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Advancing Hydrogen Technology 
Hydrogen Fuel Cell technology 

- Stationary and Mobile -

ENE FARM over 310,000 installed in 2019

FCV  
H2 combustion engine 2021

A Toyota hydrogen engine vehicle participated in the Fuji 
24h Race June 2021 with high pressure H2 tanks for FCV



Hydrogen Combustion Engine again ?

Stuttgart
1970s

Munich
2000s

MAZDA hydrogen rotary engine with IAHE Award

2000s

FeTi + Mg2Ni
Hydrogen 
storage alloys

L-H2
at  -253℃



H2 Stationary and Mobile Stations in Japan

Data from Kanagawa Prefecture, Japan

166 stations in August 2021
*Plan: 1000 stations by 2030



H2 and CO2



Global Greening is Advancing in the last 30 Years
by Increasing CO2 in Air

R.J.Donohue et al, Geographical Research Letters 40(2013)3031 

http://www.csiro.au/en/News/News-releases/2013/Deserts-greening-from-rising-CO2



CO2 Recycling with H2 for Materials Production by NEDO                            



Hydrogen Production/Transportation from Brunei and Australia to Japan
JPY120/m3  ➡ JPY20~30/m3 (2050)

Brunei



Hydrogen Storage Technologies
using 

Hydrogen Storage Alloys=Metal Hydrides



Typical Hydrogen Storage Alloys

A2B = Mg2Cu, Mg2Ni   (1967~68)

AB5 = LaNi5 (1970) → Mm(Ni, Al, Co, Mn)5 for Ni-MH battery
Easy activation/ high cyclic stability / expensive 

AB = FeTi (1974)  
Difficult activation / inexpensive

H density in MH is higher than
that in L-H2 in a same volume!



Reversible Simple Hydrogen Reactions 
of Hydrogen Storage Alloys (HSA)

HYDRIDING / H2 ABSORPTION
M(HSA) + H2 (H+) =>  MH + Q : Exoth.

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

H density in MH is higher than
that in L-H2 in a same volume!



Hydrogen Storage Alloy?Hydrogen Storage Alloy?
On H2 absorption (uptake)

ALLOYMH

HOT



MHALLOY 

COLD

Hydrogen Storage Alloy?Hydrogen Storage Alloy?
On H2 desorption (relaese)



In June 1988, for the first time, we demonstrated the high performance  
of a Ni-MH rechargeable battery using hydrogen storage alloys



Ni-MH Rechargeable Battery
- Reversible Hydrogen Reactions -

Hydrogen absorption => Charge
M(HSA Electrode) + H+ from H2O=>  MH

Hydrogen desorption => Discharge
MH => M(HSA Electrode) – H+ into H2O

Toyota PRIUS



RENEWABLE

ENERGY

ELECTROCHEMICAL

MECHANICAL

ELECTRIC
THERMAL

CHEMICAL 

H2 GAS
L-H2

Metal Hydrides

Battery
Li-ion   NaS
Ｒedox-Flow
Ni-MH Pb

Pump-Up
Fly Wheel
Compressed 
Air

Electric double layer capacitor
Superconducting materialIce   Dry-Ice

Heat storage by molten saly

Renewable Energy Storage/Control by Hydrogen/MH



World Economic Forum Davos Conference 2017



Hydrogen Council World Economic Forum, Davos, Switzerland 
Growing momentum for hydrogen as further multinationals join global coalition on Jan. 2021



TOSHIBA Stand Alone Hydrogen Energy Supply System
H2One   

MH tanks
PH2<1MPa

Generated electricity and heat support about 
300 people for a week

*) Active use of H2One 
in Indonesia



Toshiba H2One
Stationary and
Mobile use 
on rail and road



In case of Kawasaki City, Kanagawa

Hydrogen Hotel / Waste Plastic / H2 



Keihin Industrial Area over Kawasaki and Yokohama, Kanagawa and Tokyo



The World Frist’s Hydrogen Hotel operated by
TOSHIBA FC System H2Rex using MH since 30 May 2018

Output= 100 kW covering 30% demand of the hotel
Heat supply= 60℃ hot water
Electric power generation use >50%
Total power utility > 95%
Start-up < 5min 
H2 supply by a 5 km pipe line from an incinerator 
(waste plastics for NH3 and H2 gas) of Showa Denko
=> using MH storage by DAIWA HOUSE



Topics :  Waste Plastic => Hydrogen
Plastikmuell => H2

United Nations MSN



Showa Denko K.K. produces H2 from Waste Plastic at Kawasaki
This is becoming a new business 



Production and Application
of Inexpensive Hydrogen Storage Alloys



Production & Application of
Nano-structured FeTi Alloy

manufactured by
Mechanical Alloying (MA)

A New Production Method of HSA



Rotor
Φ2m x 2m 

A  Ball Milling System for Production of 300kg n-FeTi Alloy

Ministry of the Environment Japan



A  Ball Milling System for Production of 300kg n-FeTi Alloy

Ministry of the Environment Japan



Pressure/M
Pa N-1

N=7390

Change in alloy particle
size after N=7390 

PCT characteristics of n-FeTi by mass production   



Comparison of the rate of initial activation
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Surface and inside of a n-FeTi alloy particle by 
90 h MA 

Nano –structure
+

Amorphous

A mixture of nanocrystal and
amorphous



Why nano-structured surface is active with H2?
Mechanism of H2 dissociation on surface

FeTi single crystal
with surface oxide layers

Nano-structured FeTi

MA MG

Nano-structured
surface layers 

H2

No H2 dissociation 
Easy H2 dissociation
but lowered H storage 
capacity

Easy H2 dissociation
with an original  
H storage capacity 
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FeTi: 5.59 eV
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Work function reduction induced by treatments of nano-structuring  
and  alkaline atoms modification

H . Uchida et al,  J . Alloys and Compounds  293-295(1999)751-755.
J. Alloys and Compounds   330-332(2002)622-626.



Nano-structured FeTi Hydrogen Storage Alloy : 
The commercialized n-HSA for market

Int. J. MATERIAL RESEARCH (Z. Metallkunde) 99(2008)507-512.

Nano-structured FeTi alloy particles



630kg alloy / case
Storage = 6.93x104 NL
Operation desorption 

rate:8.5 litter H2/min
Corresponding to1kW

FC output 



A typical mobile case of H storage
for house/ building energy management 



A Mass Production of n-FeTi Hydrogen 
Storage Alloy by Mechanical Alloying (MA)

“R&D Project of 
Renewable Energy Storage 
by Hydrogen Storage Alloy

Aiming at Effective CO2 Reduction” 

Production Cost < 50% of AB5 (MmNi5)
Ministry of the Environment, Japan 

from 2017 to 2019  

With CO2 Reduction Assessment by Life Cycle Assessment



Since 2018 at Ashikaga University,
Tochigi Prefecture

40 kW wind turbine
10 kW solar cells

Electricity storage and fluctuation response
by n-FeTi hydrogen storage alloy tanks 

are being tested.

Project of Ministry of the Environment 



Dynamic Field Experiment of Solar-Wind-FC 
System using MH
Ministry of the Environment Japan

Wind 40kW     Solar 20kW
41

Nanostructured 
FeTi alloy

MH tank
unit

H2 Storage system 
using MH

Renewable energy

Water electrolysis

An MH system 
72Nm3(H2)×2 units

One MH tank unit:
9 x 70kg FeTi alloy

Two units : 1260 kg alloy



Ongoing Project :MH+FC for Ship Propulsion by Wind 
MITSUI O.S.K. Lines + NASU Denki Tekko



Applications of MH
Utilization of Industrial Waste Heat

for Cold Water Production : 
Hydrogen Strawberry Cultivation

& Fish Breeding



Reversible Simple Hydrogen Reactions 
of Hydrogen Storage Alloys (HSA)

HYDRIDING / H2 ABSORPTION
M(HSA) + H2 (H+) =>  MH + Q : Exoth.

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



Saijo City
Ehime Prefecture
Japan

東海大学情報技術センター

Hiroshima City

Okayama City

Tokai University Research Information Center (TRIC) 



Reversible Simple Hydrogen Reactions of 
Hydrogen Storage Alloys and

Reversible Heat Reactions of HSA 

HYDRIDING / H2 ABSORPTION
M(HSA) + H2 (H+) =>  MH + Q : Exoth.

Heating
DEHYDRIDING / H2 DESORPTION

M(HSA) – H2 (H+) <=  MH - Q : Endoth.
Cooling



The operating principle of a MH freezer

WASTE
HEAT

HEAT ABSORPTION

FREEZER TEMP.WASTE HEAT
SOURCE TEMP.

HOT COLD



AH ＢＨ２H

Waste heat
100 ℃

H2 →

A ＢＨＨ２H
Exothermic heat

AH ＢＨ２H←H2

Cooling ground water by 
endothermic reaction 15-
17℃ to 0℃～－30℃

MH Refrigerator System using Waste Heat 

Heat exchanger
to carry low 
temperature

Cooled 







1000m2  hydrogen strawberry cultivation
house.   Nursery cooled by cold water produced 
by a hydrogen freezer  system

UCHIDA Lab students Inside



Hydrogen Strawberry



Fish Cultivation

<Left>  An on-land fish cultivation facility with a area of 144 m2

with 4 x 5 tons water tanks at 5 ℃.
<Right> A 5 ton water tank for on-land fish cultivation. Controlled±1 deg. 



Hydrogen  SATSUKI Trout
Additional 3 freezers(3x1.2 USRT)
are being operated to produce 

cold water in Saijo using waste
heats from industrial factories.  

Metal Hydride Freezer systems（JSW)

40cm



MH Freezer Systems
highly energy saving and effective CO2 reducton 
Compared with conventional cooling using electric chillers,
an MH cooling system saves energy and CO2 reduction 

more than 80% 
because the MH cooling system uses waste heat from 
the primary energy to absorb heat and to produce cold
water by chemical hydrogen reactions of metal hydrides.    



Concluding Remarks
Hydrogen utilization technology is not limited to FC, but is 

extremely diverse.

Waste heat from industrial sectors can be applied to produce 
freezer or cold water, i.e., for agriculture/fish breeding. 

Waste heat utilization using hydrogen storage alloys has  
high energy saving and CO2 reduction effects.  



More Information

Google search
[ hirohisa uchida  hydrogen ]

Thank you for your attention!

We IAHE hold WHEC 2022 in Istanbul.
The 23rd World Hydrogen Energy Conference, 

26-30 June 2022 – Istanbul, Turkey


