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I Technical Description

Technologies of hydrogen liguefaction,

transport and storage

— Paving the way to a hydrogen fueled
future

Demand for hydrogen is expected to increase as we

head toward becoming a hydrogen economy. With a

view to realizing the Hydrogen Energy Supply Chain

Initiative, which envisions importing hydrogen

produced in Australia, Kawasaki is developing related
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Technological development to realize the chain concept is steadily progressing. In terms of liquefaction
technology, Kawasaki has succeeded in hydrogen liquefaction using Japan’s first large-scale hydrogen liquefier.
In terms of transport technology, Kawasaki has obtained approval in principle for the cargo containment system
to be installed on the world’s first LH
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Hydrogen and Fuel Cells published in June 2014. Figure 1
gives a conceptual diagram of the system. Hydrogen is
produced from Australian lignite by gasification and
purification, after which it is liqguefied and transported by
ship to Japan. Cheap, CO2-free hydrogen with no
associated CO:2 emissions is imported, because the CO:
gas produced in the gasification process undergoes CO:
capture and storage (CCS) in Australia. The imported LHz is
used as a fuel in a y8nre ov



before being loaded onto a carrier by liquid pump and
transported to Japan by sea. After arrival in Japan, it is
stored in an LH: tank at the receiving terminal and
distributed from the tank to hydrogen usage systems at
various locations. The scale of the hydrogen liquefaction
system from liquefaction to storage and transportation is
determined according to hydrogen demand and output
volumes and the number of days required for marine
transportation. The properties of LH2 and a description of
the hydrogen gas liquefaction and the storage and
transportation apparatus for LH2 in the hydrogen
liguefaction system are given below.

(1)r'(. e e Lz

Media by which hydrogen can be transported and stored
include LHz, compressed hydrogen gas, hydrogen storage
alloys, and chemical media, but only compressed hydrogen
gas and LH: are developed to the level of commercial
application. Hydrogen storage alloys and chemical media
require an external source of energy in the
dehydrogenation process to retrieve the hydrogen, but LH:
only requires energy input during liquefaction and does not
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Fig.5 Trial manufacture of aboveground LHz tank

Kawasaki has constructed will be incorporated.

Kawasaki is currently prototyping an aboveground LH:
tank at its Harima Works as shown in Fig. 5. This tank
brings together the cryogenic technologies and
manufacturing capabilities the company has accumulated
to date, and Kawasaki is aiming to make it commercially
viable at an early stage.

4,2 a 5 a-.

The transportation of LH: is categorized as land
transportation and sea transportation. Land transportation
is generally by trucks with an integrated tank or a separable
container. In contrast to stationary tanks, the LH: tanks for
transportation must have a thin layer of insulation between

the inner and outer tanks in order to increase volumetric
efficiency to a maximum, and must have a special
supporting structure to withstand the weight of the load
and reduce heat input.

(i) Land transportation

Figure 6 shows a 40-ft container developed by Kawasaki.
The container is made up of a container frame (W2.4 m x
H2.6 m x L12 m) housing a tank comprising an inner tank
(capacity 46 m®) and an outer tank. High vacuum insulation
using multilayer insulation material is employed. The
evaporation rate is 1.0%/d or less. This container is used to
transport LH2 across land from a liquefaction terminal in
Japan to semiconductor factories, the JAXA Tanegashima
Space Center, and other locations.



(i) Sea transportation

There are few instances of transportation of LH: by sea.
The EU used a large container to transport LHz by sea from
Louisiana in the US to a rocket launch site in French
Guiana, South America. Also, NASA transports LH2 from
Louisiana to a rocket engine test site by barge (capacity
approximately 1,000 m?®)?. There are no records of the
construction of an LHz carrier that can transport LHz in
large volumes and over the long distance from Australia to
Japan, which will be necessary in the future.

Kawasaki is developing a small LHz carrier for the pilot
chain and a large LH: carrier (capacity 160,000 m?) for the
demonstration chain in a move towards the establishment
of the hydrogen energy supply chain.

A, }e\ Ag e a 'i

Government and civilian initiatives for the realization of a
hydrogen society are accelerating, with moves such as
infrastructure developments and the review of regulations
for FCV hydrogen stations, and the establishment of a
Council for a Strategy for Hydrogen and Fuel Cells with the
aim of formulating a short- to medium-term hydrogen
roadmap. The liquefaction of hydrogen and LH:
transportation and storage technologies that form the
foundation of Kawasaki’s hydrogen energy supply chain
concept for the handling of future large-volume imports of
hydrogen will contribute significantly to the realization of
the coming hydrogen society. Kawasaki will apply the LNG
and LH: technologies we have accumulated over many
years to promote the technological development of related
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