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(57) ABSTRACT 

For the Stabilization of the reaction, especially, for main 
taining reaction temperature, the feedback control by the 
feedback unit is performed for to the Supply of air (, oxygen, 
or oxidizing agent), whereas other materials are Supplied by 
the open-loop control according to the instruction of the flow 
Selection unit which indicates a preset value depending on 
the required hydrogen production volume. In addition, the 
continuous flow Setting unit capable of changing the flow 
continuously is employed for the Supply System of the air, 
whereas the flow control of the other materials is performed 
by use of the discrete flow setting units each of which 
provides the discretized flow by use of the on-off combina 
tion of two or more on-off valves. 
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HYDROGEN PRODUCING APPARATUS AND 
POWER GENERATING SYSTEM USING IT 

BACKGROUND OF THE INVENTION 

0001. The present invention relates to a hydrogen pro 
ducing device (reforming device) for producing gas con 
taining hydrogen by use of air (, oxygen, or an oxidizing 
agent) and materials Such as hydrocarbons and water, and a 
fuel cell power generation System using the hydrogen pro 
ducing device. 
0002 AS production processes for industrially producing 
hydrogen, various techniques are known. On page 221 of a 
document: Hiroo Tominaga and Masakazu Tamaki (Super 
vision) “Chemical Reaction and Reactor Design” (Maruzen 
Co., Ltd. 1996), various processes or techniques Such as: CD 
electrolysis of water; (2) gasification of coal/coke; (3) steam 
reforming of hydrocarbons, (4) partial oxidation of hydro 
carbons, and (5) dehydrogenation of hydrocarbons, are 
shown. Historically, processes CD and are precurSOry, 
and processes (3) and (4) using petroleum hydrocarbons or 
natural gas hydrocarbons are becoming the mainstream at 
present. 

0.003 Such processes have been developed mainly for 
producing hydrogen for ammonia Synthesis, however, the 
processes are also being investigated as basic processes for 
hydrogen production for the application to fuel cell power 
generation Systems. In fuel cell power generation Systems, 
electric power is generated using hydrogen as a main 
material. 

0004 For example, in JP-A-2000-53403, a control 
method for a hydrogen production process, using an aqueous 
Solution of methanol as a material and combining a steam 
reforming reaction with a partial oxidation reaction, has 
been disclosed. In the control method, the temperature of a 
reaction part is monitored and thereby the amount of oxygen 
to be Supplied to the reaction part is calculated and deter 
mined in real time based on a theoretical reaction model 
considering the reaction heat. Generally, if the amount of the 
Supplied material is controlled based on the theoretical 
reaction model, fine and precise reaction control (above all, 
Stabilization of reaction temperature) becomes easier. 
0005 The stabilization of reaction temperature is espe 
cially important when a hydrogen production method called 
“combined reforming method (autothermal reforming 
method)" is employed. 
0006 The key feature of the combined reforming method 
is that a steam reforming reaction (endothermic reaction) is 
combined with a partial oxidation reaction (exothermic 
reaction) and Suitable reaction temperature is maintained by 
keeping a proper balance between the two reactions. The 
proper balance between the reactions is realized by control 
ling the amounts of the Supplied materials. Heat necessary 
for the reactions is autonomously Supplied, and thus external 
heating means becomes unnecessary and consequently, Sim 
plification of the hydrogen producing device becomes poS 
sible and it is possible to make full use of the feature of the 
Steam reforming reaction having high hydrogen production 
efficiency. 

0007. On the other hand, in order to make full use of the 
features of the combined reforming method, a method for 
controlling the amounts of the Supplied materials capable of 
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maintaining the proper reaction temperature under various 
practical environments where external perturbation is 
expected becomes necessary. Of course, it is needless to Say 
that the Stabilization of reaction is practically essential even 
when methods other than the combined reforming method 
are employed. 
0008 However, according to the control methods shown 
in the above references, the hardware necessary for the 
control inherently becomes Sophisticated. Because, the 
Sophisticated flow detection device and the Sophisticated 
flow control devices become necessary in order to detect the 
flows of various materials and to carry out the fine and 
precise control based on the detected result. As a result, the 
cost for the whole System adds up, So that the application of 
the techniques is necessitated to be limited. 
0009. On the other hand, if the simple and easy flow 
detection and control of the Supply amount and the Simple 
and easy hardware associated therewith are employed for all 
the materials for the hydrogen production in order to reduce 
the cost, the stabilization of reaction becomes difficult in 
practical use. Especially, in the case where the combined 
reforming method is employed, the maintenance of the 
proper reaction temperature becomes difficult. 

SUMMARY OF THE INVENTION 

0010. In consideration of the above problems, an object 
of the present invention is to provide a hydrogen producing 
device by which the maintenance of the reaction temperature 
is possible and the control can be carried out easily, and a 
fuel cell electric power generation System using the hydro 
gen producing device. 
0011. In consideration of the above problems, the present 
invention proposes a System which executes feedback con 
trol for only the Supply of a specific material that is essential 
for the Stabilization of the react on (especially, the mainte 
nance of the proper reaction temperature), and Supplies other 
materials by means of open-loop control according to Set 
values which have previously been determined correspond 
ing to various required hydrogen production Volumes. 
0012. Differently from a method of calculating a supply 
Volume in real-time based on the theoretical reaction model, 
the controlling load becomes light in feedback control based 
on the deviation of an observed temperature from a target 
temperature. Further, there is no danger of improper control 
that is caused by the difference between an assumed reaction 
model and the actual reaction. Furthermore, Sophisticated 
devices for flow detection/control becomes unnecessary for 
materials other than the Specific material which is the target 
offeedback, since the flow of each of the other materials can 
be set by Selecting a proper flow corresponding to the 
required hydrogen production Volume. 
0013. It varies depending on the application fields how 
many production Volumes should be assumed and prepared 
as the required hydrogen production volume. For a fuel cell 
power generation System as a home-use distributed power 
Source for example, at most Several values (including 
“Stop”) are enough for practical use. 
0014. As the aforementioned specific Supplied material 
that is essential for maintaining the reaction temperature, the 
present inventors focus attention on air, OXygen, or oxidizing 
agents capable of functioning equivalently to air or oxygen. 
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0.015 When catalytic agents which are used for acceler 
ating oxidation reaction is put out of a hermetic container 
after the reaction, Sometimes the catalytic agents restart 
heating up intensely. Such phenomenon occurs due to accel 
eration of oxidation reaction which is caused by exposure of 
materials remaining on the Surfaces of the catalytic agents to 
oxygen in the air. Therefore, the control of temperature can 
be carried out quickly and Securely by controlling the 
amount of air (, oxygen, or oxidizing agent) which is 
Supplied to the reaction part. Incidentally, in the following, 
the air, OXygen, or oxidizing agent is handled Specially and 
distinguished from other materials. When term “each mate 
rial' is used, the term mainly denotes each material other 
than the air, OXygen, or oxidizing agent among the Supplied 
materials. 

0016. The present invention for resolving the above prob 
lems is as in the following. 
0.017. In accordance with an aspect of the present inven 
tion, there is provided a hydrogen producing device for 
Supplying at least one type of material to a reaction part 
together with air, oxygen, or an oxidizing agent to produce 
hydrogen by a specific chemical reaction, wherein: for the at 
least one type of material, Supply amount of each material is 
Set by Selecting one from two or more Set values which are 
previously determined corresponding to required hydrogen 
production Volumes, and for the air, oxygen, or oxidizing 
agent, Supply amount of the air, OXygen, or oxidizing agent 
is varied and controlled So that a temperature of the reaction 
part is within a preset temperature range. 
0.018. In the above description, term “two or more set 
values' denotes the Supply Volumes of materials that are 
capable of attaining corresponding the required hydrogen 
production Volumes Stably in an ordinary environment with 
relatively small external perturbation. With regard to varia 
tion or fluctuation of the chemical reaction (especially, 
temperature variation or fluctuation) occurring temporarily 
or abruptly in practical environments, necessary control is 
carried out by conducting feedback control to the Supply 
Volume of the air, oxygen, or oxidizing agent. 
0019. In accordance with another aspect of the present 
invention, there is provided a hydrogen producing device for 
Supplying at least one type of material to a reaction part 
together with air, oxygen, or an oxidizing agent to produce 
hydrogen by a specific chemical reaction, wherein: for the at 
least one type of material, Supply amount of each material is 
set by on/off combination of two or more valves each of 
which is capable of providing a preset flow; and for the air, 
oxygen, or oxidizing agent, Supply amount of the air, oxy 
gen, or oxidizing agent is set by controlling at least one of 
opening of a variable-flow valve, a Supply pressure of the air, 
oxygen, or oxidizing agent, and blower discharge amount So 
that temperature of the reaction part is within a preset 
temperature range. 

0020. The aforementioned “valves” that are only required 
on-off action (hereafter, referred to as “on-off valves”) are 
relatively cheap and easy to control in comparison with 
control valves which are generally used for flow control. 
Therefore, a combination of Such on-off Valves (cheap and 
easy to control) are used for the control of each material 
other than air, oxygen, or oxidizing agent, and flow control 
of the air, oxygen, or oxidizing agent is carried out by 
employing control of a variable-flow valve (control valve 
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which is generally used for flow control), air Supply pressure 
control, and/or blower revolving Speed control. 

0021. In accordance with another aspect of the present 
invention, there is provided a hydrogen producing device for 
Supplying at least one type of material to a reaction part 
together with air, oxygen, or an oxidizing agent to produce 
hydrogen by a specific chemical reaction, wherein: for the at 
least one type of material, Supply amount of each material is 
Set by Selecting one from n1 Set values which are previously 
determined corresponding to required hydrogen production 
Volumes, and for the air, OXygen, or oxidizing agent, Supply 
amount of the air, oxygen, or oxidizing agent is Set by 
Selecting one from predetermined n2 Set values, n1 being 
Smaller than n2. 

0022. In the above aspect, although the flow (the quantity 
of flow) is discretized with regard to both the other materials 
and the air, oxygen, or oxidizing agent, flow control with 
finer Steps can be carried out for the air, oxygen, or oxidizing 
agent by Satisfying condition “n1<n2. 

0023. In accordance with another aspect of the present 
invention, there is provided a hydrogen producing device for 
Supplying at least one type of material to a reaction part 
together with air, oxygen, or an oxidizing agent to produce 
hydrogen by a specific chemical reaction, wherein: each of 
Supply Systems for the air, oxygen, or oxidizing agent and 
the at least one type of material is provided with flow Setting 
means, and flow Setting is performed So that at least one of 
the flow Setting means opens the Supply System during a 
time period T2 in a preset time period T1 and an average 
Supply flow in the time period T1 becomes a desired value. 
Further, the time period T2 is varied depending on Status of 
hydrogen production operation Such as alteration of a 
required hydrogen production Volume. 

0024. In the above aspect, on-off valves whose on-off 
time is controlled can be employed as the above flow Setting 
means. The time period T2 which corresponds to a valve 
opening time is varied depending on the required hydrogen 
production Volume. With regard to the flow Setting means 
for the air, oxygen, or oxidizing agent, the time period T2 is 
varied for feedback amount with respect to reaction tem 
perature etc. 

0025. According to any one of the above hydrogen pro 
ducing devices, the use of control requiring relatively 
Sophisticated hardware is limited to the flow control of the 
air, oxygen, or oxidizing agent, and the flow control for the 
other materials is conducted by use of relatively simple 
hardware which Sets only values which are previously Stored 
corresponding to the required hydrogen production Volumes. 
Accordingly, the hydrogen producing device capable of 
realizing the Stability of the temperature control in practical 
use while reducing the total cost can be provided. 
0026 Further, as an application of the hydrogen produc 
ing device in accordance with the present invention, there is 
provided a fuel cell electric power generation System which 
employs the hydrogen producing device of the present 
invention as an internal Source of hydrogen. 

0027. In consideration of the application of the hydrogen 
producing device to a fuel cell, the Step-like variation 
occurring on the Switching or alteration of the hydrogen 
production Volume, or pulsation of the Supplied hydrogen 
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Volume occurring due to the time control of the on-off Valves 
has ill effects on the fuel cell. 

0028. In order to resolve the above problem, another fuel 
cell electric power generation System is provided, in which 
hydrogen Storage means (buffer tank) is provided after the 
outlet of the hydrogen producing device in accordance with 
the present invention. The Step-like variation and pulsation 
can be absorbed and reduced by the hydrogen Storage means 
(buffer tank). 

BRIEF DESCRIPTION OF THE DRAWINGS 

0029 FIG. 1 is a block diagram of a hydrogen producing 
device in accordance with a first embodiment of the present 
invention, and a fuel cell power generation System employ 
ing the hydrogen producing device; 
0030 FIGS. 2A and 2B are explanatory drawings of a 
discrete flow Setting unit in the first embodiment; 
0.031 FIG. 3 is an explanatory drawing of another dis 
crete flow Setting unit in the first embodiment; 
0.032 FIG. 4 is an explanatory drawing of a continuous 
flow setting unit in the first embodiment; 
0.033 FIG. 5 is an explanatory drawing of another con 
tinuous flow Setting unit in the first embodiment; 
0034 FIG. 6 is a flow chart for explaining an example of 
a control method of a feedback means in the first embodi 
ment, 

0035 FIG. 7 is a flow chart showing an example of a 
feedback control method combining P-control and I-control. 
0.036 FIG. 8 is a graph for explaining a method for 
calculating correction values AQ when control is carried out 
So as to maintain reaction temperature within a preset 
temperature range, 

0037 FIG. 9 is an explanatory drawing of a material 
reforming unit and a power generation unit in the first 
embodiment; 
0038 FIGS. 10A and 10B are explanatory drawings of a 
flow Setting unit in a Second embodiment of the present 
invention; 
0.039 FIG. 11 is an explanatory drawing of a flow setting 
unit in a third embodiment of the present invention; 
0040 FIGS. 12A and 12B are explanatory drawings for 
explaining a Supplied material flow control method in the 
third embodiment; 
0041 FIG. 13 is an explanatory diagram of a hydrogen 
producing device in accordance with a fourth embodiment 
of the present invention, and a fuel cell power generation 
System employing the hydrogen producing device; and 
0.042 FIG. 14 is an explanatory drawing showing an 
example of a home-use distributed power Source employing 
the hydrogen producing device and the fuel cell power 
generation System in accordance with the present invention. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

0.043 Referring now to the drawings, a description will 
be given in detail of preferred embodiments in accordance 
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with the present invention, wherein like reference characters 
designate like or equivalent elements throughout the ViewS. 
0044 FIG. 1 is a block diagram showing a hydrogen 
producing device in accordance with a first embodiment of 
the present invention, and a fuel cell power generation 
System employing the hydrogen producing device. In the 
drawing, reference numerals Starting from “1” denote mate 
rials which are Supplied to the hydrogen producing device, 
in which reference numeral 1c denotes air, OXygen, or an 
oxidizing agent capable of functioning equivalently to air or 
oxygen, and reference numerals 1a and 1b denote other 
materials. In this embodiment, the other materials include 
two materials. For example, the material #1 (1a) is methane 
and the material #2 (1b) is water. 
0045 Reference numerals 2 (2a, 2b) and 3 denote flow 
Setting units for Setting the flow (the quantity of flow) of 
each supplied material (1a, 1b and 1c). While explanations 
on concrete examples of the flow Setting units will be given 
later one by one referring to figures, a key Structural feature 
of this embodiment is that the flow setting units suitable for 
discrete flow Setting are employed as the flow Setting units 
2a and 2b for the materials 1a and 1b, and a flow Setting unit 
Suitable for continuous flow Setting is employed as the flow 
setting unit 3 for the material 1c. 
0046 Term “discrete” means that the flow as the target of 
Setting is determined discretely as in, for example, the 
open/close of a valve. Term “continuous” means that the 
flow as the target of setting is determined continuously as in, 
for example, a control valve whose valve opening can be 
controlled and adjusted. 
0047 AS for the flow setting unit 3, even if the continu 
ous flow Setting is impossible, the effects of the present 
invention are not impaired much if multilevel flow Setting 
finer than the flow setting units 2a and b is possible. For 
example, if the flow Setting unit 3 is capable of Successively 
Switching and Setting the flow in a step-like manner in flow 
feedback control, Such control can also be regarded as 
continuous flow Setting although the precision of flow 
Setting is lower. 
0048 AS for the flow setting units 2a and b, it is also 
possible to Select and use only the limited and discrete flow 
Set values while using a continuous flow Setting unit which 
is capable of Setting the flow continuously. For example, 
when the Supply flow of gaseous fuel Such as methane is 
controlled by means of revolving Speed control of a blower, 
fan, etc., the discrete flow Setting can be realized by Setting 
discretized revolving Speeds. Also when the Supply flow is 
controlled by controlling the opening of a valve, the discrete 
flow Setting can be realized by Selecting Specific discrete 
values for the opening. 
0049. The following explanation on the embodiments 
will be given taking a combination of on-off valves as an 
example of the flow setting unit suitable for discrete flow 
Setting, and a blower and the aforementioned control valve 
as examples of the flow Setting unit Suitable for continuous 
flow setting, in order to clarify the combination of the 
different flow setting methods. 
0050 Reference numeral 4 denotes a material reforming 
unit for producing hydrogen from the Supplied materials by 
means of a specific chemical reaction. Reference numeral 5 
denotes a power generation unit for generating electric 
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power by use of hydrogen-rich gas 13 which is produced by 
the material reforming unit 4. Concretely, the power gen 
eration unit 5 is implemented by a fuel cell. Especially, when 
a polymer electrolyte fuel cell (PEFC) is employed as the 
fuel cell, the construction of a Small-sized power generation 
System capable of operating at comparatively low tempera 
ture (approximately 80° C) becomes possible. 
0051. In some types of fuel cells, specific gases (carbon 
monoxide, for example) have ill effects on the power gen 
eration, therefore, Such gases have to be preliminarily 
removed or reduced. Further, sometimes it is preferable that 
Specific ingredients Such as Sulfur, which is included in the 
Supplied materials, should be removed from the Supplied 
materials before the reforming reaction. The material 
reforming unit 4 also performs Such gas composition adjust 
ment. 

0.052 Reference numeral 6 denotes a flow selection unit 
for giving flow Set values to the flow Setting units 2 and 3 
according to an instruction value 101 concerning a required 
hydrogen production volume. Reference numeral 7 denotes 
a Storage unit for previously storing the flow Set values of the 
flow Setting units 2 and 3 to be set depending on the required 
hydrogen production volume. Reference numeral 8 denotes 
a feedback unit for measuring values concerning the opera 
tion Status of the material reforming unit 4. Such as a 
representative temperature of the reforming reaction part 
and thereby conducting feedback control to the flow Setting 
unit 3. 

0.053 Incidentally, reference numerals 11a, 11b and 11c 
in FIG. 1 denote the flow of each-Supplied material. Ref 
erence numerals 12a, 12b and 12c denote the flow of each 
material which is Supplied to the material reforming unit 4 
after the flow setting. Reference numeral 13 denotes hydro 
gen-rich gas which is obtained as the result of a specific 
chemical reaction in the material reforming unit 4, and 
reference numeral 14 denotes electric power which is 
obtained by the power generation carried out by the power 
generation unit 5. 
0054. In the following, the operation of the hydrogen 
producing device in accordance with the first embodiment 
will be explained. First, the required hydrogen production 
Volume instruction 101 is given to the hydrogen producing 
device. The instruction 101 is given from outside by a user, 
or is automatically given in an internal Sequence. The 
instruction 101 can be, for example, numerical information 
designating a hydrogen production Volume per unit time 
under the Standard conditions, or can be an instruction 
designating the operation mode of the hydrogen producing 
device (Such as low-load operation). 
0055. The flow selection unit 6 reads out a set of flow set 
values 102b from the storage unit 7 depending on the 
instruction 101 (102a), and outputs flow setting signals 
103a, 103b and 103c to the flow setting unit 2a, 2b and 3 
respectively based on the obtained information (flow set 
values 102b). Thereby, a preset and appropriate flow is set 
with regard to each Supplied material, So that the materials 
of the appropriate flows are Supplied to the material reform 
ing unit 4. 
0056. In the material reforming unit 4, the hydrogen-rich 
gas 13 containing a certain amount of hydrogen correspond 
ing to the required hydrogen production Volume is produced 
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through a specific chemical reaction, and the hydrogen-rich 
gas 13 is Supplied to the power generation unit 5 Such as a 
fuel cell. If the chemical reaction in the material reforming 
unit 4 is ideally stable, no further control is necessary. 
However, in practical environments, the chemical reaction 
Sometimes becomes unstable due to unexpected internal/ 
external factors. 

0057 AS feedback control for coping with the instability, 
reaction temperature 104 of the Specific chemical reaction is 
detected, and when the reaction temperature 104 deviates 
from a predetermined temperature or temperature range, the 
flow set value of the continuous flow setting unit 3 is 
corrected depending on the deviation (105). 
0058. In order to calculate the corrected flow set value, 
the feedback unit 8 shown in FIG. 1 also refers to the output 
103c of the flow selection unit 6. Here, the flow setting unit 
3 controls and adjusts the amount of the air (, oxygen, or 
oxidizing agent), which is capable of changing the reaction 
temperature most quickly and certainly. In order to let the 
result of the feedback control be correctly reflected in the 
flow correction, the flow setting unit 3 should be imple 
mented by a flow setting unit suitable for continuous flow 
Setting Such as a control valve. 
0059 Meanwhile, the flow setting for the other materials 
is conducted with no feedback control, Simply based on the 
required hydrogen production volume. Therefore, flow Set 
ting units Suitable for discrete flow setting (Such as Solenoid 
valves), which are relatively cheap and easy to control, can 
be employed as the flow Setting units 2a and 2b. 
0060 AS above, the control according to the present 
invention is characterized by the combination of the tem 
perature feedback control which is executed for the flow 
Setting unit 3 for the air (, oxygen, or oxidizing agent) 1c, 
and the open-loop control in which flow Setting simply 
based on the required hydrogen production volume 101 and 
which is executed for the flow setting units 2a and 2b for the 
other materials 1a and 1b. 

0061 Incidentally, in the embodiment shown in FIG. 1, 
the storage unit (memory) 7 is shown separately from the 
flow selection unit 6 and the feedback unit 8 for clarifying 
each function. However, the Storage unit 7 can also be 
incorporated in at least one of the flow Selection unit 6 and 
the feedback unit 8. The flow selection unit 6, the storage 
unit 7 and the feedback unit 8 can be integrated in one 
control-unit box, for example, in the form of a micro 
computer-based control-unit board. 
0062. In addition, when the chemical reaction for hydro 
gen production is stopped, gas inside the device to which no 
material is being Supplied is Sometimes forcibly circulated 
continuously in order to maintain the material reforming unit 
4 in a proper condition. A unit for driving Such gas flow for 
the re-circulation can also be provided inside the material 
reforming unit 4, independently of the flow Setting unit 2a, 
2b and 3 for the material supply. It is also possible to add a 
bypass pipe for returning the output gas 13 of the material 
reforming unit 4 to the inlets of the flow Setting unit, and 
Valves for changing gas flow, and thereby carry out the 
re-circulation by Supplying the gas to one or more of the 
flow setting unit 2a, 2b and 3. 
0063. Further, the instruction 101 is not limited to the 
required hydrogen production volume instruction itself, and 
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may be an instruction value corresponding to another Vol 
ume which correlates with the required hydrogen production 
Volume. For example, by using an instruction value con 
cerning the output 14 of the fuel cell 5, System configuration 
based on the operation of the cell can be done easily. AS Such 
an instruction value, a numeral value concerning the current, 
voltage or output power (wattage) of the output 14, oran the 
output mode of the fuel cell which indicates the low-load, 
middle-load or high-load can be used. 
0064. As another example, a fuel utilization ratio which 
indicates how much hydrogen is Supplied for the ratio of 
hydrogen consumption necessary for obtaining a preset 
power generation output can also be used as the instruction 
101. In general, when the fuel utilization ratio gets high, the 
load on the cell for generating the preset power becomes 
heavy. On the other hand, when the fuel utilization ratio is 
made low, the rate of wastefully Supplied hydrogen gets 
higher. Therefore, when the fuel utilization ratio is used as 
the instruction 101, a desired fuel utilization ratio can be 
realized easily. 
0065 According to this embodiment, temporarily or 
abruptly occurring instability of reaction which is caused by 
internal/external factors can properly be coped with. Term 
“properly means the following meanings. 
0.066 If the total combination of the Supplied materials is 
controlled in order to maintain the proper reaction tempera 
ture against the temporary or abrupt instability, the amounts 
of the Supplied materials after the control are necessitated to 
be different from those for stably attaining the required 
hydrogen production volume when no factor causing insta 
bility exists. In consideration of response delay accompa 
nying the reaction, Such control itself might become the 
cause of additional external disturbance. In order to change 
and control the reaction against the temporary or abrupt 
fluctuation and thereafter let the reaction converge into the 
stable state after recovery from the fluctuation while avoid 
ing the above problem, fine and minute control of the 
amounts of the Supplied materials becomes essential. Con 
Sequently, Sophisticated and intelligent hardware (flow set 
ting unit) becomes necessary for the fine and minute flow 
control. 

0067. On the other hand, in the present invention, the 
Stabilization of the reaction against the temporary or abrupt 
instability is attained by maintaining the reaction tempera 
ture by controlling and adjusting the amount of the Supplied 
air (, oxygen, or oxidizing agent), while keeping the amounts 
of the other materials at those that are required when the 
reaction is stable. Therefore, faster control response against 
external disturbance can be obtained, and further, there is 
almost no danger that the control itself causes additional 
disturbance. 

0068. Further, as for the flow setting unit which tends to 
require complex Structure and control, the fine and minute 
flow control is not required of the flow setting unit for 
materials other than the air (, oxygen, or oxidizing agent). 
Therefore, the easily controlled flow Setting unit having 
relatively simple Structure can be employed for the other 
materials. Consequently, the whole System can be provided 
at a low cost, from the viewpoints of both hardware and 
Software. 

0069. Incidentally, the information stored in the storage 
unit 7 shown in FIG. 1 can be either a map in which a set 
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of flow Set values are assigned to each required hydrogen 
production volume, or functions for calculating flow Set 
values based on the required hydrogen production Volume. 
The flow selection unit 6 may use the information stored in 
the Storage unit 7 directly, or may calculate each of the flow 
Set values after executing Some operation Such as interpo 
lation, based on various information. However, Simpler 
Setting is better for extracting and obtaining the effects of the 
present invention most. 
0070. In the following, the structure of the flow setting 
unit and the flow setting method therefor will be explained. 
FIGS. 2A and 2B are explanatory drawings for explaining 
an example of the discrete flow Setting unit in accordance 
with the first embodiment. In FIG. 2A, reference numeral 
21a denotes a branching unit for branching the Supplied 
material flow 11a. The branching unit 21a can be imple 
mented by combining branching pipes each of which has 
desired channel resistance. The channel resistance can be 
given by changing the shape or dimensions of each pipe, or 
by providing internal channel Structure in the branching unit 
21a. 

0071 Reference numerals 22a and 23a denote on-off 
Valves which can be opened and closed by being triggered 
with a specific Signal. Although it is also possible to let 
control valves capable of continuously changing the flow 
Such as globe valves or pinch valves perform on-off action, 
as the on-off valves 22a and 23a in this embodiment, valves 
designed exclusively for on-off action Such as Solenoid 
Valves are preferable in order to attain Simple and easy 
control. The on-off valves 22a and 23a are placed in parallel 
with respect to the input, in order to carry out the flow 
control explained later. 
0072 Reference numeral 24a denotes a combining unit 
for combining flows. The combining unit 24a can be imple 
mented by Simply joining two upstream pipes together. 
However, it is also possible to reduce backward material 
flow by joining the two pipes together after making a double 
pipe Structure, or by employing a liquid non-return Structure. 
0073. As explained above, the discrete flow setting unit 
2a (2b) shown in FIG. 1 is constructed by use of the flow 
branching unit 21a, the flow combining unit 24a and the 
parallelly connected on-off Valves 22a and 23a. 
0074. In the following, the operation of the flow setting 
unit shown in FIGS. 2A and 2B will be explained. Refer 
ence numeral 103a shown in the drawings denotes a flow 
Setting Signal which is outputted by the flow Selection unit 
6. The flow setting signal 103a is composed of two on-off 
signals for the on-off valves #1 (22a) and #2 (23a). By the 
combination of the two on-off signals, four levels of flows 
including “stop” can be set. Since any flows other than the 
four flow Set values are not regarded as targets of flow 
Setting, it is called “discrete flow Setting unit'. 
0075. By setting the branching unit 21a so that the total 
flow of the opened on-off valve #1 (22a) is smaller than that 
of the opened on-off valve #2 (23a), the relation between the 
valve statuses and the flow of the Supplied material #1 (11a) 
can be set as a table shown in FIG. 2B. 

0076. When both the on-off valves #1 and #2 are closed, 
the Supplied material flow becomes “0”. The status corre 
sponds to a case where the reaction in the material reforming 
unit 4 is Stopped and no hydrogen is newly produced. When 
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one of the on-off valves #1 and #2 are opened, the material 
is supplied with low flow and medium flow. When both the 
on-off valves #1 and #2 are opened, the material supply with 
high flow, which is approximately the sum of the low flow 
and the medium flow, is realized. 
0.077 By appropriately setting the branching flows of the 
branching unit 21a So as to Supply the material correspond 
ing to the hydrogen production Volume, the above four flow 
Set values can properly be associated with the Stop of 
hydrogen production, low-flow operation (initial operation), 
middle-flow operation, and high-flow operation (rated 
power operation), respectively. 
0078 For example, when an instruction for low-flow 
operation (initial operation) is Supplied as the required 
hydrogen production volume instruction 101, the flow selec 
tion unit 6 outputs a signal 103a for opening the valve #1 and 
closing the valve #2 as the information from the Storage unit 
7. Also for the material #2 (11b) shown in FIG. 1, flow 
Setting can be carried out in the same way according to the 
required hydrogen production Volume instruction 101. 
0079 Incidentally, it is also possible to let the material 
reforming unit 4 perform self-check by use of the combi 
nation of the on-off valves #1 and #2. When the hydrogen 
production reaction is progressing normally, the hydrogen 
production Volume increases at a proper rate according to 
the increase of the Supplied material. On the other hand, 
when the reaction deviates from a proper State due to 
deterioration of catalytic agents etc., the hydrogen produc 
tion volume does not increase according to the increase of 
the Supplied material. Alternately, behavior differently from 
the initial or ordinary State is found. 
0080. Therefore, aged deterioration or failure of the sys 
tem can be detected by monitoring the correlation between 
the on-off combination of the on-off valves #1 and #2 and, 
for example, the hydrogen production volume or the power 
output of the fuel cell. Further, degradation or abnormality 
of the System can be forecasted by obtaining the-rate of the 
correlation to extrapolate its tendency. As a result, the 
operation mode of the System can be Switched into “degra 
dation mode' or “failure mode”, or an appropriate alarm 
Signal can be issued. A modification value of the Supplied 
material necessary for the change of the operation mode can 
previously be stored in the storage unit 7 shown in FIG. 1. 
0081. The self-check can be executed by sampling data 
during the normal operation of the System, or in a predeter 
mined diagnosis mode. The diagnosis mode can be activated 
when the device is started up or in the nighttime when the 
power load is low. 
0082 Further, the number of on-off valves is not limited 
to two. Finer flow control becomes possible if a larger 
number of on-off valves are connected in parallel and the 
on-off combination of the valves are controlled properly. 
The number of on-off combinations increases by “the power 
of 2', therefore, a Sufficient number of combinations can be 
obtained by adding only a few on-off valves. 
0.083. According to the discrete flow setting unit shown in 
FIGS. 2A and 2B in accordance with the first embodiment, 
the practical four-stage hydrogen production operation 
including “reaction Stop” can be realized by the combination 
of only two parallelly connected on-off valves #1 and #2 
which are simply structured and easily controlled, Such as 
Solenoid valves. 
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0084. The proper operation of the discrete flow setting 
unit can be attained by the relatively simple and easy control 
by the on-off combination of the on-off valves. Therefore, 
error in the control or operation of the discrete flow Setting 
unit hardly occurs in practical environment, thereby reli 
ability in practical use can be improved. 
0085 Another example of the discrete flow setting unit 
will be explained referring to FIG. 3. The flow branching 
unit 21a, the on-off valves #1 and #2 (22a and 23a), and the 
flow combining unit 24a are the Same as those of the discrete 
flow setting unit shown in FIGS. 2A and 2B. In the discrete 
flow setting unit shown in FIG. 3, flow adjustment unit #1 
and #2 (25a and 26a) are provided after the on-off valves #1 
and #2 (22a and 23a), respectively. 
0086 As the flow adjustment unit, a constant-flow valve 
or a governor can be employed for example. The constant 
flow valve means a valve capable of maintaining a preset 
constant flow even if primary pressure (upstream flow 
pressure) or Secondary pressure (downstream flow pressure) 
varied. In a known technique for maintaining a preset 
constant flow, a mechanism for controlling preSSure differ 
ence between the primary pressure and the Secondary pres 
Sure is provided inside the constant-flow valve, and the 
channel croSS Section is maintained constant under the 
condition that the pressure difference is constant. By pro 
Viding a constant-flow valve after an on-off Valve, a preset 
flow can be set and maintained independently of the branch 
ing flow of the flow branching unit 21a. 
0087. The governor means a device for adjusting the 
preSSure of the flow to a preset pressure. In a known 
technique, a mechanism for controlling pressure loSS Such as 
a perforated plate whose channel croSS Section can be varied 
is provided inside the governor, and the pressure loSS is 
controlled by reference to exit pressure, thereby a preset exit 
preSSure is maintained. By providing a governor after an 
on-off Valve, a preset pressure can be Set independently of 
the branching flow of the flow branching unit 21a, thereby 
a preset flow can be set properly according to flow resistance 
which is peculiar to the channel. 
0088. In the following, the operation of the flow setting 
unit shown in FIG. 3 will be explained. As an example, the 
flow branching unit 21a is assumed to branch and Supply the 
material flow evenly to the on-off valves #1 and #2 (22a and 
23a). The flows of the on-off valves #1 and #2 (22a and 23a) 
when they are opened are Set independently by use of the 
flow adjustment units #1 and #2 (25a and 26a). Since the 
flow adjustment units for exclusive use are provided to the 
on-off valves, the flows of the on-off valves #1 and #2 (22a 
and 23a) can be set more precisely. The other components 
are the same as those shown in FIGS. 2A and 2B. 

0089. Incidentally, both the on-off valves #1 and #2 (22a 
and 23a) are provided with their exclusive flow adjustment 
units #1 and #2 (25a and 26a) in the example shown in FIG. 
3. However, if precise flow Setting is unnecessary, one of the 
on-off valves #1 and #2 can be serially provided with the 
flow adjustment unit. For example, when only the flow 
adjustment unit #1 (25a) is employed, the flow of the on-off 
valve #1 (22a) is determined by the flow adjustment unit #1 
(25a), whereas the flow of the on-off valve #2 (23a) is 
determined by the branching flow of the flow branching unit 
21a. 

0090 Since the discrete flow setting unit shown in FIG. 
3 in accordance with the first embodiment employs the flow 
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adjustment unit for the flow Setting of each on-off Valve, 
correct flow Setting can be maintained constantly even if 
flow Status on the upstream Side (primary Side) or down 
Stream side (secondary Side) of the on-off valve changed and 
thereby the primary pressure or Secondary pressure varied, 
for example. 
0.091 Further, the flow branching unit 21a is not required 
to have the flow Setting function, therefore, the Structure of 
the flow branching unit 21a can be simplified. 
0092 Referring to FIG. 4, an example of the continuous 
flow Setting unit in accordance with the first embodiment 
will be explained. In the drawing, reference numeral 1C 
denotes air (, oxygen, or oxidizing agent) used for the 
hydrogen production reaction. Although a high-pressure gas 
bomb containing air or oxygen can be used as the Source, 
FIG. 4 assumes a case where air in the atmosphere is used 
directly, for the Simpler purpose. 

0093. Reference numeral 31 denotes a blower. For feed 
back control which will be explained later, the blower 31 
whose revolving Speed can be varied by an external control 
signal is used. The revolving speed of the blower 31 can be 
changed continuously, differently from the combination of 
the on-off valves (FIGS. 2A, 2B and 3). Here, a flow setting 
unit capable of changing its flow Set value continuously is 
generally called a “continuous flow Setting unit'. The other 
components shown in FIG. 4 are the same as those shown 
in FIG. 1. 

0094. In the following, the operation of the flow setting 
unit shown in FIG. 4 will be explained. The blower 31 
receives air Supply 11c from the atmosphere to Supply the air 
12c to the material reforming unit 4. The amount of the 
Supplied air has correlation with the revolving Speed of the 
blower 31. Therefore, the amount of the supplied air is 
adjusted by controlling the revolving Speed. 
0.095 The feedback unit 8 detects the temperature 104 of 
the hydrogen production reaction part in the material 
reforming unit 4. A thermocouple or various types of tem 
perature Sensors can be employed for the temperature detec 
tion. It is also possible to detect the temperature using an 
electrical resistance wire of a Specific length Such as a 
platinum wire to measure the resistance change of the 
resistance wire. 

0096. In the temperature detection, the temperature can 
be detected at a representative point of the reaction, or the 
average temperature can be detected. If a point at the highest 
temperature at which oxidation progresses most is Selected 
as the representative point, feedback control maintaining the 
highest temperature below a preset temperature can be 
carried out easier. For the detection of the average tempera 
ture, a temperature Sensor of a distributed type Such as the 
aforementioned electrical resistance wire can be used, or it 
is also possible to let two or more temperature Sensors detect 
temperatures in parallel and let the feedback unit 8 calculate 
the average temperature. In the latter case, reference 
numeral 104 denotes a set of temperature Signals from the 
temperature Sensors. 

0097. The feedback unit 8 refers to air flow information 
103c which has been set depending on the required hydro 
gen production volume. The feedback unit 8 refers to the 
original air flow information 103c to execute a correction 
process for it. In the case shown in FIG. 4, information 
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concerning the revolving speed of the blower 31 which 
realizes the air flow can also be used directly as the air flow 
information 103c. When the detected temperature 104 devi 
ated from a preset target temperature or temperature range, 
the feedback unit 8 increases or decreases the flow set value 
of the continuous flow Setting unit 3 according to the 
deviation. 

0098. The increase/decreases of the flow set value is 
carried out by increasing/decreasing the revolving Speed of 
the blower 31. In FIG. 4, the signal 105 for the flow 
correction which the feedback unit 8 outputs to the blower 
31 is a revolving Speed control Signal after correction. 
0099 Incidentally, it is also possible to provide a filter 
unit for air purification in front of the blower 31 or after the 
blower 31. Thereby, stable operation of the system is real 
ized even in dusty environments. A dehumidifier can be 
provided. Thereby, it is possible to remove water from air, 
So that water the amount of which is more than a preset 
amount is not Supplied to the material reforming unit 4. It is 
also possible to provide a structure Such as a throttling 
structure after the blower 31 so as to control the output flow 
of the blower 31. 

0100. In the continuous flow setting unit shown in FIG. 
4 in accordance with the first embodiment, the amount of the 
Supplied air (, oxygen, or oxidizing agent) can be controlled 
continuously by the revolving speed control of the blower 
31, so that it is possible to carry out the flow correction to 
increase or decrease the flow a little bit. Therefore, such fine 
flow correction can be executed by relatively simple meth 
ods in comparison with the discrete flow setting unit (FIGS. 
2A, 2B and 3). Meanwhile, there are cases where keeping a 
constant and designated flow by use of the blower 31 is more 
difficult in comparison with the discrete flow Setting unit 
(FIGS. 2A, 2B and 3) due to turbulence etc. However, such 
fluctuation and variation in accuracy can be compensated for 
by the combination with the feedback unit 8. 
0101 Referring to FIG. 5, another example of the con 
tinuous flow Setting unit in accordance with the first embodi 
ment will be explained. In the drawing, reference numeral 
32 denotes an air compression unit for boosting air to a 
desired pressure. An ordinary compressor can be used as the 
air compression unit 32. There are various types of com 
preSSorS Such as a centrifugal compressor which discharges 
air to its peripheral part by use of centrifugal force and 
thereby compresses air, a rotary compressor using a Screw or 
rotor blades, and a reciprocating compressor using a to-and 
fro motion of a piston. 
0102) The control of discharge pressure can be done by 
controlling the opening of the inlet valve or delivery valve 
of the compressor, or by controlling air flow So as to 
decrease the air flow when the preSSure rises and to increase 
the air flow when the pressure falls. The compressor may be 
provided with a tank at its rear end for holding the pressure. 
It is also possible to use the compressor for the purpose of 
increasing the air pressure to a preset pressure and thereafter 
adjust the Supplied air pressure by reducing outlet pressure 
by, for example, changing the open-close cycle of a blow-off 
valve. 

0.103 Reference numeral 33 denotes a throttle provided 
to a pipe after the air compression unit 32. By the provision 
of the throttle 33, pressure control Such as boosting can be 
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made easier for a Small-sized compression unit. The other 
components are the same as those shown in FIG. 4. 
0104. In the following, the operation of the flow setting 
unit shown in FIG. 5 will be explained. Air compressed by 
the air compression unit 32 flows out of the throttle 33 at a 
preset flow rate. The outflow of air, which is determined by 
preSSure difference between upstream pressure and down 
Stream pressure of the throttle 33, does not vary much since 
the downstream pressure is opened to the reaction System. 
0105. Therefore, the downstream outflow of the throttle 
33 is almost determined by the upstream pressure of the 
throttle 33 (that is, outlet pressure of the air compression unit 
32). Thus, the supplied air flow 12c to the material reforming 
unit 4 can be adjusted by, for example, controlling the 
discharge pressure of the compressor. In the example shown 
in FIG. 5, the signal 105 for the flow correction which the 
feedback unit 8 outputS is a discharge preSSure control Signal 
for the compressor. In the case where the open-close cycle 
of the blow-off valve is changed for the pressure control, the 
Signal 105 is a signal for controlling the open-close cycle of 
the blow-off valve. In both cases, the supplied air flow is 
varied by varying the upstream pressure of the throttle 33. 
0106 Incidentally, even if a relatively large variation 
occurred to the downstream pressure of the throttle 33, the 
feedback unit 8 automatically corrects the discharge pres 
Sure of the compressor, for example, So as to maintain an air 
flow necessary for a preset temperature. That is, no problem 
occurs in the feedback control unless the variation of down 
Stream pressure exceeds compression capacity of the air 
compression unit 32. 
0107 According to the continuous flow setting unit 
shown in FIG. 5 in accordance with the first embodiment, 
the Supply flow is controlled through preSSure, therefore, 
preSSure drift or variation occurring to a material Supply line 
during the material Supply can be Suppressed naturally. 

0108 For example, if the flow control is carried out so as 
to maintain a preset flow, there is a possibility that in-pipe 
preSSure gradually increases due to compressibility of the 
Supplied fluid, exceeds permissible pressure of the flow 
Setting unit, and causes a failure. Or, disturbance Such as 
in-pipe temperature variation or fluctuation can cause pull 
sation in the in-pipe pressure and exertill effects on the flow 
Setting. In the method of this embodiment carrying out the 
flow control through pressure, Such phenomena can be 
avoided by means of ordinary control. 
0109 Referring to FIG. 6, an example of a control 
method of the feedback unit in accordance with the first 
embodiment will be explained. First, a flow set value (Q) is 
read out based on the flow setting signal 103c Supplied from 
the flow selection unit 6 (FIG. 1). 
0110 Subsequently, the flow set value (Q) is compared 
with an initial value or a previously read flow Set value to 
judge whether or not there is alteration in the flow Set value 
(process “A”). If there is alteration in the flow set value, a 
preset Standby time is waited for in consideration of time 
necessary for Stabilization of reaction. If there is no alter 
ation in the flow Set value, it proceeds to the next process. 
0111 Subsequently, the temperature T of the material 
reforming unit 4 is read out as the signal 104. Thereafter, a 
correction value concerning the blower revolving Speed, the 
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compressor discharge preSSure, etc. for the continuous flow 
setting unit 3 is calculated based on the flow set value (Q) 
and the observed temperature (T) (process “B”). 
0112 The basic operation contents of the process “B” 
include the following StepS. First, a target temperature T of 
the reaction is determined depending on the flow Set value 
(Q). The target temperature T can be set to a constant 
regardless of Q, or can be calculated as a function of Q. If 
the target temperature T Varies in a complex manner 
depending on Q, an additional Storage unit can be provided 
outside to Store it. 

0113 Subsequently, a temperature difference AT=T-T 
between the target temperature T and the observed tem 
perature T is calculated. Then, a correction value AQ of the 
air flow which is necessary for compensating for the tem 
perature difference AT is obtained. The correction values AQ 
are preliminarily determined for each temperature difference 
AT, based on experiments with various AT, for example. 
Storage of the correction values AQ can be done employing 
a function, a map, interpolation, etc. If necessary, an addi 
tional Storage unit can also be used. 
0114 Subsequently, a correction value concerning the 
blower revolving Speed, the compressor discharge pressure, 
etc. corresponding to the correction value AQ is obtained. 
The correction values are preliminarily determined for each 
correction value AQ, based on experiments with various AQ, 
for example. Storage of the correction values can be done 
Similarly to the Storage of the correction values AO. 
0.115. At the end of the process “B”, the obtained cor 
rection value is added to the value before correction, and 
thereby a value after correction (105) is obtained. At the end 
of the whole control process, the value after correction (105) 
is outputted to the continuous flow Setting unit 3 as a new 
blower revolving Speed, a new compressor discharge pres 
Sure, etc. Thereafter, the above control proceSS is executed 
repeatedly. 

0116. The example shown in FIG. 6 has the features of 
the integral control (I-control) in which the correction value 
is calculated based on the temperature difference AT and the 
addition of the correction values is repeated. However, it is 
of course possible to employ other control methods as the 
process “B”. 

0.117) For example, when it has the features of the pro 
portional control (P-control), the corrected flow set value 
(Q) is calculated based on the temperature difference AT, 
and thereby a value of the corresponding blower revolving 
Speed, compressor discharge pressure, or the like is obtained 
as the instruction value. In this case, the Successive addition 
of the correction values is not executed. 

0118. As an example, the correction value AQ for the 
flow Set value Q can be set proportionally to the temperature 
difference AT. By this method, the correction value AQ 
(OAT) is added to the flow set value Q while AT is not zero. 
However, when AT is zero, AQ also becomes zero. Thereby, 
the flow set value can be restored to the initial value Q of the 
case where there's no external perturbation or fluctuation. 
0119 When reaction fluctuation due to external pertur 
bation etc. is Small, the proportional control, which can be 
carried out easily, is desirable. On the other hand, when 
reaction fluctuation due to external perturbation exists, a 
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Steady-state deviation might occur to the Supply flow value 
for realizing the preset temperature. In order to eliminate the 
Steady-state deviation, the integral control is preferable. 
When the hydrogen production reaction is relatively stable 
but external perturbation can not be neglected, it is also 
possible to combine the P-control and the I-control. 
0120 In FIG. 7, an example of a feedback control flow 
in which the P-control and the I-control are combined is 
shown. Relative variations in the Supplied air volume and 
the temperature in the case where the operation mode of the 
hydrogen producing device is Switched according to FIG. 6 
are also shown. While Switching from a middle-load mode 
to a high-load mode is shown in the example shown in FIG. 
7, the feedback control can also be applied to Switching 
between other modes. 

0121 The Supplied air volume changes in a step-like 
manner by the mode Switching. Thereafter, feedback control 
is started after waiting for a certain Standby time for the 
Stabilization of reaction. At the point in time, if the repre 
Sentative temperature of the reactor has not reached a target 
temperature, the Supplied air Volume is corrected by dOair 
as shown in FIG. 7 as the effect of the feedback control. By 
the temporary increase of the air flow, the temperature rise 
is accelerated. Thereby, the time necessary for the mode 
Switching can be shortened. Thereafter, when the represen 
tative temperature of the reactor approaches the target tem 
perature, the correction value dOair diminishes gradually. 
0122) In the above feedback control, the temperature 
difference AT between the target temperature T, which has 
previously been determined corresponding to each operation 
mode, and the observed temperature T (representative tem 
perature of the reactor) is normalized with respect to the 
target temperature T, and a multiplication by a feedback 
gain "Gain 1' which corresponds to the proportional control, 
and a multiplication of an integrated value by a feedback 
gain "Gain 2' which corresponds to the integral control are 
carried out in parallel, and thereafter, the correction value 
dOair is obtained by adding the multiplication results 
together. The correction value dOair is added to an air flow 
Qair before correction to determine the Supplied air Volume. 
The above process is repeated at preset control time inter 
vals. 

0123. Here, even if the temperature started fluctuating 
due to fluctuation in the Supplied material flows etc., the 
temperature can be restored Stably by increasing/decreasing 
the Supplied air flow So as to cancel out the fluctuation. If the 
reaction is relatively stable, the correction can be carried out 
using the proportional control and the integral control as 
main control and auxiliary correction control, respectively. 
Concretely, Gain 1>Gain 2. On the other hand, if the reactor 
is very unstable, it can be carried out mainly using the 
integral control. 
0.124. In the case where the integral control is used 
mainly, if the deviation to be corrected by the control is too 
large, the change in the Supplied air flow might become too 
large, So that the reaction might get into an unstable State. 
For Such cases, it is also possible to Set upper/lower limits 
to the correction value dOair and neglect variations outside 
the range, thereby the control can be carried out in a stable 
reaction range only. Such upper/lower limits can be Selected 
previously by conducting experiments, Simulations, etc. So 
as to reflect the characteristics of the reactor. 
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0.125. As another method for carrying out the control in 
a stable reaction range only, it is also possible to reset the 
Supply flow at preset time intervals or each time when a 
predetermined temperature condition etc. is Satisfied. 
According to this method, the ill effects due to error accu 
mulation in the flow correction calculation can be avoided 
even in long-term continuous operation. In addition to the 
PI-control, if there's enough processing power in reserve, a 
general PID control or other control methods can also be 
employed. 

0.126 Incidentally, the process “A” shown in FIG. 6 can 
also be omitted depending on the characteristics of the 
material reforming unit 4. While the flow set value (Q) and 
the observed temperature (T) can also be read out simulta 
neously at Some appropriate point in time. 

0127. While the process “B” shown in FIG. 6 has been 
described as being composed of Several individual Steps in 
order to clarify basic contents of the control, all or part of the 
process “B” can also be executed at one time by, for 
example, preparing a function or map data to be used for 
obtaining and outputting a corrected value depending on the 
flow set value (Q) and the observed temperature (T), directly 
obtaining a corrected value from AT not via AQ, etc. 

0128. In addition, the observed value which is indicated 
by the signal 104 is not limited to the temperature of the 
material reforming unit 4, but can also be other information 
Such as the output of a specific gas Sensor, that characterizes 
the status of hydrogen production. 
0129. Further, the feedback unit 8 does not necessarily 
have to output the corrected value in every control cycle 
shown in FIG. 6. As one method, the result can also be 
outputted after repeating the correction operation for a preset 
number of times. In this case, Since the correction result is 
outputted after being added together for the preset number of 
times, alteration of the flow Set value can be done correctly 
even when Small correction results are rounded down and 
omitted due to coarse resolution of the continuous flow 
Setting unit. It is also possible to adjust the time interval of 
the flow Set value outputs to the continuous flow Setting unit 
3 by adjusting the number of the repeated correction opera 
tions. 

0.130. As another method, it is also possible to output the 
flow Set value every preset time interval, independently of 
the repetition of the correction process. In this case, the 
result of each correction process is Stored and updated in 
each execution of the correction process. When the Set value 
is outputted, the result of the correction proceSS Stored at the 
point in time is read out and outputted, thereby the alteration 
of the flow can be carried out at fixed time intervals 
independently of time necessary for each correction process. 

0131. As a still other method, the control method of the 
feedback unit can be carried out in a hardware-like manner 
other than in the Software-like manner described above. As 
an example, the valve opening of the air Supply System can 
be controlled by use of deformation of a material that 
changes its shape depending on temperature, Such as a 
bimetal. In other words, by letting the air Supply channel be 
opened/closed according to the rise/fall of the temperature, 
the feedback control can be carried out by the flow correc 
tion using hardware So as to reduce the temperature varia 
tion. 
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0132) According to the control method shown in FIG. 6 
in accordance with the first embodiment, the feedback 
control can be carried out with relatively simple operations 
Since the control method basically employs the control based 
on the difference between the observed value and the target 
value. Further, Since the control method features the integral 
control in which the correction value is added up Succes 
Sively, Steady-state deviation can be avoided after temporary 
or abrupt fluctuations. Therefore, the original control value 
can be regained Stably. 
0133. The flow set values of the discrete flow setting unit 
in accordance with the present invention are Set to the 
optimum values regardless of the presence or absence of 
fluctuations, and the flow set value of the continuous flow 
Setting unit can Stably be restored to the original control 
value after temporary or abrupt fluctuation by means of the 
above control method. Therefore, by the combination of the 
discrete flow Setting unit and the continuous flow Setting 
unit, instability of the reaction occurring temporarily or 
abruptly due to internal/external factors can be coped with 
properly and correctly. 
0134) Incidentally, while the control method for attaining 
and maintaining the preset target temperature has been 
explained in the example shown in FIG. 6, it is also possible 
to give a certain width to the target temperature. That is, the 
control method can also be carried out So as to maintain the 
reaction temperature within a preset temperature range. 
0135 Referring to FIG. 8, a method for calculating AQ 
in the case where the control is carried out So as to maintain 
the reaction temperature within a preset temperature range 
will be explained. In the drawing, Straight line O COC 
sponds to the control method explained referring to FIG. 6. 
0.136 According to straight line CD, when the tempera 
ture difference (AT=T-T) between the target temperature 
T* and the observed temperature T is positive (AT-0), the 
air flow is increased (AQ>0) So as to raise the temperature. 
Thereby, the oxidation reaction in the material reforming 
unit 4 is accelerated. On the other hand, when the tempera 
ture difference AT is decreased (AT-0), the air flow is 
decreased (AQ-0) so as to lower the temperature. Thereby, 
the oxidation reaction is decelerated. The relationship of line 
CD is of course not necessarily required to be linear. 
0.137 Meanwhile, in the case of polygonal line (2), AQ is 
Set to “0” and no correction is executed in a preset tempera 
ture range T. For the positive or negative temperature 
difference AT out of the temperature range T, AO is 
increased or decreased to control the temperature Similarly 
to the case of line CD. When temperature fluctuation easily 
occurs at a part as the target of temperature control, fine and 
minute control becomes necessary in order to attain and 
maintain the preset target temperature precisely. Further, the 
temperature control might become difficult when there's a 
Serious delay in the reaction. However, by giving the target 
temperature a certain width, the difficulty in the control is 
relieved, so that stable control can be realized with a 
relatively simple method. 
0138 According to the control method shown in FIG. 8 
in accordance with the first embodiment, the temperature 
control can be carried out giving a certain width to the preset 
target temperature. Thereby, Stable temperature control can 
be carried out for an exothermic reaction part etc. where the 
temperature easily becomes unstable. 
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0.139. An example of the material reforming unit and the 
power generation unit in accordance with the first embodi 
ment will be explained referring to FIG. 9. In the drawing, 
reference numeral 41 denotes a pretreatment unit for con 
ducting the pretreatment of materials necessary for the 
hydrogen production. For mixing water, which is Supplied in 
a State of liquid, with methane and air which are Supplied in 
States of gas, the water can be sprayed directly into the 
high-temperature reaction environment, however, the mix 
ing Sometimes gets easier by previously vaporizing the 
water. In Some cases, the catalytic oxidation reaction of 
methane is accelerated by preheating and rising the tem 
perature of the methane. The pretreatment unit 41 adjusts the 
Statuses of Such materials if necessary. 
0140. When methane containing a sulfuric compound as 
odorant, air containing a high concentration of car exhaust 
gas, etc. are used as the materials, it is preferable that the 
Sulfur content in the odorant or the exhaust gas should be 
removed by the pretreatment unit 41. Therefore, the pre 
treatment unit 41 performs desulfurization of the Supplied 
materials by maintaining a desulfurizing catalyst in a reac 
tive state, for example. Although not shown in FIG. 8, the 
Vaporization of a liquid material, the preheating of a mate 
rial, the desulfurization of methane containing odorant, and 
the desulfurization of air containing exhaust gas can be 
carried out Separately and independent in the pretreatment 
unit 41. Components for conducting Such processes are put 
together in the pretreatment unit 41. 
0141 Reference numeral 42 denotes a reforming unit 
which causes a specific chemical reaction by use of the 
pretreated Supplied materials to produce hydrogen-rich gas. 
When methane, water and oxygen are used as the materials, 
the aforementioned specific chemical reaction includes two 
reactions: a steam reforming reaction shown in Formula (1) 
and an oxidation reaction shown in Formula (2). 
0142. Although the steam reforming reaction (Formula 
(1)) is a reaction for generating hydrogen from methane, it 
is an endothermic reaction. Therefore, the Steam reforming 
reaction requires another exothermic reaction or heating 
from outside. The oxidation reaction (Formula (2)) is an 
exothermic reaction using methane as a material, and can be 
used as a heat Source for maintaining the reaction tempera 
ture. The concentration of hydrogen produced by the reac 
tion varies depending on equilibrium gas composition of the 
reaction. The equilibrium gas composition varies depending 
on temperature. High reaction temperature is desirable for 
obtaining high hydrogen concentration. 

0143. The reaction temperature in the case where meth 
ane, water and air are used as the materials should be set at 
600 C-800° C., for example. The heat of reaction shown in 
Formulas (1) and (2) changes depending on conditions Such 
as the reaction temperature. Standard values are shown in 
the Formulas. It is the same in the following formulas. 
0144. The oxidation reaction progresses faster than the 
Steam reforming reaction. Therefore, by controlling the 
amount of the Supplied air (, oxygen, or oxidizing agent), the 
oxidation reaction can be controlled quickly, and conse 
quently, the heating value can be controlled. 
0145. In the combined reforming method (autothermal 
reforming method), the two reactions are thermally balanced 
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with each other and the temperature necessary for the 
reactions is maintained autonomously, therefore, the afore 
mentioned temperature control is especially important. The 
two reactions are not necessarily required to progreSS at the 
Same place. There are cases where interaction between the 
reactions can properly be reduced and each reaction can be 
carried out stably by positionally Separating the two reac 
tions from each other. 

0146 For example, it is possible to let the methane 
oxidation reaction generate heat at the front part of reaction 
(the upstream side in the material flow) and let the heat be 
transferred to the rear part of reaction (the downstream side 
in the material flow) So as to cause a specific endothermic 
reaction. The heat transfer includes convection heat transfer 
by mass transfer, and conduction heat transfer through the 
catalytic agent. For improving the efficiency of the heat 
transfer, the exothermic reaction part and the endothermic 
reaction part can be placed adjacent to each other via a wall 
having high heat transfer efficiency Such as a metal wall. 
Incidentally, the reactions of Formulas (1) and (2) are 
representative reaction paths, and thus actual reactions may 
include other reactions. 

0147 Reference numeral 43 denotes a post-treatment 
unit for reducing or removing harmful gas, which is harmful 
to the operation of the System, from gas that is inevitably 
generated as the result of the Specific chemical reaction. For 
example, carbon monoxide generated in the Specific chemi 
cal reaction Sometimes deteriorates an electrode catalyst of 
the power generation unit 5 Such as a fuel cell. Therefore, the 
concentration of the carbon monoxide is reduced by use of 
an equilibrium reaction (shift reaction) shown in Formula 
(3), or the carbon monoxide is removed by adding air (, 
oxygen, or oxidizing agent) again and causing oxidation 
reaction. Each of Such reactions can be caused by a catalytic 
reaction in practical use. 

(3) 
Low Temperature (approx. 200 C.) 

CO2 + H2 
High Temperature 

0.148. In each of the pretreatment unit 41, the reforming 
unit 42 and the post-treatment unit 43, a catalytic agent 
Suitable for each specific reaction is installed. For example, 
in the reforming-unit 42, noble metal catalysts Such as 
platinum-based catalysts and palladium-based catalysts can 
be used for the exothermic reaction by Oxidation, and 
nickel-based catalysts can be used for the endothermic 
reaction by Steam reforming. In the post-treatment unit 43, 
copper-zinc-based catalysts can be used for the reduction or 
removal of carbon monoxide. For the use of Such catalysts, 
the catalysts can be formed in the shape of pellets by 
kneading, or can be held in pellets, or can be applied on a 
honeycomb or metal plate. 

0149 Reference numeral 44 denotes a thermal-control 
unit for transferring heat among the parts of the material 
reforming unit 4 and improving thermal efficiency. Refer 
ence numeral 15 denotes dump hydrogen from the power 
generation unit 5 or off gas including the dump hydrogen, 
which is Supplied as a heat Source of the thermal-control unit 
44. Reference numeral 16 denotes materials or thermal 
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energy which is Supplied from outside and is also used as a 
heat Source of the thermal-control unit 44. 

0150. The materials or thermal energy 16 Supplied from 
outside can be new fuel for a burner Such as methane for 
combustion only, water vapor Supplied from outside or 
inside the System for recovering and outputting heat by use 
of a heat eXchanger, or electric energy for driving an easily 
controlled electric heater. They can be changed depending 
on-the type of the thermal-control unit 44. 
0151. As the thermal-control unit 44, a burner, a heat 
eXchanger, an electric heater, etc. can be used. Metallic 
materials having high thermal conductivity or heat pipes can 
also be employed for equalizing the heat of reaction. Of 
course, it is also possible to combine the above various 
types. 

0152 The material reforming unit 4 is constructed by 
combining the pretreatment unit 41, the reforming unit 42, 
the post-treatment unit 43 and the thermal-control unit 44. 
Especially, by the provision of the thermal-control unit 44 
capable of controlling the components of the material 
reforming unit 4 transversely, temperature control for each 
component is made easier and thermal efficiency is 
improved. 

0153. Reference numeral 51 denotes a DC-to-AC con 
version unit for converting the electrical output 14 generated 
by the power generation unit 5 from a direct current into an 
alternating current. An inverter can be used as the DC-to-AC 
conversion unit 51. Reference numeral 17 denotes the alter 
nating output obtained by the DC-to-AC conversion, and 52 
denotes an electric power Storage unit. A lithium-based 
Secondary cell etc. capable of Storing and discharging elec 
tricity can be used as the electric power Storage unit 52. 
Reference numeral 18 denotes dump electric power from the 
power generation unit 5. 

0154 While no means or position for the temperature 
detection is specified in FIG. 9, the aforementioned ther 
mocouple or various temperature Sensors are provided, for 
example, in the vicinity of the exothermic reaction part of 
the reforming unit 42. 
O155 In the following, the operation of the material 
reforming unit and the power generation unit in accordance 
with the first embodiment will be explained. The materials 
12 Supplied to the material reforming unit 4 are first pre 
treated by the pretreatment unit 41. In the pretreatment unit 
41, Vaporization of liquid material is conducted if necessary, 
preheating of material is conducted if necessary for accel 
erating the methane oxidation reaction etc., and pretreatment 
Such as desulfurization is conducted if harmful elements 
have to be removed. 

0156 Subsequently, the materials are reformed by the 
reforming unit 42 into hydrogen-rich gas by use of a specific 
chemical reaction Such as the reactions represented by 
Formulas (1) and (2). Thereafter, harmful gas Such as carbon 
monoxide that is harmful to the System is reduced or 
removed by the post-treatment unit 43 by use of catalytic 
reactions. 

O157 Meanwhile, the thermal-control unit 44 supplies 
with heat necessary for the reactions of the pretreatment unit 
41, the reforming unit 42 and the post-treatment unit 43, or 
auxiliary heat, and carries out the heat recovery and heat 
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redistribution if necessary. For example, the thermal-control 
unit 44 Supplies auxiliary heat to the endothermic reaction 
part of the reforming unit 42, recovers a part of heat emitted 
from the exothermic reaction part, and thereby prevents 
local temperature rise. Thereby, the local temperature rise is 
prevented, So that a desired reaction temperature profile is 
obtained. 

0158. The output gas 13 from the material reforming unit 
4 is Supplied to the power generation unit 5 Such as a fuel 
cell. The output 14 of the power generation unit 5 is 
converted by the DC-to-AC conversion unit 51 into an 
alternating form which is generally easy to use, and is 
outputted as the electrical output 17. If there is dump electric 
power 18 (an excess of electric power) as a result of the 
power generation, the dump electric power 18 is Stored in 
the electric power Storage unit 52. The electric power Stored 
in the electric power Storage unit 52 is outputted and used 
when the power generation unit 5 is started up, when the 
demand for electric power rapidly increased, etc. 
0159. While the combination of methane, water and air 
has been shown as the Supplied materials in the first embodi 
ment, the Supplied materials can be altered depending on a 
hydrogen production method employed by the material 
reforming unit 4. For example, when methanol, water and 
oxygen are used as the Supplied materials, the Specific 
chemical reaction employed by the reforming unit 42 
includes a steam reforming reaction (endothermic reaction) 
shown in Formula (4) and a partial oxidation reaction 
(exothermic reaction) shown in Formula (5). 

0160 According to the combined reforming method 
(autothermal reforming method) which balances the two 
reactions, temperature necessary for the reactions can be 
maintained autonomously. 

0161 In this case, if an aqueous solution (water solution) 
of methanol of a Specific concentration is directly used as the 
materials other than the air (, oxygen, or oxidizing agent), 
the Supply of liquid materials can be equalized and thus it is 
desirable for the reaction. The methanol water Solution can 
be produced by mixing methanol and water, which are 
Supplied in preset flows, together when the methanol water 
Solution becomes necessary in the material reforming unit 4, 
or it is also possible to prepare a methanol water Solution of 
a specific concentration and to Store the Solution previously. 
In the latter case, adaptation to various hydrogen production 
conditions becomes difficult since the mixture ratio between 
methanol and water can not be changed. However, one of the 
material Supply lines can be omitted, So that the construction 
of the device can be simplified. 
0162 Incidentally, in reaction statuses where oxidation 
reaction for generating heat is weak, the thermal-control unit 
44 can be used as an auxiliary heat Source. The thermal 
control unit 44 is capable of Supplying necessary heat to the 
reforming unit 42 in order to Support the temperature control 
being carried out by means of the flow correction of the air 
(, oxygen, or oxidizing agent). 
0163. In this case, the feedback control for the flow of the 
air (, oxygen, or oxidizing agent) which has been explained 
referring to FIG. 1 is only required adjustment or control of 
the amount of heat that can not be afforded by the heat 
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Supply. In this heat Supply, it is also possible to change the 
supply amount of heat by referring to the signal 103c from 
the flow selection unit 6 and the signal 105 from the 
feedback unit 8. 

0164. According to the material reforming unit and the 
power generation unit shown in FIG. 9 in accordance with 
the first embodiment, both hardware and Software necessary 
for the material Supply System can be simplified while 
correctly maintaining desired reaction temperature, thereby 
a low-cost fuel cell power generation System can be pro 
vided. 

0.165. This fuel cell power generation system is appli 
cable to a distributed power Source for home use; a distrib 
uted industrial power Source for a hotel, a convenience Store, 
etc., a car-mounted power Source; a portable power Source 
to be used in disaster situations, etc., depending on power 
generation performance of the System. Since costs can be cut 
down while maintaining necessary features for practical use, 
a wide propagation of the technique is expected. 
0166 By combining the discrete flow setting unit 
explained referring to FIGS. 2A, 2B and 3, the continuous 
flow setting unit explained referring to FIGS. 4 and 5, the 
control method for the feedback unit explained referring to 
FIGS. 6, 7 and 8, and the material reforming unit and the 
power generation unit explained referring to FIG. 9, the first 
embodiment of the present invention can be operated effi 
ciently. Thereby, device cost reduction in the material Supply 
System and maintenance/stabilization of the hydrogen pro 
duction accuracy can both be attained. 
0167. In the following, a second embodiment of the 
present invention will be described. FIGS. 10A and 10B are 
explanatory drawings of a hydrogen producing device in 
accordance with the second embodiment. FIG. 10A shows 
a discrete flow Setting unit capable of executing n1-Step flow 
Setting. The discrete flow Setting unit employs the same 
structure as that shown in FIG. 3, that is, a case where n1 =4 
is shown. 

0168 FIG. 10B shows a continuous flow setting unit 
capable of setting the flow in at least n2 levels. In the 
drawing, reference numeral 34 denotes a blower used under 
a constant revolving Speed. The blower 34 Supplies atmo 
spheric air 1c to the following stages. Reference numeral 35 
denotes a flow control valve, in which the opening angle of 
a butterfly valve can be controlled, for example. The flow 
control valve 35 is placed after the constant-revolving-speed 
blower 34 and executes the multilevel flow control. 

0169. Such structure combining a blower and a valve in 
series is not necessarily new as cited in JP-A-11-317234. 
However, in this embodiment, the flow control valve 35 is 
provided in order to carry out the multiple-level flow Setting 
instead of the aforementioned continuous control Such as the 
continuous blower revolving Speed control. 

0170 In the second embodiment, the signal 105 for flow 
correction is a signal for controlling the valve opening of the 
flow control valve 35. It is assumed that the opening of the 
flow control valve 35 is controlled in n2 steps, as mentioned 
above. The other components are the same as those shown 
in FIGS. 1-9. 

0171 In the following, the operation of the hydrogen 
producing device in accordance with the Second embodi 
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ment will be explained. It is similar to the example in 
accordance with the first embodiment shown in FIG. 3 in 
that an n1-step discrete flow Setting unit, especially, the flow 
Setting unit in which two on-off valves are placed in parallel 
is used for each Supplied material other than the air (, 
oxygen, or oxidizing agent). 

0172 The second embodiment is characterized by the 
flow setting unit for the air (, oxygen, or oxidizing agent) 
whose flow setting is discretized into n2 steps. The flow of 
the Supplied air (, oxygen, or oxidizing agent) is varied and 
controlled by Switching the flow Set value among the n2 
StepS. 

0173 For the flow correction control by the feedback unit 
8 for the air (, oxygen, or oxidizing agent), it is preferable 
that n2 should be set at least larger than n1. If the condition 
n2>n1 is not satisfied, the precision of the feedback flow 
correction becomes the same as the original precision by 
flow Switching, thereby proper correction against temporary 
or abrupt temperature fluctuation etc. becomes difficult. 
0.174. If n2 is set as n2=n1 for example, the number of the 
Steps of the air (, oxygen, or oxidizing agent) Supply volume 
becomes as Small as the number of Steps of the operation 
mode Switching. Therefore, the air Supply Volume can not be 
increased over an air Supply Volume necessary for an 
operation mode in which the air (, oxygen, or oxidizing 
agent) Supply Volume becomes maximum. In other words, if 
the temperature dropped due to external perturbation in the 
operation mode, the temperature can not be regained by 
increasing the air (, oxygen, or oxidizing agent) Supply 
Volume. By Setting n2 as n2=n1+1 So that the air Supply 
Volume can be increased over the air Supply Volume neces 
sary for the operation mode in which-the air (, oxygen, or 
oxidizing agent) Supply volume becomes maximum, the 
above problem can be resolved. 
0175 Of course, if the influence of the temperature 
variation in the operation mode is very Small because of 
remarkable Stability of the target hydrogen producing device 
in the high-temperature range, ill effects of the Setting n2=n1 
are Small. The number of the steps of the air (, oxygen, or 
oxidizing agent) Supply Volume can be varied depending on 
the characteristics and required precision of the reactor. 
However, the condition n2>n1 can be regarded as a proper 
condition for ordinary hydrogen producing devices. 
0176 Incidentally, when the temperature has to be 
dropped in the above operation mode and if we assume that 
n1 =4, the air (, oxygen, or oxidizing agent) Supply volume 
may be temporarily reduced by Switching to another air 
Supply Volume for a lower operation mode which requires 
one or more Steps Smaller air Supply Volume. Such control 
corresponds to a case where the continuous flow Setting is 
approximately applied. 

0177. The flow setting for the air (, oxygen, or oxidizing 
agent) is executed as follows. The blower 34 maintains a 
constant revolving Speed and Supplies an almost constant 
amount of air (, oxygen, or oxidizing agent) to the flow 
control valve 35. The flow control valve 35 controls the flow 
by varying the butterfly valve opening. That is, when the 
Valve opening is changed from the valve opening “1” shown 
in the drawing to the valve opening “n2', the flow can be 
changed from approximately Zero to a maximum flow (full 
throttle). 
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0.178 The flow changes in a step-like manner due to the 
Step-like Valve opening control. While valve opening incre 
ment between each adjacent two Steps are Set constant in the 
example of FIG. 10B for the sake of simple explanation, it 
is also possible to actually measure the relationship between 
the valve opening and real flow to determine a proper 
opening angle for each Step. Thereby, influence of preSSure 
variation at upstream Side of the control valve can be 
absorbed, for example. 
0179 When the Supply of the air (, oxygen, or oxidizing 
agent) is stopped, it is desirable that the revolving speed of 
the blower 34 should be set to zero. A leak in the stopping 
State easily occurs in the butterfly valve, however, the Supply 
of air 11c can be reduced to Zero almost perfectly by closing 
the valve (setting to position “1” shown in FIG. 10B) along 
with setting the revolving speed of the blower 34 to zero. 

0180. In FIGS. 10A and 10B, it is shown the case where 
the opening angle of the continuously controlled valve is 
discretely Set. However, it is also possible to employ a valve 
in which the valve opening inherently changes only in the 
Step-like manner, or an open/close mechanism that imple 
ments the Step-like change. 

0181. In addition, the flow control valve employing the 
butterfly valve can also be replaced with other means. For 
example, when a pinch valve or a needle valve is used, the 
n2-step discrete flow Setting is realized by changing effec 
tive channel cross section of the valve. When a governor is 
used, the n2-step discrete flow Setting can be realized by 
changing the reference pressure for the pressure control of 
the governor, or by changing effective channel croSS Section 
of an internal decompression unit. 
0182. According to the second embodiment described 
above, the flow setting of the air (, oxygen, or oxidizing 
agent) which requires the feedback control is discretized into 
n2 Steps, thereby flow Setting by use of a digital control unit 
Such as a microcomputer can be made simpler and easier. 
Digitization generally enables the construction of a high 
performance System at a low cost. 

0183 The precision of the feedback control explained in 
the first embodiment is not impaired much by Setting the 
number n2 at least larger than or preferably, Sufficiently 
larger than the flow Setting Step number n1 of the discrete 
flow setting unit (n1 =4 in the practical example). 
0.184 FIG. 11 is an explanatory drawing of a hydrogen 
producing device in accordance with a third embodiment of 
the present invention. The third embodiment is characterized 
in that each of the Supplied materials 12a, 12b and 12c is 
Supplied in-pulse-like patterns. That is, each material is 
supplied for time T2a, T2b or T2c every supply period T1. 

0185. In FIG. 11, the signal 105 for the flow correction 
outputted by the feedback unit 8 is a signal for controlling 
the flow pulse width T2c concerning the Supply of the air (, 
oxygen, or oxidizing agent). The other composition is the 
same as that shown in FIG. 1. 

0186. In the following, the operation of the hydrogen 
producing device in accordance with the third embodiment 
will be explained. The pulse-like material Supply is realized 
by, for example, controlling on-off time of an on-off Valve. 
AS an example, on-off Valves are provided to the Supply 
lines for the air (, oxygen, or oxidizing agent) and other 
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materials, and the Supply lines are opened by the on-off 
valves for time T2a, T2b and T2c every supply period T1, 
respectively. 

0187. The heights of the pulses (flow set values) are set 
So that average flows of the Supplied materials during time 
T1 matches with a set of set values given by the flow 
selection unit 6 (FIG. 1). When the set values are changed 
due to alteration of the required hydrogen production Vol 
ume, the pulse widths T2a, T2b and T2c are changed without 
changing the pulse heights. Therefore, it is not necessary to 
combine two or more on-off valves, and only the on-off time 
of the on-off valve may be controlled. Especially, for the 
pulse width T2c for the Supply of the air (, oxygen, or 
oxidizing agent), the on-off time can be changed continu 
ously according to the Signal 105, thereby the temperature 
correction control can be carried out Similarly to the first 
embodiment. 

0188 Incidentally, if the supply period T1 can be short 
ened enough, Switching control that is Substantially the same 
as the continuous Supply control can be realized. However, 
in consideration of mechanical properties or the operating 
life of the on-off valve, the supply period T1 can not be 
Shortened like that in Some cases. In Such cases, pulsation or 
fluctuation might occur in the amount of the output gas from 
the material reforming unit 4. However, Such pulsation or 
fluctuation can be absorbed and reduced by providing a 
hydrogen storage unit (buffer tank) after the material reform 
ing unit 4, as will be explained later in an embodiment 
shown in FIG. 13. 

0189 In addition, while the common supply period T1 is 
Set for all the Supplied materials and pulse phases for the 
materials are synchronized in FIG. 11, they can also be 
varied for each material. By the adjustment of the pulse 
phases, the Supply timing for each material can be adjusted 
So as to realize optimum mixing of the materials for the 
reaction. Of course, efficiency of the reaction deteriorates if 
the Supply timing for each material is shifted too much. 
0190. Furthermore, it is also possible to simultaneously 
change the flow of each on-off valve in addition to the 
change of on-off time of each on-off valve. Such control 
corresponds to the change of both the pulse width and the 
pulse height. Such control can be implemented by, for 
example, controlling the on-off time of each of the on-off 
valves connected in parallel. Thereby, finer flow control 
becomes possible. 
0191). According to the third embodiment explained 
above, the flow Setting/correction can be carried out only by 
changing the on-off time of the on-off valve Such as a 
Solenoid valve, which is provided to each Supply System, 
without the need of combining the on-off Valves as a discrete 
flow Setting unit or providing an additional continuous flow 
Setting unit. Therefore, it has a significant effect with regard 
to the Simplification of hardware. 
0192 Referring to FIGS. 12A and 12B, another control 
method for the hydrogen producing device in accordance 
with the third embodiment will be explained. In FIG. 12A, 
an ordinary material-Supply State is shown. In the ordinary 
material-Supply State, a preset average flow is Set by use of 
the material supply period T1 and the flow pulse width T2. 
0193 In FIG. 12B, the pulse width correction conducted 
in a transient response State is shown. For example, when the 
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hydrogen production Volume is increased, the pulse width is 
increased from T2 to T3 in order to increase the Supplied 
material Volume according to the output of the flow Select 
ion unit 6. 

0194 The flow is temporarily increased up to T2 (>T3) 
in response to the change of the required hydrogen produc 
tion Volume. Thereby, fast convergence to the target hydro 
gen production volume is realized. On the other hand, when 
the flow is decreased, T2' is temporarily set smaller than T3. 

0.195 The correction values for calculating T2 can pre 
viously be stored in the storage unit 7 (FIG. 1) depending on 
the pulse widths before and after the pulse width alteration. 
In the case shown in FIGS. 12A and 12B, the correction 
value can be obtained based on the original pulse width T2 
and the pulse width T3 after the alteration. The series of 
processes for altering the pulse width according to the 
required hydrogen production volume alteration instruction 
can be carried out by the flow selection unit 6. 
0196) Incidentally, while the correction process shown in 
FIGS. 12A and 12B is conducted for only one supply 
period, the correction can also be done for two or more 
Supply periods. It is also possible to change the correction 
value minutely during the two or more Supply periods. The 
number of Supply periods for executing the correction can 
previously be stored in the storage unit 7. The settings for the 
alteration can be carried out by the flow selection unit 6. 

0197) In addition, the correction value can also be varied 
depending on the Supply period T1. It is also possible to 
change a plurality of Supply periods T1 previously Stored to 
the Storage unit 7. Furthermore, the transient material Supply 
method shown in FIGS. 12A and 12B can be applied not 
only to air (, oxygen, or oxidizing agent) but also to the other 
materials. 

0198 According to the control method shown in FIGS. 
12A and 12B in accordance with the third embodiment, the 
material-Supply time is controlled depending on the alter 
ation of the required hydrogen production volume. Thereby, 
the transient response and the compliance with the alteration 
of the required hydrogen production volume can be 
improved. 

0199 Referring to FIG. 13, an example of a material 
reforming unit and a power generation unit in accordance 
with a fourth embodiment of the present invention will be 
explained. In the drawing, reference numeral 4a and 4b both 
denote material reforming units. The material reforming 
units are discriminated by reference characters “it 1' and 
“#2”. The number of the material reforming units can be 
more than two, however, two material reforming units are 
shown in FIG. 13 as representatives. 

0200 Reference numeral 9 denotes a hydrogen storage 
unit (buffer tank). The hydrogen Storage unit 9 is a container 
in which hydrogen-rich gas is packed. The hydrogen Storage 
unit 9 can be formed by Simply spreading the capacity of a 
pipe, connecting a tank to a pipe in Series, etc. It is also 
possible to add a compressor and an on-off Valve to the tank 
for the temporary Storage of the output gas. AS for the 
Storage of the output gas, gas inflow/outflow to/from the 
hydrogen Storage unit 9 can be controlled by monitoring the 
internal pressure of the hydrogen Storage unit (buffer tank) 
9 or monitoring the load on the power generation unit 5. It 
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is important that the hydrogen Storage unit 9 is capable of 
functioning as a passive or active lowpass filter for the flow. 
0201 Reference numeral 91 denotes an auxiliary hydro 
gen Supply unit for the hydrogen Storage unit 9. For hydro 
gen Storage by the hydrogen Supply unit 91, hydrogen 
Storage materials. Such as hydrogen Storage alloy or carbon 
nanotubes can be used. When Such hydrogen Storage mate 
rials are used, a unit for outputting and inputting hydrogen 
Such as a heating unit for releasing hydrogen Stored in the 
carbon nanotubes is provided as part of the hydrogen Supply 
unit 91. The hydrogen supply unit 91 itself can be the 
hydrogen producing device. 
0202 Reference numeral 92 denotes a hydrogen selec 
tion unit for purifying dump hydrogen which is outputted 
from the power generation unit 5 after the power generation. 
For example, palladium-based membranes are known to be 
Selectively permeable by hydrogen. The other components 
are the same as those shown in FIG. 9. 

0203. In the following, the operation of the material 
reforming unit and the power generation unit in accordance 
with the fourth embodiment will be explained. First, at least 
one of the material reforming units 4a and 4b receives 
Supplied materials 121 and 122 to produce hydrogen-rich 
gaS. 

0204. The plurality of material reforming units can be 
controlled their operation Separately or in the same way. In 
the former case, it is possible to let one of the material 
reforming units perform the base load operation constantly 
and let a necessary number of other material reforming units 
Start operating when the required hydrogen production Vol 
ume increases. By Such control, the operation of the hydro 
gen producing device minimizing waste can be realized 
while widening the dynamic range of the hydrogen produc 
tion Volume. In the latter case, the amounts of the Supplied 
materials 121 and 122 are controlled in the same way. 
Thereby, the control can be executed easier while widening 
the dynamic range of the hydrogen production volume. 
0205 The hydrogen-rich gas is first led to the hydrogen 
storage unit (buffer tank) 9 before being supplied to the 
power generation unit 5 Such as a fuel cell. The hydrogen 
Supply unit 91 Supplies hydrogen in an auxiliary manner 
when failure occurred to the material reforming unit 4a or 
4b, when the hydrogen production volume is too short, when 
the hydrogen producing device is started up, etc. 
0206 When a tank structure is employed for the hydro 
gen Storage unit (buffer tank) 9, the tank Structure itself 
functions as a passive lowpass filter for the flow. When gas 
inflow/outflow is controlled by feedback control as 
explained above, the tank Structure also functions as an 
active lowpass filter for canceling out flow pulsation. In 
Short, by the provision of the hydrogen storage unit (buffer 
tank) 9, the effect of flow pulsation can be reduced even 
when the pulsation occurred in the gas flow. The hydrogen 
Supply unit 91 is an auxiliary means and thus can be omitted 
if unnecessary. 

0207. The power generation unit 5 such as a fuel cell 
receives the hydrogen-rich gas 13 from the hydrogen Storage 
unit 9 to perform the power generation. Generally, off-gas 
after power generation contains residual hydrogen, there 
fore, the off-gas is returned to the hydrogen Storage unit 9 
through the hydrogen selection unit 92. By use of the 
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hydrogen Selection unit 92, gas containing a high concen 
tration of hydrogen can be returned to the hydrogen Storage 
unit 9. The off-gas can of course be used for other purposes, 
therefore, the reflux of the off-gas to the hydrogen Storage 
unit 9 can also be omitted. The electrical output obtained as 
the result of the power generation is converted Similarly to 
the case shown in FIG. 9 to be used. 

0208 Incidentally, it is also possible to provide the 
hydrogen storage unit (buffer tank) 9 in parallel with the 
output gas flow of the material reforming units 4a and 4b. By 
connecting a boosting unit Such as a compressor, an on-off 
valve, a buffer tank, and an outlet on-off valve to the parallel 
piping Section one by one, the increase of the hydrogen 
Storage capacity can be attained without disturbing the main 
Stream of output gas. 
0209. It is also possible to further provide hydrogen 
Storage materials. Such as hydrogen Storage alloy or carbon 
nanotubes inside the buffer tank, and add a unit (heating unit, 
for example) for outputting/inputting hydrogen from/to the 
hydrogen Storage materials. 

0210. The on-off control of the inlet/outlet on-off valves 
of the parallel piping Section can be executed effectively by, 
for example, monitoring the load on the power generation 
unit 5, releasing hydrogen when the load increased, and 
Storing hydrogen when the load is stable and low. The 
pulsation reduction effect for the output gas from the mate 
rial reforming unit is not impaired if a structure functioning 
as a lowpass filter for the flow Such as an in-pipe space or 
a tank is provided in the main Stream of the output gas. 
0211. According to the fourth embodiment, time variabil 
ity of the amount of the output gas from the material 
reforming unit can be absorbed and relieved by the provision 
of the hydrogen storage unit (buffer tank) 9 between the 
material reforming unit 4 and the power generation unit 5. 

0212 For instance, there are cases where the amount of 
hydrogen produced by the hydrogen producing device in 
accordance with the third embodiment (FIGS. 11, 12A and 
12B) pulsates due to the pulse-like material Supply. How 
ever, the pulsation can be reduced by providing the hydrogen 
storage unit (buffer tank) 9 after the material reforming unit 
4 of the hydrogen producing device. Consequently, the 
power generation by the power generation unit 5 can be 
carried out with stability. 

0213 Further, in the case where a plurality of material 
reforming units are provided, temporary variation might 
occur in the amount of gas produced by each material 
reforming unit. However, these variations can be absorbed 
and reduced by the hydrogen storage unit (buffer tank) 9. 
Therefore, the construction of a System including a combi 
nation of the plurality of material reforming units becomes 
CSC. 

0214. In FIG. 14, an example in a case where the 
hydrogen producing device in accordance with the present 
invention and the electric power generation System employ 
ing the hydrogen producing device are applied to a Station 
ary distributed power Source installed in a house is shown. 
0215. In FIG. 14, reference numeral 200 denotes a sta 
tionary distributed power Source, which includes a hydrogen 
producing device and a fuel cell as an electric power 
generation System in accordance with the present invention. 
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The hydrogen producing device produces hydrogen using 
gas and air which are Supplied from outside, and pure water 
which is generated as a result of the fuel cell power 
generation, as raw materials. AS the gas as the raw material, 
natural gas containing methane as the main component can 
be used, for example. 
0216) The use of a fuel cell for a power generation system 
has a strong point other than power generation in that hot 
water heated by exhaust heat of the fuel cell can be obtained 
and used. In the case of a polymer electrolyte fuel cell, the 
temperature during power generation becomes approxi 
mately 80 C., and thus the temperature in the cell is 
controlled by use of coolant etc. By recovering the exceSS 
heat due to internal resistance of the cell etc. by cooling, the 
hot water is obtained. 

0217. However, if water supplied from outside is directly 
used for cooling the fuel cell, there are cases where impu 
rities in the water exert ill effects on the fuel cell. In Such 
cases, the heating of the water Supplied from outside can be 
done indirectly by use of a unit having a heat eXchange 
function. The temperature of the heated water reaches 
approximately 60° C., therefore, by storing the hot water in 
a tank, hot water for the kitchen, bath or washroom can be 
Supplied from the tank without the need of a water heater or 
water boiler. 

0218. Further, electric power obtained by the power 
generation can be used together with commercial power 
Supplied from outside for driving a variety of household 
electrical appliances, thereby the electric energy Supplied 
from outside can be saved. Of course, if the fuel cell has 
enough power generating capacity, all the necessary electric 
energy can be covered without the need of the commercial 
power. 

0219. When the heating of water is insufficient due to 
cold water Supplied from outside or when the temperature of 
hot water in the tank tends to drop, a heating unit may be 
provided to the inlet/outlet of the tank. The heating unit heats 
the hot water by burning part of material gas Supplied from 
outside. If feedback control detecting temperature is also 
employed, the temperature of the Supplied hot water can be 
raised and maintained properly by controlling heating value, 
flow velocity of the hot water, etc. 
0220. In cases where the electric power generated by the 
fuel cell fluctuates, an auxiliary electric power Storage unit 
may be added to the fuel cell. A Secondary cell capable of 
Storing and discharging electricity can be used as the electric 
power Storage unit. 
0221) Compactness is one of conditions required of the 
distributed power Source for home use. In the hydrogen 
producing device in accordance with the present invention, 
the feedback control is carried out for air only among all the 
Supplied materials. Therefore, the composition of the device 
naturally gets Simpler in comparison with cases where 
feedback control is carried out for all the materials. Thereby, 
the size of the whole device can easily be reduced. 
0222. In addition, for spreading the distributed power 
Sources to households, the price has to be reasonable. The 
hydrogen producing device in accordance with the present 
invention does not need Sophisticated hardware as the flow 
control unit, and thus cost can be reduced mainly in the 
material Supply Systems. 
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0223 Further, device reliability is important for the dis 
tributed power source to be used in households. The hydro 
gen producing device in accordance with the present inven 
tion does not need complicated control in the Supply flow 
control, and the operation of the hardware can be made 
simple. Thereby, the failure rate of the whole system can be 
lowered. Of course, Such features are much effective not 
only for the home-use distributed power sources but also for 
the realization and widespread use of the Small-sized hydro 
gen producing devices and the electric power generation 
Systems generating power using hydrogen produced by the 
hydrogen producing devices as fuel. 
0224. According to the hydrogen producing device in 
accordance with the present invention and the electric power 
generation System employing the hydrogen producing 
device, it is possible to provide the electric power generation 
Systems Suitable for the establishment and maintenance of a 
public System constructed by rapid and short-term spread of 
a large number of electric power generation Systems, Such as 
distributed power Sources expected to be used for house 
holds, buildings, portable/emergency use in disaster Situa 
tions, etc. 

0225. According to the present invention, the amount of 
each Supplied material is Set by Selecting one from two or 
more Set values which have previously been determined 
corresponding to the required hydrogen production Volumes, 
and the amount of Supplied air (, oxygen, or oxidizing agent) 
(hereafter, referred to as the “air”) is varied and controlled 
so that the temperature of the reaction part will be within a 
preset temperature range. Therefore, Stabilization of the 
chemical reaction against instability occurring in various 
practical environments can be attained, while avoiding the 
danger of causing additional external disturbance by the 
control itself. 

0226 For the flow setting for materials other than the air, 
fine and minute flow control is not required, and thus the 
flow Setting units that has the simple structure and are easy 
to control can be employed. Thereby, the whole System can 
be provided at a low cost. 

0227. The amount of each supplied material is set by the 
on-off combination of two or more valves each of which is 
capable of providing a preset flow, and the amount of the air 
is Set by controlling at least one Selected from the opening 
of a valve, the Supply pressure of the air and the discharge 
of a blower so that the temperature of the reaction part will 
be within a preset temperature range. Therefore, the prob 
ability of error in the control or operation in practical 
environments becomes low, thereby high reliability in prac 
tical use can be attained. 

0228. The amount of each supplied material is set by 
Selecting one from n1 Set values which have previously been 
determined corresponding to the required hydrogen produc 
tion Volumes, and the amount of the air is set by Selecting 
one from predetermined n2 (n2>n1) set values. Therefore, 
flow Setting by use of the digital control unit Such as a 
microcomputer can be carried out easily. 

0229. Each of the supply systems for the air and the 
materials is provided with the flow Setting unit, and at least 
one of the flow Setting units opens the Supply System during 
the predetermined time T2 in each predetermined time T1 
and the average supply flow in the time T1 will be a desired 
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value. The flow Setting can be carried out only by changing 
the on-off time of the valve, therefore the hardware can be 
Simplified much. 
0230. In the fuel cell electric power generation system 
employing the hydrogen producing device in accordance 
with the present invention as an internal Source of hydrogen, 
control needing relatively Sophisticated hardware is limited 
to the flow control of the air only. Therefore, the fuel cell 
electric power generation Systems capable of reducing cost 
mainly in their material Supply Systems while realizing 
practical Stability of temperature control can be presented. 
0231. In addition, by providing the hydrogen storage unit 
(buffer tank) after the outlet of the hydrogen producing 
device in accordance with the present invention, the pulsa 
tion of the output gas Volume caused by the hydrogen 
producing device and the fluctuation of the output gas 
Volume when two or more hydrogen producing devices are 
combined can be absorbed and reduced by the hydrogen 
Storage unit (buffer tank). 
0232. It will be further understood by those skilled in the 
art that the foregoing description has been made on embodi 
ments of the invention and that various changes and modi 
fications may be made in the invention without departing 
from the Spirit of the invention and Scope of the appended 
claims. 

What is claimed is: 
1. A hydrogen producing device for Supplying at least one 

type of material to a reaction part together with air, oxygen, 
or an oxidizing agent to produce hydrogen by a specific 
chemical reaction, wherein: 

for the at least one type of material, Supply amount of each 
material is Set by Selecting one from two or more Set 
values which are previously determined corresponding 
to required hydrogen production Volumes, and 

for the air, oxygen, or oxidizing agent, Supply amount of 
the air, oxygen, or oxidizing agent is varied and con 
trolled So that a temperature of the reaction part is 
within a preset temperature range. 

2. A hydrogen producing device for Supplying at least one 
type of material to a reaction part together with air, oxygen, 
or an oxidizing agent to produce hydrogen by a specific 
chemical reaction, wherein: 

for the at least one type of material, Supply amount of each 
material is set by on/off combination of two or more 
Valves each of which is capable of providing a preset 
flow; and 

for the air, oxygen, or oxidizing agent, Supply amount of 
the air, OXygen, or oxidizing agent is Set by controlling 
opening of a variable-flow valve So that temperature of 
the reaction part is within a preset temperature range. 

3. A hydrogen producing device for Supplying at least one 
type of material to a reaction part together with air, oxygen, 
or an oxidizing agent to produce hydrogen by a specific 
chemical reaction, wherein: 

for the at least one type of material, Supply amount of each 
material is set by on/of combination of two or more 
Valves each of which is capable of providing a preset 
flow; and 
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for the air, oxygen, or oxidizing agent, Supply amount is 
Set by controlling a Supply pressure of the air, OXygen, 
or oxidizing agent So that temperature of the reaction 
part is within a preset temperature range. 

4. A hydrogen producing device for Supplying at least one 
type of material to a reaction part together with air, OXygen, 
or an oxidizing agent to produce hydrogen by a specific 
chemical reaction, wherein: 

for the at least one type of material, Supply amount of each 
material is set by on-off combination of two or more 
Valves each of which is capable of providing a preset 
flow; and 

for the air, oxygen, or oxidizing agent, Supply amount of 
the air, OXygen, or oxidizing agent is Set by controlling 
discharge of a discharge-controllable blower So that 
temperature of the reaction part is within a preset 
temperature range. 

5. A hydrogen producing device for Supplying at least one 
type of material to a reaction part together with air, OXygen, 
or an oxidizing agent to produce hydrogen by a specific 
chemical reaction, wherein: 

for the at least one type of material, Supply amount of each 
material is Set by Selecting one from n1 Set values 
which are previously determined corresponding to 
required hydrogen production Volumes, and 

for the air, oxygen, or oxidizing agent, Supply amount of 
the air, oxygen, or oxidizing agent is set by Selecting 
one from predetermined n2 Set values, n1 being Smaller 
than n2. 

6. A hydrogen producing device for Supplying at least one 
type of material to a reaction part together with air, OXygen, 
or an oxidizing agent to produce hydrogen by a specific 
chemical reaction, wherein: 

each of Supply Systems for the air, OXygen, or oxidizing 
agent and the at least one type of material is provided 
with flow Setting means, and 

flow setting is performed so that at least one of the flow 
Setting means opens the Supply System during a Second 
time period in a preset first time period and an average 
Supply flow in the first time period becomes a desired 
value. 

7. A hydrogen producing device as claimed in claim 6, 
wherein the Second time period is varied depending on Status 
of hydrogen production operation Such as alteration of a 
required hydrogen production Volume. 

8. A hydrogen producing device as claimed in any one of 
claims 1-6, wherein the at least one type of material includes 
two types of materials which are water and methane. 

9. A hydrogen producing device as claimed in any one of 
claims 1-6, wherein the at least one type of material includes 
two types of materials which are water and methanol. 

10. A hydrogen producing device as claimed in any one of 
claims 1-6, wherein the at least one type of material includes 
one type of material which is an aqueous Solution of 
methanol. 

11. A hydrogen producing device as claimed in any one of 
claims 1-6, wherein the hydrogen producing device pro 
duces the hydrogen by a combined reforming method in 
which a combination of an exothermic reaction and an 
endothermic reaction is employed. 
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12. A hydrogen producing device as claimed in claim 1, 
5 or 6, wherein at least one of the flow setting means 
provided to the Supply Systems for the air, oxygen, or 
oxidizing agent and the at least one type of material includes 
on-off Valves connected in parallel. 

13. A hydrogen producing device as claimed in claim 12, 
wherein at least one of the on-off valves is provided with a 
constant-flow valve connected in series with the on-off 
valves. 

14. A hydrogen producing device as claimed in claim 12, 
wherein at least one of the on-off valves is provided with a 
governor connected in Series with the on-off Valves. 

15. A hydrogen producing device as claimed in claim 12, 
wherein the flow Setting means for the air, oxygen, or 
oxidizing agent is a discharge-controllable blower. 

16. A fuel cell electric power generation System compris 
ing a hydrogen producing device, for generating electric 
power using hydrogen produced by the hydrogen producing 
device as a raw material, wherein 

the hydrogen producing device is implemented by the 
hydrogen producing device claimed in any one of 
claims 1-15. 
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17. A fuel cell electric power generation System as 
claimed in claim 16, wherein hydrogen Storage means is 
provided after an outlet of the hydrogen producing device. 

18. A distributed power source for home use or for 
buildings, comprising a hydrogen producing device and a 
fuel cell for generating electric power by use of hydrogen 
produced by the hydrogen producing device, wherein 

the hydrogen producing device is implemented by the 
hydrogen producing device claimed in any one of 
claims 1-15; and 

the fuel cell is implemented by a polymer electrolyte fuel 
cell. 

19. A distributed power source as claimed in claim 18, 
further comprising means for recovering exhaust heat, 
which is generated in the fuel cell, by use of coolant, and 
using the recovered exhaust heat as hot water. 


