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Summary
This topic introduces hydrogen storage. There are various hydrogen storage methods

including storage in the gaseous state, storing as a liquid, and storage as a compound or
in combination with another medium. The method of storing hydrogen in the gaseous
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state is most generally used, and employs tanks or storage tanks (at atmospheric
pressure or high pressure). In special cases, hydrogen can be stored underground as
well. The tanks used are generally made of steel, although tanks produced mainly of
fiber-reinforced plastics to reduce the weight have recently appeared on the market.
Storing hydrogen in liquid form is done mainly for space rocket use. Here,
consideration is given to the refining of raw-material hydrogen, ortho—para conversion,
liquefaction process, and insulated storage tanks. Reference is also made to slush
hydrogen. Hydrogen storage using compounds and metal hydrides, which has been put
to practical use to a limited extent, is introduced along with an explanation of the new
technological developments of metal hydrides. The subject of hydrogen storage using
organic compounds mainly discusses ammonia, methanol, and methylcyclohexane.
Technology for these compounds as chemical products has already been established, but
from the viewpoint of storing and transporting hydrogen, the method of using organic
compounds for the storage and short-distance transportation of small quantities of
hydrogen is not economical. Therefore, the ongoing research into the feasibility of a
hydrogen storage method using the system of hydrogen production and marine
transportation relying on renewable energy is also discussed. The system mentioned
here is considered as a global-scale energy utilization system. There are methods of
storing hydrogen combined with other media such as carbon materials including
activated carbon and carbon nanotubes, as well as glass microspheres and zeolite.
However, research and development of these methods has begun only recently. The
practicability of these methods depends very much on the future research.

1. Introduction

Very little hydrogen exists in nature in the form of H,, and so it is not suitable as a
primary energy resource. Nevertheless, some 500 billion m®N is produced worldwide,
by all processing methods from fossil fuels or water resources, as described in the
Topics Hydrogen Production from Fossil Fuels, Hydrogen Production from Water and
Innovative Hydrogen Production from Water.

The hydrogen that is produced can be utilized as either an energy carrier or a chemical
material. Hydrogen storage referred to here is related closely to production and
utilization (consumption) as well as transportation. The normal flow from production to
utilization of hydrogen is summarized as follows:

Production — Storage — Transportation — Storage — Utilization

In fact, however, intermediate steps may be omitted, depending on the proximity
between the location of production and that of end consumption and on the pattern of
utilization.

Methods of storing hydrogen can be divided roughly into the following three categories:

1. Storage as gas under normal pressure or compressed. The vessel used for storage is
a cylinder, tank or, in special cases, the earth’s crust (e.g., an abandoned mine).
These storage methods are used most.

2. Storage as liquid at super-cold temperature. Hydrogen is stored in a special insulated
vessel.
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3. Storage as a compound or united with a medium (adsorbent or the like). Such
compounds include metal hydride as an inorganic compound, and methanol,
ammonia, methylcyclohexane, and others as organic compounds. Typical adsorption
mediums are activated carbon, zeolite, and graphite nanofiber.

Methods Gaseous Liquid | Underground | Metal | Activated
Normal | Pressurized | hydrogen storage hydride carbon

pressure adsorption

Content |Wetordry | High pressure & | Atmospheric | High pressure & Atorabout | Low
type ordinary pressure, atmospheric atmospher | temperature
storage temperature 204 K temperature ic & High

Larger Pressure tank: 70.8 kgm™ Press hydrogen temperatur | pressure
capacity 1-3 MPa Insulated into an eand 70-220 K
feasible —-25000 m°N vessel abandoned mine, pressure 5-10 MPa

Normally, Gas (Dewar or a rock-salt layer, Production Combined use
the cylinders, tank) or an aquifer. of metal of physical
capacity is | etc.: Max. 3200 10°-10° m®N hydride adsorption
up to about | 15-20 MPa m® This method has Contraction and
3000 m® | —2800 m°N been put into t0 1000 compressive
for  wet | (Ref.: Some practice. Reaction in packing
storage of | vessels for city heat Under R&D
hydrogen. | gas are of exchange scheme

200 000 m* formula

capacity.) Storage in
vessel

This

method
has been
put into
practice.

Merits Relatively Ordinary High Inexpensive Greater Density is
easy technical skill compressive | Suitable for large safety higher as
handling Low energy density storage Large compared
of gaseous | consumption High bulk Good for long- volume with
hydrogen (storage) density term storage density pressurized
because of Large Discharge gas.
low storage by heat Light weight
pressure capacity and cheap

price

Demerits | Rather poor | High pressure Large power | Limited Expensive This method
efficiency | Low packing requirement | availability of alloy requires
of storage | density and high sites material liquid
(H2 Better suited for cost of Need of nitrogen or
wit/total small- or liquefaction initial other
wt) medium-size Boil-off activation coolants.

storage vessels | Flashing Finely Vessels used in
powdered this method
with must have
poison sufficient
pressure
tightness.
Selective
adsorbency

Table 1. Comparison of hydrogen storage methods.
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Regardless of the storage method used, a containment vessel is required. The
characteristics of the major storage methods are shown in Table 1 and the packing
density of hydrogen in Figure 1.
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Figure 1. Comparison of hydrogen packing densities (inclusive of vessels). In the case
of gasoline and nickel hydride (Ni-MH) battery, Energy density should be converted to
hydrogen density.

2. Gas Storage in a Gaseous State
2.1 Storage under Atmospheric Pressure

Usually, gas is stored in a water-sealed gas holder or a dry-type gas holder. In either
case, the storage pressure can be maintained at around several thousand pascals.

2.1.1 Water-sealed Gas Holder

The water-sealed type gas holder is shown schematically in Figure 2 and the sealing
mechanism in Figure 3.

Storage quantity changes when the level of the gas container rises or falls. Pressure also
changes depending on the number of gas containers.

Because of the large weight of sealing water, a large capacity holder tends to be more
solid and to have larger volume, so the storage efficiency (hydrogen weight/holder
weight) is slightly lower. The available capacity should be around 3000 m® at
maximum. Though the gas may be handled with relative ease, the sealing water must be
controlled very carefully. The total number of holder units in service tends to decrease
with time.
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Figure 2. An example of water-sealed gas holder.
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Figure 3. Structure of gas sealing bulkhead.
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