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Value Added
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Type of Electrolyzer Development stage Technical benchmark
Alkaline Conventional -5 commercial Efficiency:63~73%(HHV)
Electrolvzer Advanced — prototype and Power need: 53.4~67.9kWh/kg
y partial commercial Life time:10 yr
PEM Electrolyzer
(Polymer : Efficiency:56%(HHV)
Small type — commercial
electrolyte : Power need: 62.3~70.1kWh/kg
membrane Modiumaype > protolype Life time:5 yr
Electrolyzer)
Solid oxide
Electrolyzer

20Mm

Characteristics Units Sfatis Target ¢

D Hydrogen Levelized Cost (Plant Gate) J $/kg H- 410 3.00
O Total Capital Investment b ™ 68 5] 40
E % 67 73 75
System Energy Efficiency °
kWh/kg H, 50 46 44.7
% 74 76 78
Stack Energy Efficiency "
kWh/kg H, 45 44 43
Electricity Price ' $/kWh From AEO ‘09 $0.049 $0.031
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D Characteristics Units 201 Status ® 2015 Estimate ©
O Hydrogen Levelized Cost (Production Only)' $/kg H, 2.00 2.10
E Production Equipment Total Capital Investment ™M 1.5 1.2
Production Energy Efficiency ¢ % 71.4 74
Production Equipment Availability % 97 97
from Annual
Industrial Natural Gas Price " $/MMBtu | Energy Outlook | from AEO 2009
(AEO) 2009
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3. H, Supply Chain

Concepts of CO, Free Hydrogen Supply Chain

Australia Japan
Low-cost hydrogen
production s Use in processes
from brown coal Semiconductor, solar cell productions

oil refining and desulfurization

Surplus -
Renewable ﬂ
Energy Liquid _>

Hydrogen
Container

Transportation equipment

Refueling station
Fuel cell vehicles

Gasification,
Refining

Dlstributed power generation

= Hydrogen gas turbines
@ &8% and engines, fuel cells
etc.

| Liqefaciion Liquid
Co, & Storage Hydrogen -~

Carriers quuld
Brown

Coal Storage
CO, Capture Tanks l I

Storage (CCS)

Hydrogen Production Transport & Storage m

Copyright 2012 ITRI

Power plants

Combined cycle
power plants




3. H, Supply Chain

Feasibillty Study on Commercial Supply Chain

Brown
coal

Storage and Offloading
‘ gfggﬂgﬁgn |_|quefact|0n loading Transport and storage ' ‘

Power from renewable energy is used
generation

* Ingredient of hydrogen : Victorian brown coal
» Coproduced CO, disposal : locally sequestrated = CO, free
» Hydrogen production : 770t/day corresponding fuel for

3 million FCVs or 1GW power station

Copyright 2012 ITRI



3. H, Supply Chain

Cost Evaluation of Feasibility Study (FS)

Hydrogen cost (CIF) [Scale]
29.8 yen/Nm?3

3 million

Hydrogen
2.6 cargo ships

3.2 Freight base

Hydrogen

liquefactionJapanese technologies FCV
tiydrogll and products
pipelines or

Equivalent to one 1 GW
Hydrogen hydrogen power
production generator

cCs

Brown coal Hydrogen power
fuel
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3. H, Supply Chain

Comparison of Unit Cost of Power Generations

Most cheap among COz2 free energies, though more expensive than
the fossil and nuclear powers.

Cheaper, more stable and vast as compared to the renewables.

Feed~in Tariff

= from April, 2015
40

= for 20 years

=
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: 30 L3 |
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S Nuclear LNG Coal Oil Wind Solar

Hydrogen derived
from Brown Coal
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— Absorption.

Incorporation of atomic hydrogen into interstitial
sites In the lattice structure.

— Adsorption.

Physisorption/chemisorption, require highly
porous materials to maximize the surface area.

— Chemical reaction.

A
Copyright 2012 ITRI



TR

Industrial Technology
Rasearch Institute

Gravimetric Volumetric Costs
kWh/kg kWh/L S/kWh

(kg H,/kg (kg H,/L ($/kg H,)
system) system)

Storage Targets

$10

2020 i X
(0.055) (0.040) ($333)
2.9 2.3 S8
Ultimat
e (0.075) (0.070) ($266)
Projected H, Storage System Gravimetric Volumetric
Performance (5.6 kg H, usable) kWh/kg kWh/L
700 bar compressed (Type 1V) 1.5 0.8 17
350 bar compressed (Type V) 1.8 0.6 13
Metal Hydride (NaAlH,/Ti) 0.4 0.4 43
Sorbent {MOF—.S, 100 bar) 12 0.7 16
MATI, LN2 cooling 19 0.6 15
[HexCell, flow-through cooling] [1.2] [0.6] [15]
Chemical Hydrogen Storage 15 1.4 17
(AB-50 wt.%) [AlH;— 60 wt.%] [1.1] [1.2] [22]

Ref.: T. Stetson, et al., DOE Merit Report 2015
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Type-I

200bars
Type-II

299bars
TYPE-III
TYPE-III
700 bars
TYPE-IV
700 bars

QUANTLM
TriShield” Composite Hydrogen Storage Cylinder

Proprictary Fiber/Resin External Shell

Impast-resistant
Pohlmer End-domes

Yellow = Polymer Liner
Gray = Carbon fiber Inner Shell
Gold = Fiber/Resin External Shell
Black = Paolymer End-domes Fraprietary 100% Pramium Carbon Fiber Innar Shell

Ref:http://www.gm.com/company/gmability/adv_tech/400_fcv/hydrostor 050103.html
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LH2 - Tank System inner vessel
L e -1 oS et CUTET Wesse]
- leval probe '
e Issue 1 : Hydrogen bolil-off e e suspension
wid extraction liyuiel B
* Issue 2 : Energy for — gy

o~ safaty valve

hydrogen liquefaction is
high; typically 30% of the
heating value of hydrogen

gaseois Hydrogen
2050 U o +BO0RC)

. shut-off vakwe

alpetrical oarer " g

raversing vahe ! cooling water
(gaseows [ liguid) heal eAchanger . w Linde.com

Ref:http://www1.eere.energy.gov/hydrogenandfuelcells/storage/hydrogen_storag
e.html
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(Metal Hydride)

(Element

(Intermetalli hydride,
¢ compound, MgH,,
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TiMn,,..)
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(Complex hydride)
Aluminates ([AIH,]),

Borohydrides ([BH,] ) e

Amide ([NH,])

(Carbon-
based
materials

(Nanomaterials, NH,
storage,... )




TR

Industrial Technology
Resgarch Institute

Probably hydriding

Pressure, atm

Dehydriding

H storage, wt.%

H, gas Metal hydride
Metal %
adsorbed
hyrodgen CP 8
o0
Q@ O
Solid solution o
.-phase
o-phase o0 o |
T e o
% 600 o 00« =0
Hydride phase (@ WO DO=D OO0
B-phase g9 Eot NEBOOOO00:0:0
00000000000
&
i
m - -
) Hydriding
>
2]
0 —
o Dehydriding
al

H storage, wt.%

Pressure, atm

Absorbing/dgSorbing

H storage, wt.%
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(1)

(2)

3) , (o)
(4) (B
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The Challenge - 6 wt% H,
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XX
Ref.:http://www.ife.no %% W M%%%}(k}(%bﬁj(?{

+ H/M =2 = M must be lighter than S (element 16)
« H/M =3 = M must be lighter than Sc (element 21)
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Energy Carrier
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i 5. ion i : 97. Bl Lawrence Livermore
Estimated U.S. Energy Consumption in 2015: 97.5 Quads N L o

Net Electricity 0,08
Imports
0.25 N

Solar

Nuclear
8.34

Rejected
Energy
Residential

11.3

59.1

Geothermal 462
0.224 ; - - ‘ Commercial

8.71

Natural Gas
28.3
Industrial

245 . Energy
- Services

38.4

Biomass

472 Transportation

27.7

Petroleum

35.4

Source: LLNL March, 2016. Data is based on DOE/EIAR MER (2015). If this information or a reproduction of it is used, credit must be given to the Lawrence Livermore National Laboratory and the

Department of Energy, under whose auspices the work was performed. Distributed electricity represents only retail electricity sales and does not include self-gsneration. EIA reports consumption of
renewable resources (i.e., hydro, wind, geothermal and solar) for electricity in BTU-equivalent values by assuming a typical fossil fuel plant heat rate. The efficiency of electricity production is
calculated as the total retail electricity delivered divided by the primary energy input into electricity generation. End use efficiency is estimated as §5% for the residential sector, 65% for the

cemmercial sector, 80% for the industrial sector, and 21% for the transportation sector. Totals may not equal sum of ts due to independent Rounding. LLNL-MI-410527




TR

Industrial Technology
Rasearch Institute

Reduce GHG emissions by 17% by 2020, 26-28% by 2025 and 83%
by 2050 from 2005 baseline e s

Reduce net oil imports by half by 2020 from a 2008 baseling wm s

Double energy productivity by 2030 v tren

By 2035, generate 80% of electricity from a diverse set of clean
ENEIEY rESOUICES uucprnseare treray e

Reduce CO, emissions by 3 billion metric tons cumulatively by
2030 through efficiency standards set between 2009 and 2016

CAR Progress Report

Decease all US carbon emission by about half (2050)
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2050 Estimated U.S. Annual Energy Use with High Hydrogen e
Contributions Broken Out ~ 77 Quads ENERGY
Solar is "
29 u[:l‘ Lawrence Livermore
_ National Laboratory
Nu;l;ear \
Hyg o F :
/ 1.2 Rejected
Energy
- [T -

Natural Gas

lndumal Smvices

Vi -l—'

e s

Petroleum

28.9
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Energy Use difference between 2050 high-H, and AEO 2040 scenarios (Quad Btu)

Red flows represent a reduction (between scenarios)
Black flows represent an increase (between scenarios)

solar +2.5
2.9

nuclear I ' r

Lg Lawrence Livermore
National Laboratory

Elec. I%X. W,
27.4 -

8.4 Reduction

in rejected
energy
-27.3
Resid.
9.8
Comm.
9.4 .
Difference
— in energy
-4.4 Indus. 2.1 services
Z25.1 -3.8

—Tra nsp. -2
62 25.6

* Only differences =1.5 quad shown for clarity purposes, case study data and other disclaimers included in backup slides
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e A HERIZE(RE104F)
Energy Supply and Consumption Flowchart (2015)
Bt A SR

Unit : 104KLOE
1,056 758 s
(z3)
N:EEY 24
HEERE rEREEM BB
7.28%, 6.59%
202 @
EHAERRED
s FIREIPY

L 11.90%
B ' &

KAORFaer - can - anem
0.53% g - 1,895 T HeERPY

RIER BE:33
: AP
1329% s 4355

0.91%

R B
29.33%

0 ;6,989

v el o

Pl 21.79%
REMLB{ES © 1{84,508M A MmN E AEARHTE ; 181,503 M AR hRE
Energy Supply: 145.08 Million KLOE

Energy Consumption: 115.02 Million KLOE

1 million KLOE=0.0357147 Quad
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O 2025

O 2025
20%

AT BURBUR B AR

2015

2020

2025

21,423MW

2030

30%

MBURRE B %

50%

B 0 MW

646.7 1,200 1,200 1,200
0 520 2,000 4,000
2,089 2,100 2,150 2,200
842 3,615 6,200 8,700
0 100 150 200
EX ¢ 740 768 813 950
5 F R 0 0 0 0

BEER | N/A N/A N/A N/A
Total 4,319 8,303 12,513 17,250

2020 2025 2030
1,200 1,200 1,200
520 3,000 4,500
2,100 2,150 2,150
8,776 20,000 21,500
150 200 400
768 813 1,050
0 0 70
23 60 98
13,537 27,423 30,968



72 =2 hde 3 Compression Technology -
Worldwide

More than 120 H2 compressors and over 380 compressors for other gases like CNG, Ar or N2
worldwide
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Hydrogen value chain covered by Linde

Production

Supply/Storage Compression/Transfer

CGH, storage

LH, storage

Onsite SMR

(e.g. SMR)

Green
(e.g., BtH*, Ely)

o

Onsite Electrolysis

* Biomass to Hydrogen

Copyright 2012 ITRI
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Solutions
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mievemereer - Architectual Outlooks

16/06/14
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VIP GUESTS

President Tsai

Major of KaoHsiung

Major of Nantao

Minister of Transportation & Communication
Minister of Economic Affairs

Minister of Interior

Head of the Bureau of Energy

Head of the Construction & Planning Agency
Head of the National Fire Agency

Head of the Automatic Research & Testing Center
Head of the Intellectual Property Office

Odogood

CEO of Lien Hwa Industrial Corporation
CEO of Linde Group

Odoooooggooooogano
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5 Zanmare NATIONAL
CONFERENCE/EXHIBITION

Participating Units
PARTICIPATING UNITS
TaiPower
CPC
Linde LienHwa
Mitsubishi Kakoki Kaisha
Siemens
Hydundai
Toyota
BMW
VW
Honda
Mercede Benz
Fuel Cell Vendors in Taiwan
YC Synergy
M-Field

oo ooooood

Copyright 2012 ITRI



NATIONAL
CONFERENCE/EXHIBITION

Participating Units
CLEAN POWER

1 Model of MingTan Hydro Power Plant or some ..
equipments

1 Model of Wind-generator
[J Solar Panel
[1 Posters on other clean powers

H2 Production & Distribution

Model of Electrolysis Plant

MKK On-site SMR

Posters/Models of Biomass, SMR at production sit
H2 Tube Trailer

Oood

H2 Refueling
SML Plant Site Model
Linde H2 Refueling Station
Hi Pressure Buffer
Dispensor

lonic Compressor

l*l il

i
Kl

ooood

iah.
oy
2
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Participating Units

Mobilities
Hyundai Beezero
Toyota

BMW

VW

Honda

Mercede Benz
Linde H2-Bike
Bus & Forklift ?
H2 Boat Model ?

ODoooogogoogo

H2 Fuel Cell
O YC

0 M-Field
O
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