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Hydrogen = Element of Water
Wasserstoff

水素

Hydrogen for renewable energy and food



Hydrogen Technology
using Metal Hydrides (MH) of 

Hydrogen Storage Alloys(HSA)

What can we do with MH ?



Hydrogen Technology

Two methods of application :

1. Consuming H2 (H):
Combustion Engine, Fuel Cell etc

The H2 production process and cost are factors
to be considered.

2. Reversible use of H2(H) without consuming :
Ni-MH Battery,  Heat Pump, 
Vacuum Technology for Heat Insulation  etc

Cyclic use of hydrogen  using  MH plays an essential 
role allowing the cost of H2 production to be neglected. 
A high cyclic stability of MH is required.
The cost of hydrogen storage alloys should be reduced. 



Hydrogen Technology 
Systems Consuming Hydrogen



Typical systems 
consuming hydrogen

MAZDA HMAZDA H22 rotary enginerotary engine

HONDA  FC vehicleHONDA  FC vehicle

Space shuttle



Debut of a new HONDA FC motorbike, February 2005

Fuel cell
inside



A wind & solar hybrid energy storage system 
with nano-FeTi alloy 
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1. A Windmill (< 2kW)
2. Solar cells (1kW)
3. S.P.E (2.2kW)
4. Pressure gauge

Chiba Prefecture near Tokyo, Japan

A wind-solar hybrid energy storage system was 
constructed to store electricity from wind and solar 
energy as hydrogen.
A wind mill (1 kW) with a vertical axis system (Aura V, 
Tokai University type) and a solar photovoltaic array (1 
kW) produce electricity to decompose water into oxygen 
and hydrogen gases using a solid polymer electrolyte 
(SPE). The produced hydrogen gas was stored in tanks 
containing a nano-structured TiFe hydrogen storage alloy 
produced by commercial ball-milling system. Hydrogen 
gas supplied to a fuel cell from TiFe tanks is used for 
LED light at night.

5. MH tank
1.0kg nano-FeTi ×3 tanks
6. Reservoir
7. Fuel cells (850W)

About 340 liter H2 storage, corresponding to solar 
and wind energy input per day in January.



H2 purity :  99.99%
Dew point : < -60℃

MH tank used nano-FeTi alloy produced by mechanical alloying for a mass production use.
Hydrogen Storage：About 1.2wt%(at 2MPaH2) （ H2 gas 125 litter ×3 ）

Hydrogen Storage system by Nano-FeTi
under normal conditions

SEM image of FeTi
powders  used for MH 

tank

We have successfully synthesized nano-structured FeTi alloys by commercial ball-
milling system. The produced alloys show ready initial activation and 
hydriding/dehydriding reversibly under normal conditions (at room temperature). 
At present, we are proceeding with an experiment to store up hydrogen 

manufactured from sun and wind energy with this nano-FeTi alloy. 

MH tank (1.0kg nano-FeTi ×3)

at room temperature

10μm
10nm

TEM image of a FeTi
particle with a nano

structure



Wind power systems to produce hydrogen
in the urban area

Wings 5

Rotating Diam. 2.5 m

Min. Wind Vel. 3 m/s
Stand. Wind 

Vel. 10 m/s

Output 1kW
Advantage of the two types Aura wind power systems 
Aura V : Non-Directivity against Wind. 
Aura 1000 : Good prompting for fluctuation.
Effective generation in low wind velocity conditions.
Low Rotating Noise. 

1. Aura V 2. Aura 1000

Wings 5

Rotating Diam. 1 m

Min. Wind Vel. 3 m/s
Stand. Wind 

Vel. 10 m/s

Output 135W

Straight wing vertical axis 
wind turbine generation systems

Aura1000 wind power systems 
are utilized for lights or clocks in 
low wind areas (average wind 
speed is about 3m/sec)such as 
Tokyo.

Horizontal axis wind turbine  (Propeller type)



A micro wind & solar hybrid energy storage system
with nano-FeTi alloy 

Micro wind & solar hybrid energy system

Removable Hydrogen storage tank
FeTiFeTi MH tankMH tank（（150g150g××22））

We are executing an experiment to produce hydrogen gas by micro movable system in 
various parts of Tokyo. This system is composed of a micro wind & solar power 
generator, which produces H2 gas through the electrolysis of water, and the nano FeTi
alloy storage tank. We can produce and store hydrogen nearby  even in a low energy 
area such as Tokyo. 
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Hydrogen Technology Systems
Without Consuming Hydrogen

• Reversible hydrogen absorption 
and desorption reactions of 
hydrogen storage alloys are 
utilized for various applications 



POSSIBLE APPLICATIONS USING 
REVERSIBLE HYDROGEN 

REACTIONS 
WITH HSA

HYDRIDING / H2 ABSORPTION
M(HSA) + H2 ->  MH  - ∆H  : Exoth.

DEHYDRIDING / H2 DESORPTION
M(HSA) – H2 <- MH  + ∆H  : Endoth.



WHAT CAN WE DO?

M + H2 = MH + Q

H2 -> PRESSURE CHANGE
->  ACTUATORS



VERTICAL MOTION  OF A WHEEL CHAIR BY MHVERTICAL MOTION  OF A WHEEL CHAIR BY MH‐‐ACTUATORSACTUATORS
(Japan Steel Wor(Japan Steel Works)ks)



WHAT CAN WE DO?

M + H2 = MH + Q

MH -> A HIGHER HYDROGEN
STORAGE DENSITY 

OF
MH THAN L-H2



WHAT CAN WE DO?

M + HM + H22 = MH + = MH + QQ

QQ --> > REVERSIBLE  HEAT REACTIONSREVERSIBLE  HEAT REACTIONS

EXOTHERMIC H2 ABSORPTIONEXOTHERMIC H2 ABSORPTION
-->  >  HEAT RELEASE HEAT RELEASE -->> HOTHOT

-->  ENDOTHERMIC H2 DESORPTION>  ENDOTHERMIC H2 DESORPTION
-->  >  HEAT ABSORPTION HEAT ABSORPTION --> > COLDCOLD

-->  HEAT PUMP>  HEAT PUMP



The principle of operation 
of a MH freezer

HIGHHIGH
TEMPTEMP
WASTEWASTE
HEATHEAT HEAT ABSORPTIONHEAT ABSORPTION

FREEZER TEMP.FREEZER TEMP.WASTE HEATWASTE HEAT
SOURCE TEMPSOURCE TEMP..

HOTHOT COLDCOLD



LOW TEMP. ALLOY  MbLOW TEMP. ALLOY  Mb
PressurePressure‐‐composition  isotherms of composition  isotherms of 
a Tia Ti‐‐ZrZr‐‐CrCr‐‐FeFe‐‐NiNi‐‐MnMn‐‐CuCu alloyalloy
Japan Steel WorksJapan Steel Works

HIGH TEMP. ALLOY MaHIGH TEMP. ALLOY Ma
PressurePressure‐‐composition  isotherms of composition  isotherms of 
a Tia Ti‐‐ZrZr‐‐MnMn‐‐VV‐‐FeFe alloyalloy
Japan Steel WorksJapan Steel Works



Aqua-City SAIJO
The spring water quality of its 
fountain is one of the best 100 in 
Japan. 

T =14‐15 C constant
as a cold heat source for
a MH freezer



EXAMPLE OFEXAMPLE OF
CITY SAIJOCITY SAIJO
METI PROJECT 2002  METI PROJECT 2002  



The first MH freezer (in operation since 2001)

300 kg MH x 4 tanks

2 Freezer rooms :
F- CLASS < -30 C for 67 m3

C-CLASS  0 ~ 5 C for 67 m3

5m x 5m x 3.3 m (H)



HUGE EFFECTS IN 
ENERGY CONSERVATION 

& CO2 REDUCTION
‐‐30 30 ℃℃ COOLING CAPACITY  7500 Kcal/hCOOLING CAPACITY  7500 Kcal/h

< MH  FREEZER >    < MH  FREEZER >     < CFC  GAS FREEZER >< CFC  GAS FREEZER >
DRIVING GAS :            DRIVING GAS :            H H 22 R22R22

ENERGY  CONSUMPTION :ENERGY  CONSUMPTION :
2.39 kW    2.39 kW    ← ‐ 70 % !     8 kW 8 kW 

Energy conservation effect  is  over  70% !!Energy conservation effect  is  over  70% !!

COCO22 EMISSION :     EMISSION :     8.4 t8.4 t‐‐COCO22/y/y ←← ‐‐ 70 % !  70 % !   28 t28 t‐‐COCO2/2/yy



Hydrogen 
Strawberry



The MH freezer NO.2 was manufactured as a small system
with a volume of 12.8 m3   to cool down to 273 K 



The entire No.2 MH freezer system



MH freezer No.2  
0.6 RT at 273 K
Alloys :
Ti-Zr-Mn-V-Fe-Al
36 kg x 2 for H.T.
30 kg x 2 for L.T.

1 abs/des cycle : 7.5 h

Low temp (15 ℃)heat from 
ground water
and
High temp (200 ℃) heat from 
a steel factory

Cold water tanks

Heat exchangers



Visitors from abroad    



Cold water tanks
5 tons X 2 = 10 tons

MH tanks  :  MH high  38 kg x 2
MH low  30 kg x 2

The MH freezer system can be used for
cold water production (0-5 C)



Cold water tanks

MH cold water lines  to a strawberry house

Supplying
30 tons / day

5 C cold water
flow enables
cultivation of 
ca 10 tons of 
strawberries
In 1000 m2 area

Returning
ca 10 C water



A MH strawberry house
The MH cold water system enables
strawberry cultivation through all
four seasons in Japan 



The MH freezer system is activating 
people and promoting business 

for sustainable development

The installation of a MH freezer system has brought these 
results:

1) New value added agricultural business started.
2) Small to medium size companies (SMC) in Saijo are

organizing a new enterprise to manufacture small sized-
MH freezer systems for multi-purposes use.

3) A big new project establishing a complex of foods storage, processing, 
and physical distribution using MH freezers is starting with the support of 
the Ministry of Economy, Trade and Industry (METI-Shikoku), and Ministry 
of Agriculture, Forestry, and Fisheries (MAFF-Shikoku), Japan.



MH freezer systems as 
sustainable energy use
in a specific local area

• Efficient use of waste heat in a local area
• High and low temperature heat sources are 

needed  ->  
(Ex) Suitable for Iceland with abundant 
cold water from glacier, and 
hot heat source from geothermal ground



• Hydrogen is suitable to store fluctuating wind or 
solar energy. Stored hydrogen can be used for 
local systems : fuel cell, combustion engines etc.

• Hydrogen storage alloys can be used for systems 
with reversible use of hydrogen :

Ni‐MH rechargeable battery, heat pumps, 

storage of renewable energy like solar, wind 
energy.

Concluding Remarks


