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1.CO2-Free Hydrogen Supply Chain

Hydrogen Production
Brown coal Hydrogen
gasification base

% CO,
% Storage
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Japan

Maritime transport

Hydrogen
carriers

Hydrogen

Hydrogen Use

Use in processes

Semiconductor and solar cell production,
oil refining and desulfurization, etc.

Electric power plants
Combined cycle power plants, etc.

Co-generation
Hydrogen gas engines, gas turbines,
boilers, fuel calls, etc.

Transportation equipment
Fuel cell vehicle, Hydrogen station, etc.



Overview of commercial-scale HESC

Melbourne




Hydrogen Production Plant

Brown coal gasification plant

Hydrogen
refining
plant,

Brown coal: 14,200 t/day 4,700,000 t/year
Hydrogen: 770 t/day 246,000 t/year
CO, : 13,300 t/day 4,400,000 t/year
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Hydrogen Loading Base

Hydrogen liquefaction: Capacity:770 t/day
Hydrogen storage facility: 50,000 m3 x 5 tanks

B Kawasaki



Liquefied Hydrogen Carrier

Length: 315 m
Width: 56 m
Depth: 28 m

Required sea depth: 11 m

Ship type: Pressure built-up Annual delivery Qty: 238,500 ton/year-H,
Numbers of ship: 2 Service speed: 16 kts
H2 carrier size: 160,000 m3/ship Voyage days: 12.6 days/one way

Boll off Rate (BOR): 0.2% / day
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Delivered hydrogen cost (CIF Japan)

CIF cost
= 30 yen/Nm?3

Carrier 9%

Loading base 11%

Liguefaction 33%

Production 29%

CO, storage 10%

Brown coal 8%
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Loading quantity: 238,500 t/year

Delivered hydrogen
guantity
225,400 t/year

g FCV (Fuel Cell Vehicle) : 3 million

Hydrogen power plant : 650 MW



Evaluation of power generation use in Japan

Power generation cost [ yen/kWh]

Feed-in Tariff
from July, 2012
>0 for 20 years
40 E 2
30 :
28.0 ;
20 L 231 ,:
10 | T e = "i" i _
Nuclear LNG Coal Oil Wind Solar

Hydrogen derived
from Brown Coal

Result cost is more competitive than wind and solar.
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The Next Stage

It was found that commercial-scale HESC is technically
and economically feasible and will deliver significant
benefits both to Australia and Japan.

 However, before commercialization, technical
demonstration, safety verification and demonstration of
stable operation to potential investors are necessary with

pilot-scale HESC.

Then as a next stage, conceptual design of pilot-scale
HESC with preliminary costs has been conducted.

* HESC:Hydrogen Energy Supply Chain
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Pilot Scale Chain Main Specifications

PLANT SYSTEM CAPACITY | NUMBER REFERENCE
Brown coal Gasification
Plant and Hydrogen 5.5t/d-H2 1set
REMING Pl Annual Hydrogen
Electrytic Hydrogen Production Capacity
Production Plant 2l 1set 2,660 ton
Hydrogen Liguefaction
Plant 4.2t/d-H2 1set
Hydrogen Gas Turbine
Generation Plant eZghni T )
Hydrogen Storage Facility 3,400m3 1set Annual Cargo

: Capacity

Hydrogen Carrier 2500 m3 1set 873 ton
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Pilot Scale Chalin

Hydrogen Production Plant
Hydrogen Loading Base
Liquefied Hydrogen Carrier

Brown Coal
Gasification Plant
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Schedule of Development

YEAR Z108 RN (128 RIS (AN RESH M6N 7 18 ~ 24 250 30

Commercial FS

Conceptualjil |

- :
design 2] ) S
Pilot FS 0 a g
5 8 2
= 5 g
9 2 3
i i Production / S g E
Pilot Chain ?%s;;gfnmng Construction % Operation i E
L : <4 : -
R&D 8 Planning o
Peaionepat S — <4mmp -
1) 2030 Commercialization
2) 2025 Demonstration Operation Start
3) 2017 Pilot Chain Operation Start

4) ~2013 Establishment of Technology, Funding and Consortium

B <& Kawasaki 13



2. Establishment of Hydrogen Safety System

Safety
Management
System
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Establishment of International Safety Standards
( Liguefied Hydrogen Carrier)

. Basic I?ce5|gn Hazard identification
Incorporation of 0 and risk assessment, using
selective countermeasures Liquid Hydrogen Carrier HAZID and FMEA method

4 b

Minimum/Special Requirements ' Safety Evaluation

of of
IGC Code Hydrogen Carrier

Amendment of minimum/special

i requirements in IGC Code i

Proposal for IGC Code and Conclusion of bilateral agreement

International standard between Japan and Australia,
Certification of IMO

% HAZID : HAZard Identification

% FMEA : Failure Modes and Effects Analysis

B Kawasaki
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Safety Distance from LH2 Tank

2000 —
y 540m3 (3.8x10%g) 3:000MT
1000 3 (Z.ixlo ’kg}
I 500 l
=22 M I
=
M = |
= |
E 100+ l
5 80- :
2 601 .
2 1 50,000m
& 40- ! (B.5x%10%g)
|
20 ! ,
| . I
0= ] T | 1 I T ;
100 101 102 103 104 105 kg 10%
LHE mass —
1 US Dep. Defense Instruction No. 414521 (1964)
2 MNational Fire Protection Association (NFFA), Boston (1973)
3 US Army Material Command Safety Manual No. 385-224 (1964)
4 Burean of Mines, Pittsburgh {1961)
5 Gemman Fed. Ministry of the Interior, Bonn {18974) (nuclear power plants)
for liquefied gases
| 6 High-Pressure Gas Control Legislation. Japan (category 1)

Reference: K. Verfondern, Figure 6-5 Safety Distances, Safety Considerations on Liquid Hydrogen, p53-54, 2008.
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Development of Hydrogen Safety Technologies

Society”

We KAWASAKI is deve bp ng the ndispensab ke hydrogen
technobgies to realze €02 Free Hydrogen Utilzation

Through the best &xpbsion proof technobgies for
hydrogen” n the worl, we give you the safety and
security n Hydrogen Utilzation Soc iety.

STEP 1

W e appreciate the hydrogen properties
concem ng safety through acquisition of the
fundam entaldata resulted from hydrogen
kakage, gnition, exp bsbn experim ents.

STEP1 Hydrogen Leakage Experiments

STEP 2

We analyze the hydrogen leakage, gnition,
exp bson phenom ena for safety thoroughly
w ith com puter smulaton.

STEP 3

W e never cause a hydrogen exp bsion acc dent
due to equ pm ent failre, hum an error through
thorough evaliations of system safety and

re liability.

STEP 4

We deve bp and produce the highly safe and
reliable exp bsion proofdevices and system s
for hydrogen.

© | -

B Kawasaki
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STEP3 STEP4
Safety System and Operator The highly Safe and Reliable
Support System Explosion proof Systems

Input Output Input Output
é | I R

Equipment B T ﬁ\

Safety System for Plants

Explosion Proof
for Liquid Hydrogen Carrier
Operator Support System for Plants Propulsion System
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Establishment of Safety Management System
(Hydrogen Liquefaction Pilot Plant)

Hydrogen
Gas Gas Catalyst

== Holder PP (Ortho/

Para)

Hydrogen Liquefaction Plant

Process Flow
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Specification of Hydrogen Liquefaction Plant

Numbers

2 units

Liquefaction Process

Hydrogen Claude Cycle

Liguefaction Capacity

5 tons/day/unit

Inlet Hydrogen Purity

>99.999 Vol %

Inlet Pressure

2.0 MPaG

Inlet Temperature

ambient temperature

Recycle

Gas
Compressor

Compressor

Cooling
Tower

Heat
Exchanger

Liquid
Nitrogen

Heat
Exchanger

Expansion
Turbine

Liquid
Hydrogen

Tank 19



HAZOP Basic Procedure

Safety Design with HAZOP
( Hazard and Operability Studies)

DVDE SECTON NTO STUDY NODES

v

SELECT A STUDY NODE

v

APPLY GUDE WORD TO PROCESS
VARIABLE OR TASK TO DEVELOP
MEANNGFUL DEVIATION

v
LIST POSSBLE CAUSES OF
DEVIATON

v

EXAM NE CONSEQUENCES
ASSOCIATED WITH DEVIATION
ASSUM NG ALL PROTECTN FALS)

v

DENTFY EXSTNG SAFEGUARDS TO
PREVENT DEVIATION

v

ASSESS ACCEPTABLITY OF RISK AND
DEVELOP ACTON ITEMS

v

RECORD CONSEQUENCES AND
CAUSES AND SUGGEST REMED ES

DEVIATD

N

STUDY NODE

END
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Example: Deviation and Cause on HAZOP

Parameter Deviation Cause
control valve fails closed,
no flow . .
pump fails suspension
contorol valve fails open,
more flow
Flow control valve bypass full open
less flow partial blockage of filter
backpressure high,
reverse flow .
down stream pressure high
) control valve fails closed,
high pressure . X
manual valve misoperation closed
Pressure
pressure control valve fails open,
low pressure ..
upstream piping blockage
. heating furnace abnormal combustion,
high temperature .
cooling water no flow
Temperature
low temperature heating furnace suspension,
- loss of heat medium
higher level level control valve fails closed
Level lower level level control valve fails open,
less feed flow, discharge line open
feed material change,
changes quantitative increase of
Composition ingredient material
mourities generation of reaction byproduct,
P filter fenestration
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SIL Evaluation based on AIChE CCPS

NDEPENDENT PROTECTON LAYERS

Community Em ergency

HAZARD LEVELNG

LY Response R sk Param eter C lssification
PL7 |P bnt Em ergency Response C1 IM nor M hor njry
PL6 Eos;Rte_ ba?e ngs Zal ) Hazardous 0 ne death or
rotecton €& bundne event C2 |Serpus pem anent njiry to
pL5 |PhysicalProtection Severity one ormore persons
€.g.RelefDevices) :
C3 |Extensive |[Severaldeaths
PLA4 Safety Instrum gnted System - -
preventon actin W1 [Very Slight <107*/year
Critical A larm s and W2 IS lieht 41072
PL3 0 perator htervention Event ¢ 10 107/ year
. L ke lhood Rehtively P
Basic Process ControlSystem, W3 H igh =10"°/year
PL2 |0perathg €
D iscplhe/Supervision
PL1 |PROCESS DESIGN
3 S :notrequired S :notrequired ig SL1 | SL1
2 R SLI Se | sLi|sp2| [sLi|sL2|sL3
Total Number
of Independent | |1 || S5 Fepq| sp2| | spt | sr2 | s3] | s13| sL3
s NR
afety-Related
systems LOW | MED | HIGH LOW | MED | HIGH LOW | MED | HIGH
Wi | w2 | w3) w1 | w2 | w3) w1 [ w2 | w3)
EVENT LKELHOOD EVENT LKELHOOD EVENT LKELHOOD
MNOR C1) SERDUS C2) EXTENSNE C3)
* SIL : System Integrity Level
i} * AIChE :American Institute of Chemical Engineering
B Kawasaki * CCPS :Center of Chemical Process Safety
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Liquid Hydrogen Carrier Safety Design

B Kawasaki
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Examplel : FTA ( Inner Tank Leakage )

Beng pressurized
n tank

No repair work for a pro bnged
period tme

lte hg affected by bw-cyck
fatigue)
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05
AK" = AKth"
AK stress
ntensity factor
range)
E bngation of A 02
ng- k
openneup crac g break-out of we ld defects
P ropagation of crack to reach Remanngofweld 0.05
Leakage of A and open on the surface defects
LH 2,G;2kfrom N om son of detection durhg
nner tan D |Buitling of kakage . . ) A nspection
path R arenoterack 1y 0.005 0.1
D
under the residual stress state
Working of
unexpected 05
excessive stress
working of mpact bad
2.8E-04 55E-04 2.8E-03 0.55 0.05
break-out of form dab k size of
capilary nweld
0.01
Rem e_l'n ng of A
fom dable size of N [om isson of detection durng
capilary nweld D herum gas kakage test
0.05
poor we dng repair work
3.8E-04 3.8E-04 1E-04 001 * FTA : Fault Tree Analysis



Example2 : FTA ( Inner Tank Breakdown )

Breakdown of

hsufficient structura
strength

0.001

* FTA

: Fault Tree Analysis

Pressure rishg ofBOG n
tank

Conthuous and/or rap d
pressure risng of BOG

oO=>

S liggish ncrease ofheat flx due
to gradualdegradation of vacuum e
degree

D iffusion of H2 gas n vacuum e cham ber derived
from extraction of absorbed gas or kakage from
capillary

0.5

hcom petency of vacuum e pum p

0.25

0.5

0 |Rapid increase of heat flux due to
R |hasty degradation of vacuum e

degree

D iffusion ofH2 gas n vacuum e cham ber due to
kakage from through wallcrack of nner tank

3.8E-04

D iffusion of N2 gas n vacuum e cham ber due to
kakage from through wallcrack of outer tank

3.8E-04 35E-10,
Buiding of evaporaton lkyer on Stranding
the LH2 surface @tratification) 005
due to Iextens on of bng period g :
detention Long period anchorage
0.400, 0.15 0.1

hcom petency ofH2
nc naretor

o O

M alfunction of pressure sensor

0.01
M alfunction of CPU
0.0001
M alfunction of fow controlvale
0.05

M alfunction of ncherator body

0.160

0.1

nner tank 0y gh pressure
exceed ng the A
structural strength of| N
tank D
0.064
Ihcom petency ofNo.1
pressure relefvable
0.01
hcom petency ofNo.2
pressure relefvable
0.001 6.4E-06 0.01
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Thank you for your attention
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