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= ae 0 510 o|HX| MHollM 0f F2% He(unique
opportunity)S St 2 of|L{X| Oi74*i|(energy carrier).

L TN
® 7io DE XZ £QE0t0) 0|2 W FAD KUY
® 1™ EZ3| (near-zero emission) Of| 4 X| O A & StL +
o MiT|=0f et IR Rsh =58 HX| I NS
® 7ol B= 1X O|HX| Yo 2RE M Js
o X =5 UM Mz2 AZA(InNkE XS E
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= Power to industry feedstock

& ASHX|E....
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® xF +2E 9% S HX| N =

= M2 dY7=0| EXfSt
O 20 B2 A2l ZHH gt
£t 7| (economic transformation chain) 7t
ze.
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Equipment
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H2 Retailing,
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RENEWABLE ELECTRICITY HYDROGEN APPLICATIONS
ENERGY
Fuel cells "l’
Solar cells ,F . Electricity
Power ==
generation [Tl
Wind power :Hé?
Electrolysis Hydrogen tank Boiler
Water power - Inverter al E Heat
- Direct use of
= hydrogen
y TP . Gas engine
. - —
Biomass t.}\?\ ra - Pévier
Transformer ParTieat -
urification Filling station
Nuclear - Drive
power
- gg;l Chemical
(wit ) industry | Ghemical
ﬂ products

ENERGY
Source: K. Kendall et al, University of Birmingham, 2012
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HMAL =2 it

w2

‘|| Hzproduction (Billion m*) source: CEA 2009 s i e i
1 / After 2020 : H use for energy
i applications as it is an {lent
5009 >2020-Phase2 | -
H, take Bﬂf:;hﬂw H, for transports (decentralized
ol kmm“w s, ction) | { and massive production)
'Ej H- as energy storage
3000 - ]
2015 - 2020 - f 2015-2020 : merchant Hy
Phase 1 } devel t. Originally from
Methane, it will come more and more
from REN sources
H. low Carbon for industries

1995 2000 2005 2010 2015

2020 2025 2030 2050

Source: P Maulberger, Ecosummit 2012, Berlin, 2012
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ol $4, ARHK| M

1%

o &
T -d

= QRO £4, ARHMX|LAMYH E52 EUQ| 3 SAY, The Fuel Cells and
Hydrogen Joint Undertaking (FCH JU)& %‘,—QQE O|R0{X| 1 Q!C}.

rﬂ_g
fot

o |, ECQ| Council Regulation0f 2|s}0{ 2008 520 HE g
Aon, %EQ,Q %OE'?F_P 335, 2zt FEM A (public private partnership) O] 7|&2|
e 452 S5H MEHA of I'—ﬂl A2l AIHTIY 7HE3tE X@ldte A8 1
12 28o= 51 9

FCH JUQ| 3 m}E{£....

1. European Commission B

2. The New Energy World Industry Grouping (NEW- /N
IG) - represents fuel cell and hydrogen industries QNEW Energy WO'}Ig

3. Research Grouping (N.ERGHY)- represents the

research commu nity fuel cells & hydrogen for sustainability

FCH JUQ| H2020 A %!
2014H =0 ECE £, R XY ZE7|=7le B ot(Joint Technology Initiative),

EU Horizon 2020 Framework Programs & Q1810 2014EH 2B 2020 771 X| ECe}F TIZE
LA, AT 20| 3& FAHS0:50)6t= & 13.3Y {FEO| ofibs MFHRUCH

9 POSTECH (P

o8 AA0|2 7|&87]we| 25, 2010-2020

o AU XF: H| WM 7IEL 2 2020E 7|
BYARL SLTH YLHETL (cost/kg)

—
E
elemkmp generation

o MAH o WHE 0]8: YEMXZ 0|25t0 + Tnmpemllnn
ZH‘40| U=(economically viable) A, r.
H )\‘| HIOI Alx—ll, E:L Wataf . wa

Corrier Tlnidmll.ll Cum:nlmd Induslnll

o J|Z7|20| Mol =& x| AIF I (Early e e
Market Applications) Soums Sectors
o MYUSIE SYHSE= E, 710 EY, BE
7H2H(RCS, Regulation, Codes & Standards) Hydrogen economy cycle
10 POSTECH (R==
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Actions / =40| M AL

71E3¥E, AHEY0| Ae LSS P 100 MW (50 t/d) RO =TSH 7|& TN

20201477HX| GWh 29| 47} X|3} X&AH| M3, 100+MWe FE2| HA 1 )& M| A=

Peak YO|HH S 0|83 Syt 7|22 HIE MNPt 28 S 7|& HE
ES

202077t X| 10749] 3 t/d 7+ 2 biomass/biogas-based =

Wat Natural
2020L7HX| 10742] 2 t/d 7@ 2Ar d L’E",” |
o M| gyl 23 (2015E0] 270 [ Atkaline

MH| 29) clectrolysis
291%| ZHE S| $4 MY, K 7|

= A5 (e, MATtA JHE,

CCSE 78 MEIAS 7|2

[ Upgradc and

supply 1o gas grid
® 2 EtA(carbon neutral) “"Hydrogen -
Production to Car” AZ (20157} ‘ Cofnl e | | Ciectn g ‘
x| 107§4, 2020 77FX| 507§ 4) 3
[ H, (quality for H-Automobiles) |
Considered hydrogen production pathways (Source: TU Wien, 2014)
X POSTECH (P=
Actions / =2090| £&1} =H
|
o CIZTX| Xt ASH el 7|&/he HIEXMY = F7Ish R84 A 28 M)
o S MX| Atgh £Enh A|AHO| e M o Ehast A /AN 5T K7 $T7(8)
® 2020E7tX| 3742 HETX| Xt #EXE XSt 2t 45 HEEY 7| s&
o 93 U AT AW U FCEV SEZ T supply chain 7E 24
0 S Al Lf £AZFA J|HIA|E 4 (European Smart Cities Initiative)
® EU2l ot o|/= Lo =X O RZ 1,000 74| =A5T A M, 2020E7HA| 4= MCHO| =2 Xt-SA
Hg AZS (2015E7HX| o 100742 S A2} 3,000C49| At H5)
® EU LY CHE &t 7§0| &= LYoj 20154 5L E 2018 7HX| 100 “
of ol £ABTHA AN, 2 UF .
o 9l N DEMEL200UNK R Fe 42EHY N
=2l 7|Hto] & (WA 6-77] 2/ =)
® 202047tX| 2F 1007§9| EZ= =22l (Auxiliary Power Unit,
APU) E& (2015 A7IX| 10742] ASAH|)
o 2of YT HEo| A HH| HF

12 POSTECH [R==5
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Actions / HX|d HFZHX| A|AHE

[}
b

S Aest AF MK A|AE (micro-Combined Heat

and Power systems, m-CHP)7|&2| G718 A%
t4 Mot =8 2l /84 A 28 M)

® 20154 7tX| 7H-& 1,0000 7Ho| m-CHPE F& Li
200 T A0 £ (20201477+X| 50,0000 7§ £ &)

o MYAZ CHP 7|2 AN AL 714 XNdt =Y
712 REE X 2E ML)

® 2015E7HX| =40 MAUTLA, HO| 2 ZhA0f 7|HHgh
200{ 7{o| AL CHP AMH| 22 (2020 7+X| 2000
ol MIA %|x M AIAE! (first-of-a-kind

commercial systems) 23

3 POSTECH NR===3

Actions / X7| A|%E

o ST FMI|So| HASES YHY 4 Ys AzH
(diesel generators, diesel engines, batteries)

r
=
=
>
0z
lo
N
g
=
L
A
0%

® 47| 2ol HHEgS ZHE o= 2 XIANTY 5

= XA =58 XHE: 2015 74X 5,000C,
20201 774X| 20,000CH, M 22 0f 250-
soozel 71kl e

= HEELRt MH| (Back-up power): 2015 \/
H7tX| 9,0007§ MH| HF, 2020 77tX]|
20,0007 MH| 29H

« OFO|3Z HLHE A|AE: 2015E7}X|
10,0007§2] A|AEl, 20203 7}X| APPLICATION
250,0007} 2] A|AE AL AIZ

14 POSTECH [R==5
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Actions / 3, ZE, B 9l Alg| 284

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

® MAUA I} MEBH= RCS (Regulation, Code and Standards) M&F ZH7|&

+a7te| @7, N EZ0| £

10

= I
~ X

L}
%783 g M2  AC
apI o[t BiE 12 ASME  internaTionat
= il’?l'.n’N& FNI STANCARD sfandanjs Won‘dw;de
I5 POSTECH (R==

FEe 2, AEWX| 7|71 ZOFE 64 (2002 - 2006)

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

24 HF
(8.1%)
Y kg

(8.0%)
oHH, ¥, 3, BE
10/
+358, sfo|=z|s “9%)
3 (19.3%)
CEETH
AHALS|E 24
(8.8%)

Me¥ FC 7| x¢3 N2 FC7|XxQp
(8.1%) (6.5%)

>>> JH|H| 80| E0| E= ZOF0f B2 off &

6 POSTECH (R=:=
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71=70E A=l Lgt (Technology Road Map, 2010-2020)

g
=1

BT e e (T e T —3 1 Lamge Scaleake
: L
: e
Bio Gas to H2 Schemes —_— 10 pilets 3 tarket
e
.

RED Programme for Solid Matenial Storage

10 integrated

“production to fuel” ©
sites “production to fuel”
sites

CHIC START UP

5
> 10 city wide

P AnD First st of 100 stations in A country  —————3 500,000+ FGEVa
00 Siatiore.
Launch of Saries produstion of FGV

FA&D Programme for APU A Plans first fight with FC APU Several Gommaercial
Applications _— —> hiations

FAD PROGRAMME FOR SOFC AND
MCFC RELIABILITY AND EFFICIENCY

L , 20 District Bases Residential

R R RR RN

20 Industrial Sites deployments. ¥ 100 industrial sitas. <-
deployments

Large scale Commercial sales

Societal accaptance wark Market launch actions

POSTECH NR=:

UEH A AR A(EH, EFE)S 5 =
N, Y58 +58 L X 4|0 0|18, st H=E H

!
w1

00 MWe EHd
S T A7tx 352t
Power-to-Gas

HIO| Q2 7tA, HIO| T AE 0|23t 100ton/day 22| =4 A At

HgolLx| 8l 2
o|83to] HH| =

St O X[ (RIAFE, MATtA I E, ARSI MY 7|8)2

g ==
AMARO| 50% et

50,000CH9| Y1E T K| RHEAHFCEVS)Qt 1,000+ H A0 fAZTA BF (24
B XS] e

Electrical Grid
® 99| 50,000 7P 1} 500MWe N e ural Gas Grid|
7o Mg U 4eE WA e |
AR MX|MH| 2F (Transformation :
of European Energy Sector & 3)

20,000CH o] XpxH-2EHE A,
20,000742] HH 2 2H8 T MH|
(Back-up power and UPS), 250,000
7ol RLHE AlAHISl HECo=2
0| AU A= XIIANF
HHEg Qo 4T

|

(4 -0t b
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Xt

® EU Fuel Cells and Hydrogen Joint Undertaking2| £0f3 E Xl
® MK EX}H: 2014 — 2020 ALO| €17.9 billion (2F 23.8% &) - £=A+AHFEMX|
® TH FXAt= SIS QNEXZE O|R0 XLt RAREIE S5, AIFTLE
71tE =& gk th7|gel FXOL S
Early Marksts Cross-cutting

® E&D Y A=8 EX| QF €6.4 billion, ‘
o A|XTIQ X8 EX| QF €11.5 billion

a1y Damanstration

R&l Programmes Total
Transport & Refueling 500 211 12100
Production 330 g4 1 806
Stationary 1 4685 135 650 2259 Transportation

& Refuelling
Eary Markeis 830 178 409 1417 Infrastructure
ACS 150 150 0 300 E
Total 3275 3126 11 481 17 882 gﬁfe“fs:i'ff ol e
(34-37%)  Distribution
(10-12%)
Source: New Energy World Industry Group (2011)
19 POSTEPCH NP==:

HZ MK A|AE AQH|E (Total Cost of Ownership)

& 5 ARHIE0 = 4H|
TYH|e REHIE Zot
(acquisition cost and the
Benchmark operational costs).

FCH technology

Total Cost of Ownership (TCO

‘Benchi %' Technology
e CiZMX|o] BEHZ HZ= AN ! nchmark’ Technology
7|&8 HmE 7|% (Benchmark
technology)2 21 A& HIES

20 POSTECH (R==x:
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S0l £2, ABHX MY PE

Zo| 4 GEHMA| AAEE2 NOW GmbH, A
National Organization Hydrogen and Fuel Cell
Technology (Nationale Organisation fir Wasserstoff
und Brennstoff Technologie)O| Al =E3l11 QUCt.
NOW GmbHE=... BMVBS:

Federal Ministry of Transport,
Building and Urban Development

s aticrals Crgeniz-ior YWasse st
und Branns:offzel en-nchnologio

® 200810] A2l 100% HEEX} SEHHh QS| AL

— 10
® Project overheadsZ2 A K| 7} 2F9H| 35 E&

BMBF:

® ZH= 7|22 4719 HE X (BMVBS (Chair), BMWi, BMBF, BMU) Federal Ministry of

® XtZChH(Advisory board)2 MY Z™ut =tE T Z N TMO| 7 THEF  Education and Research

BMWi:

Federal Ministry of
Economic Affairs and
Energy

BMU:
Federal Ministry of
Environment

Lighthouse projects Model regions

NIP: National
Innovation Program

programmes addressing market preparation
21 POSTECH NR===3

|-’|“-_+_. HEHX| AFe| FH| - NIP (1)
|

BMVBS / BMWi/ BMBF / BMU

€500 million €200 million +
43 &4t R&D Xt .

€700 million
Matching §Xt

€1.4 billion
2007-2016
o =4 AZTX| A|ZO| FH o M2 A\|HO0| ZHSIE 2,
AZHX| 7|&
o G2 U5Z 98 RAD
o 2% FXY Mu| Y E5 AT
=
2 POSTECH [R==5

2015-10-01
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T2, HEHEX| AF| FH| - NIP (2)

22550} 54%

* H productlon and infrastructure
+ Expanding vehicle fleets and hydrogen y
infrastructure starting from key reglons iy

XY HH| F0}:36%
* Micro CHP for residential use

+ Industrial gensets for CHP and
trigeneration

S4-4H| 20k 10%
«IT, telecommunications

+Logistics, leisure and tourism
markets

= WBE%)2 7L A L 2fsh o &t 2Hi&
23 POSTECH \P=
- .
A 3= 9l R&DD Projects
I SEUHE0L
(Cross-cutting)
® R&D2} A5 (Demonstration)2| M ZA S=MNE
o Crizio] X HuE ZeHE S
(2007-2016) RS
e ihoho AHS
o A% XX
o 5% ma W Y X .
Progra TEne area # projects # partner  funding
BMVES
transportation incl.
hydrogen production 112 20 186,150 T4.310 260 478
indusirial applicsions a7 70 451 28305 57.778
residental co-generafion g 82 38.888 35207 74175
special markets 50 g5 38.547 10208 48,756
oross-outing issues 28 a2 11.528  28.662 40.190
Total 253 533 308572 174.802 481.374
(O] At TH2]: 1,000 Euro)
24 POSTERPCH 'P=

2015-10-01
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o SE D5g iNE, FuHy MU M8 "
e 1 =rf Z=mE: 20081 9 A|%f Callux Project (Y callux @
® 5 )\E*HM_PC,;,*Xﬂ, 3 A|A% —g—ao,:,*Xﬂ, a Ql 7|A ol *"X| Domestic fuel cell practice test

HE LA

® 0] Ak 2015E7HX| 8007 AlH|0f €800 million

® 7749| 7} =M E: SOFC, LT-PEM, HT-PEM BAXI X INNCITECH EnBW eon
® 179| R&D Project: Etsl7 | BEE EWE HEX|S £ MVV fregie
EVaillant b g}g‘!\

=" 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 NR===3

Callux Projectl| Z &

HAIAE HRE 3l 7PE8 YRMX| Y4 £7| BF

o Jladsk 43, ATHO0| = (Marketable products) AH|E EZ 57|
fIeH X| 21k 74

o U FTE2 2&HY| 23t +458 A= S5 AHE T3 (Supply chains)
Al EHE 2| ME M (product profile) & 1L
SETE S et ASEe o
A|ZF £HO] K} (market partners)2| =& _
ISk 3 callux® g

1.000.000
| potriepsstunde”

o =Q 7t A &2l 270 Ci-S(Validation)
o U RIVHK HES XY

2% POSTECH (R==x:

2015-10-01
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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:

Integrated auxiliary
Type:

Output:

Efficiency:

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

Housing:

Natural gas pressure:
Electrical connection:

Operating mode:

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

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

> 92%

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 \RP=

FC CHPQ| MH|7}A 3}at Z0]

(TN Se=A HES B2 7H)

Kostenentwicklung Gerite [%]

=y
[=]
=}

[=x]
L=}

[=2}
L=}

Y
L=}

%]
=}

o

N

—e— Kostenentwicklung Plan

~.

—=— Kostenentwicklung Ist

\

I

Gerategeneration 1

Gerategeneration 2

Gerategeneration 3

>>> TRHE 7|7t 5

ool 2H[7HH 60% M7

POSTECH [R==5
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A/S H|

olo

X ofjH| &

0Kl

2717 sigxo)

il

(T SeA HE2 o 7t4)

£ 100

@

L —e— Kostenentwicklung Plan
g 0 —8— Kostenentwicklung Ist
=

5 60

o

g

5 40

=

=2

2 20

=

@

=

2 0 : :

Q

<

Gerategeneration 1 Gerategeneration 2 Gerategeneration 3

>>> Z2HE 7|7t Feto) A/S HIE A o] £F S5 714 2 90% MY

29

POSTECH (R=:=

A FFX| XIS} A|Z=H|, E-Mobility Programs

30

E U™ E 9| E-mobility (Electric Mobility) Program2 CtS1t 22 3712 =
(three major pillars)© 2 O|F0{ ZICt.

« increases efficiency
« has potential for CO2-free mobility

Electric Mobility

Plug-in (PHEV)
and Battery
Electric Vehicles
(BEV)

Hydrogen and

Hybrid-Vehicles

(road/rail) Fuel Cell

Vehicles (FCV)

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

2015-10-01
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HEHX| X+SAHFCHs)o| T &E8

MY X2 RE A5 MA5I0] AR HX| XtSKIof| AL SHH +5E0f2
co,' Mg EI|Xoz XZ. (CO,-free transportation)

i C0, emissions well-to-wheel, g CO.km
200
Internal combusﬁmm . FUEL CELL
engine —gasoline? N CAR
150
| ——
Battery 2010 '.I
100 F electric \ |
wehicle Fuel cell | Internal .
\ electric vehicle | combustion
-—0i0 | engine - diesel|
50 F | | |
\ | y |
| Y \ | Lowemissionsand high range
[ 1
2050 |
o i 2050
4] 200 400 GO0 g00 1.000 1200 1400 1600
B Range, km

POSTECH NR===3

Clean Energy Partnership (CEP)- FCV Fleet =213

201277tX| 2] ‘dat

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

® 8 Volkswagen Touran, Caddy, Tiguan HyMotion,
Audi Q5-HFC

\(

e e {CiD
® 5 Toyota FCHV
® 2 Honda FCX Clarity
® Hyundai has recently joined the CEP
® 7 Fuel Cell Busses (Evobus) in Hamburg

32

POSTECH [R==5
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HEHX AHSAL| 7|2 E

A-Class F-CELL

Sz
" _ .
il P
E B FCH
% -8 [_455\::1}
56 ~ \
Es /R &

£ ! g

33
CEPOj| 2|5t =4 =T A (HRS) AH]|

Hamburg,
Bramfeider

Chausses
shail
% " Hamburg,
HafenCry
Vatental!
snail

Hamburg,
Cushavener Str.
Total

Under  Disssidorf,
construction A¥ Liquice

Under stuttgart,
construction  EnBW

Under Karigruhe,
construction  KIT

34

Bariin,

| UndeToea

Barlin, Heerstrade
Total

In planning  Bariin, BBI
ps'uggrg Totsl

Berlin,
UndeTotal
Statoll

Berlin,
Sachszndamm

Munich,
By Deimoldstrane
Sl Total only LH2)

POSTECH [R==5

Hoizmarkisirale

Key achievements

= Safety of stations
proven

Refueling standards
agreed

* Storage and com-

pressor technology
tested

H, supply chain
tested

Bugs of station
fechnology eliminated

Several additional
stafions are currently
planned

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

— The Geman
Govemment has
announced 50
stations until 2015

2015-10-01
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TazHLo 2o (M=H )

T

® 201547}X| 507)4, 201744 7HX] 100~1,0007j4, B7|Hozs MK at

= CEPOj| 9|3} 2003 EE HE2lar &5
23 XY A|EOoEZ, 2010HEH NRW
Z=9} Baden X|0| &0 oM, 2011
H0f| = Hessen, Stuttgart S22 Z}HCf.
(CEPO]| of3t FX HH| 409 R 2)

= H2 Mobility (2009id A|Zh) Z2ME, =
149 9 2 EXt

*= BMVBS (the German Ministry of
Transport, Building and Urban
Development)@t £=712| 2IZ+7| & 2f

» NP EE

ANEAA AL 7S L0 A
HAEMX| XSl =2F & 35 (needs-
driven supply)

® NOW GmbHe} CEPO| 3&

=% NRWZ9| =4 310|9[0]
1

2ete B@E 2 =29 NRW(North Rhine Westphalia) X|g92 SAM9Z NRW
Hydrogen HyWayE 2008 H£H 2011ENX| 4F ZZ#0| = &0 10CH|
C

Holxtgol 22 FuS UMD, sCiol 28 S0z HIURE HAIBID,

2009 HE{= 2rfo Ofoja =
HAZ H7 28 MHAZ 3
shstal oF 25 000km’<°H‘o‘}040
o, o 5008|2| £%0| 0| 20f
x=||:|. sk 2011I__=| B 4CHQ
18m HZHAR E2FHS 4
At ULt

(XtE: Energy Region NRW, 2009

POSTECH (R==
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market preparation and validation commercial rmp-up

demonstration

When? = Since 2006 = For the next 5 - 10 years = 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
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| International Partnership for Hydrogen and Fuel Cell in the
Economy (IPHE)

® IPHES 42, GIRFX| ArglEoto| R&D, BES), olmat Jjere 9jst 2H|H Haie
9/3}0] 200310 4
® ECE H|R3H 177) 3|92

o 2ot IRFK| MRS Olah O LR AT AYAIZ SHOR S0 Huet
M 082 9let 2 )

o Mol ABS sl SRS B, NS T, FH, Happ, wzt
719 &ol 52 Sist SR A 9

® [PHE ™A 3|2=2| GDP= ™ AM| A GDP2| 85%, T 2 M At 75%, 2AJtA HIZE 65%

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

Delivering Ultra-Clean Baseload Distributed Generation Globally

Source: FCE, 2011
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g e L 22 Al SSHEE HIE M
= 2, 47t B3 2243} (tank inertization)

e MHlF =2 Ferry, yacht, research und trade vessels, navy vessels

® A2 A F: Sulfur-free diesel, XTL, H,
e4ships °

Brervstoffzzllen im mavitmen Cinsatz
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PAX-
Transportation

Ground
Handling
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Individual
projects
Micro 6%
fuel cells
7%

Electricity supply
in business
applications
29%

Materials handling,

special purpose vehicles
26%

Electricity in
leisure markets
20%

Light electric vehicles
13%
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Renewable Energy

>
?

Green H,
B -1
B T XX AAD
Hydrogen Supply cu,mmer'sh 48 F288
+ factory
Grid Stabilization cHagrid
Ha filling station

Source: McPhy, 2012 (modified)
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T —l =
= TAOILIX|S 0|83 Mol AR (Pick power) Q2 A4S MG OlF
HEER ot ARWX| LN S II5tH Mol ZhE/dS glofn MHIZ
a2 OFHA|Z = QlC}. (Valorization of Renewable Energy)
oy H2: UEET 15| o
§ - §u
" L]
| ;,;“;II-&
JYEN: T
pas POSTECH

Flexible resources

Power
generation plants

Demand-side
management
and response

Demand variabifity
and uncertainty

Variable renewables System aperation

) Energy storage
facilities

| TR ——

Interconnection

Contingencies with adjacent markets
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I

MWh electric valorization, direct or with batteries,

at average prices 55€ to 75€
Battery yield
~0,8 Electricity
market
Electrolysis . Merchant hydrogen
Storage = = market

Electrolysis yield

~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| &3

hydrogen as part of an renewable hyd fuel
- ydrogen as fue
integrated energy system

EMERTRAG Hybridiaaftwerk
{

e
1 b

7 O

Enertrag: Hybrid Power Plant

Total: Refueling Station at Heidestr., Beriin
First delievery of wind-hydrogen on April 18t", 2012
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| Wind, Biomass0j 2|

25

Bundesyverband WindEnergie
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Scandinavian Hydrogen Highway Partnership (SHHP)
I

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

Sweden

£
&
5
@

The national networking bodies —
HyNor in Norway, Hydrogen Sweden in
Sweden and Hydrogen Link in
Denmark are acting as SHHP
coordinators.

Stockholm
®

Baltic

All activities are based on effective Sea
collaboration across the borders and

are backed with strong public and

pr|vat§ support in terms of fundlng, aperton %) porame s
attractive financial tax exemption T w
schemes and investments g [? Under construction @) Even

Source: Website of SHHP D st ocation
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- 22J|0|2| HyNor project

OH

L 2Q0|= FHETAT} BOM Y HX|ZRE =28 44, S5
4 L 3}7Z0| ZC}. (Akershus Energy Park Norway)

OH

Pae]|
T M

® 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

2015-10-01

26



r29oje] £=AMA Corridor

= HyNor project0f 2|st =290|2| =2 At Corridor= Southern
Norway, encompassing Oslo, Grenland, StavangerE A Zst1 QIC}.

. H2 from electrolysis,
H2 trom electrolysis, el from hydroel. power
El from \\'ﬂﬁteinrinerali;n plants ~
T T

lll;‘

£y

j;' Z H2 waste gas
2 reform., CO2-
] capture

.

H2 byproduct from
Chlorine production

rimstad

H2 from NG-
reforming,
CO2 capture

H2 electrolysis,

El from photovoltaic

Trucked hydrogen panels
Source: HyNor webpage R
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HyNor Lillestram?2| =42 &

Source: Gjerlew, HyNor Lillestram

SolarPower
(local PV)

Meachsanics
Compressor

Hydro Power

]
i
i
1
i
i
]
1
]
'
|

(local grid) A
' Electricity —
i C Waste Hest = Hz
i Waste Heat =
. HZ H2
; Reforming Storage Dispenser
(SE-SMR)
Biogas Metal Hydrides

(landfill) Hest Exchange

Solid Oxide
Fuel Cell

]
'
'
]
'
]
1
1
'
]
]
1
'
i
i

Eleciricity !

Primary Energy Hz-production Hz-compression Hzstorage & Filling
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Fuel Cell and Hydrogen Technology in Europe
The New Energy World Industry Grouping (NEW-IG), 2011

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
P. Maulberger, Ecosummit 2012, Berlin, 2012

Website of McPhy

Website of New Energy World Industry Group

Website of Energy Region NRW

Website of SHHP

Website of HyNor
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