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1 kW Direct Methanol Fuel Cell System

Hiroaki Takaguchi,1 and Masakazu Ohashi1

Direct methanol fuel cell (DMFC) is a clean power source which does not produce toxic 
substances and has low noise in operation. Fujikura Ltd. has been developing DMFC systems 
for various purposes such as cogeneration system in airplane, emergency power supply, and so 
on. The peak power of 1 kW and the fuel utilization up to 80 % had been achieved. In this paper, 
general technology of the Fujikura DMFC system is introduced and the future market of DMFC 
is discussed.

1. Introduction
Mass consumption of petroleum, coal, and natural 

gas accelerates the exhaustion, and the generated CO2 
is considered to be one of the main issues which in-
creases global warming 1). Therefore, practical realiza-
tion and actively pursuing the development of renew-
able and less CO2 emission energy sources are 
necessary such as wind/solar power, or fuel cell in 
order to achieve a sustainable society.

In March 11, 2011, some power plants were de-
structed by Great East Japan earthquake, and major 
power outages were also caused. In particular, approx-
imately 4.5 million households in the area under the 
jurisdiction of Tohoku Electric Power Co., Inc. were 
left without electricity, and it took 72 hours to recover 
up to 80 % of them 2). In areas around Tokyo, even traf-
fic lights were turned off due to scheduled outages to 
compensate the power shortage by shutdown of nucle-
ar power plants in all over Japan. Reflecting these fac-
tors, importance of preparing for power outages was 
rediscovered, and the pace of research and develop-
ment of emergency power sources has been increased. 

Direct methanol fuel cells (DMFCs) generate elec-
tric power by direct oxidation reaction of methanol 
which has superior characteristics to hydrogen in that 
energy density, portability, and facility of storage. DM-
FCs can be regarded as power generators because 
electric power can be generated continuously as long 
as supplying methanol and oxygen, in contrast to bat-
teries which need to be charged. Although CO2 is gen-
erated in the operation of DMFCs, the amount of emis-
sion can be decreased by using bio-methanol that is 
made from waste wood or used paper. Furthermore, 
DMFC systems can be made smaller than hydrogen 
fuel cell systems because high pressure tanks for hy-
drogen storage are not necessary. 

Recent years, DMFCs are expected to be used as 
compact emergency power sources, thus we have 
been developing DMFC systems satisfying the de-

mands. The target power output is 1 kW which is clas-
sified as high power for DMFCs and there are many 
problems to be solved for mass-production.

In this paper, general technology of the Fujikura 
DMFC system is introduced and the future market of 
DMFCs is discussed.

2. Principle of DMFC
Figure 1 shows the chemical reaction in DMFCs. 

Methanol-water solution is supplied to the anode side 
by a fuel pump. Then, CO2, electrons, and protons are 
generated by the oxidation reaction of the methanol 
on the Pt-Ru catalyst layers. The electrical energy is 
supplied to the external devices, and the protons per-
meate to the cathode side via the proton exchange 
membrane. In the cathode side, oxygen is supplied, 
then, CO2 and water are generated. Practically, air is 
usually used instead of pure oxygen for convenience. 
The structure that is assembled of a proton exchange 
membrane, catalyst layers, and gas diffusion layers is 
called MEA. Single cell of DMFC is the smallest unit 
which has one MEA and two bipolar plates at the both 
ends. The bipolar plates have channels for air and fuel 
supply at the both sides, and made by high electric 
conductivity materials because they also function as 
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Fig. 1. Principle of DMFC.
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current collectors. High electric power can be pro-
duced by stacking of single cells. Improving the effi-
ciency of MEAs, and controlling and reusing of heat 
generated by the chemical reaction are key issues to 
achieve high efficiency in the entire system.

3. Improvement of MEA
Quantitative analysis and evaluation methods for 

catalysts and MEAs are roughly classified into 2 types: 
electrochemical methods and physical methods. and 
both of them are significantly important for improving 
the performance, the efficiency, and the durability of 
DMFCs. Table 1 shows the list of analysis and evalua-
tion methods used in our laboratory.

The electrochemical methods are used for direct 
observation of the performance and the chemical acti-
vation of catalysts. In our laboratory, I-V and I-P curves 
of MEAs measured in a JARI standard cell is regarded 
as one of the standards of performance, and the maxi-
mum power density exceeding 200 mW/cm2 had been 
achieved (Fig.2). 

In general, the power density of DMFCs decreases 
with the operating time for some reasons. For exam-

ple, reducing the reaction area of catalysts which is 
caused by increasing of the particle size, delamination 
of catalyst layers, and corrosion of catalyst are regard-
ed as possible causes. We apply the physical methods 
for solving of the degradation problem and for lifetime 
extension because the physical methods enable direct 
observation of the diameter and the crystal structure 
of catalysts. 

4. DMFC stack
Figure 3 shows the structure of a 1 kW DMFC stack. 

A lot of single cells are stacked, and there are current 
collectors and endplates at the both ends. After the as-
sembling, pressure is applied vertically onto the stack 
by a press machine, then, clamped by screws.

Improving the air flow distribution in each cell is sig-
nificantly important to achieve 1 kW power output. 
Figure 4 shows the schematic cross sections of the 
DMFC stack, and the arrows indicate the air flow di-
rection. The cell no. is assigned as 1, 2, 3, ... from the 
inlet of the air. Here, two fundamental types of air flow 
patterns (U and Z-configuration) are assumed. In the 
U-configuration, the inlet and the outlet of the air are 
on the same side of the DMFC stack. In contrast, the 
outlet of the air is on the opposite side in the Z-config-
uration.

Figure 5 shows the simulation result of the air flow 
distribution in each configuration 3). It is revealed that 
the flow distribution in Z-configuration is better than 
in U-configuration. Therefore, Z-configuration has 
been adopted for the new design of 1 kW DMFC 
stacks.

Panel 1. Abbreviations, Acronyms, and Terms.

MEA–Membrane and electrode assembly.
Bipolarplate–Also called as separators.

JARI–Japan Automobile Research Institute.
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Fig. 2. Performance in JARI's standard single cell.

Method Target/Purpose

Cyclic voltammetry ECSA

RDE Catalyst activation

O2 gain Gas permeability

I-V, I-P Electrical performance

EIS Impedance

Methanol stripping  
voltammetry

Catalyst activation

SEM
Direct observation, 
Micropore distribution

TEM
Direct observation,
Micropore distribution

XRD
Particle size,
Crystal structure

ICP-OES Fuel contamination

EPMA Elemental analysis

EDX Elemental analysis

XPS Chemical state

XRF Elemental analysis

Electron diffraction Crystal structure

Mercury intrusion technique Micropore distribution

DSC Glass-transition

Table 1. Analysis methods and the applications for
catalyst and MEA of DMFC.
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5. DMFC system
Figure 6 shows the system diagram of the devel-

oped DMFC system. When the system is started, the 
methanol-water solution in the fuel tank is supplied to 
the anode side of the stack by the fuel pump, and air is 
supplied to the cathode side of the stack by the air 
blower. The fuel concentration is controlled to be con-
stant at approximately 3 wt% by the liquid-pump-1 and 
the liquid-pump-2. The generated CO2, H2O, and the 
unreacted methanol in the anode side is back to the 
fuel tank which functions as a gas-liquid separator. 
Hence, only the CO2 is exhausted to the outside of the 
system, and the H2O and the unreacted methanol is 
trapped in the tank. This mechanism achieves to im-
prove the fuel efficiency and decrease of the possibility 
of the fuel leakage. After starting up of the system, the 
temperature of the DMFC stack and the fuel increase 
gradually. In the cathode side, water vapor are gener-
ated, and condensed by the heat exchanger. The con-
densed water is recovered in the water tank. Owing of 
this water recovery mechanism, continuous operation 
can be possible without supplying additional water 
from the outside.

Figure 7 shows the visual appearance of the devel-
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Fig. 7. Appearance of 1 kW DMFC system.
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oped DMFC system. The dimensions that excepting 
the external methanol tank are the world's smallest 
level: 60¥44¥33 cm (W¥D¥H) compared to the com-
peting products. In the case of using the water-cooling 
heat exchanger, the temperature of the cooling water 
rises to 50 ˚C which can be used for hand-wash water, 
bathwater in emergency, or the other secondary pur-
poses.

The fuel utilization h (%) can be defined as below.
 

h  ∫ ¥
IV + CQ (Tout  - Tin)

mH
100

 I : DMFC stack current (A)
 V : DMFC stack voltage (V)
 C : Cooling water heat capacity (J/g·K)
 Q : Cooling water flow rate (g/sec.)
 Tin :  Cooling water temp. of the inlet of  the 

heat exchanger (˚C)
 Tout :  Cooling water temp. of the outlet of the 

heat exchanger (˚C)
 m : Methanol consumption rate (g/sec.)
 H : Higher heating value of methanol (J/g)
Figure 8 shows the measurement value of h with the 

power ratio of the DMFC system. The maximum fuel 
utilization reaches to 80 % when the power ratio is 1.0. 
Here, the power ratio is defined as follows :

(DMFC output power)/(DMFC rated power)

6. Market of DMFC
Demands of auxiliary power sources for airplanes or 

long-rout buses are increasing recently. The auxiliary 
power for airplanes are used in the galley and for vari-
ous customer services such as food services and in-
flight entertainment. For now, the auxiliary power is 
generated by an auxiliary power unit (APU) which 
uses jet fuel, and provided to lots of devices via long 
power cables. If DMFC systems are properly arranged 
in the airframe, both of the total extension of the pow-
er cables and the amount of jet fuel can be reduced 
due to higher fuel utilization of DMFC systems com-
pared to currently used APUs. In addition, DMFCs 
can add value to special-purpose vehicles including 
ambulances and forklifts, for example, low noise/vi-
bration performance or less toxic emission feature. 

Market of emergency power sources increased af-
ter Great East Japan Earthquake. Diesel generators 
can be competitors of DMFCs because of the inexpen-
sive cost and the large power output. However, some 
problems are induced when using diesel generators 
for emergency use in the affected areas because the 
sound noise or the odor from the generators increase 
metal stress of the victims. Deployment of battery sys-

tems can also be thought as an effective method for 
preparing for a power outage continuing 24 hours. 
However, after the earthquake, 72 hours has been 
thought to be the new standard, which means that the 
more power capacity is required for power sources. 
For fulfilling the demand, increasing the battery ca-
pacity is one of the solutions. However, it leads to in-
crease the installation area and volume. On the other 
hand, increasing the power storage of the DMFC sys-
tem can be realized by increasing of the fuel tank ca-
pacity without increasing of the entire system volume 
so much. Therefore, it can be said that the more power 
storage is required, the more demand for DMFCs will 
be increased as compared with diesel generators.

For many years, DMFCs have been developed for 
compact portable power supplies owing to the safe-
ness and the high energy density of methanol. Our 1 
kW DMFC systems can be assumed to be used not 
only for industrial use but also household use. Further 
improvements of downsizing, impact resistance, and 
durability are needed in order to capture the expand-
ing market of fuel cells. 

7. Conclusion
The developed 1 kW DMFC system achieved the 

max. energy conversion efficiency of fuel is up to 80 % 
at the peak power. 
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Fig. 8. Fuel utilization of 1 kW DMFC system.


