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Advanced Technologies for
High Performance Stationary
PEFC

Polymer electrolyte fuel cells (PEFC) are expected to be commercialized at an early date and to be expanded
progressively as a next generation type low-pollution and highly efficient distributed power supply.  In order to
realize a highly efficient and compact PEFC system, Mitsubishi Heavy Industries (MHI) is developing various types
of component technologies such as those related to catalysts and polymer materials, reformers, major components
such as cells, and systems.  Using fuel reforming catalyst technology from among these advanced elemental tech-
nologies, MHI has successfully developed a multi-fuel hydrogen production method and a start-up/shut-down opera-
tion method without nitrogen by establishing a deterioration prevention technology using CO shift catalysts.  As a
result, MHI has taken a major step towards commercializing the PEFC system for distributed power supply, which
places only a small load on the environment while providing significant economic advantages.

1. Introduction1. Introduction1. Introduction1. Introduction1. Introduction
From the viewpoint of global environmental protection,

MHI has developed a polymer electrolyte fuel cell (PEFC)
and solid oxide fuel cell (SOFC) as highly efficient next
generation power generation systems with low environmen-
tal load.  The SOFC has an operating temperature of as
high as 900oC or higher and can be applied to high effi-
ciency thermal power generation plants.

The PEFC has an operating temperature of as low as
100oC and is expected to be used as a compact power sup-
ply capable of being started in a short period.  In particular,
since the application of the PEFC to a stationary distrib-
uted power supply provides many advantages, its earlier
introduction and expansion are desired.  These advantages
include: a variety of fuels can be used through the adop-
tion of a reformer, resistance to power failure can be
obtained, the system is light and compact, and fuel expenses
can be notably reduced.

In developing the PEFC, MHI has continuously devel-
oped various types of basic elemental technologies ranging
from those concerned with the materials used for polymer
membranes and catalysts to those concerned with major
components such as reformers and cells and systems.  MHI
is currently developing PEFC systems for distributed power
supply for various fuels and outputs(1)(2).  Placing particu-
lar emphasis on obtaining economic advantage through the
use of an efficient power supply system and ease of main-
tenance as main characteristics sought for PEFC
distributed power supply systems, MHI is promoting re-
search and development aimed at commercializing a PEFC

system at an early date.  To meet these requirements, MHI
has developed technologies for start-up/shut-down opera-
tion, wide-area load operation, and downsizing and
systematization.  MHI is also promoting the commercial-
ization of the highly convenient and economically
advantageous PEFC for distributed power supply(3).

In this study, the state of our activities in developing
the PEFC is described along with an outline of the reform-
ing catalyst technology adopted to multiple fuels, start-up/
shut-down operation technology without nitrogen, and long
life cell production and operating technologies as advanced
basic elemental technologies for realizing these features.

2. Basic configuration and features of PEFC system for2. Basic configuration and features of PEFC system for2. Basic configuration and features of PEFC system for2. Basic configuration and features of PEFC system for2. Basic configuration and features of PEFC system for
distributed power supplydistributed power supplydistributed power supplydistributed power supplydistributed power supply

2.1 PEFC system2.1 PEFC system2.1 PEFC system2.1 PEFC system2.1 PEFC system
The basic configuration of the PEFC system for distrib-

uted power supply is shown in Fig. 1Fig. 1Fig. 1Fig. 1Fig. 1.  This system consist
of an air feeder, a power conditioner, an exhaust heat re-
covery apparatus, and controller, in addition to a fuel
reformer and a fuel cell stack.  The raw fuel fed to the
PEFC system is reformed into hydrogen rich gas in the
fuel reformer.  This hydrogen rich gas, in turn, is fed into
the fuel cell stack to convert the chemical energy of hydro-
gen and oxygen directly into electric power through an
electrochemical reaction.  MHI has succeeded in develop-
ing a 180 litre compact package PEFC system by
two-dimensional integrated piping technology. It is the
world’s smallest level 1 kW class PEFC system using city
gas as fuel.  The system has achieved a power generating
efficiency of 32% (LHV) or higher in load areas of as wide
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as 30 to 100%.  In addition, a DC current voltage gener-
ated in the fuel cell stack is built up and converted into an
AC current via an electric power conditioner so that sepa-
rate systems can be connected to each other.  We have
achieved a conversion efficiency of as high as 92% or higher.

2.2 Fuel reformer2.2 Fuel reformer2.2 Fuel reformer2.2 Fuel reformer2.2 Fuel reformer
Fig. 2Fig. 2Fig. 2Fig. 2Fig. 2 shows the appearance of a fuel reformer using

city gas as fuel.  The reformer has a cylindrical manifold
structure in which a heat exchanger is not arranged.  The
reformer controls the temperatures of the steam reform-
ing catalyst, the CO shift catalyst, and the CO selective
oxidation catalyst.  Although hydrogen fed to the PEFC is
produced by the catalyst in the reformer, the anode side
electrode catalyst of the PEFC may be poisoned if CO is
present in the reformed gas.  In order to prevent this prob-
lem, once the reformed gas has undergone desulfurization
treatment, it is subjected to a steam reforming reaction,
CO shift reaction, and CO selective oxidation reaction in

successive treatments using the above three types of cata-
lysts in the reformer until the reformed gas is converted
into a gas with a H2 concentration of 75% and CO concen-
tration of 10 ppm or less.  The reformed gas thus obtained
is then fed into the PEFC stack.  MHI has experience with
six types of fuels shown in Section 3.1 as hydrogen fuel
resources fed to the PEFC, and has achieved operation with
a reforming efficiency of as high as 79% in a wide load area
of as wide as 30 to 100%.

2.3 Fuel cell stack2.3 Fuel cell stack2.3 Fuel cell stack2.3 Fuel cell stack2.3 Fuel cell stack
Fig. 3Fig. 3Fig. 3Fig. 3Fig. 3 shows the power generation principle and appear-

ance of the fuel cell stack (PEFC).  Hydrogen fed from the
reformer is dissociated into protons and electrons at the
anode (hydrogen electrode), and the protons drift toward
the cathode in the electrolyte together with water.  At the
cathode, oxygen from air fed into the system, protons mov-
ing through the electrolyte, and electrons passing through
the external circuits react with each other to produce wa-
ter, and advance the generation of power.  Since the voltage
generated by a single cell of the fuel cell is approximately
0.7 V, the cell system is formed of a large number of cells to
each other connected in series in a laminated structure
normally called a stack structure.  The stack structure of
the cell adopts an easily replaceable cell assembly system.
Thus, MHI has established the cell manufacturing method
and cell operating method to prolong the service life of the
fuel cell system.

3. Advanced elemental technologies of PEFC system for3. Advanced elemental technologies of PEFC system for3. Advanced elemental technologies of PEFC system for3. Advanced elemental technologies of PEFC system for3. Advanced elemental technologies of PEFC system for
distributed power supplydistributed power supplydistributed power supplydistributed power supplydistributed power supply

3.1 Fuel reforming catalyst technology3.1 Fuel reforming catalyst technology3.1 Fuel reforming catalyst technology3.1 Fuel reforming catalyst technology3.1 Fuel reforming catalyst technology
As hydrogen fuel resources, MHI plans to adopt various

types of fuels such as city gas, LPG, naphtha, kerosene,
methanol, dimethyl ether so that a variety of fuels can be
utilized.  MHI is currently developing catalysts and re-
forming systems suitable for these fuels.

Since fossil fuels such as city gas, LPG, naphtha, and
kerosene contain trace amounts of sulfur that can act as a
catalyst poison, a desulfurizing agent must be used to re-
move the sulfur content from the fuel beforehand.  The
four types of fossil fuels above produce hydrogen via the
steam reforming reaction when heated to approximately

H2     75%
CO<10 ppm

Fuel  +  H2O          CO  +  H2

(200 to 300oC)

(100 to 200oC)

CO +   H2O          CO2   +  H2

CO +  0.5 O2              CO2

Fig. 2  External appearance of fuel reform apparatus
The reformer has a cylindrical manifold structure and controls the tem-
peratures of three types of catalysts by supplying the amount of material 
for each load.
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Fig. 1  Basic configuration of PEFC system for distributed power supply
This system consists of a fuel reformer, a fuel cell stack, a power conditioner, and an exhaust 
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700oC.  The degree of difficulty of reforming varies from
fuel to fuel, and the ease of reforming the gas decreases in
the order of city gas > LPG > naphtha > kerosene.  The
difficulty of reforming depends on the following three con-
ditions: (1) the distribution of molecular weight of the
hydrocarbon forming the fuels, (2) the content and compo-
sition of olefin, aromatic series, etc., and (3) the

configurations contained therein and the degree of desulfu-
rization of sulfur compounds acting as catalyst poisons.
Accordingly, MHI is actively working to develop catalysts
and operating conditions that best match the fuels used.

On the other hand, methanol and dimethyl ether have
characteristics as synthetic fuels that are different from
fossil fuels.  They generally consist of pure substances that
do not contain any sulfur compounds and can be reformed
at temperatures lower than those needed for fossil fuels.
In particular, MHI has succeeded in developing a new cata-
lyst for dimethyl ether which is attracting attention as a
next generation synthetic clean fuel, with dimethyl ether
and methanol steam reforming function combined together.
The catalyst is capable of reforming dimethyl ether at tem-
peratures below 400oC.  As a result, we believe that the
reformer for dimethyl ether can be downsized to less than
the reformer used for city gas(4).

Currently, MHI is moving ahead with the development
of catalysts and reforming systems that are compatible with
the six types of fuels described above.  Figs. 4, 5Figs. 4, 5Figs. 4, 5Figs. 4, 5Figs. 4, 5 and 66666
show the results of durability tests of the reforming cata-
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Fig. 3  Power generation principle and appearance of PEFC stack
The PEFC converts chemical energy directly into electric energy and thermal energy.

Chemical energy Electric energy

Thermal energy

Polymer membrane Catalyst layer

Unreacted 
hydrogen

Reformed gas 
(Hydrogen)

Diffused layer

Separator

Water

Separator gas 
flow passage

Air 
(Oxygen)

Cooling water (I
N)

Cooling water (O
UT)

Collecting plate

Collecting plate

Insulator plate

Insulator plate

Coned disc spring

End plate/Unit structure

Sheet

100

80

60

40

20

0 400 800 1 200 1 600 2 000 2 400 2 800

Reaction temperature: 700oC
GHSV: 10 000h-1

S/C: 3

Fig. 4  Results of elemental durability tests of city gas 
           reforming catalyst
The city gas reforming catalyst provides stable reforming performance.
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Fig. 5  Results of elemental durability test of kerosene 
            reforming catalyst
The Kerosene reforming catalyst provides stable reforming performance.
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Fig. 6  Results of elemental durability tests of dimethyl ether 
           reforming catalyst
The dimethyl ether reforming catalyst provides stable reforming performance.
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lysts for city gas, desulfurized kerosene, and dimethyl ether.
It was confirmed that any of these catalysts fuels could
provide stable reformability.  At present these catalysts are
installed in the reformer of actual systems, and various
verification tests of actual systems are currently being car-
ried out.

3 .2  Start3.2  Start3.2  Start3.2  Start3.2  Start -----up/shutup/shutup/shutup/shutup/shut-----down operation technologydown operation technologydown operation technologydown operation technologydown operation technology
without nitrogenwithout nitrogenwithout nitrogenwithout nitrogenwithout nitrogen

In order to maximize the economic advantages of the
power of the system, it is desirable to adopt a pattern of
operation that matches the power consumption patterns
of general household.  Hence, DSS (Daily Start-up and shut-
down) operation is used in which the system is stopped
during the middle of the night when power consumption is
almost zero and started up early in the morning when de-
mand starts to increase.  In order to assure the safety of
DSS operation, inflammable gases in the reformer must
be purged (exhausted) to the outside of the reformer when
the operation is stopped.  In general, inert nitrogen gas is
used for this purging.  When nitrogen gas is used, the in-
stallation of a nitrogen gas cylinder results in increasing
the size of the system, and the cylinder must be filled fre-
quently with nitrogen gas. The DSS operation method,
which start-up and shut-down the system without nitro-
gen gas, is desirable.

Steam treatment or air treatment can be cited as alter-
native purge methods in which residual reformed gas is
expelled out of the reformer when the PEFC system is shut
down.  However, the adoption of these purge treatment
methods result in deteriorating CO shift catalyst in the
reformer.  To examine the cause of deterioration of the CO
shift catalyst, which is a Cu-based composite oxide, we
measured the catalyst using the X-ray diffraction method
after DSS operation by nitrogen treatment and steam treat-
ment, and observed variations in the crystal structure of
the catalyst.  We could verify from the X-ray diffraction
pattern shown in Fig. 7Fig. 7Fig. 7Fig. 7Fig. 7 that large variations in the crystal
structure from the beginning could not be noticed in the
nitrogen treatment operation.  However, it was found that

the diffraction peak of Cu of the active metal had grown
significantly in the steam treatment operation and crys-
tallization was advanced.  This indicates that, based on
the reactions shown below, the steam oxidation reaction of
Cu is advanced, the oxidation-reduction reaction takes
place repeatedly due to repeated shut-down and start-up
operation, and the sintering of the Cu-based catalyst is
promoted.

[Variation in Phase of Cu Catalyst in Steam Purge Treatment]
During shut-down:
   Cu + 2H2O --> Cu(OH)2 + H2 --> CuO + H2O + H2

During start-up:
   CuO  +  H2  --> Cu + H2O

An attempt was made to adopt a precious metal-based
CO shift catalyst that is difficult to be oxidized in the steam
treatment or the air treatment.  In this case, however, the
cost of the current precious metal-based catalyst is ten
times or more than the cost of a Cu-based catalyst.  In
addition, the precious-metal CO shift catalyst is less ac-
tive than a Cu-based catalyst necessitating a large volume
of catalyst.

Considering the problems outlined above, we examined
a method for purging residual gases in the reformer with-
out nitrogen gas when the system is shut down as a means
of preventing deterioration of the Cu-based CO shift cata-
lyst during DSS operation. A newly developed method is
the method utilizing burner-fired exhaust gases.  A new
method utilizing burner-fired exhaust gases has been de-
veloped.  Catalyst deteriorating substances such as oxygen
in the burner-fired exhaust gases is removed in the reformer
and converted into inert gases, and inflammable gases in
the reformer are purged.

Fig. 8Fig. 8Fig. 8Fig. 8Fig. 8 shows the relationship between the number of
DSS operations of the Cu-based CO shift catalyst and CO
conversion activity in the DSS durability test without the
nitrogen treatment.

In the conventional steam treatment DSS operation
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Fig. 8  Results of DSS elemental durability tests of CO shift catalyst
DSS could be successfully achieved 1 000 times in the developed startup/
shutdown operation without using nitrogen.
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Fig. 7  X-ray diffraction pattern after DSS durability test of CO 
           shift catalyst
The deteriorated catalyst provides a remarkable crystal growth of 
activated Cu metal.
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method (■), the CO conversion ratio is lowered to the 30%
range when the number of times of start-up and shut-down
operation is 180.  In this case, the life of the catalyst was
evaluated to be about three weeks in actual operation.  On
the other hand, in the newly developed DSS operation
method (O), it is understood that the CO conversion ratio
is kept almost unchanged even when the number of start-
up and shut-down operation reaches 1 000 times.

As a result, it is verified that the system can also be
operated with less deterioration in the DSS operation for
more than two and a half years.

3.3 Production and operation technologies for long3.3 Production and operation technologies for long3.3 Production and operation technologies for long3.3 Production and operation technologies for long3.3 Production and operation technologies for long
life celllife celllife celllife celllife cell

The stationary PEFC system for distributed power sup-
ply requires a durability of five years or longer for its
full-scale expansion.  One component that will have a ma-
jor bearing on the ability to realize this goal is the fuel
cell stack.  In order to increase the durability of the cell,
operating conditions for controlling the temperature, hu-
midity, and poisons must be appropriate, and various
components such as durable polymer membranes and
durable electrode catalysts and cell production technolo-
gies must be developed.

As part of development of the cell stack, MHI has de-
veloped various components,  such as the MEA
(Membrane Electrode Assembly: integrated polymer
membrane/electrode) and separators, and has conducted
the performance evaluation tests on various types of cells.
Fig. 9Fig. 9Fig. 9Fig. 9Fig. 9 shows the results of durability evaluation tests
for two types of unit cells developed by MHI under the
different operating conditions of humidity.  Using the
MEA I, the durability tests were performed continuously
under the different humidity conditions A, B, and C.  It
was found that as the level of humidity increased, the
life of the cell increased.

The length of the durability was found to follow the or-
der of condition A > condition B > condition C.

In addition, durability tests of MEA members and
MEAs I & II manufactured using different production meth-
ods were conducted under test condition A.  Even after the
MEA II was used for a period of 5 000 hours, the rate of
voltage drop was 2 mV/1 000 h or less, which indicates that
the MEA has a stable power generating performance. The
test is still underway.

4. Conclusion4. Conclusion4. Conclusion4. Conclusion4. Conclusion
In the stationary PEFC system for distributed power

supply using city gas and the like as fuel, multi-fuel re-
forming catalyst technology, start-up/shut-down operation
technology without nitrogen, and long life cell manufac-
turing and operating technologies were established as
advanced basic elemental technologies for realizing eco-
nomically advantageous large products.  Work on the PEFC
system will continue in the future aimed at commercializ-
ing the system by verifying field tests with various shipped
samples of the system and examining operating results and
cost reductions.

In addition, by making full use of the advanced basic
elemental technologies that have been developed, efforts
are underway to develop reformers and cell stacks of 1 kW
to several tens of kW class to cope with various types of
distributed power supply needs, and to further expand the
lineup of the PEFC systems according to the purposes and
needs of users.
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Fig. 9  Results of durability evaluation tests of trial manufactured cell
The cell (MEA     ) manufactured by MHI has a voltage drop rate of 2 mV/
1 000 h or less even after an operating time of 5 000 hours has passed, 
which indicates that it is capable of stable performance.
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