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Activities for Realization of International Liquefied Hydrogen Energy

Supply Chain
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¥ E FEZTEQ Kenijiro Shindo

T & B =0 Kenji Yoshimura

T E=0) Yasushi Yoshino

BxFHSICET T, KFEIRILF-DHERELTE
SEETEDH SN TWVWS. BRIEZD Ry TF72F—ELT
CO, 7 —KFEHTSAFz—DEAILEBIELTHY,
20202 DN Oy NEIDEREFEIAT 5.

BHFEICIE, BN TOBRD S DKFEELE - HILDRE L
% - BAEKFREMAMA D& - MR & & LK REDORIE
BB EREHES L OHE CORERMOEILICHE G770
TSI bPETLTVS. ZORRER, FEOHAERMER
RNEFESKERIGDREE B 3.

Major advanced countries have been implementing hydrogen energy to achieve a decarbonized society. Japan, as the
top runner, aims to commercialize a CO,-free hydrogen energy supply chain, and starts operation of pilot demonstration

project in 2020.

In the pilot project, the following technical demonstrations are making progress: hydrogen production from brown coal
in Australia, hydrogen land transportation from the production site, loading onto liquefied hydrogen carrier, the world’s first
long-distance marine transportation of large-volume liquefied hydrogen and liquefied hydrogen loading/unloading
technology at the Port Terminal in Kobe. Outcomes of the present project will be a basis for future hydrogen supply that

can link every corner of the world to Japan.
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Table 1 Specifications of the CO,-free Hydrogen Energy Supply Chain

B HESE Mton/HF) 4.74
RiEBRE Mtoe/ ) 0.764
KFELEE | ATE (GNm*/4F) 2.51
S8 (ton/F) 225,500
CORFEE (Mton/4F) 4.39
ALK E AR 160,000m’ X 2£&
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Fig.3 Core facilities of CO,-free Hydrogen Energy Supply Chains
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Fig.4 Cost structure of CO,free hydrogen
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Fig.10 Cogeneration facility with flexibility in the fuel mixing ratio of
hydrogen to natural gas
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Hydrogen Production — Development of Hydrogen Production Technologies

2 # =10) Mitsugu Ashikaga
B H B BO Norihiko Kumada
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To realize a hydrogen energy supply chain, hydrogen production technologies, which are needed at the initial stage of
the supply chain, should be established. There are several methods for producing hydrogen, but as a method for
producing a large amount of inexpensive hydrogen, we have focused on hydrogen production from brown-coal, which is
an unutilized resource, and renewable energy. We are now working on developing and establishing the technologies

necessary for these hydrogen production methods.
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Fig.1 Process of producing hydrogen from brown-coal
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Fig.2 Process of producing hydrogen by water electrolysis
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Fig.4 Raw brown-coal and brown-coal slurry
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Fig.8 Schematic image of demonstration plant
(only within the scope of Kawasaki Heavy Industries, Ltd.)
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Hydrogen Production — Development of Hydrogen Liquefaction Systems

w5 # =0 Kozo Isano
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Hydrogen liquefaction systems, which require advanced cryogenic technology, are an important factor in the global
supply chain of liquefied hydrogen. Kawasaki has built the Japan’s first domestically developed commercial-scale
liquefaction system that can liquefy approximately five tons of hydrogen per day. Since the first successful liquefaction in
2014, Kawasaki has improved liquefaction efficiency by approximately 20% with its new liquefier, and has also
demonstrated the reliability of the liquefier through long-term operation. Kawasaki has begun technical studies aimed at

further increasing the size and efficiency of liquefiers.
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Fig.1 Schematic diagram of hydrogen liquefaction system
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Fig.3 Hydrogen liquefier (upper part) and expansion turbine
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Fig.5 Installation of new liquefier
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Hydrogen Storage — Development of Liquefied Hydrogen Terminal
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Regarding a liguefied hydrogen terminal, which as an element of a hydrogen energy supply chain stores liquefied
hydrogen, we constructed a pilot-scale loading/unloading terminal for verification testing in fiscal 2020. And looking to
future commercialization, we have been working on increasing the scale of development and international standardization.
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Fig. 1 Rendering image of liquefied hydrogen
loading/unloading demonstration terminal in Kobe
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Fig. 8 Liquefied hydrogen loading arm systems for commercial use
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Hydrogen Transportatlon — Development of Liquefied Hydrogen Carrier
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Kawasaki has developed and built a liquefied hydrogen carrier to transport a large volume of hydrogen in the hydrogen
energy supply chain. The carrier’s large-sized tank for liuefied hydrogen employs a vacuum insulation system and will
have come to realize the world’s best level of thermal insulation performance. Through the demonstration of marine
transportation between Japan and Australia starting in fiscal 2020, we aim to achieve large-volume transportation while

ensuring safety.
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Hydrogen Utilization — Development of Hydrogen Fueled Power

Generation Technologies
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Hydrogen is used as fuel for transport machinery such as rockets and FCV (fuel cell vehicles/buses).

To realize low carbonization and a future hydrogen-based society, Kawasaki is developing hydrogen combustion
technology and power generation technologies for gas turbine engine, which is excellent in fuel flexibility. In 2018, we
successfully operated the world’ s first hydrogen fueled power generation in an urban area, and we have been improving
such technologies to achieve higher performance and cleaner power generation.
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Fig. 1 Small-scale gas turbine (M1A-17D)
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Fig.2 Combustor structure and combustion state
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Fig.3 Visualization combustor and flame behavior
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Fig.8 Tests of hydrogen combustor

AVEMRBERR A 2 VT, 25K - PR RE R B BT R e
RECTONOxMERER &2 PG L. FAY =Y v LAk
DOFS - WEREE T FHC & 2 BRI IR L 7R
Bear 72 © TNT100% 1E M EU HH 24 IR O PR BESR NI T DK FE
KEOHT % ENENR 8 (a),(b) IZ/RT.

AR XD, 8 LIoKFEOMRBER MRS 5 & & HIT,
50% M A & EHE100% E A 24 O #iPH T, BLlilE O 55
& 7% ANOxfH 35ppm (0,=16%445) LT #1572,

20204E5 HX YR 4 1R L7ekFEa—Y=rlb—Yav
VAT LFEARIRISTC, OB EER LY U E
AEERL 2 PR L, KEEHE N7 A ENOxEEICH R TH
DTHYL 7.

Lt ZORFEHBOREEN - FEEIZE - REAMK
RN R & DR & REEE D T <L

h EH F

KEV T I F 2 — VEBHO—BE LT, KEBRBERAM
DL S CIRERIBEN A Y — V2B LTWA. 2
NODOFEMIZL YV KZEEZRRTALRABEICT A - VD
R LT3 22 E25REE 2 D), 1RO R FA &
BIOKEHZROFEBIIKEHMTE25DLEZ 5.

RHNEDO—EBIE, NEDOBR S [ARFE 5 kK%
KM LR 794 F o — VR F ] [kE
CGSIEH AR — M a2 I a5 4 EMiBIRHEE] B O
NEDOZEHE [KEH R ¥ — ¥V RBEHAM O 72 B %
WCCTHRETHE, TORREEHRZLOTHY, EIHE
ZRT.

2 EX®

1) YN JIIFETICBIF D REHRETAS -V
DOFSEIRM, KIJETF 1567, Vol.70, No.757 (2019)

2) NEDOK—2~—7 https://www.nedo.go.jp/news/
press/AA5_100945.html

3) U 4562850817, “HAZ—VY IV v OMREEEE

4) A. Horikawa, K. Okada, M. Wirsum, H. Funke,
K. Kusterer : “Application of Low NOx Micro-Mix
Hydrogen Combustion to 2MW Class Industrial Gas
Turbine Combustor”, IGTC2019 Tokyo (2019)

d-Ah o2

[ B X g F =

LWOEA % EE D

JUGE e TP - 1827% 31
202049 H



Toomwae

KFHBORIRICAIF e REREEFHTDEHH

Product Safety Assessment Initiatives for Achieving a Hydrogen-based Society
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HHE

In our hydrogen supply chain pilot project, for safer use of hydrogen products, we had many phenomenological
experiments and numerical analysis based on risk assessments to clarify the hydrogen behavior.
And we are also developing management systems for health, safety, and environment in our project.
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x1 BIEKFTELNGOYHELEE
Table 1 Physical properties between liquefied hydrogen and LNG

Htk k3R LNG (*&>)
#m (C) -252. 85 -161.45
HRAERE (kg/m°) 0. 0899 0.717
REE (kg/m’) 70.8 422. 4
B (kJ/L) 31.4 246
BRIEE (Z59) vol%) 4~75 5~15
BRNEXKIZILF— (10%) 1.6 28
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#PMP (Project Management Professional)
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K2 BEBREBLUOHARNIA>
Table 2 Standards and guide lines for hydrogen safety

x3 BFRAULEEELVRIT7EAXD MNFE

Table 3 Risk assessment methods in our pilot project
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RIEKFEMMEM | BABEHS. RIEKFERMA 1 KF 1> (2017)
ISO/TR 15916 : Basic considerations for the

KFRRZ safety of hydrogen system (2016)

. AIAA G-095 : Guide to Safety and Hydrogen and
KRRE Hydrogen Systems (2014)
K& E NFPA 2 : Hydrogen Technologies Code (2016)
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(Failure Modes and Effects Analysis) |7 i% % 5
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Table 4 Safety review in our pilot project
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Fig.1 HAZOP study meeting
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(a) HILKFEDILEIRR (b)

-40°C
(c) LNGOIEEERZR (d) LNGOERES

2 FKFE - mEEER
Fig.2 Dispersion tests
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Fig.3 Ventilation flow analysis for cargo machinery room
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Fig.4 Hydrogen leaking behavior analysis for cargo machinery room
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5 MERREUVLBIEKFS Y (JAXA)
Fig.5 Liquefied hydrogen storage tank (JAXA)
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Fig.6 Pressure behavior in the tank by rapid pressure releasing
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Kawasaki Trading do Brasil Ltda.
Avenida Paulista, 542-6 Andar, Cj. 61D, Bela Vista, 01310-000, Sao Paulo, S.P., Brazil
Tel. +55-11-3266-2790 / Fax. +55-11-3266-2853

Kawasaki Heavy Industries (U.K.) Ltd.

Office 106, New Broad Street House

35 New Broad Street, London EC2M 1NH, United Kingdom
Tel. +44-20-7417-1750

Kawasaki Heavy Industries Middle East FZE

Dubai Airport Free Zone, Bldg. W6, Block-A, Office No.709,
P.O. Box 54878, Dubai, UAE

Tel. +971-4-214-6730 / Fax. +971-4-214-6729

Kawasaki Heavy Industries (India) Pvt. Ltd.

Room No: 1777, ITC Maurya, Sardar Patel Marg, Diplomatic Enclave,
New Delhi - 110021, India

Tel. +91-11-4358-3531/ Fax. +91-11-4358-3532

Kawasaki Heavy Industries (Singapore) Pte. Ltd.
6 Battery Road, #23-01, 049909 Singapore
Tel. +65-6225-5133 / Fax. +65-6224-9029
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Tel. 0877-46-1111 / Fax. 0877-46-7006

Kawasaki Trading (Tailand) Co., Ltd.

12Ath Floor, Unit B, Kamolsukosol BLDG, 317 Silom Road,
Bangrak, Bangkok 10500, Thailand

Tel. +66-0-2631-1151 / Fax. +66-0-2234-4756

Kawasaki Heavy Industries Management (Shanghai), Ltd.
10F, Chong Hing Finance Center, 288 Nanjing Road West,
Huangpu District, Shanghai 200003 China

Tel. +86-21-3366-3100 / Fax. +86-21-3366-3108

Kawasaki Trading (Shanghai) Co., Ltd.

10F, Chong Hing Finance Center 288 Nanjing Road West,
Huangpu District, Shanghai 200003, People's Republic of China
Tel. +86-21-3366-3700 / Fax. +86-21-3366-3701

KHI (Dalian) Computer Technology Co., Ltd.

Room 205, International Software Service Center, Dalian Software Park, 18
Software Park Road, Dalian, China

Tel. +86-411-8474-8270 / Fax. +86-411-8474-8275

Hydrogen Engineering Australia Pty Ltd
Level 6, Suite 6. 09, 2 Queen Street, Melbourne, VIC 3000, Australia
Tel. +61-404-809-288

Kawasaki Heavy Indistires Russia LLC

Office 1803 (18th Floor), Entrance 3, Krasnopresnenskaya nab. 12, 123610,
Moscow, Russian Federation

Tel. +7-495-258-2115 / Fax. +7-495-258-2116

Kawasaki Heavy Industries (Thailand) Co., Ltd.

28th Floor, Sathorn Square Office Tower 98 North Sathorn Road, Silom,
Bangrak, Bangkok 10500, Thailand

Tel. +66-2-163-2839 / Fax. +66-2-163-2841
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