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Assessing the strategic imperatives of the Hydrogen Storage
Industry in Taiwan

Student: Chi-Wei Huang Advisor : Dr. Joseph Z. Shyu
Institute of Management of Technology

National Chiao Tung University

Abstract

This thesis reports on a portfolio analysis for the strategic development for Taiwan’s

Hydrogen Storage industry.

This thesis reports on developing a strategic assessment of the hydrogen storage industry,
using a portfolio model to assess competitive and strategic requirements. The portfolio model
entails a two-dimensional analysis, containing market s-curve (vertical axis) and the value
chain (horizontal). Three research methods used for data collection are literature review,

expert interview, and general survey.

Research results reveal that hydrogen storage industry is positioned at the burgeoning stage
of the market s-curve, and also between the burgeoning region and the developing region of
the value chain. Future prospects should be placed at the position of developing stage, and
base on the developing region to move to mass-production region and application.

Future analysis leads to a conclusion that the most critical categories of policy instruments
are” Full support to national innovation systems”, “Government policies in support of
industrial innovation”, “Technology cooperation and integration”, “Infrastructure

development”, “Cultivation of professional researchers” and “Financial support”.

Key words : Hydrogen Energy, Hydrogen Storage, Industrial Portfolio Analysis, Innovation
Policy, Industrial Innovation systems
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[*] Dogson, M., Rothwell, R., The Handbook of Industrial Innovation , Edward Elgar publishing

company, Cheltenham U.K.,1994.
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95 Dunn & Jensen et al. (2000)2 7% » & sc A ¥ RH X RT & 5
4+ 7% ¢ & # (Hydrogen Production) @ ® #¥4 i %&£ i# 1% (Hydrogen Storage
& Transport) » 14 %2 T & it 4 * (Hydrogen Utilization)= FEE > 4o 17 #7

’/"F o
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Elacirobysis * ' .. ’
“ =) ) }
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pipeline Gl?::i:dnd Transportation
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B 17 & i & i 420
TR k&R ¢ Jensen et al. (2000), Dunn (2000)
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16 w ]
Open Symbols Material Capacity
Denote New Must Exceed . Metal Hydrides
14+ Mat’ls for FY2008 " System Targets  §

= 4 . ! Me(BH,).(NH,), l
= ]
=19 2T
k) 12 L] ] Mg(BH.):
i\ T N u 1 u
S 10 * 1 ] Ca(BHa):
2 \ .|| aBcat A Mg(BH.)-(NH;) [ ]
] s I - e . s
—ch 4 . | ( [ ]
= 87 mMmoF-177 Ay \?D o MgH, l L
3 <4 ! -toam - n LiMgN LisAlHg/LiNH,
5 ]
2 6 e - = = =,="  LiAlHSMg(NH2).
= PCNN-12 =
= C Aerogel LN ;

4 Carbide-derived C ) . NaAlHL INHaEH .\'[8'\BHJ:(A1H4J

B/C rideed cat TRMOE. & LiMn(BH,); NaMn(BH.)s
Y - ridged ca /. - AN
P MOF-74 g O Nmzr(BH.)s FANI @
- PANI
Bridged cat/ AX21 .A\Ifdoped CA ®
- f f f } f
=200 -100 0 100 200 300 400
H: Sorption Temperature (°C) Temperature for Observed H, Release (°C)

W19 54 H# 2 %
FTHL KR © £ B k¥ (DOE)

-8 AEEEpESES
N LT

MEF ARE G AR DR o w182 k> £ X & (Lavoisier)frt 2 i@

# (Cavendish)# M7 & § » I U F 83 '_7J<ﬁﬂ¢s¥—gj fo tood 2L F dEen

BE & 2RI A2 BT 3L - NREYSF - BT 487 41818

C ERAF R ARk A4 T & F o William Cecil T & 1820 & #7%

Foifrm e ¢voaERHE-L § ¥ v E 4 B F 2 1839 £ o William Grove B¢ A& 4% &) %t

THLPE VLA NFREL AR RF P L f A R I E T
20 kA M E i PB4 G R .

PR E BRI R et 20 €k e BB R ¢ 1930 £ R A R RIK
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7 R % & &k € (International Association for Hydrogen Energy
[AHE) » “Eis p17% (B & i feis) > 7B 7] 2 JNEE R 8% > £ s A s>
By X AL FAER B2 YA FRENINFRF R
:F'il?‘?]ﬁ'@-* L XN )f?lﬁiii LR LR RER TR & A F A &

> 2000 &= iﬁ];‘i k%ﬁ@’ﬁ & fehiIE 0 g BRFTS S Ao
5 m#m‘rq W R 03ﬂ {7 0BRRERIAT TE 0 SHRELE Y
Bk ﬂz—i‘ft - BHEFeS R EA I RFAL R E el BT i
N ;ﬁc} RANF RS 2R RS e ot 4 > £ RiEARI BEH
PR s R 2IR L A SR R g R o

o AFARR oD R

T AEMS R E > 4o b AT G AR R > F 2000~2010 12
R G AR dgd HR s 2 LR A R RS A A &2015~2020 k3
b Br G oA ’H_f@’*kj""?’ﬁlL r‘aixh“KA,\ Bl w:%,,i;; F' AT
¥ r* ° 2020~2030 & B| 2 A HKH L IEET 0 FL A SR S A0
PR EL X240 FEFIABR T A2 P (RE20)

Sources

* US DOE “"Hydrogen Posture BE=
Plan™ (2004/02)

» METL Japan (2004/04/12) @

« EU EC High Level Group
Summary Report (2003/06) B

2000 2010 2020 2030 2040 2050

Bl 20 + WA ¥ EAEE
TR %R ¢ # B4R (DOE) » 2005

RAPMLEPIReHE(ALAD) HEREE & %R aEF A ~@mfA
M E 1 iFRREE AP ﬁx:e‘_#:tﬁm REERETEF5F a1 wm
T4 odE T pER > 2015 #4822 7] 3 kWh/Kg 2 528 5 dopb iy 834 B hplar
FARE o2t Ra bt“*{iii%* P s B - A EpAT o F] o FAE LG § R4
REPR O RIAT B EY R F S AFTE o bldert = 2P REs Dkg E F 2 B
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. TR 7 o R 0

Popsd iy AEDE R RE TR AL P e HE B R S R F
EF TP CERD FER A TR kR R Ak
MR e Ao 21 g S LR R e IR R D AR N o B S
EHR A BT IR m e B R EE e T e S
FEAATENERNRAERLIPEE e o

USSR S LR AR SR LT SR SR 4
ﬁ;tﬁ,)g,%:«tu R IV S S SR T %J B oo i PIRECERIEE B _?_
RERARL RSB BORAE AR F P LIRT R 71\»%'*’;1
TEFF G BPARS AT S BRRIE AL DN £ ﬁ;“‘
MEITF R R TR o HATAIR T BRSPS K sw&lﬁ iélib’%‘]
AT o
205 PAR% R-hEE B
Storage Parameter Units 2007 2010 2015

System Gravimetric Capacity:

Usable, specific-energy from H- kKWhikg 15 2 3

(net useful energy/max system (kg Ho/kg system) (0.045) (0.06) (0.09)

mass)®

System Volumetric Capacity:

Usable energy density from Ha KWhiL 1.2 1.5 2.7

(net useful energy/max system (kg H2/L system) (0.036) (0.045) (0.081)

volume)

- b $/kWh net 6 4 2
Sgof’aﬁ’e S"';Eem cost ($/kg Ha) (200) (133) (67)
(& fuel cost) $/gge at pump -— -3 2-3

Durability/Operability

« Operating ambient temperature @ °C -20/50 (sun) -30/50 (sun) -40/60 (sun)
+ Min/max delivery temperature e -30/85 -40/85 -40/85
« Cycle life (1/4 tank to full) ® Cycles 500 1000 1500
« Cycle life variation % of mean {min) at % confidence N/A 9090 99/50
« Min delivery pressure from tank;
FC= fuel cell I=ICE Atm (abs) 8FC/10ICE | 4FC/35ICE | 3FC/35ICE
» Max delivery pressure from tank® Al EEs] (L0 iy e
Charging/discharging Rates
« System fill time (for 5 kg) min 10 3 25
o Minimum full flow rate (gfs kW 0.02 0.02 0.02
» Start time to full flow {20 °C) n s 15 5 5
« Start time to full flow (- 20 °C) " s 30 15 15
» Transient response 10%-90%
and 90% -0% s 1.75 0.75 0.75
Fuel Purity (H> from storage)j % Ho 99 99 (dry basis)

T kR £ W kRF (DOE), 2006
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