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(57) ABSTRACT

A fuel cell system includes: a fuel cell; a power storage unit
for storing power generated by the fuel cell; a tank for storing
a fuel to be supplied to the fuel cell; a remaining fuel sensor
for detecting the amount of fuel remaining in the tank; an
SOC detector for detecting the state of charge of the power
storage unit; and a control unit for controlling the operation of
the fuel cell. (i) When the remaining amount of fuel is larger
than a predetermined value A, the control unit is configured to
perform: (a) an operation for stopping the power generation
of the fuel cell or an operation for decreasing the amount of
power generated if the state of charge is equal to or more than
apredetermined value X; and (b) an operation for starting the
power generation of the fuel cell or an operation for increas-
ing the amount of power generated if the state of charge is
equal to or less than a predetermined value Y where Y<X. (ii)
When the remaining amount of fuel is equal to or less than the
predetermined value A, the control unit is configured to per-
form (c¢) an operation for stopping the power generation of the
fuel cell or an operation for decreasing the amount of power
generated such that the state of charge is less than the prede-
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FUEL CELL SYSTEM AND ELECTRONIC
APPARATUS

TECHNICAL FIELD

[0001] This invention relates to a fuel cell system and an
electronic apparatus including the fuel cell system as the
power source.

BACKGROUND ART

[0002] Recently, electronic devices have been rapidly
becoming portable and cordless. Such portable electronic
devices usually include secondary batteries as the driving
power source. There is thus a demand for development of
small and light-weight secondary batteries with high energy
density.

[0003] However, when secondary batteries are used as the
driving power source for portable and other devices, they
need to be charged. While they are being charged, the devices
powered thereby cannot be carried and used. As such, fuel
cells, which can be continuously used as the power source for
a long time if only they are supplied with fuel, are receiving
attention.

[0004] A fuel cell is usually composed of a stack of unit
cells (a cell stack). A unit cell includes a membrane electrode
assembly (MEA) comprising an anode, a cathode, and an
electrolyte membrane interposed therebetween. The cell
stack is composed of a plurality of MEAs which are stacked
with conductive separators therebetween. An end plate is
attached to each end of the cell stack in the stacking direction.
A fuel is supplied to the anode of each unit cell, while an
oxidant is supplied to the cathode.

[0005] Among fuel cells, direct methanol fuel cells (DM-
FCs), which use liquid methanol as the fuel at room tempera-
ture, are being developed actively as the power source for
small devices. In DMFCs, the fuel methanol supplied from a
fuel tank is diluted with water and transported to the anode.
Oxygen in the air is usually used as the oxidant.

[0006] The reactions at the anode and the cathode of a
DMFC are represented by the following formulas (1) and (2),
respectively.

Anode: CH;OH+H,0—CO,+6H*+6e~ 0
Cathode: (3/2)0,+6H"+6e™—3H,0 2)
[0007] When the fuel tank for storing methanol becomes

close to empty, the amount of fuel supply decreases, and the
power generation capacity of the fuel cell lowers. Further,
when the fuel tank becomes completely empty of fuel, polar-
ity reversal of the membrane electrode assembly may occur,
thereby resulting in the fuel cell being unable to generate
power.

[0008] Therefore, a load device including a fuel cell as the
power source, such as a portable device, needs to notify the
user that the remaining amount of fuel is small and supply of
fuel is necessary before the fuel tank becomes completely
empty of fuel.

[0009] In this respect, PTL 1 proposes that the remaining
amount of fuel in a fuel tank detected by a fuel cell be trans-
mitted to a load device via digital communication to display it
on the load device.
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Patent Literature

[0010] PTL 1: Japanese Laid-Open Patent Publication No.
2005-243567
SUMMARY OF INVENTION
Technical Problem

[0011] However, PTL 1 requires a communication line for
transmitting the remaining amount of fuel detected by the fuel
cell to the load device, and both the fuel cell system and the
external device need a communication circuit therefor. This
poses a particularly large problem in portable devices in
which reduction in size and weight is important. Also, such
communication line and communication circuits make the
system complicated and more susceptible to failure, thereby
impairing the stability of the system.

[0012] Itis therefore an object of the invention to facilitate
the reduction in size and weight of a fuel cell system and an
electronic apparatus including the fuel cell system as the
power source.

Solution to Problem

[0013] One aspect of the invention relates to a fuel cell
system including: a fuel cell; a power storage unit for storing
power generated by the fuel cell; a tank for storing a fuel to be
supplied to the fuel cell; a remaining fuel sensor for detecting
the amount of fuel remaining in the tank; an SOC detector or
sensor for detecting the state of charge of the power storage
unit; and a control unit for controlling the operation of the fuel
cell. (i) When the remaining amount of fuel is larger than a
predetermined value A, the control unit is configured to per-
form: (a) an operation for stopping the power generation of
the fuel cell or an operation for decreasing the amount of
power generated if the state of charge is equal to or more than
apredetermined value X; and (b) an operation for starting the
power generation of the fuel cell or an operation for increas-
ing the amount of power generated if the state of charge is
equal to or less than a predetermined value Y where Y<X. (ii)
When the remaining amount of fuel is equal to or less than the
predetermined value A, the control unit is configured (c) to
stop the power generation of the fuel cell or decrease the
amount of power generated such that the state of charge is less
than the predetermined value Y.

[0014] Another aspect of the invention relates to an elec-
tronic apparatus including: the above-mentioned fuel cell
system; and a load device or an electronic device powered by
the fuel cell system. The fuel cell system has an output portion
for outputting voltage according to the state of charge of the
power storage unit. The load device has a voltage detector for
detecting the output voltage of the fuel cell system and a
processing unit for determining that the remaining amount of
fuel is equal to or less than the predetermined value A based
on a value detected by the voltage detector and performing a
warning process for about lack of the fuel in the fuel cell.

Advantageous Effects of Invention

[0015] The invention facilitates the reduction in size and
weight of a fuel cell system and an electronic apparatus
including the fuel cell system as the power source.

[0016] While the novel features of the invention are set
forth particularly in the appended claims, the invention, both
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as to organization and content, will be better understood and
appreciated, along with other objects and features thereof,
from the following detailed description taken in conjunction
with the drawings.

BRIEF DESCRIPTION OF DRAWINGS

[0017] FIG.1isablock diagram schematically showing the
structure of an electronic apparatus according to one embodi-
ment of the invention;

[0018] FIG. 2 is a schematic sectional view of the structure
of a fuel cell;
[0019] FIG. 3 is a graph showing the relationship between

the voltage of a power storage unit of a fuel cell system and
the state of charge (SOC);

[0020] FIG.4 is aflow chart of'a process for setting the state
of operation carried out by the fuel cell system;

[0021] FIG. 5is asectional view of a fuel tank showing the
relationship between the predetermined value A and the pre-
determined value B for the remaining amount of fuel;
[0022] FIG. 6A is a flow chart of a process for issuing a
warning of fuel shortage carried out by an electronic device;
[0023] FIG. 6B is another flow chart of the process for
issuing a warning of fuel shortage carried out by the elec-
tronic device;

[0024] FIG. 7A is a graph showing an example of the
change in output voltage of the fuel cell system when there is
no fuel shortage;

[0025] FIG. 7B is a graph showing an example of the
change in output voltage of the fuel cell system when there is
a fuel shortage;

[0026] FIG. 7C is a graph showing another example of the
change in output voltage of the fuel cell system when there is
no fuel shortage;

[0027] FIG. 7D is a graph showing another example of the
change in output voltage of the fuel cell system when there is
a fuel shortage;

[0028] FIG. 8 is a graph showing the relationship between
the amount of power consumed by the electronic device and
the amount of change in the state of charge of the power
storage unit when there is a fuel shortage;

[0029] FIG. 9 is a front view showing the appearance of a
fuel tank of a fuel cell system included in an electronic appa-
ratus according to another embodiment of the invention; and
[0030] FIG. 10 is a plan view of a stationary tank viewed
from the joint side with a cartridge tank.

DESCRIPTION OF EMBODIMENTS

[0031] The invention relates to a fuel cell system including
a fuel cell, a power storage unit for storing power generated
by the fuel cell, a tank for storing a fuel to be supplied to the
fuel cell, a remaining fuel sensor for detecting the amount of
fuel remaining in the tank, an SOC detector for detecting the
state of charge of the power storage unit, and a control unit for
controlling the operation of the fuel cell. The state of charge
(SOC) detected by the SOC detector is a parameter which
expresses the charged state of a secondary battery as a per-
centage of the nominal capacity. In the case of batteries in an
initial state, the fully charged state at the nominal voltage
corresponds to 100%, while the fully discharged state at the
end-of-discharge voltage corresponds to 0%.

[0032] (i) When the remaining amount of fuel is larger than
a predetermined value A, the control unit is configured to
perform: (a) an operation for stopping the power generation
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of the fuel cell or an operation for decreasing the amount of
power generated such that the state of charge is equal to or less
than the predetermined value X if the state of charge is equal
to or more than a predetermined value X; and (b) an operation
for starting the power generation of the fuel cell or an opera-
tion for increasing the amount of power generated such that
the state of charge is equal to or more than the predetermined
value Y if the state of charge is equal to or less than a prede-
termined value Y (Y<X). (i) When the remaining amount of
fuel is equal to or less than the predetermined value A, the
control unit is configured to perform (c) an operation for
stopping the power generation of the fuel cell or an operation
for decreasing the amount of power generated such that the
state of charge is less than the predetermined value Y.

[0033] As described above, when the remaining amount of
fuel in the fuel cell system is larger than the predetermined
value A, the control unit of the fuel cell system of the inven-
tion controls the operation of the fuel cell such that the state of
charge (SOC) of the power storage unit is maintained
between the predetermined value X and the predetermined
value Y. When the remaining amount of fuel in the fuel cell
system is equal to or less than the predetermined value A, the
controlunit controls the operation of the fuel cell such that the
SOC of the power storage unit is lower than the predeter-
mined value Y.

[0034] In the fuel cell system of the invention, the control
unit preferably continues the operation of the step (¢) until the
remaining amount of fuel becomes equal to or more than a
predetermined value B (B>A). That is, the power generation
of' the fuel cell continues to be stopped, or the power genera-
tion is continued while the decreased amount of power gen-
eration is maintained. This prevents the fuel cell from being
frequently started up and shut down. As a result, it is possible
to prevent the life of the fuel cell from becoming shortened.

[0035] The invention also pertains to an electronic appara-
tus including: the above-described fuel cell system; and a load
device powered by the fuel cell system. The fuel cell system
has an output portion for outputting voltage according to the
state of charge of the power storage unit. The load device has
a voltage detector for detecting the output voltage of the fuel
cell system, a determination unit for determining that the
remaining amount of fuel is equal to or less than the prede-
termined value A based on a value detected by the voltage
detector, and a warning processing unit for performing a
warning process about lack of the fuel in the fuel cell accord-
ing to the determination of the determination unit.

[0036] In the case of performing a charge of the power
storage unit and supply of power to outside simultaneously,
the output voltage of the fuel cell system becomes slightly
higher than the voltage of the power storage unit. Herein, it is
also possible to stop the supply of power to outside during
charging of the power storage unit, and the invention includes
such cases. However, it is desirable to perform a charge of the
power storage unit and supply of power to outside simulta-
neously so that the load device can be used during the charg-
ing of the power storage unit. The following description is
given on the assumption that the fuel cell system performs a
charge of the power storage unit and supply of power to
outside simultaneously.

[0037] When the power storage unit is discharged, the out-
put voltage of the fuel cell system becomes almost equal to
the voltage of the power storage unit. In the fuel cell system,
if the remaining amount of fuel is equal to or less than the
predetermined value A, the power storage unit is not charged.
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Thus, in such cases, the output voltage of the fuel cell system
is necessarily almost equal to the voltage of the power storage
unit.

[0038] When the remaining amount of fuel is equal to or
less than the predetermined value A, the SOC of the power
storage unit becomes lower than the predetermined value Y. In
the other cases, the SOC of the power storage unit does not
continuously become lower than the predetermined valueY.
Hence, when the remaining amount of fuel is larger than the
predetermined value A, the output voltage of the fuel cell
system does not continuously become lower than the voltage:
Eoy corresponding to the predetermined value Y of the SOC
of the power storage unit. Therefore, by causing the load
device to monitor the output voltage of the fuel cell system, it
is possible to determine that the remaining amount of fuel is
equal to or less than the predetermined value A.

[0039] In the case of stopping the supply of power to out-
side during the charging of the power storage unit, when the
power storage unit is being charged, the output voltage is
zero, and the remaining amount of fuel at this time is larger
than the predetermined value A. Thus, when the output volt-
age is zero, it is possible to determine that the remaining
amount of fuel is larger than the predetermined value A.
[0040] As described above, the load device can perform
operations such as displaying messages about lack of fuel,
without the need to provide a special notification mechanism
for notifying, from the fuel cell system, the load device oflack
of fuel, fuel shortage, or the SOC of the power storage unit.
[0041] Such a mechanism needs to be provided for both the
fuel cell system and the load device. Thus, according to the
invention, it is possible to omit such a mechanism from both
the fuel cell system and the load device. As a result, the size
and weight of the fuel cell system and the load device using it
as the power source can be easily reduced. It is thus possible
to simplity the structure of the electronic apparatus including
the fuel cell system and the load device. As a result, it is
possible to provide a stable electronic apparatus which is
unlikely to fail.

[0042] The processing unit can determine that the remain-
ing amount of fuel is equal to or less than the predetermined
value A by comparing a voltage E(i-1) detected by the voltage
detector upon the lapse of a predetermined time from the time
the value detected by the voltage detector has lowered to a
voltage corresponding to the predetermined value Y with a
voltage E(i) detected by the voltage detector upon the lapse of
atime AT from the detection of the voltage E(i-1). When the
voltage E(i) is equal to or less than the voltage E(i-1), it is
possible to determine that the remaining amount of fuel is
equal to or less than the predetermined value A. The process-
ing unit includes a determination unit and a warning process-
ing unit.

[0043] Further, itis preferable to set the predetermined time
based on the time Ta which is a period of time from the
operation of the step (b) to the time the fuel cell actually starts
output or a period of time from the operation of the step (b) to
the time the amount of power generated by the fuel cell
actually starts to increase.

[0044] When the remaining amount of fuel is larger than the
predetermined value A, if the SOC of the power storage unit
lowers to the predetermined valueY, the step (b) performs the
operation for starting the power generation of the fuel cell or
increasing the amount of power generated. When such an
operation is performed, a charge of the power storage unit is
started to increase the SOC of the power storage unit, and the
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output voltage of the fuel cell system increases. Thus, the
voltage Ed(i) becomes larger than the voltage Ed(i-1).
[0045] On the other hand, when the remaining amount of
fuel is equal to or less than the predetermined value A, the
operation of the step (c) is performed. As a result, due to
consumption of power by the load device, the SOC of the
power storage unit lowers and the output voltage of the fuel
cell system lowers. Thus, the voltage Ed(i) becomes equal to
or less than the voltage Ed(i-1). As such, when the voltage
Ed(i) is equal to or less than the voltage Ed(i-1), it is possible
to determine that the remaining amount of fuel is equal to or
less than the predetermined value A.

[0046] However, even when the operation for starting the
power generation of the fuel cell or increasing the amount of
power generated thereby is performed, such effects as an
increase in the amount of power generation do not occur
immediately, and there is a certain time lag (e.g., 1 minute) in
the occurrence of such effects. Therefore, the time lag needs
to be considered to detect the voltage Ed(i) and the voltage
Ed(i-1). The time Ta is a reference value to make the detection
times of the voltage Ed(i) and the voltage Ed(i-1) appropriate.
[0047] Tt is also preferable to set the time Ta according to
the amount of power consumed by the electronic device. In
consideration of the accuracy of the determination, it is pref-
erable to set the time Ta to the longest possible time. However,
if the time Ta is long, it takes a long time to determine whether
the remaining amount of fuel is equal to or less than the
predetermined value A. In particular, when the amount of
power consumed by the load device is large, if the time
required for the determination is too long, the power storage
unit may be overdischarged, or it may be difficult to restart the
fuel cell by using the power of the power storage unit. By
setting the time Ta according to the amount of power con-
sumed by the electronic device, it is possible to set the time Ta
to the longest possible time and to improve the accuracy of the
determination without provoking such adverse effects.
[0048] Embodiments of the invention are hereinafter
described with reference to drawings. However, the inven-
tion, which has the basic features described herein, is not to be
construed as being limited to the following description.

Embodiment 1

[0049] FIG. 1 is a functional block diagram schematically
showing the structure of a fuel cell system according to one
embodiment of the invention. FIG. 2 is a schematic sectional
view of the structure of a unit cell included in the fuel cell
system.

[0050] A fuel cell system 2 includes a fuel cell 10, which is
a direct methanol fuel cell (DMFC), a fuel tank 12, a fuel
pump 14, an air pump 16, a control unit 18 having an arith-
metic unit 184, a power storage unit 20, a voltage sensor 21,
a DC/DC converter 22, a water collection unit 24, an output
switch 26, a remaining fuel sensor 28, etc.

[0051] The power storage unit 20 can be, for example, a
secondary battery. The voltage sensor 21 detects the voltage
of the power storage unit 20. The arithmetic unit 18« of the
control unit 18 includes a CPU (Central Processing Unit), a
microcomputer, an MPU (Micro Processing Unit), memory,
etc. The power storage unit 20 can also be a high capacity
capacitor such as an electric double layer capacitor.

[0052] The fuel tank 12 stores methanol as the fuel. The fuel
pump 14 sends an aqueous methanol solution, which is a
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mixture of the fuel from the fuel tank 12 and water or thin
aqueous methanol solution from the water collection unit 24,
to the fuel cell 10.

[0053] A DC/DC converter 22 is connected to the output
terminals of the fuel cell 10, namely, a positive terminal 10a
and a negative terminal 106. The power generated by the fuel
cell 10 is converted to a desired voltage by the DC/DC con-
verter 22 before output.

[0054] The output terminals of the DC/DC converter 22 are
connected to the power storage unit 20, while they are con-
nected to a load device 3 via the output switch 26. The power
storage unit 20 stores the output power of the fuel cell 10
transmitted via the DC/DC converter 22. The power stored in
the power storage unit 20 is transmitted to the load device 3
via the output switch 26 when necessary.

[0055] The control unit 18 (arithmetic unit 18a) controls
the operation of the fuel pump 14 and the air pump 16, adjusts
the output voltage of the DC/DC converter 22, and turns on
and off the output switch 26. It controls the output of the
power generated by the fuel cell 10 to the load device 3 and the
charge/discharge of the power storage unit 20.

[0056] The remaining fuel sensor 28 outputs a signal to the
controlunit 18 according to the amount of fuel in the fuel tank
12. For example, the remaining fuel sensor 28 can be com-
posed of a pair of electrodes disposed on the opposite side
faces of the fuel tank 12 which is in the shape of a substan-
tially rectangular parallelepiped. Depending on the amount of
fuel remaining in the fuel tank 12 (hereinafter referred to as
the remaining amount of fuel), the ratio of the gas to the liquid
between the pair of electrodes changes. As a result, the elec-
trical capacity (capacitance) between the pair of electrodes
changes.

[0057] Based on the electrical capacity, the arithmetic unit
18a of the control unit 18 calculates the remaining amount of
fuel. In this configuration, the fuel tank 12 forms a part of the
electrical capacity connected in series between the elec-
trodes. Thus, in order to improve the detection accuracy, it is
preferable that the fuel tank 12 be composed of a material
with a small dielectric constant (e.g., resin such as polypro-
pylene or polycarbonate).

[0058] The load device 3 includes a voltage detector 34 for
detecting the output voltage of the fuel cell system 2, a storage
unit 36 for storing the voltage detected by the voltage detector
34, a determination unit 38 for determining whether the fuel
cell system 2 has run out of fuel based on the voltage detected
by the voltage detector 34, and a power consumption detec-
tion unit 40 for detecting the amount of power consumed by
the load device 3.

[0059] The voltage detector 34 can be a known voltage
sensor. The storage unit 36, the determination unit 38, and the
power consumption detection unit 40 can be formed by using
a CPU, a microcomputer, an MPU, memory, etc. The power
consumption detection unit 40 calculates the amount of
power consumed by the load device 3 from the voltage
detected by the voltage detector 34 and the output current of
the fuel cell system 2 detected by a current sensor (not
shown). The storage unit 36, the determination unit 38, and
the power consumption detection unit 40 form a processing
unit.

[0060] Theload device 3 canbe an electronic device such as
a cellular phone, a notebook personal computer, a video cam-
era, or a portable television.

[0061] Next, referring to FIG. 2, the fuel cell is described.
The fuel cell 10 usually has a structure in which unit cells
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shaped like plates or sheets are stacked. The stacked unit cells
are called a cell stack. Each unitcell is a fuel cell. The fuel cell
10 can be composed only of one unit cell.

[0062] A unit cell 42 includes a membrane electrode
assembly (MEA) 44 where power is generated. The MEA 44
has a layered structure in which a sheet-like anode 50 is
bonded to one face of an electrolyte membrane 54 and a
sheet-like cathode 52 is bonded to the other face of the elec-
trolyte membrane 54.

[0063] The anode 50 includes an anode diffusion layer 56,
an anode microporous layer (MPL) 58, and an anode catalyst
layer 60. The anode catalyst layer 60 is in contact with the
electrolyte membrane 54, and the anode MPL 58 is laminated
on the anode catalyst layer 60. The anode diffusion layer 56 is
laminated on the anode MPL 58.

[0064] Likewise, the cathode 52 includes a cathode diffu-
sion layer 62, a cathode microporous layer (MPL) 64, and a
cathode catalyst layer 66. The cathode catalyst layer 66 is in
contact with the electrolyte membrane 54, and the cathode
MPL 64 is laminated on the cathode catalyst layer 66. The
cathode diffusion layer 62 is laminated on the cathode MPL
64.

[0065] When the fuel cell 10 is a cell stack of the unit cells
42, the MEAs 44 of the unit cells 42 are stacked with con-
ductive, plate-like separators 46 therebetween. The face of
each separator 46 in contact with the anode diffusion layer 56
has a fuel supply channel 68 for supplying a fuel to the anode
50. The face of the separator 46 in contact with the cathode
diffusion layer 62 has an oxidant supply channel 70 for sup-
plying an oxidant to the cathode 52. The supply channels 68
and 70 can be produced by, for example, forming grooves in
the respective faces of the separator 46.

[0066] Further, of both ends ofthe cell stack in the stacking
direction of the unit cells 42, the end with the anode 50
positioned outward in the stacking direction can be fitted with
a separator 46 having only the fuel supply channel 68 in one
face so that that face is in contact with the anode 50. This
separator 46 is electrically connected with the negative ter-
minal 1056 of the fuel cell 10.

[0067] The end with the cathode 52 positioned outward in
the stacking direction can be fitted with a separator 46 having
only the oxidant supply channel 70 in one face so that that face
is in contact with the cathode 52. This separator 46 is electri-
cally connected with the positive terminal 10a of the fuel cell
10. The outer sides of these separators 46 at both ends of the
cell stack in the stacking direction of the unit cells 42 can be
fitted with end plates (not shown).

[0068] Further, when the fuel cell 10 includes only one unit
cell 42, a separator 46 having only the fuel supply channel 68
in one face can be disposed so that that face is in contact with
the anode 50. Likewise, a separator 46 having only the oxi-
dant supply channel 70 in one face can be disposed so that that
face is in contact with the cathode 52. Further, the outer sides
of these separators 46 can be fitted with end plates (not
shown).

[0069] The anode 50 is supplied with an aqueous solution
containing methanol as the fuel via the fuel supply channel
68, while the cathode 52 is supplied with air containing oxy-
gen as the oxidant via the oxidant supply channel 70. The
methanol and water vapor derived from the aqueous methanol
solution supplied to the anode 50 diffuse in the plane direction
of'the anode diffusion layer 56, pass through the anode MPL
58, and are supplied to the anode catalyst layer 60. Likewise,
the oxygen containing air supplied to the cathode 52 diffuses
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in the plane direction of the cathode diffusion layer 62, passes
through the cathode MPL 64, and is supplied to the cathode
catalyst layer 66.

[0070] Of the methanol supplied to the anode catalyst layer
60, surplus methanol is discharged together with water with-
out reacting in the anode catalyst layer 60, and is collected by
the water collection unit 24. The methanol and water (thin
aqueous methanol solution) collected by the water collection
unit 24 are mixed with the methanol from the fuel tank 12 and
transported to the fuel pump 14 through a liquid return path
30. Carbon dioxide produced at the anode 50 (see the reaction
formula (1)) is transported to the water collection unit 24
together with the aqueous methanol solution. It is separated
from the aqueous methanol solution in the water collection
unit 24 and is discharged to outside.

[0071] The air supplied to the cathode catalyst layer 66 but
not having been used in the reaction is mixed with product
water (see the reaction formula (2)) and transported as a
gas/liquid mixture to the water collection unit 24. In the water
collection unit 24, the air not having been used in the reaction
is separated from the water contained in the gas/liquid mix-
ture and is discharged to outside. The product water is mixed
with the aqueous methanol solution from the anode 50 and
returned to the fuel pump 14.

[0072] The anode diffusion layer 56 and the cathode diffu-
sion layer 62 can be made of carbon paper, carbon felt, carbon
cloth, etc. The anode MPL 58 and the cathode microporous
layer 64 can be composed of carbon and polytetrafluoroeth-
ylene, or carbon and a tetrafluoroethylene-hexaftuoropropy-
lene copolymer.

[0073] The anode catalyst layer 60 and the cathode catalyst
layer 66 include a catalyst suitable for the electrode reaction,
such as platinum or ruthenium. The catalyst in the form offine
particles is supported on a carbonaceous material such that
the fine particles are highly dispersed on the surface of the
carbonaceous material. The carbon with the catalyst sup-
ported thereon is bonded with a binder to form the anode
catalyst layer 60 and the cathode catalyst layer 66.

[0074] The electrolyte membrane 54 can be an ion-ex-
change membrane which allows hydrogen ions to pass
through, such as a perfluorosulfonic acid-tetrafluoroethylene
copolymer. The separator 46 can be made of a conductor such
as a carbon material.

[0075] Next, the basic process for adjusting the amount of
power generation carried out by the control unit 18 is
described. In the fuel system 2 of the illustrated example, the
control unit 18 basically controls the amount of power gen-
erated by the fuel cell 10 so that the SOC (state of charge) of
the power storage unit 20 is within a predetermined range.
More specifically, based on a certain relation between the
SOC of'the power storage unit 20 and the terminal voltage, it
controls the amount of power generated by the fuel cell 10 so
that the terminal voltage of the power storage unit 20 detected
by the voltage sensor 21 is within a predetermined range.
[0076] The SOC of the power storage unit 20 can also be
detected by adding up the amount of electricity charged and
the amount of electricity discharged. For example, if the
amount of electricity corresponding to SOC: 50% is dis-
charged from the fully charged power storage unit 20 (SOC:
100%) and then the amount of electricity corresponding to
SOC: 20% is charged, the SOC of the power storage unit 20
is 70%. The amount of discharged electricity and the amount
of'charged electricity can be calculated as the product of time
and discharge current or charge current.
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[0077] FIG. 3 shows the relationship between the terminal
voltage of the power storage unit 20 and the SOC. As shown
therein, the higher the terminal voltage of the power storage
unit 20 is, the higher the SOC is; the lower the terminal
voltage is, the lower the SOC is. When the SOC becomes
lower than 0% (fully discharged state), the terminal voltage of
the power storage unit 20 lowers sharply.

[0078] Based on this relationship, when the terminal volt-
age of the power storage unit 20 rises to the upper limit
voltage Ex corresponding to the upper limit SOC: X (e.g.,
SOC 80%), the control unit 18 decreases the amounts of fuel
and oxidant supplied to the fuel cell 10 by the fuel pump 14
and the air pump 16 to decrease the amount of power gener-
ated by the fuel cell 10. At this time, it is also possible to stop
the fuel pump 14 and the air pump 16 to stop the power
generation by the fuel cell 10.

[0079] When the terminal voltage of the power storage unit
20 lowers to the lower limit voltage Ey corresponding to the
lower limit SOC: Y (e.g., SOC 40%), the control unit 18
increases the amounts of fuel and oxidant supplied to the fuel
cell 10 by the fuel pump 14 and the air pump 16 to increase the
amount of power generated by the fuel cell 10. Alternatively,
it actuates the fuel pump 14 and the air pump 16 to resume the
stopped power generation by the fuel cell 10. The lower limit
SOC:Y is set to the amount of power sufficient for driving the
fuel pump 14 and the air pump 16.

[0080] By the above-described operations, when the SOC
of'the power storage unit 20 increases to the upper limit SOC:
X, the amount of power generated by the fuel cell 10 is
decreased, or the power generation is stopped. As a result, the
power storage unit 20 is gradually discharged. When the SOC
of'the power storage unit 20 lowers to the lower limit SOC: Y,
the amount of power generated by the fuel cell 10 is increased,
or the power generation is started. As a result, the power
storage unit 20 is gradually charged.

[0081] Next, referring to FIG. 4, the process for setting the
state of operation carried out by the arithmetic unit 18a of the
control unit 18 based on the remaining amount of fuel is
described. This process for setting the state of operation is
repeatedly carried out every predetermined period of time,
independently of the above-described process for adjusting
the amount of power generation.

[0082] First, whether the fuel cell system 2 is normal (e.g.,
whether there is failure of the fuel pump 14 or the air pump
16) is determined (step S11). If the fuel cell system has any
problem (“No” in step S11), the power generation of the fuel
cell 10 is stopped (step S15), and the output switch 26 is
turned off (step S16) to complete the process. As a result, the
supply of power from the fuel cell system 2 to the load device
3 is stopped.

[0083] Ifthe fuel cell system is normal (“Yes” in step S11),
the remaining amount of fuel detected by the remaining fuel
sensor 28 is read (step S12). Subsequently, whether the
remaining amount of fuel is equal to or less than the prede-
termined value A is determined (step S13). If the remaining
amount of fuel is equal to or less than the predetermined value
A (“Yes” in step S13), the remaining amount of fuel is too
small, so the power generation of the fuel cell 10 is stopped
(step S14) to complete the process. At this time, the output
switch 26 remains turned on, and thereafter, the SOC of the
power storage unit 20 gradually lowers due to consumption of
power by the load device 3.
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[0084] The predetermined value A is the amount of fuel
which is larger by a predetermined amount than the minimum
remaining amount for supplying the fuel to the fuel cell 10
smoothly.

[0085] More specifically, as illustrated in FIG. 5, it is pref-
erable to set the predetermined value A so that the liquid level
of the fuel F in the fuel tank 12 is sufficiently above the
opening, in the fuel tank, of a fuel discharge pipe 12a for
discharging the fuel from the fuel tank 12 to the fuel pump 14.

[0086] Also,the predetermined value A for actual devices is
set according to the volume of the fuel tank 12, the position of
the fuel discharge pipe 124, the average amount of fuel con-
sumed by the fuel cell 10, the variations thereof, etc. In the
following description, the predetermined value A is made the
amount of fuel corresponding to 30% of the full volume of'the
fuel tank 12 for convenience sake.

[0087] If the remaining amount of fuel is larger than the
predetermined value A (“No” in step S13), whether the
remaining amount of fuel is equal to or more than a predeter-
mined value B (B>A) is determined (step S17).

[0088] The predetermined value B is a reference value for
determining whether the user has added sufficient fuel after
the power generation of the fuel cell 10 was stopped by the
power generation stopping operation of step S14. To prevent
the power generation of the fuel cell 10 from being frequently
started and stopped, it is preferable to set the predetermined
value B to a value which is sufficiently larger than the prede-
termined value A. In the following description, the predeter-
mined value B is made the amount of fuel corresponding to
70% of the full volume of the fuel tank 12 for convenience
sake (see FIG. 5).

[0089] If the remaining amount of fuel is less than the
predetermined value B (“No” in step S17), the process is
completed without taking any further step. Thus, the state of
operation of the fuel cell 10 is maintained as it is. That is, if the
power generation of the fuel cell 10 has been stopped, it
remains stopped, and if the fuel cell 10 is generating power,
the power generation is continued.

[0090] If the remaining amount of fuel is equal to or more
than the predetermined value B (“Yes” in step S17), whether
the power generation of the fuel cell 10 is stopped and the
system is normal is determined (step S18). If so (“Yes” in step
S18), it is assumed that the power generation of the fuel cell
10 has been stopped by the operation of step S14, and the
power generation of the fuel cell 10 is resumed (step S19) to
complete the process. If the power generation of the fuel cell
10 is not stopped, or if the power generation of the fuel cell 10
is stopped due to a system trouble (“No” in step S18), the
process is completed without taking any further step.

[0091] According to the above-described process for set-
ting the state of operation, when the remaining amount of fuel
is equal to or less than the predetermined value A, the power
generation of the fuel cell 10 is stopped, and the power storage
unit 20 is forcedly discharged due to consumption of power
by the load device 3. As a result, the terminal voltage of the
power storage unit 20, i.e., the state of charge of the power
storage unit 20, lowers with time.

[0092] Next, with reference to FIG. 6A and FIG. 6B, the
process for issuing a warning of fuel shortage carried out by
the load device 3 according to the result of the process for
setting the state of operation is described. FIG. 6 A and FIG.
6B are flow charts for the process for issuing a warning of fuel
shortage.
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[0093] Inthe process forissuing a warning of fuel shortage,
first, the output voltage of the fuel cell system 2, i.e., the input
voltage of the load device 3, is detected by the voltage detec-
tor 34 (step S21).

[0094] Next, whether the output voltage Eo of the fuel cell
system 2 is equal to or less than the voltage Eoy correspond-
ing to the lower limit SOC: Y (e.g., 40%) of the power storage
unit 20 is determined by the determination unit 38 (step S22).
It Eo is larger than Eoy (“No” in step S22), the state of charge
of the power storage unit 20 is assumed to be higher than the
lower limit SOC:Y, and the process goes back to “start”. [f Eo
is equal to or less than Eoy (“Yes” in step S22), the amount of
power consumed by the load device 3 is detected by the power
consumption detection unit 40 (step S23), and the time Ta is
set based on the detected amount of power consumed (step
S24). In this manner, the determination unit 38 monitors the
SOC of the power storage unit 20 by monitoring the output
voltage Fo of the fuel cell system 2.

[0095] The time Ta is described below. In the fuel cell
system 2, as described above, when the SOC of the power
storage unit 20 lowers to the lower limit SOC:Y, the amounts
of fuel and air supplied to the fuel cell 10 are increased to
increase the amount of power generated by the fuel cell 10.
However, there is a time lag (e.g., 1 minute) between the time
of'increase in the amounts of fuel and air supplied to the fuel
cell 10 and the time the amount of power generated by the fuel
cell 10 actually starts to increase. Thus, even when the
amounts of fuel and air supplied to the fuel cell 10 are
increased upon lowering of the SOC of the power storage unit
20 to the lower limit SOC: Y, the SOC continues to lower for
some time.

[0096] The time Tais set to a period of time longer than the
minimum time (Tamin), which is the above-mentioned time
lag of the fuel cell system. How to set the time Ta will be
detailed later.

[0097] Next, the measurement of the time Ta is started (step
S25), and whether the time Ta has elapsed is determined (step
S26). If the time Ta has not elapsed (“No” in step S26), the
procedure of the step S26 is repeated until the time Ta elapses.
If the time Ta has elapsed (“Yes” in step S26), the voltage
E(i-1) detected by the voltage detector 34 at that time is stored
in the storage unit 38 (step S27).

[0098] Subsequently, whether the time AT (e.g., 0.5 to 1
second), which is a sufficiently short period of time than the
time Ta, has elapsed from the time of detection of the voltage
E(i-1) is determined (step S28). Ifthe time AT has not elapsed
(“No” in step S28), the procedure of the step S28 is repeated
until the time AT elapses. Ifthe time AT has elapsed (“Yes” in
step S28), the voltage E(i) detected by the voltage detector 34
upon the lapse thereof is stored in the storage unit 38 (step
S29). E(i) and E(i-1) are desirably the average value of a
plurality of voltage detection results in consideration of dis-
turbance, variations in the power generated by the fuel cell,
and load variations. In this case, the determination accuracy
can be improved.

[0099] Thereafter, E(i) and E(i-1) are compared to deter-
mine whether E(i) is equal to or less than E(i-1) (step S30). If
E(i)is largerthan E(i-1) (“No” in step S30), the output voltage
of'the fuel cell system 2 has increased. Hence, the remaining
amount of fuel in the fuel cell system 2 is assumed to be larger
than the predetermined value A, and the process goes back to
“start”. If E(i) is equal to or less than E(i-1) (“Yes” in step
S30), the determination unit 38 determines that the remaining
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amount of fuel in the fuel cell system 2 is equal to or less than
the predetermined value A (step S31).

[0100] FIG. 7A shows an example of the change in the
output voltage Eo of the fuel cell system 2 when E(i) is larger
than E(i-1). As described above, when the remaining amount
of fuel is larger than the predetermined value A, if the SOC of
the power storage unit 20 lowers to the lower limit SOC: Y, the
control unit 18 performs the operation for increasing the
amount of power generated by the fuel cell 10. As aresult, the
power storage unit 20 is charged. Hence, after the lapse of the
time Ta from the time the output voltage Eo has lowered to the
voltage Foy corresponding to the lower limit SOC: Y of the
power storage unit 20, the output voltage Eo increases. There-
fore, it E(i) detected after the lapse of the time Ta is equal to
or larger than E(i-1), it is possible to determine the remaining
amount of fuel in the fuel cell system 2 is larger than the
predetermined value A.

[0101] FIG. 7B shows an example of the change in the
output voltage Eo of the fuel cell system 2 when E(i) is equal
to or less than E(i-1). In this case, after the lapse of the time Ta
from the time the output voltage Eo has lowered to the voltage
Eoy corresponding to the lower limit SOC: Y of the power
storage unit 20, the output voltage Eo decreases. Therefore, if
E(i) detected after the lapse of the time Ta is smaller than
E(i-1), it can be understood that the remaining amount of fuel
in the fuel cell system 2 is equal to or smaller than the
predetermined value A.

[0102] As shown in FIG. 7C and FIG. 7D, if the time Ta is
sufficiently longer than the Tamin (by at least AT or more), it
is also possible to detect the voltage E(i) upon the lapse of the
time Ta from the time the output voltage Eo has lowered to the
voltage Foy corresponding to the lower limit SOC: Y of the
power storage unit 20 and detect the voltage E(i-1) at a time
which is before that by AT. In a system for performing some
kind of operation based on the output voltage Fo, the output
voltage Eo is actually detected constantly. Therefore, whether
the remaining amount of fuel is equal to or less than the
predetermined value A can also be determined by comparing
the voltage E(i) upon the lapse of the time Ta and the voltage
E(i-1) detected and stored at the time which is before that by
AT.

[0103] Thereafter, a predetermined warning process is per-
formed (step S32) to urge the user to supply fuel, and at least
the main operation of the external device is stopped (step
S33). The warning process can include the operation of light-
ing up a warning LED, the operation of blinking other LEDs
(e.g., the LED for the power source switch) than that, and the
operation of displaying a message of fuel shortage on a dis-
play ifthe external device has a display such as a liquid crystal
display.

[0104] Also, the operation of the device can be stopped
when the output voltage Eo does not start to increase even
after the lapse of another predetermined time Tbh from the
warning process. Also, “stopping the main operation” as used
herein includes putting the load device 3 into the so-called
standby mode.

[0105] Next, withreferenceto FIG. 8, how to set the time Ta
is further described. FIG. 8 shows the relationship between
the amount of power consumed by the external device and the
rate of change of the SOC of the power storage unit. In the
figure, the straight line LHPC shows the change in SOC when
the amount of power consumed by the load device 3 is rela-
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tively large, while the straight line LLPC shows the change in
SOC when the amount of power consumed by the load device
3 is relatively small.

[0106] Inthe figure, the minimum lower limit value Z refers
to the minimum SOC of the power storage unit 20 necessary
for restarting the fuel cell 10. More specifically, it refers to the
SOC value corresponding to the amount of power sufficient
for stably operating at least the fuel pump 14, the air pump 16,
the DC/DC converter 22, and the control unit 18. The mini-
mum lower limit value Z is a value (e.g., 30%) lower than the
lower limit SOC: Y.

[0107] Also, the cut-off lower limit value W refers to the
SOC of the power storage unit 20 in which the supply of
power from the fuel cell system 2 to the load device 3 should
be cut off. The cut-oft lower limit value W is a value (e.g.,
35%) which is higher than the minimum lower limit value Z
and lower than the lower limit SOC: Y. The cut-off lower limit
value W is set in consideration of the characteristics of the
power storage unit 20 of the fuel cell system 2, the load
characteristics of the load device 3, etc.

[0108] Next, how to setthetime Tais detailed. Insetting the
time Ta, the time lag (Tamin) between the increase in the fuel
supplied to the fuel cell 10 and the start of increase in the SOC
is used as the minimum limit, as described above. However,
even when the remaining amount of fuel is equal to or less
than the predetermined value A, the amount of power gener-
ated by the fuel cell 10 may increase due to supply of fuel
during the time Ta and the SOC may start to increase. There-
fore, it is preferable to set the time Ta to the longest possible
time.

[0109] Also, when the amount of power consumed by the
load device 3 is very small, the determination of fuel shortage
may be wrong due to irregular variation in the terminal volt-
age of the power storage unit 20 or a measurement error. Thus,
by setting the time Ta to the longest possible time, such wrong
determination can be prevented. Thus, the determination
accuracy can be improved.

[0110] In this respect, it is preferable to set the time Ta
according to the amount of power consumed by the load
device 3 detected by the power consumption detection unit 40
when the SOC lowers to the lower limit value Y. More spe-
cifically, based on the amount P of power consumption
detected at that time, the time Ta(i) required for the SOC of the
power storage unit 20 to lower to the cut-off lower limit value
W is calculated.

[0111] The time Ta(i) is usually longer than the time lag
Tamin unless the system is abnormal. Thus, by setting the
time Ta(i) as the time Ta, the time Ta can be set to the longest
possible time.

[0112] Intheexample of FIG. 8, when the amount of power
consumed by the load device 3 corresponds to the straight line
LHPC, the time Tal is set as the time Ta. When the amount of
power consumed by the load device 3 corresponds to the
straight line LLPC, the time Ta2 is set as the time Ta.

[0113] As described above, in the electronic apparatus 1 of
the illustrated example, when the remaining amount of fuel in
the fuel cell system 2 serving as the power source is smaller
than the predetermined value A, the power generation of the
fuel cell 10 is stopped, so that the SOC of the power storage
unit 20 becomes lower than the lower limit SOC: Y. As a
result, the output voltage of the fuel cell system 2 also
decreases. Therefore, the load device 3 can detect fuel short-
age of the fuel cell system 2 simply by monitoring the output
voltage Fo of the fuel cell system 2.



US 2012/0003555 Al

[0114] As aresult, fuel shortage of the fuel cell system can
be detected by the same detection mechanism as that used in
portable or other electronic apparatuses including conven-
tional secondary batteries as the power source, in which the
output voltage of the power source is monitored to detect the
amount of power remaining in the secondary battery. There-
fore, there is no need to provide a special notification mecha-
nism (a communication line and communication circuits for
both the fuel cell system and the external device) for notify-
ing, from the fuel cell system, the external device of the
detected remaining amount of fuel, and the system can be
simplified.

[0115] Therefore, the reduction in the size and weight of an
electronic apparatus including a fuel cell system and an exter-
nal device becomes easy. Also, by simplifying the system, it
is possible to realize a highly reliable system which is
unlikely to fail.

Embodiment 2

[0116] Next, with reference to FIG. 9, Embodiment 2 of the
invention is described. Embodiment 2 is an alteration of
Embodiment 1. In the following description, the reference
characters used in Embodiment 1 are used except for those in
FIG. 9 and FIG. 10.

[0117] FIG. 9 illustrates a fuel tank of a fuel cell system of
Embodiment 2. FIG. 10 illustrates the structure of a stationary
tank.

[0118] A fuel tank 12A illustrated therein includes: a car-
tridge tank 72 which can be attached and detached to and from
the fuel cell system 2 and is filled with a fuel; and a stationary
tank 74 fixed to the fuel cell system 2. The cartridge tank 72
has an injection portion 72a for injecting the fuel into the
stationary tank 74. The injection portion 72a has a protrusion.
The stationary tank 74 has a fuel receiving portion 74a into
which the fuel is injected from the cartridge tank 72 through
the injection portion 72a. The fuel receiving portion 74a has
a recess.

[0119] In the fuel tank 12A, the stationary tank 74 is con-
nected to the fuel pump 14, and the fuel is supplied from the
stationary tank 74 to the fuel cell 10 by the fuel pump 14. With
this structure, simply by reattaching the cartridge tank 72
filled with the fuel, the fuel can be replenished.

[0120] The predetermined value A for the remaining
amount of fuel is preferably equal to the volume of the sta-
tionary tank 74. This allows the electronic device 3 to perform
a warning process when all the fuel in the cartridge tank 72 is
consumed. It is thus possible to replenish the cartridge tank 72
without wasting any fuel in the cartridge tank 72. It is also
possible to issue a warning of fuel shortage with the least
frequency.

[0121] The configuration of Embodiment 2 is the same as
that of Embodiment 1 except for the above-described fea-
tures.

[0122] The invention has been described by way of the
above embodiments, but the invention is not to be construed
as being limited thereto. For example, the fuel cell used in the
fuel cell system 2 is not limited to a DMFC, and the invention
is advantageously applicable to any fuel cell which uses lig-
uid fuel at room temperature. For example, the invention is
applicable to fuel cells such as direct ethanol fuel cells
(DEFCs) and direct formic acid fuel cells (DFAFCs). Also,
the invention is applicable to reformed methanol fuel cells.
The invention is also applicable to fuel cells which use gas-
eous fuel at room temperature.
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[0123] Although the present invention has been described
in terms of the presently preferred embodiments, it is to be
understood that such disclosure is not to be interpreted as
limiting. Various alterations and modifications will no doubt
become apparent to those skilled in the art to which the
present invention pertains, after having read the above disclo-
sure. Accordingly, it is intended that the appended claims be
interpreted as covering all alterations and modifications as
fall within the true spirit and scope of the invention.

INDUSTRIAL APPLICABILITY

[0124] The invention facilitates the reduction in size and
weight of electronic apparatuses using fuel cells as the power
source. Therefore, the invention is particularly useful when
being applied to portable electronic devices. Also, since the
invention can improve the reliability of electronic devices, it
is effectively applicable to all electronic devices other than
portable electronic devices.

REFERENCE SIGNS LIST

[0125] 1 Electronic apparatus

[0126] 2 Fuel Cell System

[0127] 3 External Device

[0128] 10 Fuel Cell

[0129] 12, 12a Fuel Tank

[0130] 18 Control Unit

[0131] 20 Power Storage Unit

[0132] 21 Voltage Sensor

[0133] 22 Dc/Dc Converter

[0134] 28 Remaining fuel sensor
1. A fuel cell system comprising:
a fuel cell;
apower storage unit for storing power generated by the fuel

cell;

a tank for storing a fuel to be supplied to the fuel cell;

a remaining fuel sensor for detecting the amount of fuel
remaining in the tank;

an SOC detector for detecting the state of charge of the
power storage unit; and

a control unit for controlling the operation of the fuel cell,

wherein (i) when the remaining amount of fuel is larger
than a predetermined value A, the control unit is config-
ured to perform:

(a) an operation for stopping the power generation of the
fuel cell or an operation for decreasing the amount of
power generated if the state of charge is equal to or more
than a predetermined value X; and

(b) an operation for starting the power generation of the
fuel cell or an operation for increasing the amount of
power generated if the state of charge is equal to or less
than a predetermined value Y where Y<X, and

(i1) when the remaining amount of fuel is equal to or less
than the predetermined value A, the control unit is con-
figured to perform (c) an operation for stopping the
power generation of the fuel cell or an operation for
decreasing the amount of power generated such that the
state of charge is less than the predetermined value Y.

2. The fuel cell system in accordance with claim 1, wherein

the controlunit continues the operation of the step (¢) until the
remaining amount of fuel becomes equal to or more than a
predetermined value B where B>A.
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3. An electronic apparatus comprising:

the fuel cell system of claim 1; and

a load device powered by the fuel cell system,

wherein the fuel cell system has an output portion for
outputting voltage according to the state of charge of the
power storage unit, and

the load device has a voltage detector for detecting the
output voltage of the fuel cell system and a processing
unit for determining that the remaining amount of fuel is
equal to or less than the predetermined value A based on
a value detected by the voltage detector and performing
a warning process about lack of the fuel in the fuel cell.

4. The electronic apparatus in accordance with claim 3,

wherein the processing unit compares a voltage E(i-1)
detected by the voltage detector upon the lapse of a
predetermined time from the time the value detected by
the voltage detector has lowered to a voltage corre-
sponding to the predetermined value Y with a voltage
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E(i) detected by the voltage detector upon the lapse of
time AT from the detection of the voltage E(i-1), and
when the voltage E(i) is equal to or less than the voltage

E(i-1), the processing unit determines that the remaining
amount of fuel is equal to or less than the predetermined
value A.

5. The electronic apparatus in accordance with claim 4,
wherein the predetermined time is set based on a time Ta
which is equal to or longer than a period of time from the
operation of the step (b) to the time the fuel cell actually starts
output or a period of time from the operation of the step (b) to
the time the amount of power generated by the fuel cell
actually starts to increase.

6. The electronic apparatus in accordance with claim 5,
wherein the time Ta is set according to the amount of power
consumed by the electronic device.
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