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Energy saving and carbon reduction have become common goals globally as
climate change require public attention. To inhibit global warming while continuing
economy growth in new energy sector, hydrogen energy is one of the alternative energy
solutions being developed in leading nations worldwide. Recently, Taiwanese
government has established "Greenhouse Gas Reduction and Management Act" in 2015.
The development of hydrogen fuel cell technology has been prioritized as one of the
national green energy sector, due to its fuel flexibility and diversity on wide applications.
Hydrogen fuel cell can enhance national energy security, decrease air pollution, and
boost green economy. Preliminary results of this research has been presented and
analyzed on the hydrogen business market and its trend internationally. We took
reference from the hydrogen energy industry development strategy and the promoting
act of the leading nations such as Japan, and made discussion on current development
of hydrogen energy sector, its competitive niche, and relative policies. In addition, the
research team made inventory on overall hydrogen energy development potential in
Taiwan, and interviewed over a dozen of domestic industry experts to understand the
dilemma, niches, and direction of national fuel cell sector development. Finally, the
research team has drafted a hydrogen energy industry development policy and roadmap
proposal, and workpackges across governments, as well as a recommendation of the

pre-commercial demonstration plan in Kaohsiung and Hualien.
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% 3:2010-2015 # FE AL T S £T

(@) & ]
Fuel Cell Today Edtech
1,000 Units 2010 2011 2012 2013 2014 2015
Portable 6.8 6.9 189 13.0 21.2 17.6
Stationary 8.3 16.1 241 51.8 39.5 49.0
Transport 2.6 1.6 2.7 2.0 2.9 49
Total 17.7 24.6 45.7 66.8 63.6 715
(b) ¥ % %]
Fuel Cell Today E4tech
1,000 Units 2010 2011 2012 2013 2014 2015
Europe 438 3.9 9.7 6.0 5.6 8.3
North America 33 33 6.8 8.7 16.9 15.7
Asia 9.5 17.0 28.0 51.1 393 46.6
ROW 0.1 0.4 1.2 1.0 1.8 0.9
Total 17.7 24.6 45.7 66.8 63.6 71.5

% 4:2010-2015 & R T kR 5 R 1

Megawatts by region

Fuel Cell Today Edtech
Megawatts 2010 2011 2012 2013 2014 2015
Europe 5.8 9.4 17.3 17.3 9.9 28.5
North America 425 59.6 61.5 74.7 £9.8 139.7
Asia 425 39.6 86.1 122.9 104.5 172.2
ROW 0.4 0.8 1.8 0.4 1.2 2.2
Total 91.2 109.4 166.7 215.3 185.4 342.6

PHTS D HFELTE §URE S RA S T T S e B o f FE

1 E4tech, 2015
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mOFE 2R P E ez e d sk BRI 2 SISO Rt 2016 £ B A de & sk
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FTor- BRARY 200 @ HRER L 2 FE 1 A2 € SAE J 2601 2 2 3
FRIFGAIIFO AR P G0 2 2L BHTHE D R
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FRURETH P FAFERAES
gjgﬁ%vp»+'% B B AP W LT 8 T 8 (FCV & FCEV >
7 fuel cell vehicle 2 fuel cell electric vehicle)® & ;% & 242 - 2014 & & p &%
v (Toyota);x & i ) fé‘? BEFLD S EETE A Miral (TP 222 A K2 F)
(Honda) ™= #2016 # 4& I} Clarity # 2x - # # > Clarity g8 2 & - =x ) 3 » 45> I
TAAET 750 &R chiTE e 0 Ldp 2 B EPA (GRBRER ) dlicdy 0 22
Clarity § % 4ri¥ 3 483 22> @ 2080 Mirai B 5 502 22 2 F&ed o ¥ -
5 o @ 5 I 8T @ Hyundai Tucson Fuel Cell 44 ¢ 7 § #528 » H {7 8 SufE 5

480 2 5 A X Tug M 10 2480 B2 522013 & AR E P et o R FA R
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Arrives Late 2016

B 4: Toyota = Mirai ()% Honda ¢ Clarity(+)?

2 http://auto.epochtimes.com ~ http://automobiles.honda.com/clarity
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TH AR R S ARG B A N TR D e i R i 4L 2 COp ek F
Flav i ez 2 520 2 G RERRROT K * SR EFRT A FER
G KRR A D F s A R NIRATA B RN D P o R fIRTeD
fo FPRFE = 7 (ESCOs) ~ Jp = e i 2 A F (IPPs, independent power producers)
EiFehiiiha @NIT 2@ 2 XA G & EH B A k- H3F B N3T- 2 o450
4 ic ~ 3% (Winkler-Goldstein, %, 2015) - 2014 # Market Research 48 2. > 2013
E R AT E P HF 12 RF 0 32020 ERH AT 143 mE o Y
HERAHRT ARG AIGER DT ool RN RERRRF F2F2xN
e

1245 Edtech 2015 & 733 4 4 £ (Edtech, 2015) » = §% 9 Doosan = & 4c i #
fit 724 T # (PAFC ; Phosphoric Acid Fuel Cel) ¥ =~ z_ &) |7 & » & 40 = H # F(MW);
% W ¢ Bloom Energy £? FuelCell Energy = & Rl3FF# 2 HAF 20 g 2
(SOFC ; Solid Oxide Fuel Cell)e4d & & ; p 4 e Ene-Farm Pl e £ 5|48 155
P A BT I A L AW(CHP)2 % %8 - 1945 IDTechEx 4 17 » %L T # £ T B A
JOEL(CHP) > © F 130,000 3 11123 p k ~ 6 F ~ 3 4E R * > M E A BT
B G100 E P GG IFRSEEE oA T RCE AL LB ARF TS HRE A
SR EARMERFCER - BT AFLINTIZTR 2 LI REEFED S
B3t 2017 & B 43 4o 1B B o 3R #4 R B A K B (Micro CHP) » 353+
2020 & B E £ 4 8 15 §-20 § 5 Micro CHP » B~ % 54 ' o

Bl 5 5% 2020 # 4L & CHP = & /4 g0 » P8 A 2020 & 5 » F K 72

CHP % fe#t 5 2 -
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B 5: 4K CHP = & &+ 1;1/?

AT RICE R FTARORE AT RE S LR T R TERA
R RFEARBERIL LA EEREA TR P LR AIH TS 4 AT
i & md p AcrEne-Farm % 4 E“%”l B LR (PEM)# > {454

%K 4 F R F 1 4% (SOFC ; Solid Oxide Fuel Cell) #t7 & 4 & %%

(CHP)z. 2% @ ~ 3|z T ¥ 3|¥ ~ 7|4 & d % K FuelCell Energy (£ A '} g

3

fis B w4l 2 7 » MCFC > Molten Carbonate Fuel Cell ) ~ Bloom Energy (£ i
it 322 ¢ > SOFC » Solid Oxide Fuel Cell) ~ # 3% <71 Doosan (£ 2 #f& 741 %

# > PAFC > Phosphoric Acid Fuel Cell)& = @ #14 & ; x84 x A|H A% § A&

i

ERPG E ST R AF RS RS R AR T B e

PR R R AR S A NEEE AR AH A1 LR &

= »
oo

el 2 s B & 35 (FCHJU - Fuel Cells and Hydrogen Joint Undertaking)# i
FHIABVHIAFREZAMET LN AHET S P AET XX R
gl a itde E P 2R M F AR R YRR S B B AR B AT RE

FHMoarH

-

SRR B R R R 2 2 B 8 R R RS AT A

PR G REEME AT S F R P PRELE RE TR F B

BAUMETA R ERURETA L LR ARERA 20 B AR R
AREN AR P AR R URTHAVED S 2 N bk 3

3 Hydrogen and Fuel Cells 2015-2025:Forecasts, Technologies, Markets, IDTechEx, 2014
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$WE c FRYUFBEPEMFC 244 > PEFFEIFEMS
T E A Er ko @ SOFC v g RiFgiese » NEWAPRY T6|k ? o
MCFC ¢ PAFC sl ¥4 & < e *42 > 2 FRE ARG ¥ -

G F AEFELZ BN T ANERY BIFLRY B LN H R
BFEAERIEFTZNM (WHRTA ) TR EATNETZZRF2Z 0
BERF R (PN FAERL L) TR R AR L RTS p
AR AR AR ATRHEE o8 BA YRR S MR 2P 0 By
Fo %244 2 ¢ (SOFC)3 Sunfire ~ Staxera/IKTS ~ EBZ ~ Ceramic Fuel Cells ~ New
Enerday ~ eZelleron ~ ElringKlinger AG % = 2 ; F & < %74 ¢ ¢ (PEMFC/HT-
PEMFC)% Schunk, » Proton Motor ~ Elcomax - Baltic Fuel Cells ~ Truma ~ ZSW
27 B87 /0 B4 T # (DMFC/DEFC) (7 5 fr+ 2 # % eh- #8)F SFC
Smart Fuel Cell ~ FWB Kunststofftechnik = Baltic Fuel Cells & = & o

1995 2 Biv R0 2013 & %R § % Hopen F4p4°5 2008 # 1 2013 # >3k %

RS F R E T 540096 (R ) 22013 & L AL 1T0MW et 3

* IEA; 2015
> USDOE, 2014
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AR TH T B e 7 4 BAAMKHTSTD 4 5 WP R
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Demonstration Project » #§ £ JHFC) hi & £ F ¢ 2 %'n X 8 BT 2 Wid i »
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6 https://fuelcellsworks.com/archives/2014/12/19/tokyo-gas-takes-wraps-off-its-first-hydrogen-filling-station/ ~
http://www.japantimes.co.ip/news/2014/12/30/business/tech/fuel-cell-vehicles-viable-hydrogen-stations-must-expand/
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2. FC-12014/IEC 62282-3-100(safety), Paragraph 5.4 - Leakage Test (start &
stop) i JF &% & Paragraph 5.5 - Strength Test 8 & &%
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Parameters & #% 4~ #c
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11. IEC62282-3-201,14.5 Start-up Test fx & i85
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13. IEC 62282-3-201, 14.8 Shutdown Test 1% 4% i 2

14. |EC 62282-3-201, 15.2 Noise Test # % % (F FC-1 2014/IEC 62282-3-100
Paragraph 4.4.12 — Noise)

15. 1EC 62282-3-201, 15.3 Exhaust Gas Test & § 7%

16. 1EC 62282-3-201, 15.4 Discharge Water Test £t < K335
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iE- v p RE B R ER (Summary of the Strategic Road
Map for Hydrogen and Fuel Cells)

Summary of the Strategic Road Map for Hydrogen and Fuel

{ 1. Energy conservation J l> Making use of fuel cells to realize high energy efficiency, leading to achievement of dramatic energy conservation
ydrogen 1s a resource that c ance cnergy sccunity if the vantages arc resource 1s
expanded: [i] the ingredients of hydrogen are highly mmmhmgable “with other materials and bydrogen can be manufacnured with various
. methods from many kinds of substitute materials, such as various primary energy sources inchuding unutilized energy resources (e.g., by-product
2. Energy security hydrogen, crude oil associated gas and lignite) and renewable energy, and [ii] in the future, such energy may be procured inexpensively from.
regions with low geopolitical risk. and utilizing hydrogen manufactured from renewable energy in Japan may also increase the energy self-
sufficiency rate in the future.
[ 3. Reducing envir al et asmme[gysnume k 2 dvanfage of this chatacteristic, combining the fechnology fo
> drogen with 3 hu:zndston c (CCS) process, of with makig use of hydrogen derived from gy renewable .
{ burdens ||| et mhym c%mn of eﬂwmmﬂ:lcg and gvéa to tgplﬁnl.l elimination of. o o Y e

4. Pmmotmg lndllstl ies and

W To realize a hydrogen society. related systems will be formulated on a large scale, whlchmybc:coompmedbychmgesmth:c\mmsoualmmme and long-term, continuous measures for realizing sucl
;Imcmmhyﬂ:vﬂill;h;umkm In addition, the imbalance between supply side and demand side issues will be resolved. while academia, and industry will c to proactively engage in measures
u Taxmmgm.sgﬁj}mwmmmmuhymgmmaymm@mfnummgmpwsneppmc
« Phase 1 (Dramatic expansion of hydrogen use) - Dramat the use of stationary fiel Pells md fuel cell vehicles, which are in the process of being realized, leading to the successful
acquisttion of a global market theﬁeldafh ‘ogen and fuel cells, in which Tapan leads the world:
en power i i ren) - Further expanding the demand for hydrogen.
winle widening the scope of hydrogen sources to inchude wmtilized energy, snumwbhshauewsemndarymmgymuﬂmmwhu:hhy&ugmwﬂlheaddedhmslmgmsomm

namely electricity and heat (zas); and
+ Phase 3 (Establishment of a zero-carbon emission hydrogen supply system throughout the manufactwring process) : Combining the technology for manufacturing hydrogen with a CCS process, or

‘making use of Iiydrogen derived from a renewable energy resource, so as to establish a zero-carbon-emission system for supplymg hydrogen throughout the mamufacturing process.
Phase 1 Phase 2 Phase3
Dramatic expansion of hydrogen use Full fledged introduction of hydrogen power generati Establi of a zero-carbon emission hydrogen
(Full fledged introduction of fuel cells into society) Establishment of a large-scale system for supplying hydrogen supply system throughout the manufacturing process
Release onto the market: residential fiel cells in )
2009; Fuel cell vehicles in 2015 A g and M
g a strategic ith hyd: ppliers overseas
B e e cells - Realizing inexpensive hydroge . hnficipaing gmm in demarj
use onto the market V
ZQ_ZMO s | Around 2020 . - 3520200 y devel and d
Comeying o a reduction of hydrogen price fo a lant delivery price of hydrogen from overseas: 30 yen/Nm3 9
s et mhwmmmofm,hm e = o ety ofsllthnsystuzl,h{ d on its potential for
‘e s of o P e
‘Game: in Tokyo Around 2025 Awlmd 2030
2030 s s | Fuel cell vehicles: Achieving a reduction of vehicle s - et
prices fo the level of hybrid vehicles of the same vdrozen derived N
class and price range rmwgdmm“thﬂmmmmm
e BaS Full fledged ¢ ﬂedgedopummn nfmanlﬁnmng ortation and oz aod toage
2040 of zero-carbon emission hydrogen. by mm!nnmg
v ov

Market scale of the equipment and infrastructure businesses related to hydrogen and fuel cells in Japan

Approx. 1 trillion yen in 2030 — Approx. 8 trillion yen in 2050

Note: Pk arrows aefes fo initiatves led b
mem and blue arrows refer to initiativ
24 by the private sector.

Armid 2015 Armmd 2020 Armid 2030 Arou&i 2040 )

introduction’of fuel cells info society) N

Achieving a cost reduction allowing a user Achieving a cost reduction allowing a user to
= to recoup the investment within 7 or § W recoup the investment within 5 years
3 - years
S5 . . . . . . .
F % EraTm >> Further dissemination of commercially-viable fuel cells for residential use >
= ~ Releasing such fuel cells for c jal and industrial use to the market in 2017
= D ion for alatos T~ S - - -
g e e 1> Further of ¢ y-viable fuel cells for ¢ and industrial use >
g ‘Achieving a reduction of vehicle price fo the level nfhyhnd vehicles of the same class and price range
=3
o [1] Supporting businesses infroducing.
=B | Releasing passenger Dgumpmg mchnol 3 s mimng
gl | o outo the marke by ] e
2 2015; buses by 2016
]
-]

Hydrogen ing specific |
D e LinE TRCCy § §
— directions for hydrogen unching the full-fledged infroduction of hydrogeg T aunching the full-fledged introduction of hydrogen power |

power power generation power generation for ln-ouse power generation eneration for power-producing business “
generation Development and demonstration of gas turbines : 2 2 : c |
aydsogen power generation and other related. Full-fledged introduction of hydrogen power g for in-h power |

|

> Fullfledged miroduction of Lydrogen power gencration for

power-producing business

Achieving a reduction of hydrogen price to a level equal to or lower than that of fuel for gasoline-powered vehicles |

b |
> ) Further development of commercially-viable hydrogen STs > |

s
Rm[gamzmg the shared roles and di

for i Ts among |
Achieving a reduction of hydogea price 10 2 level cqual o o lower than that of fuels for hybrid vehicles |

=
z
=
3
e
2
2
g
g
=3
5
g
H
3

5 |
i cr liuefied g ‘—mw ------ |
domestic distribution of hydrogen in the fomn of > Building up 2 commercial-based domestic system for efficiently distributing hydrogen >
- liqefied hydrogen and organic hydride A ’ |
* Most of the —
iydrogen i mow Achieving plant delivery price of hydrggen from overseas at ¥30/Nm3 ‘ fooplreed refuction of fh hiogen prco ““”.“
used mrhmlselfm 3= ‘generation for power-producing
refining petrclenm. | £ 2 Full-fledged operation of manufacturing. transportation and storage of hiydrogen derived Full Sl et o wmfrci .,,,,,,,.,ﬂ.m J
Z from unnrilized energy resources imported from overseas and stordge of sero-carbon Tyogen |
= ' w i
D pr————————————————————————————, - N |

Full-fledged operation of manufacturing,
transportation and storage of Iiydrogen derived
from vawtilized energy resources imported

of hould be > ~ 3
overseds and stored i Japan in the form and organic hydri

Idogen o foue! emissions are fully e !lumnaled (T e T e T, - -
and natural gas |Dx and i of rbon emission hydrogen by making'use of renewable and other
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overnment and blue arrows refer
by the

Summary of the Strategic Road Map for Hydrogen and Fuel Cells (3) | arr it st iy |

uaSoapAy Jo uonezii

=
-
H
H
:

Surnpenuep

fuel cells (Distributed co-generation systems) — private sector
Around 2015 Around 2020 Around 2030 Around 2040 >
Disseminating 1.40 million stationary fuel cells for residential use  Disseminating 5.30 million stationary fuel cells for residential use
Achieving a cost reduction allowing a user to recoup the Achieving a cost reduction allowing a user to recoup the investment within 5 years
mvestment within 7 or 8 years '
' > Disseminating pure-hydrogen fuel cells to limited regions >

? Further di ination of ¢ cially-viable fuel cells for residential use

B Expanding the use in Japan (expanding targets from newly-built independent housing to housing complexes and even to existing

g housing)

=

= Further developing sales of fuel cells overseas (expanding targets from Europe to other regions)

=

£ _ Further price reduction brought about by economies of scale

- - Further price reduction brought about by streamlining and standardizing processes for installing and
Developing technology for maintaining such fuel cells
reducing cost and enhanci
_. ™ | durability of solid oxide fuel cells e e e : - -
5" 2| (SOFCs) and other types ~ of fuel cells for commercial and industrial use
E“ =2 S 'Y - Further price reduction brought about by economies of scale
z 2 [D Frnin alreats , - Further price reduction brought about by streamlining and standardizing
= E and reviewing necessary regulations . Z for lling and such fuel cells
9 - Demonstrating fuel cells by applying a variety e R
= B | ofelectrical loads under different weather
& = | conditions
£ B | Reviewin e
=

o A mgmns e heboation with ities L Transporting hydrogen by hydrogen pipelines to
- De throngh a:egnzn 7 and local certain regions, e.g., transporting the resource to
Cpterprises, < & uilizing ydrogen fn S the neighborhood of hydrogen STs

Converting city gas or LP gas which are supplied through city gas pipelines
or LP gas containers. to hydrogen, via extraction equipment

Fu]]—ﬂedged ﬂpmﬁon of Full-fledged
operation of
storage of hydmgen derived from transportation and,
ENETgY TESOUrces storage of zero-
mparhed from overseas countries hon emissy

Summary of the Strategic Road Map for Hydrogen and Fuel Cells (4) [ i it s ao

rovernment and blue arrows refer to mitiatives

uaBoapAy Jo uonezZIny

]
]
z

=
°
g
=
=
=
=
&
3
e
2

®

—Fuel cell vehicles + Hydrogen STs — by the private sector.
Around 2015 Around 2020 Around 2030 Around 2040 >
pm:;;::fﬁf onto D&fﬁiﬁ;ﬁ:ﬁ Achieving a reduction of vehicle price to the level of hybrid
the market by 2015 2016 vehicles of the same class and price range

v

Supporting businesses to introduce such vehicles M \
Sh.\.ﬁ.\ng targets from official and company to private vehicles step by,
=0 for iz and busses A-_-_-_-I
mproving

cost,
opmge affucl gcyll vehicles

- Cost reduction platinum vsed and other means
lnprm’mgdln‘ghtymdizl efficiency performance so as to make fuel cells durable when such fuel cells are,
applied to vehicles for business use

Further dissemination of commercially-viable fuel cell
vehicles (aiming at the world’s quickest dissemination of the

T ot ot o 7 Tt !
wengmumgg;ulmgnmmwmmlgw: ;ﬁ'fh vehicles)

1pply chain that will be establishedin ~ ~ ~ \
speciflc mglms in mﬂﬁﬁﬂm with communities \
Demonstration ofpok:m:.l supply chain through collaboration with npfiiciyliti
. utilizing

[saporyaa [ppa [any]|

in the 2020 Sumumer Of

Achieving a reduction of hydrogen price to a level equal Achieving a reduction of hydrogen price to a level equal
to or lower than that of fiiel for gasoline vehicles 855 e g Lt il (g i il

Achieving a reduction of the hydrogen ST cost to the commercially-viable level. namely. to half of the current cost
management)

Developing 100 STs (cost for ST improvement and

— i use l)BLpand.mgtheamasmwhldl
installed

'<= S Y 2) Strategic development of STs
& || - Establishing standard e et by kot fel
= - Package-unit / Movable type 11 vch.\cl:s (FCVs) are disseminated \
g% || - Simplified type ,?3 ) : :
(] Exuple. Instalng mobile o Further business expansion of commercially-
-] > /! simplified ST in the arcas where -
w FCV market is still immature viable hydrogen STs
-
i

t and the
dcvmnstlc distribution of lgldmgm, cg. llqu:ﬁed

Bulldmg up a commercial-based domestic system for efficient
hydrogen and organic hyz

dlsu ibution of hydrogen

Full-fledged supply of hydrogen derived
from unutilized energy resources imported
from overseas countries

[uonngrusiq]

Utilization of existing reformers and/or by-product hydrogen from refineries and steelworks etc. >
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Summary of the Strategic Road Map for Hydrogen and Fuel Cells (5) Note: Pink arows refer to initiatives led by the

o
— Utilization of hydrogen power generation + hydrogen derived from unutilized energy— i e v
Around 2015 Around 2020 Around 2030 Around 2040
Measures to be implemented in a unified manner >
(*Determining and implementing specific policies, jointly with power-facilities manufacturers, power
P TR TRIS BIRT Lt e e LR  { TR  IR SRS TR ITRE
! Launching the full-fledged introduction of hydrogen power Launching the full-fledged m&oductwu of hydrogen power generation for
=N - generation for in-house meves) generahun power-producing business ‘
. e p— Torivd 0
5 EE : .
B =| in-house power generation
=l P 1 < : : Full-fledged introduction of hyd.r(&en power generation for in-house power
= u| | - Improving the mixture ratio of hydrogen effi
=3l 1| | - Reducing NOx and other measures generation :
= ul
aa = E
,§ | Improving the envi: for hyd: power -
s W Full-fledged introduction of hydrogen
|| power generation for power-producing
d businesses
H Designing procuring and power plants o
s-----— :
Devel and d i ing the d ic distribin .

Building up acommercial-based domestic system for
efficiently dishributing hydrogen
.

of hydrogen in the form of liquefied hydrogen and organic hydride
- Demonstrating the ideal approaches to transporting and storing hydrog
1n the form of liquefied hydrogen and organic hydride

=)
8
=
173
=
Eq - . dueto ex ity OF Do and
E - Achieving ¥30/Nm3 delivery price of hydrogen from overseas enhz': eﬁmcé},’fff‘g'mwn;‘:im“m
s H by the full fledged introduction of hydrogen
= L - power generation for business
= . Full-fledged ion of facturing jonand ® Full-fledged operati is ion and
z e storage of hydrogen derived from unutilized energy - storage of zero-earbon emission hydmgav
@ - imported from overseas countries [}
5 3 Development and demonstration of proper transportation methods from overseas Full-fled, i f
| o and storage m Japan i the form of liquefied hydrogen and organic hydride -fledged operation o
L8 1 - Developing systems for storing and loading hydrogen / Fornulating regulatory systems for storing and loading manufacturing,

L -Deve]opmghydmgmmsponwsselsﬂmﬂmng the related maritime systems transpol‘tatian and storage

LIS with hdrogensuppliers overseas 5

E of hydrogen derived from

L ing and methods for ing hyd from unutilized energy resources

energy imported from overseas :

E 5| - Mamifacturing hydrogen from crude oil associated gas, lignite and ofher vaniilized energy sources Jmpolt.edﬁumovmeas
=) =| - Establishing strategic parterships with hydrogen-suppliers overseas r countries
- -
e e e
2 P and of bo making use of renewable and o
£ —CCSpmcsssesmhyﬂmgmmpphmmﬂms
E. = h "fnr—““‘- s derived from domestic and overseas renewable energy, inchuding
L | * " Demonctration mmmngﬂle?oweﬂo—chned:mlngy apcocasfmmungmpplyormmymmdmgymamnmo

u| energy supply by mamufactunng hydrogen from electricity derived from renewable enerzy P

R ER N EEEEENEEEEEEEEEEEEENEEEEEENEEEERESEEESEEESEEEEEEEEEEEEEmEEEaY oo EmEEEs=
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2 FRRE 2 EREL TRTRP AR
BE A MaEp s & & L AL SR B
LR E . TRF AT EEXAF Linde
3 F B
ZAGF 1
Ik F A Ui E e d TR k®WE | AirLiquide
T HyPulsion
e R S5kW s g 23 B T ks

g

=

Vg SkW @ Feokibl @ 31 ks 4v £ % Ballard %42 %
SkW P it & 2 B & 4 2% i B L S LTS
Vi S LA e SR

R A 1~5kW = 22§ & 2 B4e & 5PRF% | = 4] SMR 5 R *tie

TRA

v R4 4B p a2 {7 1~50kW SOFC )% st | Sunfire SOFC 7 # #
e

| ER Wiz SETfELLAF F
T F RRAY & EG 450 2w
T F o ¥ 95X%

E R ORREL T F G EHAEN ¥ 212 4§ Ballard
S0 EOE G4 A 4015 2wE o (e IMW %l 3 8 5§ 2
a2 AH L L AR ES
i -

e A A FYR R P Ry A P p & A7 % Sumitomo

1kW SOFC 2t & #

Sunfire SOFC/# %
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R s N R/ RS/ LA RPATE PR EARL

iFgEE gfﬁ i e 2 A B e A

1254 F 111 =3 % & § |120 Mi/kg Hz 11 MI/Nm?3 H,
(Lkg Ho) %3:=> | (Nm? Hy) (LHV)E # so# e | (LHV)E § s i

1kgehd # U * #HETAFT 0 - £V @34 133~147kWh(R 3)

AEEEE S RT IO AR EET o

fo ©enE g4k 0 120MJ = 33.3 KWh

P S e Ca SR o ) S T ) S W e 1

IMW %80k 3f3 5% |2 e 2 4 200m3Hy | 4240 5 1IMWh (1000 & )

55kWh (B 7)7 # & 11.1 Nm® Hz (~1 kg H2)

2 7 if oty | & F R | FREE | ETEE
#AT# | Bkg #1294 |[500=2 |15000 22 | 150 27
B (M) B 100 2 2 IE:
#HTH | 35kg #1025 35022  [60000 22 {9000 2 7
=4 (12 {7 % 100km /&
*)
Ll B 0 0.45kg (% 7 %4 5000 2/ |45 a7
B3 B ) 45022 | &
PR R A | 1kg (% T4 - %24 2190 =7
HE &) BA - =% P A 6

=
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(FH KR - 5 5% & Power to Gas Roadmap for Flanders, 2016.)
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