC stack for
portable application

2005-2008
5W DMFC stack and
sys. for DMB phone

2003-2007
50W DMFC stack and
sys. for Notebook

SW DMFC system 15W DMFC system for
for a cellular phone

portable application

2002
500mW DMFC system
‘ for micro fuel cell

2002-2004
100W DMFC/Battery
hybrid sys. for vacuum

d A 0
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_ Invention of
" Fuel Cell Industry
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