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Present Status and Trends of
Fuel Cell Power Generation

1. Introduction

Fuel cells have been recently reported in the mass
media; fuel cell cars were highlighted in the 1999
Tokyo Car Show, and a home-use fuel cell made news.
Concern for the environment and energy saving has
increased ever since the third conference of parties to
the UN convention on climate change (COP3) for
environmental preservation held in Kyoto in December
1997, and fuel cells are expected to bring great change
in energy supply and use.

At present, except for thermal power plants that
require heat in close proximity, mainstream electric
energy systems that generate electric energy in large
capacity and transmit it over long distances are so-
called mono-generation systems, and these systems
cannot be said to have high efficiency of energy
utilization.  In many cases, approximately half of the
fuel energy is not utilized and is discharged into the
atmosphere or the ocean as waste heat.

As we enter the 21st century, the problem of the
environment and energy must be managed not only in
Japan but also on a global scale.  The fuel cell is a new
cogeneration system well suited for environmental
preservation, and is positioned as new energy capable
of improving the efficiency of energy utilization.

Fuji Electric started to develop fuel cells in the
1960s and has developed fuel cells with various types
of electrolytes, including the alkaline type.

This paper describes the present status and trends
of the developments, focusing on the phosphoric acid
type and solid polymer electrolyte type fuel cells under
intense development.

2. Features and Principles of Fuel Cells

2.1 Features
The fuel cell is an electric power generating system

that converts the chemical energy of hydrogen, etc. into
electric energy using the principle of electrochemical
generation.  Fuel cells have the following features.
(1) The exhaust is clean and noise is low.
(2) High generating efficiency can be obtained either

by a small capacity unit or in a partially loaded

condition.
(3) High overall efficiency can be expected by utilizing

exhaust heat.
(4) Various fuels can be used.

The fuel cells currently under development are
generally classified into four types according to the
electrolyte type.  The types and features of fuel cells
are shown in Table 1.

2.2 Principle of generation
Taking the phosphoric acid type as an example, as

shown in Fig. 1, the principle of electric power genera-
tion of a fuel cell utilizes the reverse reaction of water
electrolysis.  Electric power is generated by hydrogen
and oxygen fed to the anode (fuel electrode) and
cathode (air electrode) arranged on each side of the
electrolyte respectively.

The voltage of a fuel cell is highest in a no-load
condition and becomes lower with increasing current
density of the load.  At this time, the part correspond-
ing to a voltage drop is exhausted as heat energy.

Table 1 Types and features of fuel cells

Type

Item 

Phosphoric 
acid type 
(PAFC) 

Electrolyte
Phosphoric 

acid 
(H3PO4)

Ion 
conductor H+

Fuel 
(reactant 
gas)

H2

Fuel 
Natural gas, 
LPG, 
methanol, 
naphtha 

Operating 
temperature 
       (°C)  

170 to 210

Power 
generation 
efficiency 
       (%)

35 to 45

Molten 
carbonate 

type
 (MCFC) 

Carbonate 
(Li2CO3, 
K2CO3)

CO3
2-

H2, CO

Natural gas, 
LPG, 
methanol, 
naphtha, 
coal gas 

600 to 700

45 to 60

Solid oxide
 type

 (SOFC) 

Zirconium
oxide 
(ZrO2) 

O2-

H2, CO

Natural gas, 
LPG, 
methanol, 
naphtha, 
coal gas 

900 to 1,000

50 to 60

Solid 
polymer 

electrolyte
 type (PEFC) 

Proton 
exchange 
membrane

H+

H2

Natural gas, 
LPG, 
methanol 

Normal 
temp. 
to 100

45 to 60
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Actual working voltage for fuel cells is 0.6 to 0.7V per
unit cell.  The ratio of heat to electric power at this
time is approximately 1:1 and the generating efficiency
of a fuel cell stack is 50%.  This efficiency of a fuel cell
stack is the same irrespective of cell area.  Therefore,

even a small capacity unit has high conversion efficien-
cy.

To obtain a practical output, many cells are
laminated into a fuel cell stack.

2.3 System configuration
When hydrogen is not directly available, the

hydrogen fed to a fuel cell stack is made from reformed
fuel such as city gas.

The system configuration of a fuel cell power unit
is shown in Fig. 2.  The reformer is a piece of
equipment to convert fuel, such as natural gas, lique-
fied petroleum gas (LPG) and methanol, into hydrogen-
rich gas.  The carbon monoxide (CO) produced by
reforming is reacted with water in the shift converter
to produce hydrogen.  The hydrogen produced in this
manner and air (oxygen) are fed into the fuel cell stack
and generate direct current (DC) power.  The inverter
converts this DC power into alternating current (AC)
power and outputs it.  Other additional components
consist of the equipment for fuel cell peripheral
devices, a cooling device for fuel cell stack, a condenser
to recover water generated by reaction, etc.

3. Development Status of Fuel Cells

3.1 Phosphoric acid fuel cells
3.1.1 Overview

Development of the phosphoric acid type is cur-
rently most advanced and is near the stage of commer-
cial application.  Particularly the on-site type in the 50
to 500kW class is expected to become widespread as a
cogeneration system that utilizes heat.

The number of phosphoric acid fuel cells installed
by the end of February 1998 reached approximately
420 units including overseas installations, and approx-
imately 190 units of them are still in operation.  In
Japan, more than 160 units were installed and 81
units are in operation.

Fig.2 System configuration of a fuel cell power unit

Fig.1 Principles of generation of a phosphoric acid fuel cell
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Fig.3 Development plan of on-site phosphoric acid fuel cells
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Some of these fuel cells demonstrated accumulated
operating hours over 40,000 hours, regarded as the
targeted useful life of the phosphoric acid type, and
further, continuous operation over one year was at-
tained in some cases.  Therefore, we judge the
reliability to be on a level suitable for practical use.

In Japan, there are three manufacturers of on-site
units: Fuji Electric, Toshiba Corp. and Mitsubishi
Electric Corp.  Toshiba and Mitsubishi Electric are
developing 200kW units and Fuji Electric is developing
50kW, 100kW, and 500kW units.  Each manufacturer
has nearly finished the development of commercial
models and is aggressively promoting the introduction
thereof into the field through earnest sales activity.
3.1.2 Status of Fuji Electric’s development

Fuji Electric is tackling the commercialization of
phosphoric acid fuel cells according to the development
plan shown in Fig. 3.  Over 90 units mainly of 50kW
and 100kW on-site types are in operation, and the

Fig.4 External view of a 100kW phosphoric acid fuel cell

Item Specification

Rated output
(power-transmission end) 100 kW

Rated voltage, frequency 200/220V (50/60 Hz)

Power generation 
efficiency (sending-end) 40% (LHV)

Total energy efficiency 80% (LHV)

Fuel, consumption Town gas 13A, 22m3/h (normal)

Operation system, mode Fully automated, linked 
with the utility system 

Thermal output 17% (90°C water)
23% (50°C water)

NOx 5 ppm or less (O2 7% conversion) 

Operating noise 65db (A) at a distance of 1 m

Main dimensions 2.2m(W)×3.8m(L)×2.5m(H)

Mass 12t

Table 2 Standard specifications of a 100kW phosphoric acid
fuel cell power unit

Fig.5 Example of overall efficiency of a 100kW model
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accumulated operating time exceeds 1.5 million hours.
At six sites, accumulated operating time has exceeded
40,000 hours, which is regarded as a durability
criterion.  At a certain site, continuous nonstop
operation time has exceeded 10,000 hours, which is
regarded as a reliability criterion.  In particular,
operating time has been increasing since the adoption
in 1995 of the new model fuel cell developed with
experience of the first-generation model as shown in
the development plan of Fig. 3.  The 100kW commercial
prototype and the improved 50kW model supplied in
1997 and the improved 50kW model supplied in 1998
are all operating at a high working ratio over 90%, and
this confirms that the performance is on a commercial
level.

The commercial type 100kW model FP100E, the
cost of which has been reduced to half that of the
former model, has been sold from the second half of
1998.  The specifications of this 100kW model are
shown in Table 2 and the external view is shown in
Fig. 4.  The shape of this model is a package suitable
for outdoor installation.  Since the unit is completely
assembled at the factory and is transported to the
installation site, it therefore has the advantage of
quick on-site installation.  Giving consideration to the
ease of maintenance, it is arranged with large size
equipment at the front.

The model has a generation efficiency of 40%
(LHV: low heat value) in spite of a small capacity of
100kW, and when exhaust heat is utilized, total
efficiency will be greater than 80%.  Moreover, as
shown in Fig. 5, its advantage is high efficiency not
only at a rated-load condition but also at a partial-load
condition.

3.2 Solid polymer electrolyte fuel cells
3.2.1 Overview

The solid polymer electrolyte fuel cell (PEFC),
which uses a proton exchange membrane as an
electrolyte, has recently been receiving attention as an
automobile fuel cell.  This is due to advantages such as
the expectation of high output density, an operating
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temperature below 100°C that enables starting from
normal temperature, and the wide range from which
component materials can be selected which will greatly
reduce price through mass production.  Because the
operating temperature as well as exhaust heat temper-
ature is low, and consequently the heat supply is
limited to water heating to 60°C or so, the PEFC under
development also targets portable power supplies and
comparatively small-scale, distributed power supplies
such as for home use.

With regard to portable and distributed power
supplies, the New Energy and Industrial Technology
Development Technology (NEDO) has commissioned
the following companies to develop the following items.
Toshiba Corp. is developing a 30kW-class cogeneration
power supply using city gas for fuel, Sanyo Electric
Co., Ltd. is developing a 2kW-class cogeneration power
supply for home use, and Mitsubishi Electric Co., Ltd.
is developing a 10kW-class portable power supply that
uses methanol for fuel.

In addition, Matsushita Electric Works, Ltd. is
developing a portable power supply using butane gas
cylinders for fuel and Sanyo Electric Co., Ltd. is
developing a 1kW-class portable power supply using
hydrogen cylinders.  Matsushita Electric Industrial
Co., Ltd., Mitsubishi Heavy Industries, Ltd. and Fuji
Electric are also actively involved in development.

With regard to automobile power supplies, mainly
automobile manufacturers, such as Toyota Motor
Corp., Honda Motor Co., Ltd., Nissan Motor Co., Ltd.,
and Mazda Motor Corp. in Japan and Daimler-
Chrysler and Ford abroad, are developing automobiles
equipped with a solid polymer electrolyte fuel cell
power system.  In the 1999 Tokyo Motor Show,
Japanese and foreign automobile manufacturers com-
peted against each other in the fuel cell car exhibition.
Further, Ballard Power Systems, a Canadian company,
not only supplies fuel cell stacks to automobile manu-
facturers but also is developing a 250kW power supply
for bus and stationary use, and Siemens AG. is
developing a power supply for submarine and bus use.
3.2.2 Status of Fuji Electric’s development

A solid polymer electrolyte fuel cell was installed
in the spacecraft “Gemini” and others since the 1960s.
At that time, however, it had a defect of insufficient
durability of its solid polymer membranes.

As the quality of solid polymer membranes was
improved upon since then, Fuji Electric started devel-
oping this type of fuel cell in 1989.

Fuji Electric has so far made hydrogen-air type 1
to 5kW units and evaluated the fuel cell stack.  In
addition, we have promoted the development of ele-
ment technologies for improving the reliability of fuel
cell stacks.  The development center, which merged
with the phosphoric acid fuel cell department in 1999,
is tackling the development of solid polymer electrolyte
fuel cell systems using reformed gas from town gas and
methanol for fuel.

4. The Future and Problems of Fuel Cells

As mentioned above, the fuel cell is a power
generating system which is expected to continue to
develop in the future because of its excellent environ-
mental properties, energy saving and variety of fuels.
In the “General Principles of New Energy Introduc-
tion” drawn up by the Cabinet member conference on
the comprehensive energy policy in 1994 and the
“Long-Term Prospects for Energy Demand and Supply”
in 1998, a target was introduced for stationary fuel
cells of 2.2 million kW by 2010.  Specific governmental
measures to introduce fuel cell power systems are the
subsidy grant system (subsidized percentage: 1/2 to a
municipality or 1/3 to a private corporation) based on
the “Special Law for Promoting New Energy Utiliza-
tion” and the “Taxation System for Promoting Invest-
ment to Improve Energy Demand and Supply.”

4.1 Problems of phosphoric acid fuel cells
The manufacturers of on-site phosphoric acid type

fuel cells have almost attained the technological level
for practical applications and have started making
commercial products.  These phosphoric acid type fuel
cells are expected to lead market development to attain
the above-mentioned target.  However, like other types
of new energy, a comparison of only operational
economics cannot provide enough competitive power in
the marketplace.  To compete with other cogeneration
systems, there is a serious problem of cost reduction,
and developments to reduce cost are necessary for the
future.  In particular, the fuel cell stack accounts for 40
to 50% of the cost of the whole generating system, and
reduction in the cost of carbon material, the main
component material, is considered to be crucial.

In addition to developments to reduce cost, so that
fuel cell use becomes more widespread, attempts are
made to create applications for fields that effectively
utilize the features of fuel cells such as its environmen-
tal characteristics and energy savings.  There are
examples of fuel cell power systems utilizing the
unused resource of garbage biogas or a hydrogen by-
product.  Also, application is being considered to a
multi-fuel type fuel cell power system capable of
selectively operating on either city gas or fuel stored
against emergencies, a high-grade power supply to
provide an uninterruptible power supply, and a lifeline
base against disaster (life spot).

4.2 Problems of solid polymer electrolyte fuel cells
The problems facing solid polymer electrolyte fuel

cells under accelerated development are the completion
of the power system, reliability verification by field
tests, and cost reduction.  With regard to the cost, a
scenario can be imagined in which the cost of these
fuel cells will be dramatically reduced due to the large
scale of the market for automobile use, and the result
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will extend to home-use fuel cells.  To realize this
scenario, by itself, the technical completion of fuel cell
power systems for automobile use is insufficient; fuel
supply facilities must be completed at the same time.
The issue of how to complete fuel supply facilities is
also important.

5. Conclusion

Fuel cells that can contribute to the solution of

environmental problems and energy resources on a
global scale are expected to come into widespread
usage beginning in the early part of the 21st century.
Further support and technical development are neces-
sary for introducing products in a marketable form.
We appreciate understanding and support from the
government and individual users.
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Application of Fuel Cell Power Units to Hotels

1. Introduction

Fuel cells are positioned as new sources of energy
having excellent environmental characteristics and
have the potential to realize improvements in the total
energy efficiency.  With many successful operation
results, phosphoric acid fuel cells have attained a
commercial level.  To realize full-scale diffusion, in
addition to developments for cost reduction by fuel cell
manufacturers, environmental characteristics, energy
saving, and activities to expand applications that
effectively leverage the advantages of fuel cells, such
as the utilization of unused energy including biogas
and hydrogen byproducts are also important.

This paper describes an example of application to
cogeneration for a hotel aiming at reducing its energy
consumption.

2. Example of Phosphoric Acid Fuel Cell Appli-
cation to a Hotel

In cooperation with Toho Gas Co., Ltd. and
Washington Hotel Inc., Fuji Electric installed a 100kW

phosphoric acid fuel cell power unit on the rooftop of
the Nagoya Sakae Washington Hotel Plaza (ten-story,
308 room hotel in Nagoya-city, Aichi-prefecture),
shown in Fig. 1, in February 1999.  This unit was the
subject of the “Financial Support Program for Field
Tests” by the New Energy and Industrial Technology
Development Organization (NEDO).  Washington Ho-
tel Inc., which has been concerned with the environ-
ment and has consciously made efforts to maintain an
environment-friendly hotel, evaluated the environmen-
tal characteristics and energy savings of the fuel cell
and decided introduce fuel cell technology to the new
hotel.

Figure 2 shows the fuel cell power unit installed on-
site.  Though there are guestrooms on the floor below
of the fuel cell installation, it has not caused any noise
problems.

An overview and operation results of this system
are described below.

2.1 Overview of the system
The 100kW fuel cell power unit is in grid-connected

operation, and power generated by the unit is con-
sumed by the general electric load of the hotel.  The
low-temperature waste heat (approximately 50°C) is
used to preheat feed water to the hot-water heater and
the high-temperature waste heat (approximately 90°C)
is used as the heat source for air conditioning with the

Fig.2 Fuel cell power unit installed on-site

Fig.1 Appearance of Nagoya Sakae Washington Hotel Plaza
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absorption machine and for the hot water tank.
Figure 3 shows the flow diagram of the cogeneration
system for the hotel.

In addition, surplus power causes a reverse power
flow in the transmission system.  This system uses
Fuji Electric’s digital multifunction relay with the
function of islanding detection.

2.2 Operation results
The unit started operation in March 1999 and has

operated satisfactorily thus far.
Figure 4 shows electric power demand in the hotel

for one day.  Electric power demand exceeds 100 kW
both during the day and at night, which shows that the
continuous rated-load operation of the fuel cell is
effective.

Figure 5 shows changes in fuel cell waste heat
utilization for one day.  There are peaks in the
morning and at midnight, and it was verified that low-
temperature waste heat was also effectively utilized.

As for high-temperature waste heat, the total quantity
was effectively utilized all day.

Through introduction of the fuel cell, the amount of
primary energy was reduced by 9.5% and the amount
of carbon dioxide exhaust was reduced by 12%.  These
results prove the effect of energy savings and environ-
mental preservation.

3. Conclusion

In general, to employ the high efficiency of cogen-
eration systems effectively, it is necessary to install the
equipment near the heat user so as to utilize waste
heat.  Fuel cells are suitable for these types of
applications, and the above-mentioned example shows
that the fuel cell is excellent in environmental preser-
vation and energy savings.  We highly appreciate the
cooperation of Toho Gas Co., Ltd. and Washington
Hotel Inc. which provided us with the operational data.

Fig.3 Flow diagram of the cogeneration system of the hotel

Fig.4 Example of electric power demand in the hotel for one
day

Fig.5 Example of fuel cell waste heat utilization for one day
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Fuel Cell Power Units Using Biogas
from Garbage

1. Introduction

Phosphoric acid fuel cell (PAFC) generation has
been examined for application to various fields owing
to its low emission and low noise and high electrical
efficiency.  Fuji Electric has accumulated technology
for the application of fuels such as liquid petroleum gas
(propane and butane), naphtha and hydrogen, a
byproduct from electrolytic plants, in addition to town
gas for PAFC generation.  The number of PAFC power
units delivered in Japan are classified by fuel type and
listed in Table 1.  In addition to the above-mentioned
fuels, biogas, which is generated from organic waste
using an anaerobic process, has recently been investi-
gated.

PAFC power units generate electricity using hy-
drogen and oxygen, and since hydrogen is usually
difficult to obtain, packaged fuel cell generation units
contain a fuel processor to reform hydrocarbon to
hydrogen.  Therefore, if fuel gas is capable of being
reformed to hydrogen with a fuel processor, it can be
used for power generation.

Fuji Electric had the opportunity to cooperate with
Kajima Corporation, which has been commissioned
with a project from the New Energy and Industrial
Technology Development Organization (NEDO).  This
paper will introduce a summary of power generation
by PAFC using garbage.

2. Gasification of Garbage to Biogas and Power
Generation with PAFC

Biogas is generated during the anaerobic process-
ing of organic wastewater in a facility such as a food
processing wastewater treatment plant.  An anaerobic
process reduces and decomposes organic substances
included in wastewater and waste into methane and
carbon dioxide by the action of anaerobic bacteria.  The
feature of this method is that since the generated gas
is methane, the gas can be collected and reused, with
little surplus sludge.  Attention has recently been
focussed on this method as a means for processing
garbage.

Garbage treatment has conventionally been incin-

eration or landfill, but lately, these methods cannot be
easily performed because of environmental pollution
due to dioxins or the difficulty of site acquisition.
Further, the annual discharge quantity of garbage has
reached 20 million tons, and is expected to increase
more and more.  The bio-gasification of garbage is
considered a revolutionary treatment since the garbage
is reduced in volume and the generated biogas can be
utilized as energy.

There are two methods to utilize garbage as
energy, use of the heat of combustion and use of biogas
generated from an anaerobic process.

Super power generation using solid waste with a
gas turbine has already been put into practical use as
a method that utilizes the heat of combustion of
garbage.  However, this method requires careful
attention to the emission of dioxins, nitrogen oxide,
sulfur oxide, and further, available installation sites
are restricted due to large noise or vibration.

On the other hand, methods utilizing biogas gener-
ated from garbage with an anaerobic process are
considered in combination with various generation
units that will utilize biogas as fuel for power genera-
tion.  PAFC power generation has excellent features of
high electrical efficiency, low emission of noxious gases
such as nitrogen oxide and low noise and vibration
compared with diesel generation or gas engine genera-
tion.  The combination of a biogas generation plant
with PAFC generation can construct a garbage regen-
erative resource system of a high energy recovery,
realizing a consistent non-combustion system.

Table 1 Numbers of delivered PAFC power units in Japan
(classified by fuel)

 

Capacity

Unit: No. of units

Fuel 50 kW

Town gas 50

100 kW

18

500 kW

3

Naphtha 2 — —

Hydrogen — 1 —

Biogas 1 — —

Liquid 
petroleum gas 7 1 —
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Fig.1 Flow diagram of the system of power generation using biogas fuel

Example applications of PAFC generation using
biogas were previously reported for the cases of
wastewater in a beer brewery or drainage sludge,
where the organic concentration is comparatively low
and the concentration is stable.  However, there had
been no reported examples of application to garbage, a
mixture of various organic matters.

3. Demonstrative Operation

A demonstrative operation of a PAFC power unit
using biogas from garbage, for which there has been no
precedent in the world, was executed at Kajima
Technical Research Institute from September 1999.
Figure 1 shows a summary of the system of this project.

The system is composed of a Metacles made by
Kajima Corporation and gas holder and a 50kW PAFC
power unit made by Fuji Electric.  The garbage
processing capacity of this system is 200kg/d.  The
generated biogas is stored in the gas holder, and used
for power generation.

Plants that generate biogas from garbage are
composed mainly of a sorter, pulverizer and bioreactor.
After removing foreign bodies such as metal fragments
from the collected garbage, the garbage is pulverized
and liquidized with the pulverizer, while adding water.
Next, the liquidized garbage is dumped into a bioreac-
tor containing anaerobic microorganisms, and methane
and carbon dioxide are formed.  Directly after being
formed, since the biogas contains hydrogen sulfide and
other compounds, it is purified with a desulfurizer
before being supplied to the PAFC power unit.  At this
time, the biogas includes approximately 40% carbon

dioxide.  To allow intentional concentrations of meth-
ane, a gas refiner and concentrator are provided for
removing the carbon dioxide.

The PAFC power unit is equipped with a function
to intentionally change the control constant based on
the regular type, according to the methane concentra-
tion.  The PAFC power unit outputs 200V AC, and the
output is totally consumed by a dummy heater,
without grid-connected operation because the operat-
ing interval is limited.

In this demonstrative operation, power generation
was performed not only with the concentrated biogas,
but also with non-concentrated biogas, and it was
verified that the PAFC power unit can generate
electricity without any problems.  In the future, we
intend to analyze the collected data, organize the
technical knowledge of garbage generation, and utilize
this information for further technical development.

4. Conclusion

Garbage power generation with a PAFC power unit
is receiving attention as a revolutionary garbage
treatment that discharges no harmful materials and is
a highly efficient means to recover electric energy.  In
Japan, a law that required the classification of waste
shall come into effect in earnest from 2000.  Further-
more, in fiscal 2000, the Diet passed a law that should
oblige food manufacturers and food service traders to
reprocess 10 to 20% of food waste into fertilizer or feed.
We expect that the use of PAFC power units will
enlarge market of garbage treatment.

Biogas generator from garbage

Garbage Water

Sorter Slurry tank Pulverizer Bioreactor Desulfurizer Gas Refining/
Concentrator

Gas holder

PAFC Power unit
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Development of Phosphoric Acid
Fuel Cell Stack

Fig.1 Unit cell configuration

1. Introduction

For the practical use of phosphoric acid fuel cells, it
is necessary to develop economical and high reliable
fuel cells.

Fuji Electric has made efforts to reduce costs in
addition to develop highly reliable fuel cells based on
past experience.  As a result, the development of a new
type of cell for the first commercial application has
been completed, and at present, those cells are operat-
ing with good results in each field.  Further, Fuji
Electric is developing a second commercial application
aiming at even further cost reductions.

This paper will summarize the development for
improving the reliability and reducing the cost, focus-
sing on the development and verification of the new
type cell and stack for the first commercial application.

2. Phosphoric Acid Fuel Cell (PAFC)

The PAFC consists of the following items (1) to (3).
(1) Cell generation unit

The cell generation unit is comprised of a fuel
electrode, matrix and an air electrode.  At the fuel
electrode, hydrogen in the fuel emits electrons and is
converted to hydrogen ions.  The hydrogen ions move
through the matrix, react with oxygen at the air
electrode and form water.
(2) Semi-block

The semi-block is a lamination of two or more cells

and provides vertical cooling plates to remove generat-
ed heat during power generation.
(3) Stack

The stack is built up with a lamination of two or
more semi-blocks, a vertical clamping structure, and
gas manifolds.

3. Developments for Improving Reliability and
Reducing Cost of the Cell

3.1 New type cell configuration and management of
phosphoric acid quantity
It is known that the phosphoric acid in the cell

evaporates during operation, reducing the total quanti-
ty of the phosphoric acid along with the power
generation.  However, a suitable quantity of phospho-
ric acid exists for each part of the cell.  Therefore, it is
crucial to design management for the phosphoric acid
quantity such that a suitable quantity is always
maintained.

It was determined that troubles experienced in the
past were due to problems with this management of
the phosphoric acid quantity, and as a countermea-
sure, the cell configuration itself was drastically
changed.
3.1.1 New type cell configuration

Figure 1 shows a schematic view of a unit cell
configuration.  The feature of the new type cell is that
water repellent processing is not performed on the
substrate and ribbed plate, instead, their physical

Separator
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Fuel catalyst layer
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Gas seal 
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properties are controlled to optimize capillary force,
providing the phosphoric acid quantity in the most
suitable arrangement(1).

With this cell configuration, the problem of the
phosphoric acid quantity management is resolved, and
such fuel cells have been operating without problem for
more than 33,000 hours.
3.1.2 Development of non-external replenishment of

phosphoric acid
In the past, the phosphoric acid evaporated during

operation has been externally replenished approxi-
mately every one year.  However, from the viewpoint of
improving the reliability and reducing cost, for practi-
cal application of the non-externally replenished
PAFC, it is necessary to store in advance the required
quantity of phosphoric acid.
(1) Understanding of the relation between operating

conditions and evaporated quantity of the phos-
phoric acid

The relation between operating conditions and
evaporated quantity of the phosphoric acid is under-
stood using a small cell.  The results found that
phosphoric acid concentration in the vapor phase
exponentially increases as the cell temperature is
raised as shown in Fig. 2, and that relation was
formulated.  Further, it was also found that the
evaporated phosphoric acid quantity is proportional to
the gas flow rate, and that the evaporated phosphoric
acid quantity can be precisely estimated from the
operating conditions.

Furthermore, the phosphoric acid concentration in
vapor was also measured at the outlet of a cell of
actual size.  From the result, it was found that the
evaporated phosphoric acid quantity of a cell of actual
size can be estimated by the formula relating the
temperature near the outlet of the cell and the
phosphoric acid concentration in vapor obtained with
the small cell.
(2) Movement of the phosphoric acid in the cell plane

As mentioned above, the evaporated quantity of
phosphoric acid can be estimated from the temperature
at the cell outlet.  On the other hand, since the
phosphoric acid will continue to evaporate until satu-
ration of the gas concentration (vapor pressure) and
the evaporating quantity is considered to be large near
the gas inlet, the distribution of the phosphoric acid
quantity will vary in the cell plane with the operation.
Therefore, it is necessary to understand the relation
between evaporating speed of the phosphoric acid in
the cell plane and moving speed, which is driven with a
force created by variation of the phosphoric acid
quantity.

For this purpose, the moving speed of the phospho-
ric acid in the ribbed plate, which is the main path of
phosphoric acid movement, is measured with a model
and formulated.  Further, the variation with time of
the distribution of the phosphoric acid quantity in the
cell plane is simulated by combining the moving speed
and evaporating speed of the phosphoric acid.

Results for the case of the first commercial applica-
tion cell specification (to be described later) are shown
in Fig. 3.  From Fig. 3, the phosphoric acid quantity at
the location of least phosphoric acid quantity in the
plane is found to be greater than the permissible
quantity for operation even after 60,000 hours of
operation.  The goal of non-external replenishment of
phosphoric acid is in sight.

3.2 First commercial application cell specification
The cell for the first commercial application is

developed by incorporating the results of the new type
cell configuration with non-external replenishment of
phosphoric acid and the intended cost reduction.

The features of this cell, except for the non-
external replenishment of phosphoric acid, are the
adoption of rectangular cells to effectively utilize parts
for cost reduction and the adoption of a fuel return flow
pattern to improve reliability and minimize the effect

Fig.2 Relation between concentration of vapor phosphoric
acid and cell temperature Fig.3 Simulation result of phosphoric acid distribution
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of a varying fuel gas flow rate.

3.3 Evaluation of the cell for the first commercial applica-
tion

3.3.1 Cell Voltage
Short stacks consisting of 30 laminated cells for

the first commercial application are being evaluated.
Some of these cells were disassembled and investigat-
ed after operation for approximately 10,000 hours
(refer to section 3.3.2).

At present, the original cells have been continuous-
ly operating for approximately 17,000 hours, and the
cell voltage is steadily changing as shown in Fig. 4.

Further, the No. 1 unit of the first commercial
application cell stack being evaluated in-house has
exceeded an operation time of 14,000 hours, and
voltages of all semi-blocks are steadily changing.
3.3.2 Results of disassembling and investigating some of

the short stack cells
To verify the phosphoric acid management de-

scribed in section 3.1 and to investigate the state of
electrode deterioration, two semi-blocks (12 cells) are
replaced after operation for 10,770 hours, and disas-
sembled and investigated.

In Fig. 5, the ratio (phosphoric acid evaporation
rate) of the evaporated phosphoric acid quantity of

Fig.6 Number of parts and mass of stack

each cell calculated from mass measurement to the
designed permissible value is shown.  In the figure, the
calculated evaporated phosphoric acid quantity of the
cell with largest evaporated phosphoric acid quantity
is also shown.

 In disassembling and investigating the cell, the
evaporated phosphoric acid quantity at the cell with
the largest evaporated phosphoric acid quantity was
between 10 and 20% of the designed permissible value,
and the measured value was in good agreement with
the calculated value.

In some of the cells, the distribution of the
phosphoric acid in the cell plane was simultaneously
measured, and the measured value was in good
agreement with the calculation of the phosphoric acid
distribution change in the cell plane described in
section 3.1.2.

Platinum particle diameter and phosphoric acid
quantity in the air catalyst layer, which strongly
influence the cell voltage, were investigated at the
same time and both were determined to be entirely
normal values without problem.

From the above results, it is expected that cell
operation for 60,000 hours is possible, and that the
goal of suppressing the voltage reduction can be
achieved.

4. Development of Stack Construction Part

4.1 General
To reduce cost, it is effective to reduce the number

of parts and simplify each part.  In the development of
the first commercial application cell stack, the FP-
100E, functions of each part were reviewed and parts
integrated or deleted.  Development and exploration of
the construction, parts, material and parts having
complex functions were performed.  With these mea-
sures, the numbers of parts (not including the cells)
was reduced to approximately 1/3 and the mass
reduced to approximately 3/4.  These results are shown
in Fig. 6.

To improve reliability, the following two items,
without which accidents that stop operation of the unit

Fig.4 Average cell voltage change of short stack

Fig.5 Phosphoric acid loss measured by disassembling short
stack cells
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Fig.8 Bending stress of stack

are likely, were developed with priority.
(1) Prevention of corrosion accidents due to phospho-

ric acid mist
Water leakage accidents due to corrosion of the

cooling tube and gas leakage accident due to corrosion
of the gas manifold are prevented.
(2) Earthquake-proofing of the stack

Examples are described below.

4.2 Cooling plate
The cooling tubes of the cooling plate for the prior

fuel cell were exposed in manifolds which intake and
exhaust gasses as shown in Fig. 7.  For this reason, the
tubes were treated with a fluorocarbon polymer coat-
ing for corrosion protection.  However, due to the
unevenness of the coating application, scratches during
operation, etc., it was difficult to maintain perfect
corrosion-proof performance of the coating over a long
term.  Since the prior cooling tubes were assembled
from many parts with welding or hard soldering, they
were expensive.  In the first commercial application
cell stack, monotube-cooling plates that are not ex-
posed to the phosphoric acid atmosphere were devel-
oped.  This cooling tube is formed by only bending a
single tube, and can be manufactured at low cost.

A cooling system of boiling water cooling has been
utilized in the fuel cell generation unit.  To prevent an
imbalance of cooling water quantity in the vertical
direction due to density differences at the inlet and
outlet of the header, orifices are provided at the inlet of
each cooling tube.  However, in the past, since the
behavior of boiling water cooling (pressure loss and
heat transfer coefficient) was not exactly understood,
there was an excess of cooling water flow.  In the case
of monotube-cooling, this water flow raises the cooling
water temperature due to an intensified loss of cooling
water pressure, and increases the power of the cooling
water pump.  After analyzing the behavior of boiling

water cooling in the cooling tube, the cooling water
quantity is reduced to approximately 1/2 that of the
prior stack, preventing an intensified pressure loss.

4.3 Manifold
Downsizing the manifold becomes possible through

utilization of the monotube-cooling plate described
above.  However, in downsizing the manifold, due to
the influence of dynamic pressure at the nozzle blowoff
unit, it is necessary to prevent the occurrence of an
imbalance between the gas intake and exhaust to the
cells.  Therefore, a construction to mitigate the influ-
ence of the dynamic pressure using a baffle board is
adopted.  Optimization of the baffle board is performed
using three-dimensional simulation, and the effect is
verified with actual measurement of pressure distribu-
tion in the manifold using an actual stack and analysis
of the generation characteristics of cells, etc.

Since the prior manifold was large, inner reinforce-
ment was necessary to prevent deformity due to
internal pressure, and it was difficult to adopt corro-
sion-proof construction with the exception of the fluoro-
carbon polymer coating.  The fluorocarbon polymer
coating has problems of reliability and cost as de-
scribed in the previous section.  Downsizing of the
manifold facilitates the adoption of corrosion-proof
construction using commercially available fluorocarbon
polymer sheets, reducing cost and improving reliabili-
ty.  This corrosion-proof construction is assembled only
by folding the fluorocarbon polymer sheet without heat
seals or heat molds, and can be manufactured at low
cost.

4.4 Earthquake-proof performance of fuel cell stack
The first commercial application cell stack, the FP-

100E, has narrow depth dimension of the stack and
narrow pitch of the clamping studs compared with the
second prototype, the FP-100C.  For this reason, there
is concern regarding degradation of the earthquake-
proof performance.

The fuel cell has a construction in which many cell
members and cooling plate members are laminated

Fig.7 Outline and sectional view of stack
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considered to have reached a level suitable for practi-
cal use, and we intend to steadily increase the
operation results in the future.

Fuji Electric is developing a second commercial
application aimed at improving reliability and reduc-
ing cost.  Development of the main elements is almost
completed, and we are currently manufacturing the
full stack that utilizes new technology.

So that a highly reliable and low cost fuel cell can
be introduced to the market soon, we intend to
evaluate and improve the second commercial applica-
tion fuel cell.

Reference
(1) M. Hanazawa, et al.: Development of Advanced PAFC

Stack for 1st Commercial-type 100 kW Plant. 1998
FUEL CELL SEMINAR Abstracts, p.318-322 (1998)

and clamped.  Therefore, the clamping method and
clamping stress influence the earthquake-proof perfor-
mance.  However, because low strength electrodes and
carbon members are laminated, the cell cannot be
firmly clamped, and it is difficult to maintain sufficient
earthquake-proof performance.

The clamping construction, clamping stress and
support construction of the fuel cell stack are opti-
mized using three-dimensional analysis and an under-
standing of the relation between the clamping con-
struction and earthquake-proof performance.  Figure 8
shows an example of the analysis results of the fuel
cell stack that were verified in this investigation.

5. Conclusion

As described above, the phosphoric acid fuel cell
represented by the first commercial application can be
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Development of a Compact Reformer
for Fuel Cells

Fig.2 Process flow diagram of a fuel processor

1. Introduction

The main role of the fuel processor in a fuel cell
power plant is to ensure a stable supply of hydrogen to
the fuel cell.  Hydrogen is produced in a steam
reforming reaction in which hydrocarbons in raw gas
react with steam at high temperatures in the presence
of a catalyst.

Figure 1 shows a configuration of a fuel processor
using town gas as raw gas.  The fuel processor consists
of a desulfurizer which removes the sulfur content in
town gas, a reformer which performs a steam reform-
ing reaction, a CO shift converter which reduces the
quantity of carbon monoxide in reformed gas, and a
heat exchanger which maintains appropriate reaction
temperatures in individual reactors.

2. Development Goals of Fuel Processors

At present, cost reduction is the most important
challenge to the introduction of on-site fuel cell plants
into the market.  In this regard, simplification and size
reduction are required of fuel processors on the whole.

As a first step in coping with this situation, Fuji
Electric has developed a new-model reformer (first-step
reformer) with a built-in heat exchanger, which had
previously been installed outside the reformer, and in
combination has also developed a new model desulfur-
izer/shift converter consisting of a desulfurizer, a CO
shift converter and a heat exchanger.  Figure 2 shows
this system flow.  As a second step, Fuji Electric is
developing a compact reformer (second-step reformer)
aimed at reducing the size of reformers with a built-in

heat exchanger.

3. Development of Reformers

3.1 Basic structure of a reformer
Since the start of the development of on-site

reformers, Fuji Electric has been adopting a simple
configuration using a single burner and a single
reaction tube.  Table 1 shows basic specifications of a
100kW reformer.  The external view and schematic
diagram of the first-step reformer are shown in Fig. 3
and Fig. 4, respectively.
(1) Burner

A down-firing multi-cylinder burner is installed at
the top center of the reformer.  For fuel, the burner
uses town gas at startup, and low-calorie anode

Fig.1 Configuration of a fuel processor

CO Shift 
converterReformer Desulfurizer

Town gas (CH4) Fuel cell

Hydro-desulfuriza-
tion reaction
200 to 300°C
H2S + ZnO
       ZnS + H2O

Reforming 
reaction
500 to 700°C
CH4 + H2O
       3H2 + CO

CO shift conversion 
reaction
200 to 300°C
CO + H2O
        H2 + CO2

Item Specification

Raw gas Town gas (LPG)

Process Steam reforming

Quantity of generated hydrogen 100 m3/h (normal) 

Reaction temperature 700°C

Reaction pressure Normal atmospheric pressure

Steam/carbon ratio 3.0

Table 1 Basic specifications of a 100kW reformer

Anode exhaust gas
Exhaust gas
Combustion air

CO shift 
converterDesulfurizer 

Reformer

Town gas

Cooling 
water

Reformed gas 

Process steam
 Ejector
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exhaust gas from a fuel cell during normal operation to
generate the required quantity of heat for reforming.
The calorific value of town gas per unit volume is ten
times larger than that of anode exhaust gas, and hence
an important development goal is to ensure steady
burning of both gases with one burner.  For this
purpose, swirling blade angles were optimized to
adjust the mixing speed of anode exhaust gas and
combustion air.  In addition, the burner was designed
to be recessed inside the reformer to reduce the height
of the reformer.
(2) Reforming tube

The heat generated by the burner is transferred
from the reforming tube wall to the catalyst bed by

radiation and convection.  The reforming tube that is
filled with catalyst is constructed as a duplex cylinder.
Town gas, or raw gas, is mixed with steam and then
fed into the reformer at approximately 200°C.  The
mixture flows from the top to the bottom of the catalyst
bed, in the course of which it is heated and converted
to reformed gas with hydrogen as the main ingredient.
The mixture is heated to approximately 700°C at the
bottom outlet of the catalyst bed.
(3) Built-in heat exchanger

In conventional reformers, raw gas must be pre-
heated up to 500°C in the front stage of the reformer
and reformed gas must be cooled in the front stage of
the CO shift converter, requiring an outside heat
exchanger.  In the newly developed reformer, since the
heat exchange zone for raw gas, reformed gas and
exhaust gas is designed to be inside the reformer, the
temperature difference between inlet and outlet gases
was remarkably reduced, eliminating the need for an
outside heat exchanger.  Figure 5 shows a combined
desulfurizer/CO shift converter that has been devel-
oped in conjunction with the reformer.  The integration
of a desulfurizer and a CO shift converter reduced the
number of components such as pipes.  The change of
the construction of the desulfurizer and CO shift
converter from a cylindrical type to a cubic type
allowed an effective use of floor space when they were
mounted in a fuel processor.

3.2 Basic design
In designing a reformer, it is necessary to under-

stand the reforming reaction in the catalyst bed and
the quantity of heat transfer from the burner to the
catalyst bed.  However, it is difficult to measure the
quantity of heat transfer by instrumentation because
the surface temperature of the catalyst bed reaches
extremely high temperatures up to 900°C.  Therefore,
a simulation of the basic construction design was

Fig.5 Schematic diagram of desulfurizer/CO shift converter

Fig.3 External view of the first-step reformer

Fig.4 Schematic diagram of the first-step reformer
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Fig.6 Example of a reformer simulation

performed based on basic experimental data and
theoretical equations.  Then, a prototype reformer was
manufactured to verify its performance in a unit test
and to confirm the validity of the simulation by
comparing measured values with calculated values in
the simulation.  The quantity of steam reforming
reaction in individual parts of the catalyst bed is
calculated in the following way.
<Steam reforming reaction>

CH4 + H2O CO + 3H2
K1  (first-order reaction)

........................ (1)
CO + H2O CO2 + H2

K2  (second-order reaction)
........................ (2)

K1 = ,PCO · PH2
3

PCH4 · PH2O K2 = PCO2 · PH2

PCO · PH2O

K1, K2 : chemical equilibrium constants (tempera-
ture parameter functions)

PCH4
, PH2O, PH2

, PCO2
, PCO : partial pressure of each

element
In the first order reaction, the quantity of individu-

al elements generated is obtained based on the theoret-
ical rate calculated from the equation (1) and the
reaction rate, or performance characteristics of the
reforming catalyst.  In the second order reaction, the
theoretical rate is applied.  Temperatures in individual
parts of the catalyst bed are calculated based on the
total quantity of heat transfer from the reforming tube
and the heat of reaction produced in steam reforming.

Figure 6 shows an example of a reformer simula-
tion.  The horizontal axis represents the distance from
the inlet in the catalyst bed.  The upper graph shows
the change in reformed gas temperature from the inlet
to the outlet of the catalyst bed.  The lower graph
shows that the methane gas (CH4) content in the

reformed gas changes from approximately 90% at the
inlet to less than 2% at the outlet, with the progress of
the reforming reaction as the temperature rises.

3.3 Temperature profile of a reforming tube
In a duplex-cylinder type reformer as described

above, it is important to make circumferential temper-
atures uniform to prevent the catalyst from decompos-
ing into powder and the container from deforming, and
to improve durability of the reformer.  In the newly
developed reformer, circumferential exhaust gas flow
was added to the previous axial exhaust gas flow to
ensure a uniform gas distribution and to reduce
variation in circumferential temperature distribution.

Figure 7 shows temperature distribution of the
first-step reformer.  There is little difference in temper-
atures at both the inlet and outlet of the catalyst bed.

Fig.7 Temperature distribution of the first-step reformer
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Fig.8 Comparison of external dimensions

ø 1070 ø 814

21
34

21
34

First-step reformer Second-step reformer

1,000

800

600

400

200

0
36027018090

Catalyst inlet

 Catalyst outlet

0
Circumferential direction (degree)

T
em

pe
ra

tu
re

 (
°C

) 

Table 2 Comparison of reformers

Item Second-step reformer

Installation area

First-step reformer

100% 58%

Mass 100% 65%

Volume 100% 58%

Quantity of catalyst 100% 59%
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3.4 Operational results
The No. 1 unit first-step reformer was mounted on

the No. 1 unit first- commercial-type fuel processor for
performance evaluation in the factory and underwent
an operation of approximately 10,000 hours, showing
satisfactory records without degradation in perfor-
mance.  Thus far, three units of the first-commercial-
type fuel processors mounted with first-step reformers
have been delivered, and they are performing continu-
ous and trouble-free operation.

3.5 Development of the second-step reformer
In order to reduce the size of a reformer with a

built-in heat exchanger, it is necessary to increase heat
flux towards the catalyst bed.  For this purpose, in the
second-step reformer, temperature distribution in the
reforming tube was optimized, and the flow rate of
reformed gas and exhaust gas was increased to
remarkably increase heat flux.  Table 2 shows a
comparison of the first- and second-step reformers, and
Fig. 8 a comparison of external dimensions.  Both
volume and mass were reduced by approximately 40%.
Testing of the prototype reformer showed satisfactory
records.

Figure 9 shows the test results of the second-step
reformer.  The conversion ratio was as projected over
the whole range of temperatures.

Fig.9 Test results of the second-step reformer
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The second-step reformer is mounted on the fuel
processor for in-house evaluation and is being operated
to perform a life cycle test.

4. Conclusion

This paper has introduced the present develop-
ment status of compact reformers.  Fuji Electric is
determined to develop lower-cost reformers and to
establish a technology necessary for reforming various
raw gases in order to expand the market for fuel cells.

Finally, many thanks must go to the parties
concerned for their cooperation and guidance in devel-
oping the reformer.
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Development of On-Site Phosphoric Acid
Fuel Cell Units

1. Introduction

Fuji Electric is working on the development of
phosphoric acid fuel cell (PAFC) with the aim of
introducing them to the market.  As of the end of
December 2000, a total of 95 units of 50kW, 100kW
and 500kW fuel cells have been manufactured and
delivered.  Of that number, 16 units are still now in
operation.

The total cumulative operating time has exceeded
1.5 million hours.  17 units have exceeded operating
times of 30,000 hours and six units have exceeded
times of 40,000 hours.  The longest continuous operat-
ing time exceeded 10,000 hours.  These successful
operating records have resulted from the improvement
in stability and maintainability utilizing valuable
operational experiences of the first-generation power
units.  It may be safely said that the durability and
reliability of PAFC power units have reached a level
suitable for commercial use.

Since 1992, Fuji Electric has been working on the
development of second-generation power units with the
aim of substantially improving reliability and main-
tainability, and at present, is engaged in the develop-
ment of low cost commercial units which can be
introduced to the market.

This paper introduces the present status of devel-
opment of 100kW PAFC power units for commercial
use to which Fuji Electric is devoting its energies.

2. Development Plan of On-Site Power Units

Further cost reduction is necessary if fuel cells are
to thrive in the market.  As for on-site fuel cell power
units, Fuji Electric is working basically on its own to
reduce total costs over the entire range from design
and manufacturing to maintenance, focusing on the
overall development of 100kW PAFC power units.

2.1 Development of new-type 100kW units
Based on valuable operational experiences of the

first-generation units including 100kW and 50kW
units, Fuji Electric has developed a second-phase
prototype unit aiming at improved reliability and

maintainability as a power unit.  This unit was
installed at Fuji Electric’s Chiba Factory in March
1995, and since then has performed approximately
16,000 hours of operation for evaluation.

Based on the second-phase prototype unit, Fuji
Electric has been developing a commercial prototype
and the first-commercial-type units through system
simplification and unit size reduction.

Figure 1 shows the comparison of external dimen-
sions of various new-type 100kW units and Table 1

Fig.1 Comparison of various 100kW unit models
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lists the delivery and operational records of the second-
generation units.

Fuji Electric delivered the commercial prototype
100kW unit in 1997 and the first of the first-
commercial-type 100kW units in 1998, costing half
that of conventional units.  Since then, the unit has
been operating at high availability, proving its high
reliability.

Fuji Electric reduced the cost of the first-commer-
cial-type units to 600,000 yen/kW while improving
their reliability, and is planning to reduce the cost of
the second-commercial-type units to 2/3 that of the
first-commercial-type units.

2.2 Development of an improved 50kW unit
Fuji Electric has worked on the development of an

improved 50kW unit aimed at enhancing reliability,
based on the system of the second-phase 100kW
prototype.

The accumulative operating time has reached
32,000 hours (as of the end of December 2000) and the
unit is still operating with more than 90% availability,
proving its reliability and durability to be at a level
suitable for practical use.

3. Second-Commercial-Type Units

3.1 Development of the second-commercial-type units
Fuji Electric is now devoting its energies to the

development of second-commercial-type units aiming
at reduced cost, improved durability and enhanced
functions.

Figure 2 shows an exterior view of a second-
commercial-type 100kW unit and Fig. 3 shows a view of
the interior.

The first of the second-commercial-type units was
installed at Fuji Electric’s Chiba Factory in November
1999, and the accumulative operating time has reached

Fig.3 Inside view of second-commercial-type 100kW unitFig.2 Exterior view of second-commercial-type 100kW unit

Table 1 Delivery and operational records of second-generation units 

Item Customer
Beginning of 

operation Raw gas
Cumulative 

operating time Heat utilization

—

Heating of 
cleaning water

Snow melting

Air conditioning,
water heating

Air conditioning,
water heating

Water heating 
desiccator

Water heating 
desiccator

—

Improved 50kW unit 

Improved 50kW unit

Commercial prototype 
100kW unit

Improved 50kW unit

First-commercial-type 
100kW unit

First-commercial-type 
100kW unit

First-commercial-type 
100kW unit

First-commercial-type 
100kW unit

Mikuni Heights via 
The Kansai Electric Power Co., Inc.

Kamishiro substation of 
Chubu Electric Power Co., Inc.

Headquarters Factory, Toyota 
Motor Corp. via Toho Gas Co., Ltd.

TGS Akabane Bldg. via 
Tokyo Gas Co., Ltd. 

Torishima FC Center of 
Osaka Gas Co., Ltd.

Nagoya Sakae Washington Hotel Plaza
 via Toho Gas Co., Ltd.

Fundamental Technology Laboratory
of Tokyo Gas Co., Ltd.

Fundamental Technology Laboratory
of Tokyo Gas Co., Ltd.

Nov. 1996

Nov. 1996

Aug. 1997

July 1998

Nov. 1998

March 1999

June 2000

June 2000

Town gas

LPG

Town gas

Town gas

Town gas

Town gas

Town gas

Town gas

33,600 h

32,800 h

23,600 h

20,700 h

10,300 h

15,500 h

4,400 h

4,200 h

Air conditioning

Air conditioning

First-commercial-type 
100kW unit

First-commercial-type 
100kW unit

COOP Himeji Shirahama Store via 
Osaka Gas Co., Ltd.

Shonan Fujisawa Campus, Keio 
University via Tokyo Gas Co., Ltd.

March 1999

April 2000

Town gas

Town gas

15,800 h

5,400 h

 (as of December 31, 2000)
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7,500 hours (as of the end of December 2000).  Verifica-
tion tests are being conducted with the goal of shipping
product by 2001.

Improved durability will extend the interval be-
tween overhauls, leading to a reduction in running
cost.

In order to expand the use of waste heat, a water-
fired chiller (10-ton refrigerator, 35kW) was installed
at the Chiba Factory and is scheduled to undergo a
combined test with a second-commercial-type 100kW
unit in the future.

As optional enhanced functions to expand the
application of fuel cell power units, Fuji Electric is
scheduled to develop a system to extract steam directly
from a steam separator for the purpose of improving
the quality of waste heat, and a fuel switching system
aimed at improving power supply reliability with a
duplex fuel supply.

With a fuel switching system, in case of an
emergency, the fuel can be switched from town gas, the
fuel for normal operation, to liquefied petroleum gas
(LPG), the back-up fuel.  This system allows for a
continuous power supply.

3.2 Features of second-commercial-type units
3.2.1 Fuel cell

Fuji Electric has developed a new-series of fuel
cells, eliminating the need for phosphoric acid replen-
ishment after a period of 60,000 hours, improving the
corrosion resistance of cooling pipes for higher reliabili-
ty, and determining an optimum cell size for stable

operation, efficiency and low cost power units.
3.2.2 Fuel processor

To achieve higher reliability and lower cost of fuel
processors, Fuji Electric has developed a new series of
fuel processors consisting of compact reformers with
built-in heat exchangers to preheat fuel gas, and
combined desulfurizer/ CO shift converter units with
built-in heat exchangers.  Cubic-type combined des-
ulfurizer/ CO shift converter units were adopted for an
effective use of inside space, compactness and cost
reduction of power units.
3.2.3 Auxiliary devices (balance of plant)

To reduce costs and ensure reliability, selection of
the optimum types of auxiliary devices in a power unit
and reduction of the number of their parts are
performed based on past operational records.  Fuji
Electric has independently developed a heat exchang-
er, a steam separator and a steam ejector to substan-
tially reduce their size and cost and to improve
maintainability, without sacrificing the compactness of
their optimum arrangement.

Figure 4 shows a configuration of a second-commer-
cial-type 100kW unit.

At the front of the unit are installed main devices
such as the fuel cell, reformer and its associated
devices.  Even when the unit is installed indoors, those
devices are arranged such that they may be drawn out
to a front-side service area using a manually operated
lifter.  At the rear are installed devices that require
easy access for regular maintenance.  The ventilation
fan capacity was optimized for lower noise.  In
addition, development is being conducted on an option
to reduce nighttime noise to the targeted 55 dB(A)
through the optimization of ventilated air volume by
controlling fan revolution corresponding to daily or
seasonal change in atmospheric temperatures.

Construction of the frames and panels of the unit
was simplified and their weight reduced.  Together
with system simplification, the weight of the second-
commercial-type unit was reduced by 2,000kg com-
pared with first-commercial-type units.
3.2.4 Inverter

The design of the inverter stack was optimized
using Fuji Electric manufactured IGBT (insulated gate
bipolar transistor).  A water-cooled cooling system has
replaced the air-cooled system to reduce inverter size
and noise.  Heat pipes are used in the cooling system to
shield a portion of the inverter panel and to improve
its environmental resistance.
3.2.5 Control system (for plant control)

A Fuji Electric manufactured programmable con-
troller is used for unit control to simplify the construc-
tion and to reduce costs.  As in the case of the inverter
panel, heat pipes are used in the cooling system of the
control panel to shield a portion of the panel and to
improve its environmental resistance.

In addition, remote data monitoring using public
telephone lines is available for preventive and routine

Fig.4 Configuration of second-commercial-type 100kW unit
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maintenance.

3.3 Improved durability of second-commercial-type units
In order to improve durability of power units, the

targeted replacement interval for main devices is an
extension of the interval from the current 40,000 hours
to 60,000 hours.  Based on analysis of the useful life of
auxiliary devices and consumable parts of second-
generation units, Fuji Electric has the goal of extend-
ing the replacement interval of auxiliary devices such
as pumps, blowers and valves from two to three years.
In the second-commercial-type units, extension of the
replacement interval allows a substantial reduction in
maintenance costs.

4. Heat Utilization Technology

Concurrent with device development, a heat utili-
zation system is under development to utilize waste
heat yielded during power generation.  Effective use of

waste heat from fuel cells includes a water-fired
chiller, a waste-heat-driven direct-fired absorption
chiller and a refrigerator, leading to total cost reduc-
tion of the power units.

4.1 Hot water utilization system
A cogeneration power plant was installed at the

Chiba Factory to directly feed 85°C to 95°C hot water
to a water-fired chiller for air conditioning and the
plant is undergoing performance evaluations for sys-
tem simplification and energy-saving operation.  Figure
5 shows a hot water utilization system flow.

In summer and winter times, the testing field is
air-conditioned by operating a water-fired chiller that
utilizes hot wastewater from the power unit

4.2 Waste heat treatment equipment
During periods of light heating load such as in

spring, autumn and at night, it is necessary to cool
excess waste heat from the fuel cells.  For this purpose,
water-cooled coolers such as cooling towers were used
in the first-generation power units.

In the second-commercial-type power units, en-
closed air-fin coolers are scheduled to be used as
maintenance-free coolers.  An enclosed air-fin cooler is
currently installed at the Chiba Factory and is under-
going performance evaluations.

Figure 6 shows a waste heat treatment equipment.
The air-fin cooler is slated for performance exami-

nation and its size and costs will be reduced.
The cooling water pump and valves can be housed

under the air-fin cooler, leading to reduced on-site
installation time and lower construction costs.

4.3 Steam utilization system
With the second-commercial-type units, excess

Fig.5 Hot water utilization system flow

Fig.6 Waste heat treatment equipment
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waste heat from a fuel cell can be recovered by directly
extracting 160°C steam from the steam separator in a
power unit and feeding it to a steam header.

When steam is extracted, the electrical conductivi-
ty of external return water is likely to increase, and
hence some countermeasures are necessary to prevent
degradation of the water quality.  An electric deionizer
has been installed beside the power unit in the factory
and is undergoing performance evaluations.

5. Conclusion

On-site phosphoric acid fuel cell units seemed to
have reached a commercial level in terms of perfor-
mance and reliability, but further cost reduction is
essential for their full-scale proliferation.

On the other hand, phosphoric acid fuel cells have

the advantage of utilizing biogas from garbage and by-
product hydrogen from factories, leading to a reduction
in carbon dioxide and recycling of wastes.  With
increased consciousness about the environment and
enforcement of laws promoting the exploitation of
alternative energy including fuel cells, desire for the
introduction of fuel cells is rising.

Fuji Electric is determined to do its utmost in
creating the market for and in commercializing on-site
fuel cell power units through improving reliability,
reducing costs of fuel cells and expanding their new
applications in the future.

Finally, special thanks must be given to the
authorities concerned and users for their cooperation
and guidance.  Their continued support would very
much be appreciated.
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Fuel Switching Technology for
Fuel Cell Power Plants

1. Introduction

One of the features of phosphoric acid fuel cells is
their adaptability to various types of fuel.  Possible
applications of this feature are dual fuel supply power
generation systems for continuous power generation
using liquefied petroleum gas (LPG) as back-up fuel
when the town gas supply is interrupted.  Another
possible application is stabilized operating systems for
biogas generation using biogas generated from garbage
as fuel for continuous power generation whereby the
fuel is switched to town gas in case of lack of biogas.

To realize these systems it is important to estab-
lish “fuel switching technology”, which switches differ-
ent types of fuel without affecting the operation of the
unit and the devices in the unit.

This paper describes the dynamic model behavior
analysis of components of fuel cell power generation
units during fuel switching and demonstrates a fuel
switching system between town gas and LPG based on
the above analysis results.

2. Fuel Switching System

2.1 System construction
The construction of a fuel switching system be-

tween town gas and LPG is shown in Fig. 1.  The fuel
cell power generation unit has the same construction
as conventional units, except that a LPG supply line

(from the LPG cylinder to LPG flow rate control valve)
and an under-pressure detector for town gas supply
pressure are added.

Devices comprising the system are flow rate con-
trol valves for raw fuel and reforming steam, a
desulfurizer, an ejector, a reformer, a CO shift convert-
er and a fuel cell stack.

Values set for the raw fuel gas flow rate and
reforming steam flow rate are calculated from the fuel
cell current and are controlled by a programmable logic
controller (PLC).

In the gas reforming line, the raw fuel gas (town
gas or LPG) is desulfurized, mixed with steam, re-
formed to hydrogen-rich gas in the reformer and CO
shift converter, and supplied to the fuel cell stack.  The
off-gas, for which approximately 80% of the hydrogen
has been consumed in the fuel cell stack, is combusted
at the reformer burner as the heat source for the
reforming reaction.

The operation of switching from town gas to LPG is
designed to be performed in response to a detected
drop in the town gas source pressure, whereby the
town gas shut-off valve is closed and the LPG shut-off
valve is opened.  Switching back to town gas is to be
performed using a switch button installed in the power
generation unit.

2.2 The essential points during fuel switching
The following points are essential for control

Fig.1 Construction of a town gas – LPG fuel switching system
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during fuel switching.
(1) To obtain good reformed gas composition, the

steam/carbon ratio (ratio of number of moles of
reforming steam to number of moles of carbon in
fuel, hereafter described as S/C) at the reformer
inlet is to be maintained at approximately 3.0 or
greater.

(2) To maintain stability of the fuel cell stack, the
hydrogen quantity at the reformer outlet is to be
kept constant, so that the hydrogen utilization
factor (ratio of hydrogen quantity consumed by the
fuel cell to the quantity supplied to it) will not
exceed approximately 80%.

For town gas, LPG and biogas, the ratio of steam
flow rate necessary for maintaining S/C = 3.0 and the
ratio of gas quantity necessary for generating 1 mole of
hydrogen are shown in Fig. 2.

Fuel switching must be performed by switching the
fuel flow rate and reformer steam flow rate required by
the prior fuel type to those for the new fuel type, while
continuing stable power generation and satisfying the
above conditions (1) and (2).

Only testing actual units, it is not possible to study
these conditions in detail because of many instrumen-
tal limitations including the delay of gas analysis.
Moreover, there is concern of overloading the cell
stacks in some testing conditions.  Therefore, it is
important to construct fuel switching models and to
examine simulations using them.

3. Simulation Models

3.1 Assumptions for analysis
The following assumptions are made for modeling

the fuel switching system.
(1) The ejector is a device, which sucks low pressure

gas around its nozzle by ejecting high pressure gas
through it.  In fuel cell power generation units,
reforming steam is used as the driving gas to suck
in raw fuel gas.  As the ejector has no movable
parts and its response is much higher than the
other devices, its dynamic characteristics are Fig.3 Part of the simulation model

Fig.2 Comparison of reforming steam quantity and raw fuel
gas quantity required for generating the same quantity
of hydrogen (with town gas set to 1.0)

ignored.
(2) The gas system is constructed by many devices

and the piping connecting them.  In constructing a
model, the devices and piping of the system are
regarded as separated objects.

(3) Temperature in the reformer during reaction is
assumed to be constant, as the temperature
change response time is longer than the switching
time.

(4) The steam separator pressure and the tempera-
ture of devices within the reformed gas system
(from desulfurizer inlet to exhaust gas outlet) are
also treated as constant.

(5) The gas in containers is assumed to be ideal gas.

3.2 Dynamic characteristics simulation method
The simulation was performed by modeling the

component devices of a fuel cell power generation unit
with the integrated fuel switching system as a block
having an independent input and output.  The model of
the control system that uses PLC is also constructed as
a block having the same logic as the actual system.

The dynamic simulation of gas composition, pres-
sure, valve behavior etc. at various points was made
possible by modeling each process, in which the devices
modeled as above are connected in the form of a block
diagram.

Figure 3 shows a part of the simulation model.  The
software used for construction and analysis of these
models is the widely used analysis program, MATLAB/
SIMULINK*.

4. Simulation Results

4.1 Effect of ejector suction force
In the case of switching the fuel from town gas to

LPG, it is sometimes necessary to increase the reform

* MATLAB/SIMULINK : A registerd trademark of The Math
Works. Inc., USA.
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Fig.5 Illustration of hydrogen generation quantity change by
simple switching

steam flow rate in order to keep S/C larger than 3.0.
However, a drastic increase of the steam flow rate
causes overshoot of the raw fuel gas flow rate,
resulting in a problematic S/C drop.

This is because of the following phenomenon.  A
sudden increase of the steam flow rate causes a drastic
pressure drop at the suction port of the ejector,
increasing the differential pressure between the des-
ulfurizer inside to be sucked and the ejector suction
port.  Thus, raw fuel gas in the desulfurizer flows back
to the ejector until both pressures reach a balance.

Conversely, when the steam flow rate is drastically
reduced, the raw fuel gas flow rate undershoots.

From this viewpoint, we simulated and clarified
the relation between the speed of increase of the
reforming steam flow rate and the raw fuel gas flow
rate.

Figure 4 shows the simulation result of the transi-
tion of raw fuel gas flow rate in cases where the steam
flow rate is increased by 15% at various speeds (where
the raw fuel gas flow rate is set to 1.0 before increasing
the steam flow rate).

Phenomenon such as the remarkable excess of raw
fuel gas flow to be sucked out, can be prevented by
moderating the speed of increase of the steam flow
rate.  Moreover, by grasping the relation between both
flow rates, the speed of increase of the steam flow rate
during fuel switching can be optimized.

4.2 Effect of delay of gas replacement by desulfurizer
Because a desulfurizer containing a certain gas

volume is installed in front of the reformer, the change
in gas composition reaches the reformer inlet with
some delay.  Simply switching to the necessary flow
rate of each fuel gas for normal power generation
(described hereafter as “normal flow rate”; when town
gas is 1.0, LPG is approximately 0.5) will largely affect
the hydrogen utilization factor of the fuel cell.

Figure 5 shows the hydrogen generation quantity
in the case of simple fuel switching from town gas to
LPG.  As shown in the figure, applying the normal flow

rate for LPG directly after fuel switching causes a
remarkable decrease in hydrogen generation quantity.
This is because the gas remaining in the desulfurizer
consists mainly of town gas and is supplied to the
reformer with the normal flow rate for LPG.

To improve this phenomenon, it is necessary to
control the LPG flow rate change from the beginning of
fuel switching until completion, so as to avoid any lack
or excess quantity of hydrogen generated in the
reformer.  However, control by measurement and
feedback of the hydrogen generation in the reformer is
not realistic because of the delay of gas analysis.

It is therefore necessary in advance to input the
appropriate change pattern for LPG flow rate into the
PLC, based on simulated results of the gas composition
change in the desulfurizer during fuel switching.

By performing simulations for several flow pat-
terns executable by the PLC for selecting the optimal
one to meet conditions (1) and (2) of previous section
2.2, we obtained the flow rate change pattern based on
the following principles (when switching from fuel A to
fuel B).
(1) The initial flow rate of fuel B immediately after

switching shall be the same as that of fuel A
before switching.

(2) After (1), the flow shall be brought to the normal
flow rate of fuel B with a flow rate change having
an appropriate delay in consideration of the
condition of the power generation unit.  The
condition of the power generation unit as stated
here means the raw fuel gas flow rate correspond-
ing to the volume capacity of the desulfurizer and
to the power generation output.

Figure 6 shows the simulated result for switching
from town gas to LPG.

Each flow rate ratio (with the methane flow rate
set to 1.0 before switching) of methane (CH4: represen-
tative ingredient of town gas) and propane (C3H8:
representative ingredient of LPG) at the reformer inlet
and the change in the hydrogen utilization factor are
compared for simple switching (dotted line) and

Fig.4 Change of raw fuel gas flow rate by increasing steam
flow rate (resulting from increasing the steam by 15 % at
various increasing speeds)

1.4

1.3

1.2

1.1

1.0

50403020100
Time (s)

R
aw

 f
u

el
 g

as
 f

lo
w

 r
at

e 
ra

ti
o 

(–
) Step change

1.0%/s
3.0%/s
0.5%/s

Fuel 
switching

Before 
switching Town gas Town gas Hydrogen

Raw fuel
Step

Reformer inlet

Hydrogen 
generation 

quantity

Town gas

Space in desulfurizer

Directly after 
switching LPG

LPG

LPG

Town gas

During 
switching

Town gas
+LPG

Completion 
of switching

2

1

3

4

5 LPG



Vol. 47 No. 1  FUJI ELECTRIC REVIEW28

Fig.7 Demonstrative test result using actual unit

switching utilizing an appropriate switching pattern
(solid line).

The hydrogen utilization factor reaches 90% during
simple switching, and it stabilizes at around 80%
during switching that utilizes the appropriate switch-
ing pattern.  This is because the gas flow rate at the
reformer inlet is maintained at a sufficient level during
switching that utilizes appropriate patterns.

In Fig. 6, the propane ingredient appears before
fuel switching.  This is because the town gas used for
simulation contained propane as an ingredient.

5. Demonstration Test Using an Actual Unit

Based on the simulated results, switching tests
“from town gas to LPG” and “from LPG to town gas”
were performed using actual 100kW units with an

added fuel switching system.
The fuel was successfully switched in both cases

maintaining a constant output without affecting opera-
tion conditions of the fuel cell power generation unit.

Figure 7 shows the switching test result from town
gas to LPG using an actual unit.  The switching was
successfully performed maintaining a constant power
output without inducing any fluctuation in the fuel cell
voltage and current.

6. Conclusion
Fuel switching is an important technology for

extending the range of applications of fuel cell power
generation units.  We will continue to advance simula-
tions, study more stable switching methods and also
extend fuel types applicable for switching, including
digestion gas.
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Development of Polymer Electrolyte Fuel Cells

1. Introduction

Polymer electrolyte fuel cells (PEFC) are fuel cells
that use ion exchange membrane as their electrolyte.

The history of PEFC development goes back to
their development by General Electric Company and
installation on the space ship “Gemini”.  PEFCs had
been developed for such special purpose applications as
space use and military use, including the development
of PEFCs for submarine use by Siemens AG.  Later,
due to the drastic reduction of platinum loading, which
had been disadvantages of PEFCs, for electrode cata-
lyst layers and the remarkable improvement in power
density development has been continued vigorously for
such practical applications as automobile engines and
as stationary power generators for home-use.  The
competition in development for automobile use is very
fierce and major domestic and foreign auto manufac-
turers have announced that they will develop autos
using fuel cells as their power sources and put them on
the market by approximately 2004.

Fuji Electric started the development of PEFCs in
1989 and has been developing them targeting small-
sized stationary power generators.  This paper will
describe the construction and features of PEFCs and
their state of development at Fuji Electric.

2. Construction and Features of PEFC

2.1 Construction of PEFC
The construction of a PEFC is shown in Fig. 1.  Air

and fuel gas, which has hydrogen as its main ingredi-
ent, are supplied to the PEFC.  Electricity is generated
by electrochemical reaction of oxygen in the air with
hydrogen in the fuel gas.

Ion exchange membranes used as the electrolyte
are typically perfluorosulfonate polymer membranes,
several tens to one hundred micrometers thick, and
having high proton conductivity.

Each ion exchange membrane is held between an
air electrode and a fuel electrode, forming a membrane
electrode assembly (MEA) as shown in Fig. 2.  Each air
electrode and fuel electrode consists of a catalyst layer,
in which electrochemical reaction occurs, and a diffu-

sion layer, which acts as a current collector.  The
catalyst layer is prepared from catalysts consisting of
platinum or its alloy supported by carbon black
particles, persulfonate ionomer solution, and fluo-
ropolymer as their binder.  Optimization of the MEA is
important for achieving high power output.

The MEA is held between separators having
reactant gas grooves and forms a single cell that is the
fundamental unit of the fuel cell stack.  The separator,
for which high gas-tightness and electrical conductivity
are required, is made of carbon or plate metal.  In
many cases, cooling water is conducted through a part
(air electrode side in case of Fig. 1) of the backside
(other side of reaction gas grooves) of the separator for
the purpose of controlling the cell temperature to be
constant by removing heat generated by the electro-
chemical reaction.

An important concern of the development is to

Fig.2 Construction of membrane electrode assembly (MEA)
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control water in the cell to keep the ion exchange
membrane humid, while on the other hand, not to
disturb the gas flow.  In many cases, humidified
reactant gas is supplied to prevent dry up of the ion
exchange membrane.  The designed output power is
acquired by a fuel cell stack formed by compiling many
single cells.

2.2 Features of PEFC
PEFCs have such advantages as silent, clean and

highly efficient operation, even for small capacities.  A
comparison of features of PEFC fuel cell stacks with
phosphoric acid fuel cells (PAFCs), currently the most
developed of all fuel cells, is shown in Table 1, and the
main points are summarized below.
(Advantages)
  ™The operating temperature is as low as 80°C.

 / Generation can start from room temperature
 / Low electrode degradation
 / Polymer parts can be widely used

  ™ Ion exchanger membranes are used.
 / High power, high efficiency and high power

density
 / High tolerable differential pressure and easy

control

(Disadvantages)
  ™The operating temperature is as low as 80°C

 / Highly liable to catalyst poisoning by carbon
monoxide

 / Generated water sometimes disturbs gas flow
  ™ Ion exchanger membranes are used.

 / Humid conditions must be maintained
Regarding the features described above, there are

also disadvantages such as the limited usage of
exhaust heat due to the low exhaust temperature
resulting from low operating temperature, and the
decrease in efficiency when the fuel gas is supplied
from the reformer due to heat consumption to produce
steam for reforming reaction.

3. History of Development of PEFC by Fuji
Electric

Figure 3 shows the history of PEFC development by
Fuji Electric.

The development was started in 1989.  At first,
development focussed on large capacity units including
units for electric utilities, and the largest 5kW stack
with an electrode area of 600cm2 and 1kW stack with
an electrode area of 2,000cm2 were developed.  Opera-
tion tests were performed for all units using pure
hydrogen as the fuel gas, and good results were
obtained.

Later, efforts were made for fundamental studies,
including the downsizing of cells and improving reli-
ability for long-term continuous operation.

Hereafter, while keeping the home-use PEFC for
co-generation of electricity and hot water in mind, Fuji
Electric will develop PEFC systems using natural gas
and LPG as fuel and evaluate them as systems.

4. Development State

4.1 Development of non-humidifying operation PEFC
As already mentioned, the control of water in fuel

cells is the most important technological problem in
developing PEFCs.  In many cases, cell stacks are

Fig.3 History of PEFC development by Fuji Electric

Table 1 Comparison of PAFC and PEFC

Classification
Item

Electrolyte

Phosphoric acid 
fuel cell (PAFC)

Phosphoric 
acid (liquid)

Polymer electrolyte
fuel cell (PEFC)

Ion exchange 
membrane (solid)

Operating 
temperature Approx. 190°C Approx. 80°C

Generation starting 
temp. Approx. 130°C Room temperature

Power density
 (H2-Air) 0.15 to 0.2 W/cm2 0.2 to 0.5 W/cm2

Tolerable 
differential pressure Approx. 3 kPa Higher than 50 kPa

Heat retention at 
shutdown Necessary Unnecessary

Allowable CO 
concentration Lower than 1 % Lower than 0.01 %

Single cellFuel cell stack 
components

Hydrogen-air stack with
600cm2×6 cells

Hydrogen-oxygen unit with
250cm2×50 cells

Hydrogen-air stack with
2,000cm2×2 cells

Hydrogen-air stack with
600cm2×30 cells

Hydrogen-air 
stack with

100cm2×45 cells

Reformed gas-
air unit

Reforming system devices 
(including developments 

for PAFC)

1989Year 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999   2000

1kW

Highly reliable cell 1kW

4kW

1kW

Several kW

CO removal technology

Town gas-, propane- and methanol-reforming

5kW



Development of Polymer Electrolyte Fuel Cells 31

Fig.6 Performance of the 100cm2 × 10-cell stack (hydrogen –
air)

supplied with humidified reactant gas to prevent the
dry up of ion exchange membranes.  However, this
requires humidifiers and makes the unit larger and
more complicated, resulting in the higher costs.  More-
over, increased water quantity in fuel cells sometimes
causes flooding in gas grooves, resulting in degradation
of the cell performance.  For these reasons, we
developed non-humidifying PEFCs, which require no
component for humidifying the reaction gas, and
instead, replenish water vaporized from ion exchange
membranes with the water generated by the cell
reaction.

As the result of optimized cell construction includ-
ing gas grooves, stable operation by direct supply of
hydrogen and air without humidification has become
possible and furthermore, the output characteristics
that have been realized are no worse than those
obtained by supplying humidified hydrogen and air.
Figure 4 shows the result of a life test using a single
cell with electrode area of 50cm2.  The stability of cell
characteristics has been verified through 4,000 hours
of operation.

4.2 Development of hydrogen-air PEFC stacks
Ten-cell stacks having a 100cm2 electrode area

(Fig. 5) were manufactured and tested on the basis of
previously described single cell test results.  The

output performance when hydrogen and air without
humidification were supplied as reaction gases is
shown in Fig. 6.  An output of 260W was achieved for a
load current of 40A.  Moreover, the average cell voltage
was equal to the test result of a single cell with
electrode area of 50cm2, and it was confirmed that the
cells had been manufactured with good reproducibility
and uniform gas distribution among cells.  Fuji Electric
is now manufacturing a 1kW class stack, which is
operated using hydrogen and air as the reaction gases
without humidification.  Its main specifications are
listed in Table 2.

The application of natural gas and LPG as fuel is
required for home-use and other PEFC power genera-
tion systems, in which the fuel gas supplied to the
stack is the reformed gas treated in the reformer.  We
are now developing element technologies for PEFC for
processing the reformed gas.

4.3 Development of power generation systems
Considering the development of home-use PEFC

power generation systems, Fuji Electric is now devel-
oping systems, developing fuel processors, developing a
CO remover for reducing CO concentration in the
reformed gas to the 10 ppm level, etc., on the basis of
Fuji’s technology cultivated through the development
of PAFC.

5. Future Development

Based on the experiences of operating a hydrogen-
air 1kW class stack, Fuji Electric will develop, in fiscal
2000, PEFC systems that generate an AC output of

Fig.4 Long life test result for the 50cm2 single cell (hydrogen –
air)

Fig.5 100cm2 × 10-cell stack
Table 2 Specifications of the hydrogen – air 1kW stack
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approximately 1kW using natural gas fuel, including
control units and inverters.  Fuji Electric will perform
evaluation tests of PEFCs as power generation sys-
tems, extract problems, improve designs, thoroughly
study cost reduction prospects, and examine the range
of applications.

The important problems to be solved for practical
application of PEFC power generation systems are
improving the reliability as power generation systems,
simplifying the maintenance and reducing the cost.
The important objects for cost reduction are the
material costs including separator plates, ion exchange
membranes and catalysts.

6. Conclusion

We have completed the evaluation of fundamental
characteristics of the hydrogen-air non-humidifying
PEFC.  In the future, we will concentrate our efforts on
the development and evaluation of PEFCs as power
generation systems.  Although there are many prob-
lems to be solved for practical application, we will
accelerate development, giving top priority to securing
reliability.  We rely upon the support and collaboration
of all parties concerned.
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