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Steam Reforming
of NG

Fossil Other thermal process

Biomass Electrolysis . . Distribution
Storage
of H,

of H;
Renewables . Transport
of H, . )
Pressurized Ammonia,
® Production . gas Refineries,
Cylinders/
of H, Trailers Methanol
Liquid
; Merchant
* primary Cryogenic Hydrogen
Shergy . . Metal hydride
source Pipe line Energy
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sast

gt (unique

opportunity)S S}#| 2 0fL{X| 0§74 H|(energy carrier).
® FAE..
® o BE T £RF0H0 o2& 2 Yt R4
® 1H™ 233l (near-zero emission) O L4 X| O X| & SfL}
o MAT|=0| et 0 |ATH =58 o|HX| YA M-S
® 79| B E 1X oKX Yo 2RE Mit Its
o O|HX| =g oM ME2L AA(iInkE M3

= Power to gas
= Power to transport fuel
= Power to industry feedstock
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o X|T =R E flot 7L OUHX| Of{ = _
M OfF 2 ZH™T|=0| EXHSID  gguge
O 20t o B2 Bl AN A Hat
Tt | (economic transformation chain) 7t

Z2a.

Equipment
Demand

H2 Retall Market
Cemand

HZ Whelesale
Marks! Demand

H2 Rotai Market
Supply

H2 Retailing,
H2 Wholesale Hﬂ
Market Supply  (TED

H2 A

Feedstock
Warkel Demand
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RENEWABLE ELECTRICITY HYDROGEN APPLICATIONS
ENERGY
Fuel cells "[’
fakar i DK oY
Solar cells "‘ = — Electricity
Oz Ha
@ © Power =
generation |“-—§ =
Wind power T 11 [
— Electricity
Electrolysi: Hyd tank "
T lectrolysis ydrogen tan| Boiler
Water power i - Inverter al E Heat
m — " Direct use of
o R & Gas engine
- M | —
Y ) - |
we (UM
Ti Fi - -
St Purification Filling station
Nuclear = = | Drive
@ power
. Coal Chemical
(with CCS) industry Chemical
ﬂ products

ENERGY

Source: K. Kendall et al, University of Birmingham, 2012 .
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HAAIL] #2 Yotz

4 || Haproduction (Billion m?*) source: CEA 2009
2009 >2020 -Phase2 )
H, take off for Energy
g
= 2015 -2020 — |
Phase 1 J

Two major take off announced:
After 2020 : H, use for energy
applications as it is an excellent
energetic vector

H; for transports (decentralized

and massive production)

H- as energy storage

2015-2020 : merchant H,
e ¢ Origi

inally from

1995 2000 2005 2010 2015

2020

2025

2030

Methane, it will come more and more
from REN sources

H. low Carbon for indusiries

Source: P Maulberger, Ecosummit 2012, Berlin, 2012
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2ol $4, HEHX| 4

e

= 92o| &4, AR FX|AQ! SE S EUS| ZE ALY, The Fuel Cells and
Hydrogen Joint Undertaking (FCH JU); %gg; O|R0{X| 1 QIC}.

FCH JUE EUQ| R Q[ 3|, ECO| Council Regulation0f| 2|50 2008 50 Mgl
Ron, gEol fL 55, Tt FHK A (public private partnership) 0| 7|&2|
HNeuat AE2 E310] HE2 04X AlAHO] ARAY tastE Kste HE 1
712 22X oz st QCt

AA
FCH JUQ| 3 TtEHE....

1. European Commission B
2. The New Energy World Industry Grouping (NEW- /«‘.‘w
IG) — represents fuel cell and hydrogen industries @NE‘W Energy World
3. Research Grouping (N.ERGHY)- represents the 16

research community

fuel cells & hydrogen for sustainability
FCH JUS| H2020 #|&l:

2014HE 0| ECE £, ARMX|MY F357|&7E 2ot(Joint Technology Initiative),
EU Horizon 2020 Framework Program2 590l 1 20142 E 202047t X| ECRL BIZH
LA, AT 0| SF FAHS0:50)0= & 13.39 F=2O| of A2 MFRUC,

5 POSTECH [P==5

a8 20|18 7|=7M%e 55, 2010-2020

o AMAN XE: H| DM 7= E2 2020EH7HK]
ZHAZLL Lot AT} (cost/kg)
® =&5E0f 0|8: 7| &9 +=&4Hu H™O| &=
AR AHSX (FCRVQL B3 =2t Ay mwmr-m
o HUXH F AHE 0|8 ARFXE 0|83l0 a Tnnmm
AXE0| QAE(economicaIIy viable) Mg, + ’ m
7188 Qe drdde 4B BE Water Energy ﬂ Water
Fimd mmm Commarcial Industrial
o J|E7|50| ZMO| Sl x| AF WY (Early s et 18
Market Applications) Sources Sectors

o MYUBE SuESE Y, 70| SR, BE
H2H(RCS, Regulation, Codes & Standards) Hydrogen economy cycle

N
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Actions / =A9| AAL

7124ME, AHHH0| Y= SLYI S H 100 MW (50 t/d) 2o M3l 7|& 24t
2020UE 7t K| GWh F 20| 474 X|&} HAAH| AZ, 100+MWe F 20| St =2 7fE MH| Al
Peak QO{T Hg 0| &%t =AML 7|&£9| H

2020 77t X| 107§9] 3 t/d 1+ 2 biomass/biogas-bas

ol

o
g
+

v .
® 202047HX| 10740 2 t/d B3 EAH \—fi‘ \_N:,‘:,_r’j | Diome v |

® 5 EbA(carbon neutral) “"Hydrogen

o =Ml gH| 25 (201590 270 [ Aikaline
MH| &9) clectrolysis

|= [ Upgradc and
supply lo gas grid

Production to Car” A& (201547} ‘ Contral e | | Onislia el
X| 1074, 20201 7HX| 507 4)

[ H (quality for Hy-Automobiles) ]
Considered hydrogen production pathways (Source: TU Wien, 2014)
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Actions / £=A9| =1} =H

HETX Aol ASH
HEMX| K2 2ED A
20207t X| 3712] ¢
S W dAstn B2YH
S A W eaBHA 7
EUS| 3t 3| &= Lhol =X o= 1,0000 7HO| sASHA M, 2020E7HK| 5= HL{O| £AXHSKt
Ha M= (2015 7HX| 2F 100742] =X AQ} 3,000 Xj2F H )

Hu
rx
Rl
>t
o
Hr
O
A
)
>
ofn
ot
]
©
>
ol
o

o

bl
NJ
N
>
ofm
%

HEA|A 744 (European Smart Cities Initiative)

EU L Ct2 st 7Ho| 3| @l= L{jof 2015 H 5 E 2018 7tX| 100 v
of Ho +ABTA UM, 2F UF ‘-.
o £ A= m2HELS 2020WNK| QF ZY £2ASM I 7

12 POSTECH (\P=

_10_

2015-10-01



Actions / HX|d HAFHX| A|AH

A% st AZMX| A|AE! (micro-Combined Heat
and Power systems, m-CHP)7|£9| & 771gt 7%
(7td Mo, =8 E7)3L R8d X =& M)
20154 7HX| 7FE-8 1,00000 7§2| m-CHPE 93 LY
200] = A0 E& (2020 7HX| 50,0000f 7§ E&)
L8 CHP 7|22 I A& (7 Mot +8
78 K84 AL re M)
2015UENHR] =20t MAHTEA, HIO|Q 7tA0f 7|
200] 74Ol A2 CHP MH| 23 (20204 7+X| 2000

ol MIA %= A8 AAE (first-of-a-kind

commercial systems) 22

Actions / X7| A| &t

1

o T FAI|2O| NHLTS BHY 4 Yk ARWA| ARAHO| J|BAY 2.

(diesel generators, diesel engines, batteries)

o7 RO HHIEGE SEE o= U2 Z7|IME 25

XA &8 X 2015E7HA| 5,000L,
2020 774X| 20,000CH, M {3 0f 250- FUEL

50074| 7|%| 9 £
M2t MH| (Back-up power): 2015 @ & ]{ >

E7hX| 9,0007H AH| AZ, 20204 7HK|
20,0007 AH| 2% Fuel Cells

Ol0|3 2 FECH A[AEL: 2015E K|
10,0007H 2] A|AE!, 2020771 X| APPLICATION
250,000702] A|AEN AR A=

» 14 POSTECH N?: &‘.""‘
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Actions / 31, A E, X 9 Al =84

| (RCS, Pre-Normative Research (PNR) and-Social Acceptance)

o MAA I MEsl= RCS (Regulation, Code and Standards) M& =™ 7| 59|
i (F=87tel a7, FHEZ 23

e HZF M Aol Hado tf8dt=
2SI EE X8 39| 28Xl
feed back &=

EMX| 7|50 8E, s, I
L

ol AFS|A A2MS HD cC E ul

=x o= —

i o X )I I

s517] g3t &= INTERNATIONAL
il il oo Standards Worldwide
s POSTECH [P==5

FES £, HEMX| 7|57 ZOHE 64 (2002 - 2006)

Source: EC, European Hydrogen and Fuel Cell Projects, 2002 - 2006

A 548
(8.0%)

+58, slojH2| =
=3} (19.3%)

H3Z4=,
ARABIE 24
(8.8%)

Hey FC 7|z e FCI|xAT
(8.1%) (6.5%)

>>> dH|[H| 80| EO0| E= ZOF0f B2 Of &

6 POSTECH [P==5
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71=701Y A= YT (Technology Road Map, 2010-2020)

o
=
=]
&

[ e ]
T s Poae et vt Yok i p bt el et — 1LargeScalesite
. 10 paats
! goveiopment & tastng of Large Scale
Bio Gas o H2 Schemes — 3 10pios > Market
devsiopmant
Demonstration
of o Storage solutions.
RED “for Salid Matenial Storage.
10 integrated
“production to fuel” ~
sites “production to fuel”
sites
CHIC START UF

5

> 10ty wide
e SE First set of 100 stations in A country  —————3 500,000+ FGEVa
HRS 1000+ stations.

Launch of Series production of FOV

RED Programma for APU Air Plana first flight with FC ARPU Several Commarcial
Applications _— > ————

IR IR RN

20 District Bases Residentisl

‘5’

20 Indusirial Sites deployments ¥ 100 inchusinial sives <=
eployments

I Sccistal acceptance work Market launch actions

POSTECH [R==3k

A oHH H 52

2 MAZOE 28

2 T HOILX| (S, EHYT)S 083 2 =8 MAZ 500 MWe 24
(ME, sY3E, 58 L XY 4|0 0|8, S UEE, MeItA SFetel
of £¢2!) - Power-to-Gas

HIO| 2 7tA, HIO| QM A E 0|28t 100ton/dayF 22| =4 At

MY AR 81 2 Bt ofLfX| (RXHE, HATtA WE, BARE MY 7|E)2
0| 85t0] TH 24 4t0] 50% &

50,000CH2| Y12 X| AHEXHFCEVS)Qt 1,000+ {40 A5 BF (3HY
A= Xp-FKte| TE

Electrical Grid
H Q20| 50,000 7HH I} 500MWe oG -“""'i ral/Gas Grid |
2o M4YHE U HHE FAH i

HFMX|MH| EZ (Transformation
of European Energy Sector A &)

20,000CH o] RIAj-2EHL K}2F,
20,000719] MM ELE M MH|
(Back-up power and UPS), 250,000
el Hrig AAso Bgoz
Mol D AWH = ZI|AE

o
A302
H¥ig 9zt A

el s i IS S "-':' |

POSTECH [R==3k
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£x}

® EU Fuel Cells and Hydrogen Joint Undertaking®| £0FH EX}H
® MK EX}e: 2014 — 2020 AtO| €17.9 billion (2f 23.8% 8l) - +A+AHZRMX|
® TH FXt= %li'-f DIZLEXIZ O| R0 XLt X2 S5, AZTLE0
7tE =& Q7 o7l FXIE F.
Earty Markets Cross-cutting
® E&D 3! A=58 EX|: ok €6.4 billion, e%)
o AFZY XAE T ok €11.5 billion
n : Markat
1e nstratior it gine
Ea Programmes Int U“-?LUEUISI Total
Transport & Refueling 500 21 9 429 12 100
Production 330 492 984 1806
Stationary 465 135 659 2259 Transportation
& Refuelliing
Early Markets 830 178 409 1417 Infrastructura
(32-36%
ACS 150 150 0 300 ;
Total 3275 3126 11481 17 882 el A CiE  Prodlibond
(34-37%) Distribution
(10-12%)
Source: New Energy World Industry Group (2011)
19 POSTRPCH [P==-

HFHX| A|AH AGH|2 (Total Cost of Ownership)

® 5 AQH|80|= AdH|
TYH| 2t 2EHE E3
(acquisition cost and the
Rerciui operational costs).

FCH technology

Totwel Cost of Ownership (TCO

‘Benchmark’ Technology

o JEMX|o EXHE SZE ZHY
7|&€ H|1I8 7|& (Benchmark
technology)2 21 A|FEIQ HES

2 POSTECH (\P=
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S90| $4, ABHK| MY TS

= — - =
| S YO A, AR WA LS 2 NOW GmbH, A _I\‘UW
National Organization Hydrogen and Fuel Cell
Technology (Nationale Organisation fiir Wasserstoff - aticrele Crgenit:ior Wasserstcfh
h o und Brannsmofizel cronchnologie:
und Brennstoff Technologie)Of| Al =310 QUCt.
NOW GmbHE... BMVBS:
Federal Ministry of Transport,
©® 2008 0] M=l 100% HEEX STHAH QG| AL Building and Urban Development
® Project overheadsZ AM N7t 2H| 35 £H BMBF-
® ZL= 7| 22 47|10 HEEX| (BMVBS (Chair), BMWi, BMBF, BMU) Federal Ministry of

® X} 2 Eh(Advisory board)2 M A X1t 5 T2 M O| JH EFE Education and Research

BMWi:

Federal Ministry of
Economic Affairs and
Energy

Program Management / International cooperation / Communication

BMU:
Federal Ministry of
Environment

Lighthouse projects Model regions NIP: National
Innovation Program

programmes addressing market preparation
21 POSTECH [R=

|22, etzmx Ame) 24 - NIP (1)
|

BMVBS / BMWi / BMBF / BMU

€500 million €200 million Gt €700 million
MT EXt R&D EX} . Matching E X}
€1.4 billion
2007-2016
o =4 ASMX| A2 FH| o MBI A0 2= ==,
A=K 7=
e LR HM MEZ 2% R&D

22

_15_



T4, QR HX| AZO| FH| - NIP (2)

4420} 54%
* H, production and infrastructure

+ Expanding vehicle fleets and hydrogen 3
infrastructure starting from key reglons

H|E M| £0f: 36%

« Micro CHP for residential use EHMH| 20k 10%
+ Industrial gensets for CHP and +IT, telecommunications
trigeneration . L ogistics, leisure and tourism
markets

Source Telekom [ PASM

= HEEe)S 2T LAL 0| oJSt o4 2Hl S

23 POSTECH (\P=

0x

=91 R&DD Projects

x=-
35H5E0}

(Cross-cutting)

® R&D2} Al & (Demonstration) 2| HZA ExAZE

'Y |:|.|_qu_}0" 74X{ 7(|0H5|_| iEHE
(2007-2016)

o i3t 0,3 HS

319,
NES:
o ZYBIALEHY T

o>
v
0=
2

P!
4>
ob

°
]

programme area

transportation imcd.

hydrogen production 112 20 186.158 74319 260.478
industrial applicafions a7 70 31451 28326 57.776
residental co-generation az 3@es8 35287 741475
special markets 50 a5 38547  10.200 48756
Eee g e 28 a2 11528 28662 40,190
Total 253 538 308572 174802 481374

(O] AF E£2]: 1,000 Euro)
24 POSTECH [R=

_16_

2015-10-01



P88 B =0k

® SH: Nng Mg gYy dH H8% nip

e 1ESCf Z=ME: 20081 98 A% Callux Project (Y callux«

® 5 MH|AMAK|, 3 A|AE 22N, O 2 7| U AX| Domestic fuel cell practice test
HEH

® Of Ak 201514 77HX| 8007H A1H|0fl €800 million
® 77§o| X7} T2 ME: SOFC, LT-PEM, HT-PEM BAXIUINNOTECH ——EnBW  €-0m

® 17[9| R&D Project: Et&t7|& HESF EWE HEXIS £ MVV fregie
BNailant e @SM

1= Callux, Germany's biggest practical test for fuel cell heating systems for domestic
use, is a project launched together with partners from industry and supported by the
German Federal Ministry of Transport and Digital Infrastructure (BMVI). Callux project
is coordinated by the Center for Solar Energy and Hydrogen Research (ZSW).

25 POSTECH [R==3k

Callux Projectl| Z &

HRAJIAE HER St 7148 HETX| HYHH[o X7 5

=8 A5, AE/E0| Q= (Marketable products) AH|E EZ23}7|
st 7

3|

S EEEEDT

=T AN
® A& KN E2| X|-Ed(product profile) A 11
o 27X NS U ATl Y

x

® A% EHOJ X} (market partners)2| 2 &

WNE @ callux®
o 97tot Ao 270 O S(Validation) [Jl 1095 inier

o I 27K HEg K¢

2% POSTECH [R==3k
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Hexis fuel cell heating appliance: Galileo 1000 N

CHP section

Type:

Output (e/th):
Modulation range:
Fuel:

Electrical efficiency:
Total CHP efficiency:

Type:
Output:
Efficiency:

Complete system
Total efficiency:
Dimensions (mm):
Weight:

Housing:

Operating mode:

27

Natural gas pressure:
Electrical connection:

Solid oxide fuel cell (SOFC)
1.0 kWe/2.0 kWth
100-50%

natural gas, bio-methane
(NCV) > 30-35%

> 92%

Integrated auxiliary heater

condensing appliance
4-20 kW
109% (hN at 40/30 C)

> 95% (to EN 50465 at 60/40 C flow /return)
550 long x 550 wide x 1,600 high

approx. 170 kg

coated, fully enclosed

20-25 mbar (EN 437)

230 V/50 Hz

heat-controlled, energy manager-controlled;
remote control option

POSTECH [R==3k

FC CHPQ| MH|7}A 3}t 0]

(HH SSA ME2 Eod 7t4)

_ 100 »
% \ —e— Kostenentwicklung Plan
z L —a— Kostenentwicklung Ist
(U]

o 60

[ =

= |

i \

= ]

: o

£ 20

&

w

o

x b . :

Gerategeneration 1

Gerategeneration 2

Gerategeneration 3

>>> TRHE 7|7 SQH0| Au|742 60% X2t

28

POSTECH (\P=
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A/S HIE % ojH] £F SE7t4 SHE=0|

(HH SSAt ME2 Eo 7t4)

£ 100

@

£ l\ —e— Kostenentwicklung Plan
g —=— Kostenentwicklung Ist ]
=

5 60

o

g

5 40

=

=2

2 2

=4

@

=

2 0O . :

(=]

¥

Gerategeneration 1 Gerdtegeneration 2 Gerdtegeneration 3

>>> ZZME 7|2H S0 A/S B8 L oH| £F 32 744 o 90% X2

=

29 POSTECH [R==3k

HSZHX| X5k} A|Z=H|, E-Mobility Programs

= UPE 9| E-mobility (Electric Mobility) Program2 CtS 1t 22 3749| &
(three major pillars)2 2 O|20{ FILCt.

« increases efficiency
» has potential for CO2-free mobility

Electric Mobility

Plug-in (PHEV)
Hybrid-Vehicles and Battery
(road/rail) Electric Vehicles
(BEV)

Hydrogen and

Fuel Cell
Vehicles (FCV)

Electrification relies on the key technologies of battery-electric and
fuel cells

30 POSTECH [\P==
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HFMX| X}SKXHFCHs)e| *l stAM

- OO

MY HX| 2 RE] =2 E ‘H4t5l0] HARHX| XF5KH0f| ALESHH =& 202
COo,tMS E7|Xoz XZ. (CO,-free transportation)

C0, emissions well-to-wheel, g CO.km
200

Internal co mbusﬁmm . FUEL CELL
engine — gasoline? % CAR
1850 |
R ——————— . —
Battery 2010 I'.
100 I alectric "\ |
wehicle Fuel cell | Internal .
helectric vehicle | combustion
-—2010 | engine - diesel
s0 F |\ |
\
| | Ill Lowemissions and high range
det 2050 \
G g 2050
1] 200 400 600 8OO 1,000 1200 1400 1600

Range, km

POSTECH (\P=

Clean Energy Partnership (CEP)- FCV Fleet == 17

20127tX|2| 41}

® 80 Daimler B-series F-CELL
® 20 Opel Hydrogen4

® 8 Volkswagen Touran, Caddy, Tiguan HyMotion,

Audi Q5-HFC
5 Toyota FCHV
2 Honda FCX Clarity

Hyundai has recently joined the CEP
7 Fuel Cell Busses (Evobus) in Hamburg

32

_20_
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HBMX| ApSKtO| 7|&FIR

A-Class F-CELL

Durability Top Speed
Y 3 T ’

" __

g Tk

Q i

g +150% ) +100% Lo

2 2 -40%

<

& ] / y T / B

E? i
= —_

£ 3 H El
33 POSTRPCH [\P==

o~ Key achievements

= Safety of stations
proven

Refueling standards
agreed

= Storage and com-
pressor technology
tested

H, supply chain
tested

UndeTotal

Berlin, Heersirade

In planning  Beriin, BBI
':L\gerg To

Stations in Germany
(GHZ, 700 bar) -~

DAL Bugs of station

Hozmaritsirate s
LindeTota technology eliminated

Under Duzseidor,
construction AN Liquige

Under Stuttgart,
construction  ENBW

Several additional
stations are cumently
planned

— Daimler and Linde
have announced to
build 20 HRS within
he next years

— The German
Government has
announced 50
stations until 2015

Ich,
Detmoldstraiie
JEM Total jonly LHZ)

Under  Karlsruhe,
construction  KIT

34 POSTECH [P=:
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+ASHAO HOY (MW W)

e —

® 2015ENtX| 50714, 2017'=H77X| 100~1,0007H 4, 7| M2 HaH L

= CEPO| 2|3t0] 2003'd £ H H|E2at a2
23 X9 ARt =, 2010H 2 E NRW
Z=9} Baden X|S0| £ 0j8}g o, 2011
H0j= Hessen, Stuttgart S22 =tcff.
(CEPO]| oot =X} KX 409 R 2)

* H2 Mobility (2009 A|Zh) Z2HE, &
1491 Q2 EX}

* BMVBS (the German Ministry of
Transport, Building and Urban
Development)Q} 2=7 Q| DI7Zt7|

* NIPHEHS

MNEEA 2T 7|20L 0 Al
=
e

ABMX| ASAtC] £9F & 22 (needs-

18]
o
2

driven supply)
® NOW GmbHQ} CEPO| ¥ &

£9 NRWZFQ| 22 310/90]

e —

ete 92 =29 NRW(North Rhine Westphalia) X|9& ZASZ NRW
Hydrogen HyWayZ 2008 E 2011E7tX| A= T2 10| = YE|0f 10CHo|
JHOIXtEO] =2 FHES HAISIL, 50| AY EHoR = HIFYFE HAISHH,

20092 E £ 2040 Oto|3 2
HAZ Y B8 MHAE 4
BStof of 25,000km TSI O
Oy, of 500%/9| FHO| O|R0f
MCh =3k 20112 E 4cf2|
18m QIZHAZ Z2FHS A
Alsta Utk

(X}Z: Energy Region NRW, 2009

_22_



demonstration

When? = Since 2006

market preparation and validation

= For the next 5 - 10 years

commercial ramp-up

= Around 2020

Who? = CEP/NIP = H2 Mobility and CEP/NIP = H2 Mobility and free
market
» HRS technology up = Proof of HRS, FCEV = Scaled nationwide HRS
Goals and running technology, network to enable FCEV
= Costs significantly ~ and H2 supply chain mass take-up
reduced = Customer acceptance = Profitable, high-growth
of FCEVs business
= Attractive business case
for next phase
37 POSTECH [\P=
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! International Partnership for Hydrogen and Fuel Cell in the
Economy (IPHE)

® [PHEE 4, AFZHX| A
21540f 20030 HE

e ECE U235 1774 5122

o 49 CIZAA HYS D

A psle 98t = Jh%

- [m=}
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719 &Ol 52 9lgt 5

e IPHE MK 3|29
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GDP=

22 0te| R&D, EES}, Q1= a}

Of
=

7|, R, 2y

o|z
)

= [

—_

MIAH GDPO| 85%, T2 At 75%, 24 7tA HiE 65%

IPHE members: Australia, Brazil, China, European Commission, France, Germany,
Iceland, India, Italy, Japan, Republic of Korea, Republic of South Africa, New Zealand,
Norway, Russian Federation, United Kingdom, United States
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=X el - Activities and Priorities

Current IPHE Activities IPHE Priorities

® Workshop Series ® Accelerating market penetration and
* Infrastructure early adoption of hydrogen and fuel
* Governmental Programs on cell technologies and their supporting
E-mobility Infrastructure
* Demonstration
= Stationary Applications ® Policy and regulatory actions to
* Hydrogen as Large Scale support widespread deployment

Energy Storage
® Raising the profile with policy-makers

® Virtual University and Global and public
Student Competition
® HFC Global Commercialization & ® Monitoring technology developments

Development Update
®Working Paper on Global Policy

Update
For more information, see http://lwww.iphe.net

39

600 kW plant at a food 1.4 MW at a municipal 2.4 MW plant owned by an 11.2 MW piant - largest
processor building Independent power producer fuel cell power piant in
the world

Delivering Ultra-Clean Baseload Distributed Generation Globally

Source: FCE, 2011
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o 3&: [Y e, 458 MT d3 2293t (tank inertization)
e MHL ZR: Ferry, yacht, research und trade vessels, navy vessels
® AL QI &: Sulfur-free diesel, XTL, H,

¥ €4ships o

Srervstaflzel ke im maritimen Einsats
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PAX-
Transportation

"

Ground
Handling
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Individual
projects
Micro 6%
fuel cells

7%

Electricity supply
in business
Materials handling, ggg::caums
special purpose vehicles
26%
Electricity in

s 2 < leisure markets
. Light electric vehicles 20%

13%

3 POSTECH [\P==5

Renewable Energy Green H,

Hydrogen Supply . o B8 =233
Customer $
+ factory
Grid Stabilization CHagrid

 filling station

Source: McPhy, 2012 (modified)

“ POSTECH [\P==5

_26_

2015-10-01



S MO OJB YLK BT W}

—_
= MO X| S o| 8% M o| YolL (Pick power)2 2 A MAsID 0|
YIS

Q22 3 GlRMX| WH MAS IJoPH M| ML glojn M
FEA|Z 2= QIC}. (Valorization of Renewable Energy)

TEXT
b - e
-y H2: UEET 150 b
[ B -
E - E -
" L]
— e
| [vceor] gl — T
— SR
JEN: M40 =24, 0Ho|CkA, 2008
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Needs for flexibility

e

Fluctuations in net load

Demand variability
and uncertainty

Demand-side
management
and response

System operation

Variable renewables

Interconnection
with adjacent markets

Contingencies
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T2 MNP ot x| S5 Est (BHE)

MWh electric valorization, direct or with batteries,

at average prices 55€ to 75€
Battery yield
~08 Electricity
market
Electrolysis S Merchant hydrogen
Electrolysis yield Storage market
~07
Hydrogen molecule valorization at 10 €/kg (or more)
Equivalent to an electric valorization > 200 €/ MWh for the
REN producer
Source: P Maulberger, Ecosummit 2012, Berlin, 2012
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Wind-Hydrogen for Mobility2| A&

hydrogen as part of an renewable hyd fuel
! —) ydrogen as fue
integrated energy system

ENERTRAG Hybridlkraftwerk

Enertrag: Hybnd Power Plant Total: Refueling Station at Heidestr., Beriin
First delievery of wind-hydrogen on April 181", 2012

48 POSTECH (\P=
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Scandinavian Hydrogen Highway Partnership (SHHP)
!

The Scandinavian Hydrogen Highway
Partnership (SHHP) consists of regional
clusters involving major and small
industries, research institutions, and
local, regional and national authorities.

Stockholm
@

The national networking bodies —
HyNor_in Norway, Hydrogen Sweden in [:P

Sweden and Hydrogen Link in i
Denmark are acting as SHHP %

coordinators. Fg
All activities are based on effective Sea

collaboration across the borders and o iCogacen

are backed with strong public and

private support in terms of funding, 3 E? — N
attractive financial tax exemption el W
schemes and investments ! [? Under constructon @) Event

Source: Website of SHHP D Hptariocn
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- 29J|0]2| HyNor project
!

= L 2Q0|= £ EUMATL HOLN MY HXZEE A8 MM, 35
&t 4~ 9l 3177 0| ZC}. (Akershus Energy Park Norway)

® Phase 1. 2003-2009: HyNor had the aim to demonstrate the
technology by enabling hydrogen vehicles to drive and refuel along

this road from Stavanger to Oslo;

® Phase 2. 2010-2012: HyNor aimed at an increasing density of
refueling stations in the capital region and at a larger fuel cell

vehicle fleet;

® Phase 3. 2013-2015: HyNor will prepare the commercialization of
fuel cell vehicles in the Norwegian market, in cooperation with

other projects in neighboring countries.

52
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L-2¢9]|o|o] =AAAt Corridor

1= HyNor project0f 2|$t =29 0|9 =AMAt Corridor= Southern
Norway, encompassing Oslo, Grenland, Stavangerg& ¢Z3sl11 QL.

) H2 from electrolysis,
H2 trom electrolysis, el from hydroel. power
El from waste incineration plants °
ot Al 1 Tt

H2 waste gas
reform., CO2-
caphure

H2 byproduct from
Chlorine production

H2 from NG-
reforming,
CO2 capture
H2 electrolysis,

El from photovoltaic
Trucked hydrogen panels

Source: HyNor webpage - -
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HyNor Lillestram?| =43 &

Source: Gjerlew, HyNor Lillestram

(landfill) *1

Solid Oxide
Fuel Cell

SolarPower ‘ ‘
(local PV) 1 | :
! Mechsnics H '
¥ Compressor | !
' ' i
Hydro Power Water ‘
(local grid) Electrolysis : | |
- ' : Electricity : = :
CO; WasteHest | 1 | |- | H
™ WasteHeat —| - —‘H—P
| 1 H2 H2
Reforming I !  Stomge Dispenser
(SE-SMR) H j
Biogas | Metal Hydrides |

Electricity !

Primary Energy Hzproduction Hr-compression Hz-storage &Filling
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LSNP
1. Fuel Cell and Hydrogen Technology in Europe
The New Energy World Industry Grouping (NEW-IG), 2011
2. Hydrogen and Fuel Cell Activities in Germany
Klaus Bonhoff , NOW GmbH, 6th International Workshop on
Hydrogen and Fuel Cells, Campinas, Brazil, October 3-5, 2012
3. P Maulberger, Ecosummit 2012, Berlin, 2012
4. Website of McPhy
5. Website of New Energy World Industry Group
6. Website of Energy Region NRW
7. Website of SHHP
8. Website of HyNor
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