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Advanced Fuel Cell Materials and Systems
　Fuel cells are promising environmentally-compatible technologies for this century. 
For technological development and their commercialization, however, various scientifi c 
as well as engineering aspects should be clarifi ed and established. Our laboratory, 
the Hydrogen Utilization Processes Laboratory, wishes to contribute to this promising 
technological fi eld, based on more than 20 years of research experience in the fi eld of 
fuel cell technology.
　So far, we have built up the highest level research infrastructure in Japan, and 
our own facilities enable us to conduct a wide range of fuel cell R&D, from materials 
to systems. Fuel cell fabrication equipment, facilities for electrical, thermal, and 
electrochemical analysis including 55 fuel-cell evaluation systems and characterization 
instruments, such as the highest-resolution FESEM-EDX and STEM-FIB systems 
are available exclusively to our group members. At this moment, we address the 
development of novel electrode materials, establishment of system design criteria, 
elucidation of mechanisms and processes and breakthroughs in technical issues 
concerned.

01 Research on electrode materials and reaction processes for Solid Oxide Fuel Cells (SOFCs)
　One of the most appealing benefi ts of the solid oxide fuel cell (SOFC) over other types 
of fuel cells is the fuel fl exibility: producing electricity from a variety of fuels, including 
renewable biomass, natural gas, or even gasoline with less pollution-forming emissions. 
Nevertheless, it is likely that various kinds of minor fuel impurities could cause fatal 
degradation of cell performance or aff ect overall SOFC system durability. Since 2008, 
we have been involved in a national project supported by NEDO and are formulating the 
world’s fi rst database concerning the long-term impurity tolerance of SOFC.

▶http://www.mech.kyushu-u.ac.jp/̃fcsl/index.html

　Electrochemical energy converters, such as fuel cells and 
electrolyzers, can work at higher effi  ciency and an excellent reliability 
with lower noise. These outstanding features of fuel cells and 
electrolyzers motivate us to utilize them as a main energy converter in 
the next generation. Although commercialization is already underway, 
a more cost-reduction, durability and performance are required to be 
addressed. Against this background, our laboratory conducts R&D 
for fuel cell and electrolyzer based on a mechanical engineering 
approach as shown:

● Elucidation of mass, heat and charge transport in cell：
● Development of diagnostic and visualization techniques：
● New proposals :optimization, sophisticated systems：

　As a recent topic, our team succeeded to obtain 3D temperature 
distribution with thin in-line thermocouples (TCs) with fi ne positioning. 
It figured out that the temperature under channel was higher than 
that under rib. This result connects to the understanding of water 
behavior, leading to appropriate water management.

02 Application of bio-fuels to SOFC
　Biogas, generated by anaerobic fermentation of organic wastes, consists of 60% 
CH4 and 40% CO2. In principle, biogas containing natural reforming agent, CO2, can 
be directly fed into high temperature SOFC without pre-reformer to obtain electricity. 
Therefore, hydrogen production and purification systems can be simplified leading 
to cost cutback and enhancement of overall system 
efficiency. Our group has demonstrated the long-term 
stability of internal reforming SOFC running on biogas 
using anode-supported single cell. At this moment, 
thermomechanical reliability of internal reforming SOFC is 
being evaluated using a SOFC visualization system which 
enables us to perform in-situ measurement of temperature 
distribution in SOFC.

03 Development of metal supported SOFC
　We are also conducting research and development of metal supported SOFC cell 
using heat-resistant stainless steel for substrate, aiming to create a highly-robust SOFC 
cell which withstands thermal shock, fuel shortage, etc.

04 Research on electrode materials and reaction processes for Polymer Electrolyte Fuel Cells (PEFCs)
　We are focusing on the development of novel electrocatalysts and formulation 
of electrode design for polymer electrolyte fuel cells (PEFCs), a promising energy 
conversion system in hydrogen-related technologies. Recently, we have made 
considerable progress in the development of a carbon-free electrocatalyst to 
fundamentally reduce the problem of carbon corrosion.

05 Fundamentals of hydrogen related engineering
　We wish to establish scientific principles of fuel cells 
and related hydrogen technologies. Such activities include 
defect chemistry on ionic, electronic, and molecular 
levels; solid state electrochemistry; thermodynamics and 
transport phenomena; electrode processes; acceleration 
testing; and experimental techniques for electrochemical 
characterization, advanced microscopy, and simulation.

　In addition, humidifier-less technique is being developed for cost-
reduction. We built in a gas circulation and humidity recovery system 
into a cell, with newly designed GDL which contains both hydrophobic 
and hydrophilic MPL as shown in the photograph. These eff orts realize 
a high performance PEFC without humidifi er.
　Moreover, our analysis skill of impedance helps to grasp the heat 
sources in the SOFC during operation. The heat sources obtained is 
formulated as the thermal modeling, which can estimate temperature 
and current distribution in unit cell. This result is accessible for the 
control of thermal stress and the eff ective use of electrodes. Contact 
us: kohei@mech.kyushu-u.as.jp

Carbon-free electrocatalyst 
for PEFC

Visualization system of SOFC
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Fig.1 Temp. distribution in a PEEC with thin TCs.

Fig.2 Tailor-made MPLs fabricated on a GDL.Fig.2 Tailor-made MPLs fabricated on a GDL.
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Tribology in High Pressure Hydrogen
　Tribology, a term born in the UK in 1966, is a name of the fi eld of “the 
science and technology of various phenomena occurring between two 
interacting surfaces in relative motion, and of related subjects and 
practices*” such as lubrication technology for reducing friction and 
wear.
　We are studying tribology in hydrogen. It is well known that 
tribological phenomena are often affected by the surrounding gas. 
If the gas is hydrogen, surface phenomena are quite different from 
those in air, because it does not contain oxygen and water, or 
contains only very small amounts of oxidative substances that are 
known to form protective films on surfaces. It is not only chemical 
reactions on the surfaces that depend on environmental gas, but 
a number of physical and chemical processes occurring at or near 
the surfaces, adsorption, diffusion, deformation, wear and adhesion 
depends on the gas. Machines to produce, store, transfer and utilize 
hydrogen have a number of machine elements including bearings, 
valves and seals which are exposed to hydrogen. In order to ensure 
their long and reliable operation, it is necessary to establish the 

methods to understand and design materials and lubrication for 
hydrogen. However, little is known about eff ects of gaseous hydrogen 
in tribology.
　Since tribological phenomena include a number of different 
phenomena according to applications and conditions, our project 
includes a number of different sub topics. They include sliding 
friction and wear of materials used in bearings, valves and seals, 
rolling contact fatigue of materials, fretting wear at contacts under 
reciprocation with small amplitudes. The materials being tested include 
steels and other metals and alloys, carbon-based coatings, polymers, 
elastomers and ceramics. Experiments are conducted in different 
gas environments including hydrogen, argon, nitrogen and air, and 
also with materials exposed to high pressure hydrogen. In order to 
understand tribology in hydrogen, it is necessary to understand the 
behavior of hydrogen, chemical reactions, and transportation at and 
near solid surfaces, and the subsequent changes in chemical and 
mechanical properties of surface layers. We continue to study these 
fundamental mechanisms in order to contribute to future tribology 
technology to ensure the reliability of hydrogen systems.

★ from Glossary of OECD

Faculty of Engineering
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▶https://www.mech.kyushu-u.ac.jp/̃heat/

  Thermophysical properties of high-
pressure hydrogen

　If we are to create a hydrogen society, it is vital to understand 
accurately the thermophysical properties of hydrogen, as this 
fundamental information will form the intellectual base for all other 
work. In the Thermofluid Physics Laboratory, based on recognized 
needs in hydrogen infrastructure, including hydrogen stations, 
we engage in high-precision measurements of the thermophysical 
properties of hydrogen in temperature ranges from -40 to 500 ºC 
and ultra-high pressure ranges up to 100 MPa, in order to ascertain 
such properties as PVT properties (temperature-pressure-density or 
specific volume relationship), viscosity, and thermal conductivity. In 
addition to clarifying the state surface under such varying conditions, 
we have also formulated an equation of state and correlations based 
on the data we have obtained. Equations of state can be used to 
calculate various properties using thermodynamic relation equations, 
but as this requires repeated complex calculations, we are developing 
a thermophysical property database capable of easily calculating 
thermophysical properties for arbitrary states. We are also working 
to expand this database to include all aspects of hydrogen stations, 

developing fi lling simulations for when the onboard tanks of fuel cell 
vehicles (FCV) are refilled with hydrogen, aiming to establish the 
optimal refilling method.  In anticipation of various future hydrogen 
applications, we are also conducting research on thermophysical 
properties of mixed fluids containing hydrogen. When mixed with 
other fl uids behaves completely diff erently to pure fl uids, especially 
in the supercritical region, with changes varying according to the 
composition of the mixture. Based on the precise thermophysical 
property measurement methods we have developed to date, our aim 
is to elucidate state surfaces.

Hydrogen refi lling simulation software for FCV onboard hydrogen tanks, 
including the entire hydrogen station 
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粘性係数測定用
センサモジュール

Apparatus for measuring PVTx property and viscosity of hydrogen 
mixed fl uids

Sensor module for 
viscosity measurement

to expand this database to include all aspects of hydrogen stations, Apparatus for measuring PVTx property and viscosity of hydrogen PVTx property and viscosity of hydrogen PVTx
mixed fl uids
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 Aiming to realize the construction 
of safe, low-cost hydrogen storage, 
transportation, and supply systems

　Various metal components are exposed to a hydrogen gas 
environment in equipment that uses hydrogen. Some of this hydrogen 
penetrates materials, causing a loss of strength and ductility, or what 
is commonly known as “hydrogen embrittlement.” If we are to achieve 
both the safety and cost-eff ectiveness of equipment, it is essential to 
correctly understand this phenomenon. 
　Through the various research activities detailed below we are 
contributing to the construction of safer and low-cost hydrogen 
storage, transportation, and supply systems. 
　・ Clarifying the hydrogen embrittlement mechanisms of various 

metals
　・ Exploring hydrogen-resistant materials
　・ Creating a database on the features of hydrogen embrittlement 

for various metals
　・ Devising selection criteria for metals to be used in a hydrogen gas 

environment
　・ Proposing strength design guidelines for equipment that uses 

hydrogen

▶http://www.mech.kyushu-u.ac.jp/̃solid/

 Clarifying the eff ect of 
hydrogen on material 
strength and safety

　In order to ensure the long-term safe use 
of equipment that uses hydrogen, one of 

the most important challenges is to evaluate the eff ect of hydrogen 
gas on the fatigue strength of metals. It is anticipated that the use 
of materials such as low-cost carbon steel and low-alloy steel will 
be expanded, but in order to utilize such inexpensive materials in a 
rational manner it is necessary to identify their fracture mechanisms. 
That is why we are investigating the fatigue behavior of common 
low-carbon steels in a hydrogen gas environment to clarify the eff ect 
of hydrogen on material strength and safety.

●  Elucidating fatigue crack propagation mechanism in 
hydrogen gas and its applications
　Our aim is to clarify the fatigue crack propagation mechanism and 
establish a rational evaluation method based on the unique fatigue fracture 
surface morphology of hydrogen gas. The results we have obtained have 
made it possible to rationally explain the frequency dependence of fatigue 
crack propagation, which must be taken into account in hydrogen gas.

●  Clarifying the effect of hydrogen on small crack 
propagation behavior
　Focusing on small crack propagation behavior, which accounts 
for the great majority of fatigue life, we are working to clarify the 
eff ect of hydrogen. In this research we have sought to fi nd design 
conditions that enable the safe use of equipment, through small 

crack propagation analysis in a hydrogen gas environment, and 
clarifying the effect of hydrogen through observation of fracture 
surfaces.

●  Clarifying the effect of hydrogen on delayed fracture 
phenomena
　Using a single-crystalline Fe-3wt%Si alloy as a model alloy 
that facilitates observation of the phenomena, we investigated 
the macroscopic and microscopic features of hydrogen-induced 
crack growth in delayed fracture propagation. Delayed fracture 
experiments were conducted in air and in hydrogen. The role 
of hydrogen in delaying hydrogen-induced fracture propagation 
was clarified by comparing the characteristics various fractures, 
including the fracture surface and the microscopic deformation 
induced at time of fracture.

（a） In air
Fig. 2 Ductility loss in tensile testing in hydrogen gas environment 

(austenitic stainless steel｠ SUS304)

（b） In hydrogen gas at 95 MPa 

Fig. 1 Fatigue test equipment in hydrogen gas 
environment at 120 MPa 
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Quasi-cleavage fracture surface appearing on fracture surface in a hydrogen gas atmosphere
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Hydrogen-induced changes in fracture behavior under the same material and mechanical loading conditions
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Hydrogen-induced changes in fracture behavior under the same material and mechanical loading conditions
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▶http://www.mech.kyushu-u.ac.jp/̃rgd/index-j.html

Characteristics of hydrogen combustion
　Reactive gas dynamics is the study of a wide range of reactive fl ows, such 
as combustion. At the Reactive Gas Dynamics Laboratory, we are engaged in 
a broad range of research in combustion, ranging from fundamental research 
through to applications. Hydrogen is a carbon-free fuel that emits no CO2 when 
burned, making the development of hydrogen combustion technology relevant 
to the realization of a decarbonized society. In relation to explosion hazards, 
the wide range of flammable concentration of hydrogen in air, and the high 
fl ame speed of hydrogen mixtures are already well-known characteristics of 
hydrogen. However, when considering the combustion of hydrogen as a fuel 
in engines or gas turbines, or explosions caused by hydrogen leaks, there are 
still many questions left unanswered regarding the fundamental combustion 
characteristics of hydrogen. The clarification of the flame propagation 
characteristics of hydrogen is important for improving the efficiency of 
combustion systems fueled with hydrogen, controlling exhaust emissions, 
and predicting or reducing damage caused in the event of an explosion. One 
challenge, for example, is that due to the high temperature of a hydrogen 
flame, large volumes of nitrogen oxides (NOx) are emitted during hydrogen/
air combustion, which have an impact on the environment. The control of such 
nitrogen oxides requires the development of hydrogen-compatible combustors, 
given that hydrogen has combustion characteristics that are different 
from hydrocarbon fuels. It is therefore important to clarify and understand 
hydrogen combustion behavior and the characteristics of emissions from such 
combustors, from the perspective of basic research.
　It is with this aim that we are conducting experiments and numerical 
simulations on hydrogen jets and premixed hydrogen fl ames using a constant-
volume combustion chamber which is capable of performing turbulence 

experiments at elevated pressures. We are investigating how the addition 
of hydrogen can be used to improve combustion efficiency and reduce CO2
emissions in internal combustion engines that run on hydrocarbon fuels and 
we have found that the addition of hydrogen to natural gas (almost entirely 
methane) increases the flame speed. We are also using 3D CFD simulations 
to clarify the basic characteristics of turbulent hydrogen flames, aiming to 
contribute to the development of turbulent combustion models. In addition, 
towards the development of hydrogen gas turbine combustion technologies, we 
are conducting research on hydrogen burners to clarify the fl ame stabilization 
characteristics and devise methods of controlling nitrogen oxide emissions. 

Infl uence of High Pressure 
Hydrogen Gas on Rubber 
and Polymeric Materials.

　Rubber and polymeric materials are used as 
sealing devices of high-pressure hydrogen gas 
in equipment for hydrogen energy systems. For 
example, rubber O-rings for hydrogen gas sealing 

can be broken by high-pressure hydrogen exposure, as shown in the fi gure 
below.
　In our laboratory, we are going to clarify the fracture phenomenon of 
rubber and polymeric materials exposed to high-pressure hydrogen gas. In 
order to clarify the infl uence of dissolved hydrogen on the fracture behavior 
of the materials, we have been performing thermal desorption analyses and 

nuclear magnet ic resonance 
measurements of the dissolved 
hydrogen gas in the materials. 
To establ ish material  design 
guidel ines for h igh-pressure 
hydrogen sealing materials, we 
are continuously discussing the 
relationship between fracture 
behavior of the materials and 
their composition or molecular 
structure.

Toshiaki KITAGAWA
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Fig. 1 Flame Visualization by Laser Tomography Fig. 2 Comparison of Hydrogen Flame with Hydrocarbon Flame
Hydrogen fl ame Propane fl ame

Fig. 3 Hydrogen Jet and its Combustion
Hydrogen jet Combustion

Experiment ExperimentSimulation Simulation
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Three fracture modes of rubber O -ring after 
repeating high-pressure hydrogen gas exposure.

 Fuel Cell Research for Vehicles
　In our laboratory, fuel cells and related technologies for FCVs are focused 
on. We have been particularly working on novel electrocatalysts, which play a 
most important role for fuel cell performance, with following approaches.

・ Encapsulation of Pt into nano-channels to suppress Pt aggregation, leading 
to high activity and durability
・ Graphitization of carbon surface, leading to increased tolerance to carbon 
oxidation
・Investigation of electrode degradation at higher temperature operation
・Investigation of degradation mechanism by In-situ SEM/TEM

5 0 n m

Pt

Carbon Materials with Nano-channels

Graduate School of Engineering
Advanced Hydrogen Energy System Lab
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Fig. 4 Increase in Laminar Burning Velocity with Hydrogen Mole Fraction in the Fuel Fig. 5 Turbulent Hydrogen Flame (from 3D DNS)

most important role for fuel cell performance, with following approaches.
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  Hydrogen production and energy 
conversion via electrochemistry

　Electrochemistry plays an important roles for conversion between 
electric and chemical energies, e.g. fuel cells and electrolysis. 
Research on solid state ion conductors have been conducted. 
Namely, proton-conducting oxides that operate at 400 ～ 800 ℃ and 
metal oxide nanoparticles which conducts protons on the surface are 
studied for the fundamental understanding as well as for technological 

applications. Water/steam electrolysis is one of the major topics from 
a view point of utilizing renewable energies.

  Basic scientifi c research into 
enhancement of strength and 
reliability of steel materials 
for hydrogen utilization

　Various metals are an essential component of 
any scenario involving the utilization of hydrogen, from manufacture, through to 
transportation, storage and use. However, hydrogen penetrates metals, causing a 
phenomenon known as hydrogen embrittlement, by which the strength of the metal is 
degraded. To respond to this issue we are engaging in research on the mitigation of 
hydrogen embrittlement to ensure the safety of devices that use hydrogen. We are 
engaged in various international joint research projects and cross-disciplinary studies. 
For example, together with the University of Illinois and Seattle University in the U.S. we 
are conducting research on the construction of a theoretical model capable of predicting 
hydrogen embrittlement. Together with the University of Göttingen we are studying 
how materials fi rst start to fracture in the presence of hydrogen, based on nano-level 
observations. With a Norwegian research institution and the Norwegian University of 
Science and Technology we are engaged in research into hydrogen pipeline materials. 

Hydrogen embrittlement research has a long history, and much is already known about 
materials that are resistant to embrittlement and how to use materials. The conventional 
approach is to control the crystallographic structure (microstructure) of metals. At the 
Advanced Energy Materials Thrust Unit we are conducting research into the prevention 
of hydrogen embrittlement by taking a different approach from such established 
methods, or in other words by preventing hydrogen from penetrating metals, which is 
the mechanism by which embrittlement is first initiated. Our method involves adding 
impurity gases to hydrogen as a means of preventing hydrogen from adsorbing on metal 
surfaces. Using this method it is extremely important to elucidate how hydrogen and 
impurities interact with metal surfaces, which is why 
we are engaging in  joint research with theoretical 
chemists. This research has also developed into joint 
studies with chemists specializing in catalysis and 
researchers of friction and wear. We will need to use 
new technologies if we are to realize a carbon neutral 
society, and it is anticipated that technologies that 
make use of high-temperature hydrogen to generate 
electricity and the production of hydrogen at high 
temperatures will become mainstream in the future. 
That is why we are conducting material strength tests 
in hydrogen at high temperatures in order to evaluate 
properties and clarify the mechanisms that degrade 
material strength in hydrogen at high temperatures. 
We are working with material physicists on joint 
research to identify this mechanism. 

Hiroshige Matsumoto
(Professor)
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Neutral Energy Research (I2CNER)

Electrochemical Energy Conversion Research Division

Proton conducting oxides Surface-proton conducting 
nanoparticles

Masanobu KUBOTA
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International Institute for Carbon-
Neutral Energy Research
Advanced Energy Materials Thrust Unit

Test equipment for material 
strength tests in hydrogen at 600℃

  Microstructural analysis of 
hydrogen materials using 
electron microscopy

　Using mainly a high resolution electron 
microscope we engage in structural analysis 
of a broad range of materials relating to the 
manufacture, storage and use of hydrogen, 

including electrode and electrolytic materials used in fuel cells and 
water electrolysis cells, and hydrogen storage materials. 
　In particular, we aim to clarify the degradation mechanisms of 
fuel cells and contribute to the development of high-performance 
materials, by identifying the nano-level structural and compositional 
changes in polymer electrolyte fuel cell (PEFC) electrocatalysts, 
and the structural and state changes in solid oxide fuel cell (SOFC) 
electrocatalysts and electrode/electrolyte interfaces both before and 
after power generation tests.
　Also, with regard to metal catalysts used as electrocatalysts in fuel 

cells and water electrolysis cells, by conducting in-situ observations 
in a high-temperature gas atmosphere, we aim to clarify the reaction 
processes and degradation mechanisms of catalysts in gas atmospheres 
such as oxidizing and reducing atmospheres.

International Research Center 
for Hydrogen Energy

Junko MATSUDA
(Professor)

Crystal structural change of a nickel 
catalyst in methane atmosphere

　Also, with regard to metal catalysts used as electrocatalysts in fuel 
catalyst in methane atmosphere
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  Research on the enhancement of 
the performance and durability 
of polymer materials for fuel 
cells and water electrolysis cells

　Various polymer materials are used as 
components of polymer electrolyte fuel cells 
(PEFCs) and water electrolyzers. Especially, 

polymer electrolyte materials, which work as ionic conductors, have 
strong infl uence on the performance and durability of hydrogen energy 
devices. For further spread of hydrogen energy devices, we are focusing 
on the polymer electrolyte materials to enhance the efficiency and 
durability of the fuel cell and to lower the cost of the device production. 
Serious technical problem of polymer electrolyte membranes (PEMs), 
which is one of the polymer electrolyte materials, is their durability. 
Chemical decomposition of PEMs is caused by oxygen penetration 
through the PEMs from cathode to anode. On the basis of this mechanism, 

we are developing “high gas barrier PEMs” to extend the lifetime of PEMs. 
This idea has been already confi rmed, and the developed PEMs showed 
longer lifetime than Nafion, a standard PEM. On the other hand, the 
polymer electrolyte materials in the catalyst layer (ionomers) need high 
gas permeability to make the gases accessed to the catalyst eff ectively. 
Based on this idea, we are developing “high gas permeable ionomers” to 
drastically increase gas accessibility to the catalyst causing high fuel cell 
performance. The high gas permeable ionomer has also showed higher 
performance than conventional ionomer.

  Functional Carbon Nanomaterials 
for Next-Generation Hydrogen and 
Fuel Cell Related Technologies

　The hydrogen economy will play a major 
part in the decarbonization of society, but 
the scaling up of related technologies will 
necessitate the extraction of vast quantities 

of critical raw materials. Ultimately, this means that “sustainable” 
hydrogen technologies could be reliant on inherently unsustainable 
materials. Polymer electrolyte fuel cells use platinum to increase the 
efficiency of the oxygen reduction reaction at the cathode. Global 
deployment of the current generation of polymer electrolyte fuel cells 
will require unfeasibly large amounts of platinum. Therefore, platinum-
free electrocatalysts are preferable for next generation fuel cells. 
We have developed unique platinum-free electrocatalysts based on 
metal-decorated nitrogen-doped carbon foams (Me-N-C). These can 
be manufactured cheaply via a simple process using ethanol as a 

sustainable precursor. The materials properties such as nitrogen 
content and porosity can be tailored by varying the synthesis steps, 
providing us with detailed insights into the catalyst performance. 
Using these materials as model electrocatalysts, we have made 
insights into the processes occurring during synthesis and the 
degradation mechanisms using e.g. high temperature X-ray absorption 
spectroscopy and near ambient pressure X-ray photoelectron 
spectroscopy. In other work, we have developed superhydrophobic 
fluorinated carbon nanomaterials which can significantly improve 
the performance of polymer electrolyte fuel cells when used in the 
microporous layer, by preventing flooding at high current density.  
Finally, our carbon materials can be used for hydrogen storage, and 
we have already surpassed DOE targets for automotive applications, 
with total hydrogen uptake of 11 wt% at 77 K and 10 MPa, due to the 
extremely large surface area.

Next-Generation Fuel Cell 
Research Center: NEXT-FC

Stephen Lyth
(Professor)

International Research Center 
for Hydrogen Energy

Masamichi NISHIHARA
(Professor)

Latest text book on
Hydrogen Energy Engineering: A Japanese Perspective 
(ca. 600 pages) Just published from Springer (2016).

Editors: Sasaki, K., Li, H.-W., Hayashi, A., Yamabe, J., Ogura, T., Lyth, S.M. (Eds.)

The first book to describe not only the fundamental principles of hydrogen 
energy, but also including the latest research and development trends toward 
practical applications.
Equips readers to understand the state of the art of research and development in 
hydrogen energy technologies.
Compiles contributions by industry experts, as well as active scientists in the 
world’s largest hydrogen energy research center at Kyushu University, Japan.
(http://www.springer.com/la/book/9784431560401)
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