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DEVICE AND METHOD

It is an object to provide an apparatus and a

method for assessing a remaining amount of rare metals
included in an electrode included in an electrolyzer in a
non-invasive manner. An apparatus, including: a mana-
ging unit that records, based on operation history infor-
mation of an electrolyzer including one or more electro-
lytic cells, history-of-use information of an electrode in-
cluded in the electrolytic cells.
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Description
Technical Field

[0001] The present invention relates to an apparatus
and a method.

Background Art

[0002] Although ion exchange membrane methods
using an electrolyzer equipped with an ion exchange
membrane are mainly used for electrolysis, reduction
in the amount of energy consumption or, in other words,
reduction in electrolysis voltage is a major issue. For
example, using the electrolyzer described in Patent Lit-
erature 1 enables power use to be significantly reduced.
[0003] In addition, in recent years, development of
technology is ongoing to reduce power consumption in
order to solve problems of global warming caused by
greenhouse gases such as carbon dioxide, the depletion
of fossil fuel reserves, and the like.

[0004] For example, focusing on electrodes for elec-
trolysis, electrode coating compositions that promote
anodic or cathodic reactions are being developed and
electrode shapes and the like are being studied. (for
example, refer to Patent Literature 2).

Citation List
Patent Literature
[0005]

Patent Literature 1: Japanese Patent Laid-Open No.
2021-172867
Patent Literature 2: Japanese Patent No. 6670948

Summary of Invention
Technical Problem

[0006] Recently, prolonging lifetimes of equipmentand
more effectively utilizing the equipment are being con-
sidered from the perspective of sustainability such as
reducing environmental impact. While performances of
electrodes in electrolyzers decline with age and the elec-
trodes eventually reach the end of their lifetimes, with
appropriate repairs according to a history of use of the
electrodes, the performances can be restored and the
electrodes can be used longer. Managing the history of
use, a history of repairs, and the like of electrodes and
utilizing the information to extend the lifetimes of equip-
ment in order to further utilize scarce resources and
improve sustainability have not been hitherto widely con-
sidered.

[0007] The present invention has been made in con-
sideration of the problem described above and an object
thereof is to provide an apparatus and a method for
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managing a history of use of electrodes of an electrolyzer
to appropriately assess lifetimes of the electrodes and
contribute towards using the electrodes for a longer
period of time.

Solution to Problem

[0008] Specifically, the present invention provides the
following.

[1] An apparatus, including:

a managing unit that records, based on operation
history information of an electrolyzerincluding one or
more electrolytic cells, history-of-use information of
an electrode included in the electrolytic cells.

[2] The apparatus according to [1], wherein

the history-of-use information of the electrode in-
cludes a history of repairs of the electrode.

[3] The apparatus according to [1] or [2], wherein
the managing unit further records an assessed
amount-of-metal value of the electrode as the his-
tory-of-use information.

[4] The apparatus according to [3], wherein

the assessed amount-of-metal value includes a re-
maining amount of coating of a precious metal se-
lected from the group consisting of ruthenium, rho-
dium, palladium, osmium, iridium, and platinum.

[5] The apparatus according to any one of [1] to [4],
wherein

the managing unit records X-ray fluorescence ana-
lysis data, inductively-coupled plasma emission
analysis data, X-ray diffraction data, or X-ray photo-
electron spectroscopy analysis data of the electrode
included in the electrolytic cells.

[6] The apparatus according to any one of [1] to [5],
further including

an assessing unit that assesses a future perfor-
mance of the electrode based on the history-of-
use information of the electrode.

[7] The apparatus according to [6], wherein

the assessing unit assesses magnitudes of the as-
sessed amount-of-metal value and an assessed
impurity value and outputs, based on an assessment
result, repair contents that can prolong performance
the most or temporarily improve performance the
most.

[8] The apparatus according to any one of [1] to [7],
further including

an operation suggesting unit that suggests an
operation condition of the electrolyzer, wherein
the operation suggesting unit suggests the op-
eration condition for causing current efficiency to
increase based on the history-of-use informa-
tion, and

the operation condition includes a voltage con-
dition and a flow rate condition of the electrolytic
solution.
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[9] The apparatus according to any one of [1] to [8],
further including

a stop suggesting unit that suggests a stop
condition of the electrolyzer, wherein

the stop suggesting unit suggests, based on the
history-of-use information, the stop condition
that makes it difficult to reduce an amount of
metal on the electrode, and

the stop condition includes an attenuation con-
dition of a currentand/or an increase condition of
a flow rate of an electrolytic solution.

[10] The apparatus according to any one of [1] to [9],
wherein

the electrolyzer includes a plurality of the elec-
trolytic cells, and the apparatus further includes
aposition change suggesting unit that suggests,
based on the history-of-use information, a
change in a position in the electrolyzer of the
electrolytic cell of which the amount of metal or
the amount of impurities of the electrode is re-
latively high and the electrolytic cell of which the
amount of metal or the amount of impurities of
the electrode is relatively low.

[11] The apparatus according to [6], wherein

the assessing unit assesses, based on the history-
of-use information of the electrode and a repair
method that is planned to be performed, a future
performance of the electrode after the repair.

[12] A method, in which an apparatus

executes processing of recording, based on opera-
tion history information of an electrolyzer including
one or more electrolytic cells, history-of-use informa-
tion of an electrode included in the electrolytic cells.
[13] A program, causing an apparatus to

execute, based on operation history information of
an electrolyzer including one or more electrolytic
cells, processing of recording history-of-use infor-
mation on an electrode included in the electrolytic
cells.

Advantageous Effect of Invention

[0009] According to the present invention, an appara-
tus and a method for managing a history of use of
electrodes of an electrolyzer to appropriately assess
lifetimes of the electrodes and contribute towards using
the electrodes for a longer period of time can be provided.
Brief Description of Drawings

[0010]

[Figure 1A] Figure 1A is a sectional schematic view
showing an example of an electrolytic cell according
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to the present embodiment.

[Figure 1B] Figure 1B is an explanatory diagram of a
case where two of the electrolytic cells shown in
Figure 1A are connected in series.

[Figure 2A] Figure 2A is an explanatory diagram
showing an example of an electrolyzer according
to the present embodiment.

[Figure 2B] Figure 2B is an explanatory diagram
showing an example of a step of assembling the
electrolyzer according to the present embodiment.
[Figure 3] Figure 3 is an example of a block diagram
showing a functional configuration of an apparatus
according to the present embodiment.

[Figure 4A] Figure 4A is a schematic diagram show-
ing an example of electrolyzer data according to the
present embodiment.

[Figure 4B] Figure 4B is a schematic diagram show-
ing an example of electrolyzer data according to the
present embodiment.

[Figure 5A] Figure 5A is a schematic diagram show-
ing a remaining amount of metal of an electrode for
each electrolytic cell of a bipolar electrolyzer in an
initial stage.

[Figure 5B] Figure 5B is a schematic diagram show-
ing a remaining amount of metal of an electrode for
each electrolytic cell of a bipolar electrolyzer in an
intermediate stage.

[Figure 5C] Figure 5C is a schematic diagram show-
ing a remaining amount of metal of an electrode for
each electrolytic cell of a bipolar electrolyzerin a late
stage.

[Figure 5D] Figure 5D is a schematic diagram show-
ing a remaining amount of metal of an electrode for
each electrolytic cell of a bipolar electrolyzer includ-
ing a reverse current absorber or the like.

[Figure 5E] Figure 5E is a schematic diagram show-
ing a remaining amount of metal of an electrode for
each electrolytic cell of a bipolar electrolyzer when
there is a reverse current.

[Figure 6] Figure 6 is a schematic diagram showing
an example of training data according to the present
embodiment.

[Figure 7A] Figure 7A is a schematic diagram show-
ing an example of contents of assessment output by
the apparatus according to the present embodiment.
[Figure 7B] Figure 7B is a schematic diagram show-
ing an example of contents of assessment output by
the apparatus according to the present embodiment.
[Figure 7C] Figure 7C is a schematic diagram show-
ing an example of contents of assessment output by
the apparatus according to the present embodiment.
[Figure 7D] Figure 7D is a schematic diagram show-
ing an example of contents of assessment output by
the apparatus according to the present embodiment.
[Figure 8] Figure 8 is a sequence diagram showing
an example of processing executed by the apparatus
according to the present embodiment.

[Figure 9A] Figure 9A is a schematic diagram show-
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ing an example of a mode of use of the apparatus
according to the present embodiment.
[Figure 9B] Figure 9B is a schematic diagram show-
ing an example of a mode of use of the apparatus
according to the present embodiment.
[Figure 9C] Figure 9C is a schematic diagram show-
ing an example of a mode of use of the apparatus
according to the present embodiment.

Description of Embodiment

[0011] Hereinafter, while an embodiment of the present
invention (hereinafter, referred to as the "present embo-
diment") will be described in detail, it is to be understood
that the present invention is not limited thereto and var-
ious modifications can be made without departing from
the gist of the invention.

1. Electrolytic cell

[0012] Figure 1A shows an example of an electrolytic
cell that constitutes an electrolyzer according to the pre-
sent embodiment as a sectional schematic view. An
electrolytic cell 90 includes an anode chamber 10, a
cathode chamber 20, a partition wall 29 that partitions
the anode chamber 10 and cathode chamber 20, an
anode 11 installed in the anode chamber 10, and a
cathode 21 installed in the cathode chamber 20. The
anode 11 and the cathode 21 belonging to one electrolytic
cell 90 are electrically connected to each other.

[0013] In addition, in the example shown in Figure 1A,
the cathode chamber 20 further includes the cathode 21
installed in the cathode chamber 20, a current collector
23, a support body 24 that supports the current collector,
and an elastic mat 1. The elastic mat 1 is installed
between the current collector 23 and the cathode 21.
The support body 24 is installed between the current
collector 23 and the partition wall 29. The current collector
23 is electrically connected to the cathode 21 via the
elastic mat 1. The partition wall 29 is electrically con-
nected to the current collector 23 via the support body 24.
Therefore, the partition wall 29, the support body 24, the
current collector 23, the elastic mat 1, and the cathode 21
are electrically connected. The cathode 21 and areverse
current absorber may be directly connected or indirectly
connected to each other via a current collector, a support
body, a metal elastic body, a partition wall, or the like. An
entire surface of the cathode 21 is preferably coated with
a catalyst layer for a reduction reaction. In addition, a
mode of electric connection may be a mode in which the
partition wall 29 and the support body 24, the support
body 24 and the current collector 23, and the current
collector 23 and the elastic mat 1 are respectively directly
mounted and the cathode 21 is laminated on the elastic
mat 1. Examples of a method of directly mounting the
respective constituent members to each other include
welding and folding described earlier.

[0014] Installing the elastic mat 1 between the current
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collector 23 and the cathode 21 enables each cathode 21
of a plurality of electrolytic cells 90 connected in series to
be pressed against an ion exchange membrane 2, a
distance between each anode 11 and each cathode 21
tobe shortened, and a voltage applied across the plurality
of electrolytic cells 90 connected in series to be reduced.
The reduction in voltage enables an amount of electricity
consumption to be reduced. With the elastic mat accord-
ing to the present embodiment, since pressure can be
applied to the ion exchange membrane at a suitable
normal pressure surface pressure as described above,
a zero-gap configuration can be realized while maintain-
ing current efficiency and damage to the ion exchange
membrane can also be prevented in a preferable manner.
[0015] The cathode can be directly stacked on the
elastic mat, or a configuration may be adopted in which
the cathode is stacked via another conductive member.
As a cathode that can be used for a zero-gap configura-
tion, a cathode with a thin wire diameter and a small mesh
count is most preferable since the cathode is also more
flexible. Although there is no particular limit to a wire
material constituting such a cathode, a wire material with
a wire diameter of 0.1 to 0.5 mm and a mesh opening in
the range of around 20 to 80 mesh can also be used.
[0016] Figure 1B is a sectional view of two adjacent
electrolytic cells 90 in an electrolyzer 4 according to the
present embodiment. Figure 2A shows an electrolyzer
30. Figure 2B shows a step of assembling the electrolyzer
30.

[0017] As shown in Figure 1B, the electrolytic cell 90,
the ion exchange membrane 2, and the electrolytic cell 90
are arranged in series in this order. In the electrolyzer, the
ion exchange membrane 2 is arranged between the
anode chamber of one electrolytic cell 90 and the cathode
chamber of the other electrolytic cell 90 among the two
adjacent electrolytic cells. In other words, the anode
chamber 10 of the electrolytic cell 90 and the cathode
chamber 20 of the electrolytic cell 90 adjacent thereto are
separated by the ion exchange membrane 2.

[0018] As shown in Figure 2A, the electrolyzer 30 in-
cludes a plurality of electrolytic cells 90 connected in
series via the ion exchange membrane 2. In other words,
the electrolyzer 30 is a bipolar electrolyzer including a
plurality of electrolytic cells 90 arranged in series and the
ion exchange membrane 2 arranged between adjacent
electrolytic cells 90. As shown in Figure 2B, the electro-
lyzer 30 is assembled by arranging a plurality of the
electrolytic cells 90 in series via the ion exchange mem-
brane 2 and coupling the electrolytic cells 90 by a press
machine 500.

[0019] The electrolyzer 30 includes an anode terminal
700 and a cathode terminal 600 that are connected to a
power supply. The anode 11 of the electrolytic cell 90 at
the endmost position among the plurality of electrolytic
cells 90 connected in series in the electrolyzer 30 is
electrically connected to the anode terminal 700. The
cathode 21 of the electrolytic cell 2 positioned at the end
opposite to the anode terminal 700 among the plurality of
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electrolytic cells 90 connected in series in the electrolyzer
30is electrically connected to the cathode terminal 600. A
current during electrolysis flows from the side of the
anode terminal 700 via the anode and the cathode of
each electrolytic cell 90 toward the cathode terminal 600.
Note that an electrolytic cell including only an anode
chamber (anode terminal cell) and an electrolytic cell
including only a cathode chamber (cathode terminal cell)
may be arranged at both ends of the coupled electrolytic
cells 90. In this case, the anode terminal 700 is connected
tothe anode terminal cell arranged at the one end and the
cathode terminal 600 is connected to the cathode term-
inal cell arranged at the other end.

[0020] When performing electrolysis of saline water,
saline water is supplied to each anode chamber 10 and
pure water or a low-concentration sodium hydroxide
solution is supplied to the cathode chamber 20. Each
liquid is supplied from an electrolytic solution supply pipe
(not shown in the drawing) to each electrolytic cell 90 via
an electrolytic solution supply hose (not shown in the
drawing). The electrolytic solution and products of elec-
trolysis are recovered by an electrolytic solution recovery
pipe (not shown in the drawing). In electrolysis, sodium
ions in the saline water move from the anode chamber 10
of one electrolytic cell 90 through the ion exchange
membrane 2 to the cathode chamber 20 of the adjacent
electrolytic cell 90. Therefore, a current in electrolysis is
to flow in a direction in which the electrolytic cells 90 are
coupled in series. In other words, a current flows from the
anode chamber 10 toward the cathode chamber 20 via
the ion exchange membrane 2. Due to the electrolysis of
saline water, chlorine gas is produced on the side of the
anode 11 and sodium hydroxide (solute) and hydrogen
gas are produced on the side of the cathode 21.

[0021] There are two types of alkaline water electro-
lysis: one using an anion exchange membrane and the
other using a cation exchange membrane. In the type
using an anion exchange membrane, alkali metal ions
(K* or Na*) move from the anode chamber 10 to the
cathode chamber 20. On the other hand, in the type using
a cation exchange membrane, hydroxide ions (OH-)
move from the cathode chamber 20 to the anode cham-
ber 10.

2. Apparatus

[0022] A remaining amount of precious metal coating
on an electrode included in an electrolytic cell gradually
decreases with the operation of an electrolytic apparatus.
An extent of decrease thereof is affected by operating
conditions such as an operating time, and an operating
voltage, operational problems such as an occurrence of
reverse currents, and the like. In addition, in an electro-
lytic apparatus equipped with a bipolar electrolyzer in
which a large number of electrolyzers are connected to
each other, since a magnitude of a generated reverse
current varies depending on a position of an electrolytic
cell in the electrolyzers, the extent of decrease in the
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remaining amount of precious metal coating also varies
depending on the position of the electrolytic cell in the
electrolyzers.

[0023] The apparatus according to the present embo-
diment includes a managing unit that records, based on
operation history information of an electrolyzer including
one or more electrolytic cells, history-of-use information
of an electrode included in the electrolytic cells. In the
present embodiment, a history of an electrolyzer is re-
ferred to as an "operation history" and a history of an
electrode is referred to as a "history of use". The "history
of use" is used in the sense of indicating a history of
everything the electrode had gone through and is used in
the sense of including a history of repairs in addition to
information based on a history of previous operations of
the electrolyzer. In addition, the history of use can also
include a history when an electrode of a given electro-
lyzer is reused as an electrode of another electrolyzer.
[0024] Accordingly, by managing a history of use of an
electrode of an electrolyzer, a lifetime of the electrode can
be appropriately assessed and the electrode can be used
for a longer period of time.

[0025] In the present embodiment, for example, as
shown in Figure 3, an apparatus 100 may be an appa-
ratus connected to an electrolytic apparatus 10 via a
wired or wireless network N or the apparatus 100 and
the electrolytic apparatus 10 may be configured as one
apparatus. In addition, the apparatus 100 may be con-
figured to perform at least a part of processing of the
functional units shown in Figure 3 using another appa-
ratus such as a server connected by the network N.

2.1. Configuration

[0026] A configuration of hardware of the apparatus
100 will be described with reference to Figure 3. For
example, the apparatus 100 includes a processor 110,
a communication interface 120, an input/output interface
130, a memory 140, a storage 150, and one or more
communication buses 160 for interconnecting these
components.

[0027] The processor 110 executes processing, a
function, or a method to be realized by a code or instruc-
tions contained in a program stored in the storage 150. By
way of example and not limitation, the processor 110
includes one or more central processing units (CPUs), an
MPU (micro processing unit), a GPU (graphics proces-
sing unit), a microprocessor, a processor core, a multi-
processor, an ASIC (application-specific integrated cir-
cuit), an FPGA (field programmable gate array), or the
like and may realize each of processing, functions, or
methods disclosed in each embodiment using a logical
circuit (hardware) or a dedicated circuit formed on an
integrated circuit (IC chip or an LSI (large scale integra-
tion)) or the like.

[0028] The communication interface 120 transmits/re-
ceives various kinds of data to and from other appara-
tuses via a network. The communication may be exe-
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cuted in either a wired or wireless manner and any com-
munication protocol may be used as long as mutual
communication can be executed. For example, the com-
munication interface 120 is implemented as hardware
such as a network adapter, various kinds of communica-
tion software, or a combination thereof.

[0029] By way of example and not limitation, the net-
work may be an ad hoc network, an intranet, an extranet,
a virtual private network (VPN), a local area network
(LAN), a wireless LAN (WLAN), a wide area network
(WAN), a wireless WAN (WWAN), a metropolitan area
network (MAN), a part of the Internet, a part of a public
switched telephone network (PSTN), a mobile phone
network, ISDNs (integrated service digital networks),
wireless LANs, LTE (long term evolution), CDMA (code
division multiple access), Bluetooth (registered trade-
mark), satellite communication, or the like or a combina-
tion of such networks. The network may include one or
more networks.

[0030] Theinput/outputinterface 130 includes aninput
apparatus for inputting various operations to the appa-
ratus 100 and an output apparatus for outputting a pro-
cessing result processed by the apparatus 100. For ex-
ample, the input/output interface 130 includes informa-
tion input apparatuses such as a keyboard, a mouse, and
a touch panel and information output apparatuses such
as a display. The apparatus 100 may accept a predeter-
mined input by connecting an external input/output inter-
face 130.

[0031] For example, the apparatus 100 may be con-
nected by a wired or a wireless network N to an X-ray
fluorescence spectrometer, an inductively-coupled plas-
ma emission spectrometer, an X-ray diffractometer, or an
X-ray photoelectron spectrometer as the external inpu-
t/output interface 130. Accordingly, actual measurement
data of the remaining amount of precious metal coating
on an electrode can be directly and readily measured and
the apparatus 100 can acquire the measured data.
[0032] The memory 140 temporarily stores a program
loaded from the storage 150 and provides the processor
110 with a work area. The memory 140 also temporarily
stores various kinds of data generated while the proces-
sor 110 is executing the program. For example, the
memory 140 may be a high-speed random access mem-
ory such as a DRAM, an SRAM, a DDR RAM, or other
random access solid-state memories or a combination of
such memories may be used.

[0033] The storage 150 stores a program, various
functional units, and various kinds of data. For example,
the storage 150 may be one or more magnetic disk
storage apparatuses, an optical disk storage apparatus,
a flash memory device, or other non-volatile solid-state
storage apparatuses or a combination of such storage
apparatuses may be used. Other examples of the sto-
rage 150 include one or more storage apparatuses in-
stalled at a remote location from the processor 110.
[0034] In an embodiment of the present invention, the
storage 150 stores a program, functional units, and adata
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structure or a subset thereof. By having the processor
110 execute instructions included in the program stored
in the storage 150, as shown in Figure 3, the apparatus
100 is configured to function as a managing unit 154, a
learning unit 156, an assessing unit 157, an operation
suggesting unit 158, a stop suggesting unit 159, and a
position change suggesting unit 161.

[0035] Forexample, an operating system 151 includes
procedures for processing various basic system services
and for executing tasks using hardware.

[0036] For example, a network communicating unit
152 is used to connect the apparatus 100 to other com-
puters via the communication interface 120 and one or
more communication networks such as the Internet,
other wide area networks, a local area network, and a
metropolitan area network.

2.1.1. Electrolyzer data

[0037] As electrolyzer data 153, information related to
the electrolyzer 30 or operation history information of the
electrolyzer 30 may be stored for each electrolyzer. The
electrolyzer data 153 stored in the storage 150 will be
described with reference to Figures 4A and 4B.

[0038] Although not particularly limited, examples of
information related to the electrolyzer 30 include the
number of electrolytic cells 31 included in the electrolyzer
30, and an apparatus configuration of the electrolytic
apparatus 10.

[0039] Although not particularly limited, examples of
history-of-use information of an electrode include initial
data of metal species and a loading amount of such
metals included in the electrode prior to operation, actual
measurement data of metal species and a loading
amount of such metals included in the electrode during
operation, a repair history, information based on opera-
tion history information of the electrolyzer, and an as-
sessed value.

[0040] Forexample, the initial data may be information
acquired from an electrode manufacturer. In addition, the
actual measurement data may be data acquired from the
input/outputinterface 130 of an X-ray fluorescence spec-
trometer or the like and may include X-ray fluorescence
analysis data, inductively-coupled plasma emission ana-
lysis data, X-ray diffraction data, or X-ray photoelectron
spectroscopy analysis data of the electrode included in
the electrolytic cell.

[0041] Although a method of quantifying precious me-
tals from the pieces of analysis data is not particularly
limited as long as the method is conventionally known,
examples of the method include a method of calculating a
remaining amount of coating of each precious metal in a
catalytic layer of an electrode by using a calibration curve
or the like from X-ray fluorescence analysis data and a
method of calculating a remaining amount of coating of
each precious metal in the catalytic layer of an electrode
from an intensity ratio of metal used in a base material of
the electrode and each precious metal included in the
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catalytic layer.

[0042] When the electrolyzer 30 is a bipolar electro-
lyzer, initial data and actual measurement data may be
stored for each electrolytic cell 31. In this case, the initial
data or the actual measurement data need not include
initial data or actual measurement data related to all
electrolytic cells 31-1 to 31-N included in the electrolyzer
30 and information related to a part of the electrolytic cells
31-N may include initial data or actual measurement
data. As an example, actual measurement data shown
in Figure 4A represents an example in which actual
measurement data of all electrolytic cells from 31-1 to
31-100 is not measured and actual measurement data of
cell 31-1, cell 31-50, and cell 31-100 is measured and
stored.

[0043] Inaddition, when the electrolyzer 30 is a bipolar
electrolyzer, information related to a position in the elec-
trolyzer 30 of each electrolytic cellmay be included. While
the information related to a position in the electrolyzer 30
of each electrolytic cell is not particularly limited, for
example, the information may be a position of the elec-
trolytic cell as counted from an end such as first from end,
second from end, ... from end. As an example, in Figure
4A, the position of each electrolytic cell in the electrolyzer
30 may be stored by being described as cell 31-1, cell
31-50, and cell 31-100 in the actual measurement data.
Accordingly, a state of the electrolytic cell 31-N in accor-
dance with the position in the electrolyzer 30 can be
specifically stored.

[0044] In addition, as repair history, timing and details
of replacement and repair of an electrolytic cell, and the
like may be stored for each electrolytic cell.

[0045] Information based on operation history informa-
tion of the electrolyzer that is included in the history-of-
use information of the electrode may include a total
operation time of the electrolyzer, a total current flow,
and other information described in the operation history
information of the electrolyzer to be described later.
[0046] For example, assessed values may include an
assessed amount-of-metal value that assesses a cata-
lytic performance such as an amount of metal included in
a catalytic layer of an electrode and an assessed impurity
value that indicates a degree by which demonstration of
the catalytic performance is inhibited such as an amount
of impurities adhered to the electrode. The assessed
amount-of-metal value is also called a remaining amount
of precious metal coating. The assessed values can be
calculated by the managing unit 154 based on at least
one of initial data, actual measurement data, a repair
history, and the operation history information of the elec-
trolyzer and recorded as one piece of history-of-use
information of the electrode.

[0047] Using such an assessed value enables a state
of an electrode to be specifically comprehended. For
example, the assessed amount-of-metal value enables
whether or not the catalytic performance of an electrode
has declined due to a reduction in an amount of metal to
be assessed and the assessed impurity value enables
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whether or not the performance of the electrode has
declined due to impurities adhered to the electrode to
be assessed.

[0048] Forexample, when a given electrode has a high
assessed amount-of-metal value and a low assessed
impurity value, an assessment can be made that the
electrode is in a state where sufficient performance can-
not be demonstrated due to adhesion of impurities
although an amount of metal is maintained. Making such
an assessment enables a determination with respect to
an electrode on whether or not the electrode should be
treated to increase the amount of metal so as to prolong a
lifetime or whether or not the electrode should be treated
toremove impurities so as to prolong a lifetime to be more
suitably made.

[0049] Furthermore, evenwhen the assessed amount-
of-metal value of a given electrode is low, an assessment
can also be made on whether a degree of the assessed
amount-of-metal value is within a range where the de-
gree of decrease of the amount of metal can be recovered
by a simple treatment or within a range where the degree
of decrease of the amount of metal can be recovered by a
fundamental treatment. Making such an assessment
enables a determination with respect to an electrode
regarding which of a plurality of types of available treat-
ments is appropriately selected to be more suitably made
when itis determined that the electrode is to be treated to
increase the amount of metal so as to prolong the lifetime
of the electrode.

[0050] The determination described above may be
made by the assessing unit 157 to be described later.
[0051] Although the operation history information of
the electrolyzer included in the electrolyzer data 153 is
not particularly limited, examples of the operation history
information include a total operation time of the electro-
lyzer, a total current flow, a current density, an operation
voltage, a current efficiency, an operation temperature,
an electrolytic solution, a flow rate of the electrolytic
solution supplied to the anode and cathode chambers,
information related to a reverse current, number of stops,
and other known conditions to be controlled or observed
during the operation of the electrolytic apparatus 10. Note
that gas purity refers to a purity of gas generated and
obtained by the cathode or the anode.

[0052] The operation history information of the electro-
lyzer 30 may be recorded over time. As shown in Figure
4B, a current density, an operation voltage, an operation
temperature, and other conditions that may vary over
time can be stored as information over time. A remaining
amount of precious metal coating on an electrode has
been known to gradually decrease even when a normal
operation of the electrolytic apparatus 10 is being per-
formed. Therefore, an assessed amount-of-metal value
of an electrode may be estimated more specifically by
recording the operation history information as such in-
formation over time.

[0053] It has also been found that impurities may gra-
dually adhere to an electrode depending on operation
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conditions of the electrode such as an amount of impu-
rities in an electrolytic solution used and a total operation
time. Therefore, the assessed impurity value of the elec-
trode may be estimated more specifically by recording
the operation history information.

[0054] Furthermore, as shown in Figure 4B, such data
of operation history over time may include a stop period or
traces related to a reverse current. A reverse current will
now be described. The electrolytic cell 31 can produce a
self-discharge reaction through a leakage current circuit
formed by the electrolytic solution supply pipe when
electrolysis is stopped. Since a direction of a current
flowing on a current-carrying surface during a self-dis-
charge reaction is opposite to that during electrolysis, the
currentis called areverse current. A remaining amount of
precious metal coating on an electrode of the electrolytic
cell 31 may be extremely affected by a loss of a catalytic
layer on the surface of the base material as a result of
oxidation-reduction in the process of reverse current
generation. Therefore, a decreasing behavior of the re-
maining amount of precious metal coating on an elec-
trode may be estimated more specifically by recording
such information related to a reverse current as the
operation history information. In particular, an effect of
a decrease in the remaining amount of precious metal
coating due to such areverse currenttends to be largerin
a cathode 35.

[0055] Furthermore, in addition to or in place of the
above, a reverse current may also occur when current
density is extremely low. Specifically, when a current of a
positive electrolysis and a reverse current are compared
to each other and the reverse current is larger, the re-
verse current may be generated. Data of operation his-
tory over time may include such traces related to a
reverse current.

[0056] In addition, information related to an electrolytic
solution in the operation history information of the elec-
trolyzer 30 may include information about a type and an
amount of impurities in addition to a composition of the
electrolytic solution. When impurities are included in the
electrolytic solution, the impurities may adhere to an
electrode. Impurities that adhere to the electrode also
affect operation of the electrolytic apparatus 10 and affect
a remaining amount of precious metal coating on the
electrode. Therefore, a decreasing behavior of the re-
maining amount of precious metal coating on an elec-
trode may be estimated more specifically by recording
such information related to an electrolytic solution as the
operation history information. In particular, an effect of a
decrease in the remaining amount of precious metal
coating due to such impurities tends to be larger in an
anode 33.

2.1.2. Managing Unit
[0057] The managing unit 154 records, based on op-

eration history information of an electrolyzer, history-of-
use information of an electrode included in an electrolytic
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cell. More specifically, the managing unit 154 may exe-
cute acquiring operation history information of an elec-
trolyzer from a control unit 70 of the electrolytic apparatus
10, recording the acquired operation history information
in electrolyzer data, and recording history-of-use infor-
mation of an electrode included in an electrolytic cell
based on the recorded operation history information.
Note that a source from which the managing unit 154
of the apparatus 100 acquires operation history informa-
tion of the electrolyzer is not limited to the control unit 70
of the electrolytic apparatus 10.

[0058] The managing unit 154 may further record an
assessed amount-of-metal value of the electrode or an
assessed impurity value of the electrode as the history-
of-use information. As long as the assessed amount-of-
metal value is a value indicating catalytic performance
such as an amount of metal included in a catalytic layer of
the electrode, the assessed amount-of-metal value is not
particularly limited and may be a remaining amount of
precious metal coating. As long as the assessed impurity
value is a value indicating a degree by which demonstra-
tion of the catalytic performance is inhibited such as an
amount of impurities adhered to the electrode, the as-
sessed impurity value is not particularly limited and may
be an amount of adhered impurities.

[0059] The managing unit 154 may record actual mea-
surement data of a remaining amount of precious metal
coating as the assessed amount-of-metal value or cal-
culate the assessed amount-of-metal value based on at
least one of initial data, actual measurement data, a
repair history, and the operation history information of
the electrolyzer and record the calculated assessed
amount-of-metal value. Hereinafter, after describing a
decreasing tendency of an amount of metal, an example
of a mode when calculating an assessed amount-of-
metal value will be described.

2.1.2.1. Decreasing tendency

[0060] A decreasing tendency of a remaining amount
of precious metal coating will be described with reference
to Figures 5A to 5E before describing prediction proces-
sing to be executed by the managing unit 154.

[0061] Figures 5A to 5E show a remaining amount of
metal on an electrode in each electrolytic cell of a bipolar
electrolyzer, with an axis of ordinate indicating a remain-
ing amount of metal and an axis of abscissa indicating a
position of the electrode in the bipolar electrolyzer. Figure
5Ais a graph showing a remaining amount of metal in an
unused electrode before operation as 100%, Figure 5B is
a graph showing a remaining amount of metal in the
electrode after the electrolytic apparatus 10 has been
operated for a predetermined time, and Figure 5C is a
graph showing a remaining amount of metal in the elec-
trode after the electrolytic apparatus 10 is further oper-
ated from the state shown in Figure 5B.

[0062] As shown in Figures 5A to 5C, in all of the
electrolytic cells, the remaining amount of precious metal
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coating tends to gradually decrease with the operation of
the electrolytic apparatus 10. Therefore, the remaining
amount of precious metal coating on an electrode can be
estimated based on operation history information on how
long and under what conditions (voltage, current, and the
like) the operation was performed.

[0063] Inaddition, as shown in Figures 5A to 5C, inthe
case of a bipolar electrolyzer, it has been found that the
extent of decrease in the remaining amount of precious
metal coating varies depending on a location of an elec-
trolytic cell. More specifically, it has been found that
electrolytic cells located at a center of the bipolar electro-
lyzer tend to have a smaller remaining amount of pre-
cious metal coating. This is attributable to the fact that a
reverse current is more likely to be generated in electro-
Iytic cells located at the center when the electrolytic
apparatus 10 is repetitively operated and stopped.
[0064] Therefore, an assessment may be made by
weighting a degree of decrease of a remaining amount
of precious metal coating in accordance with a position of
a cell in addition to operation history information on how
long and under what conditions (voltage, current, and the
like) the operation was performed. More specifically, the
remaining amount of precious metal coating may be
assessed by adjusting the electrolytic cells located at a
center of the bipolar electrolyzer so as to have a larger
degree of decrease in the remaining amount of precious
metal coating. Accordingly, even when there are a large
number of electrolytic cells as in the case of a bipolar
electrolyzer, the remaining amounts of precious metal
coating on electrodes of the electrolytic cells can be
collectively estimated.

[0065] When an electrolytic cell has a reverse current
absorber or an electrode has a reverse current absorbing
layer, the remaining amount of precious metal coating on
the electrolytic cells located at the center of the bipolar
electrolyzer and the electrolytic cells located at the ends
may be more alleviated (Figure 5D).

[0066] Furthermore, as shown in Figure 5E, when a
significant reverse current is generated, the remaining
amount of precious metal coating of the electrolytic cellin
which the reverse current is generated tends to signifi-
cantly decrease. Therefore, the remaining amount of
precious metal coating of an electrolytic cell can be
assessed by taking a reverse current into consideration
as one piece of operation history information.

[0067] In addition, when an electrode of an electrolytic
cell has had its catalytic layer re-coated or the electrode
or the electrolytic cell itself has been replaced as the
repair history described earlier, a degree of decrease in
the remaining amount of precious metal coating with
respect to the electrolytic cell may be calculated from a
time point at which the repair or replacement was made
with the time point being considered 100%. Accordingly,
a remaining amount of precious metal coating can be
individually assessed even with respect to an electrolytic
cell with a repair history.

[0068] While Figures 5A to 5E notably show an extent
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of decrease of a remaining amount of precious metal
coating so that the extent of decrease may be readily
understood, the decrease in the remaining amount of
precious metal coating according to the present embodi-
ment is not limited thereto.

2.1.2.2. Calculation of assessed amount-of-metal value

[0069] Although calculation processing of an assessed
amount-of-metal value to be executed by the managing
unit 154 is not particularly limited, examples of the cal-
culation processing include a method of using a formula
for calculating the assessed amount-of-metal value of an
electrode with values included in the operation history
information as variables. More specifically, examples of
the formula for calculating an assessed amount-of-metal
valueinclude a formula that uses a value indicating a total
amount of operation such as a total operation time or a
total current flow as a variable and a formula that uses a
value indicating conditions during a steady-state opera-
tion such as an operation voltage, an operation tempera-
ture, a current density, and a type of electrolytic solution
as a variable.

[0070] Such a formula may be obtained as a trained
model generated by machine learning processing based
on training data that includes information related to an
operation history and information related to an assessed
amount-of-metal value of an electrode included in each
electrolytic cell in a bipolar electrolyzer that has gone
through the operation history. In other words, the mana-
ging unit 154 may perform a prediction of an assessed
amount-of-metal value using a trained model generated
by machine learning processing based on training data
that includes information related to an operation history
and information related to an assessed amount-of-metal
value of an electrode included in each electrolytic cellina
bipolar electrolyzer that has gone through the operation
history. Note that training data and generation of a trained
model will be described later.

[0071] Inaddition, as shown in Figures 5A to 5E, in the
case of a bipolar electrolyzer, a degree of decrease in the
assessed amount-of-metal value can vary depending on
a location of an electrolytic cell even if operation condi-
tions are the same. In consideration thereof, the mana-
ging unit 154 may predict, based on operation history
information of an electrolyzer and data of an actual
measurement of an assessed amount-of-metal value
of an electrode included in a part of electrolytic cells,
an assessed amount-of-metal value of an electrode in-
cluded in another electrolytic cell.

[0072] More specifically, by obtaining actual measure-
ment datain an electrolytic cell at any position in a bipolar
electrolyzer such as those enclosed by dashed-line
squares in Figure 5B, what kind of phenomenon curve
the assessed amount-of-metal value shows from an end
toacenter can be estimated and a weight of the degree of
decrease of the assessed amount-of-metal value accord-
ing to the cell position may be adjusted based on an
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estimated phenomenon curve. In this case, as shown in
Figures 5B and 5C, a phenomenon curve refers to a
curve that indicates a tendency for a larger assessed
amount-of-metal value closer to the end and a smaller
assessed amount-of-metal value closer to the center.
[0073] Note that Figure 5B shows electrolytic cells
positioned at an end and at the center of a bipolar
electrolyzer by enclosing the electrolytic cells with
dashed-line squares as electrolytic cells of which actual
measurement data is to be acquired and shows that the
actual measurement data considered by the managing
unit 154 includes actual measurement data of the as-
sessed amount-of-metal value of electrodes included in
the electrolytic cells positioned at the end and at the
center of the electrolyzer.

[0074] Accordingly, even when there are a large num-
ber of electrolytic cells as in the case of a bipolar electro-
lyzer, the assessed amount-of-metal value of on an elec-
trode of the electrolytic cells can be collectively estimated
with higher accuracy. In particular, by referring to the
actual measurement data of some electrolytic cells, pre-
diction accuracy of the assessed amount-of-metal value
of an electrode of other electrolytic cells that do not have
actual measurement data can be improved.

[0075] However, estimation of a decrease curve is not
limited to the above and a decrease curve can be esti-
mated as long as actual measurement data of electrolytic
cells of at least any two locations is available. More
specifically, as long as it is known that a decrease curve
will be obtained, when the actual measurement data of
electrolytic cells of any two locations is available, a de-
crease curve that satisfies the assessed amount-of-me-
tal values actually measured in the electrolytic cells of the
two locations can be fitted. In addition, while a plurality of
electrolytic cells are collectively enclosed by dashed-line
squares in Figure 5B, the fitting of a decrease curve is not
limited thereto and a decrease curve can be fitted as long
as there are two locations where actual measurement
data of at least one electrolytic cell is available.

[0076] Notethatactualmeasurementdatamayinclude
X-ray fluorescence analysis data, inductively-coupled
plasma emission analysis data, X-ray diffraction data,
or X-ray photoelectron spectroscopy analysis data of an
electrode included in an electrolytic cell. The actual mea-
surement data may be data acquired from the input/out-
put interface 130 of an X-ray fluorescence spectrometer
or the like and may include X-ray fluorescence analysis
data, inductively-coupled plasma emission analysis
data, X-ray diffraction data, or X-ray photoelectron spec-
troscopy analysis data of the electrode included in the
electrolytic cell.

[0077] The managing unit 154 may predict, based on
operation history information including information re-
lated to a reverse current, an assessed amount-of-metal
value of a cathode. Accordingly, an assessed amount-of-
metal value can be predicted while taking into considera-
tion a decline in the assessed amount-of-metal value of
the cathode due to the generation of a reverse current as
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shown in Figure 5E.

[0078] The managing unit 154 may predict, based on
operation history information including information re-
lated to impurities of an electrolytic solution, an assessed
amount-of-metal value of an anode. When impurities are
included in the electrolytic solution, the impurities may
adhere to an electrode. Impurities that adhere to the
electrode also affect operation of the electrolytic appa-
ratus 10 and affect a remaining amount of precious metal
coating on the electrode. In particular, an effect of a
decrease in the remaining amount of precious metal
coating due to such a reverse current tends to be larger
in an anode 33. Therefore, the assessed amount-of-
metal value of an electrode can be predicted by recording
such information related to an electrolytic solution as the
operation history information.

[0079] Furthermore, the managing unit 154 may pre-
dict an assessed amount-of-metal value for the anode
and the cathode, respectively. While there may be cases
where a decreasing tendency of the assessed amount-
of-metal value is not consistent between the anode and
the cathode as described above, respectively predicting
the assessed amount-of-metal value for the anode and
the cathode enables an amount of precious metals to be
estimated more appropriately.

[0080] Inaddition, an assessed amount-of-metal value
predicted by the managing unit 154 may include a re-
maining amount of coating of a precious metal selected
from the group consisting of ruthenium, rhodium, palla-
dium, osmium, iridium, and platinum. Since these metals
serve as primary active species in a catalytic layer of an
electrode, it is useful to assess a remaining amount of
such rare metals in a non-invasive manner.

2.1.2.3. Calculation of assessed impurity value

[0081] Although calculation processing of an assessed
impurity value to be executed by the managing unit 154 is
not particularly limited, examples of the calculation pro-
cessing include a method of using a formula for calculat-
ing the assessed impurity value of an electrode with
values included in the operation history information as
variables. More specifically, examples of the formula for
calculating the assessed impurity value include a formula
that uses a value indicating a total amount of operation
such as a total operation time or a total current flow as a
variable and a formula that uses a value that becomes a
factor for impurities during an operation such as a type of
an electrolytic solution or types and amounts of impurities
included in the electrolytic solution as a variable. In
addition, an assessed impurity value may include an
index such as a surface coverage of an electrode by
impurities or a thickness of adhesion of impurities.

[0082] Such a formula may be obtained as a trained
model generated by machine learning processing based
on training data that includes information related to an
operation history and information related to an assessed
impurity value of an electrode of each electrolytic cellin a
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bipolar electrolyzer that has gone through the operation
history. In other words, the managing unit 154 may per-
form a prediction of an assessed impurity value using a
trained model generated by machine learning processing
based on training data thatincludes information related to
an operation history and information related to an as-
sessed impurity value of an electrode included in each
electrolytic cell in a bipolar electrolyzer that has gone
through the operation history. Note that training data and
generation of a trained model will be described later.

2.1.3. Assessing Unit

[0083] The assessing unit 157 may assess a future
performance of an electrode based on the history-of-use
information of the electrode. In addition, the assessing
unit 157 may assess, based on the history-of-use infor-
mation of the electrode and a repair method that is
planned to be performed, a future performance of the
electrode after the repair.

[0084] Figures 7A to 7D show schematic views repre-
senting examples of assessment contents outputted by
the assessing unit 157. In Figures 7A to 7D, a perfor-
mance of an electrode from start of use is indicated by a
solid line and a future performance of the electrode as
assessed by the assessing unit 157 is indicated by a
dashed line. The solid lines in Figures 7A to 7D indicate
that the performance of the electrode gradually declines
as time passes from the start of use and that a rate of
performance decline slows down by undergoing pre-
scribed repairs during use. In this case, the performance
of the electrode may be efficiency of an electrolytic reac-
tion or a value related to the assessed amount-of-metal
value or the assessed impurity value.

[0085] The dashed lines in Figures 7A to 7D indicate,
as the future performance of the electrode as assessed
by the assessing unit 157, a case where the electrode
does not undergo repairs, a case where the electrode
undergoes a repair A, and a case where the electrode
undergoes a repair B.

[0086] As indicated by the dashed line in Figure 7A, a
difference can arise in the future performance of the
electrode according to whether or not the electrode un-
dergoes repairs. A difference can also arise in the future
performance of the electrode according to contents of the
repairs. In addition, as indicated by the dashed line in
Figure 7B, depending on the history-of-use information,
an assessment result is also expected in which a differ-
ence between effects of the repair A and the repair B
which was present in Figure 7A is eliminated. Further-
more, as indicated by the dashed line in Figure 7C,
depending on the history-of-use information, an assess-
ment result is also expected in which a difference be-
tween the effect of the repair B and the case of no repairs
which was present in Figure 7A is eliminated. Note that
the effect of repairs is not limited to prolonging the per-
formance of an electrode as shown in Figures 7A to 7C
and an effect of temporarily improving the performance
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may be produced as shown in Figure 7D.

[0087] AsshowninFigures 7Ato 7D, depending onthe
history-of-use information of an electrode, a state where
an effect on future performance differs between the repair
A and the repair B or a state where a difference in effects
between a case where no repairs are performed and a
case where repairs are performed decreases can arise.
For example, when a given electrode has a high as-
sessed amount-of-metal value and a low assessed im-
purity value, an assessment can be made that the elec-
trode is in a state where sufficient performance cannot be
demonstrated due to adhesion of impurities although an
amount of metal is maintained. Accordingly, a situation
such as the repair A involving removing impurities shows
a certain degree of effectiveness but the repair A invol-
ving increasing an amount of metal is hardly effective can
be comprehended and more appropriate repair contents
can be selected. Alternatively, an assessment can also
be made on whether a degree of decrease of the amount
of metal is within a range that can be recovered by a
simple treatment (repair B) or within a range where the
degree of decrease of the amount of metal can be re-
covered by a fundamental treatment (repair A).

[0088] The assessingunit157 can assess magnitudes
of an assessed amount-of-metal value and an assessed
impurity value based on one of the assessed amount-of-
metal value and the assessed impurity value and, based
on an assessment result thereof, output repair contents
that can prolong performance the most or temporarily
improve performance the most and display the repair
contents on a display or the like. In a similar manner,
information related to a future performance of the elec-
trode based on each of the repair contents can also be
presented and displayed on the display or the like.
[0089] In this case, the assessment of magnitudes of
an assessed amount-of-metal value and an assessed
impurity value refers to comparing an amount of metal
and an amount of impurities with each other and asses-
sing magnitudes thereof. For example, when the as-
sessed amount-of-metal value is large and the assessed
impurity value is small, the assessing unit 157 may
specify repair contents that reduces the amount of im-
purities and output the specified repair contents. In addi-
tion, when the assessed amount-of-metal value is small
and the assessed impurity value is small, the assessing
unit 157 may specify repair contents that increases the
amount of metal and output the specified repair contents.
[0090] In addition, the assessing unit 157 may output,
based on the assessed impurity value, repair contents
that can prolong performance the most or temporarily
improve performance the most and display the repair
contents on a display or the like. In a similar manner,
information related to a future performance of the elec-
trode based on each of the repair contents can also be
presented and displayed on the display or the like.
[0091] By assessing a future performance (prognosis)
after performing such repairs, a lifetime of an electrode or
repair contents to be selected can be appropriately as-
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sessed and the electrode can be used for a longer period
of time.

2.1.4. Model

[0092] The learning unit 156 may perform machine
learning processing based on training data 155 that in-
cludes information related to an operation history and
information related to an assessed amount-of-metal va-
lue or an assessed impurity value of an electrode of each
electrolytic cell in an electrolyzer that has gone through
the operation history and may obtain a trained model. The
trained model obtained in this manner becomes a model
to be used by the managing unit 154 and may receive
information related to the operation history as input and
output information related to the assessed amount-of-
metal value or the assessed impurity value of an elec-
trode of each electrolytic cell in the electrolyzer that has
gone through the operation history.

[0093] For example, the training data 155 may store,
for each electrolyzer, information related to the electro-
lyzer 30, operation history information of the electrolyzer
30, or information related to the assessed amount-of-
metal value or the assessed impurity value of the elec-
trolyzer 30. The training data 155 stored in the storage
150 will be described with reference to Figure 6.

[0094] The information related to the electrolyzer 30
and the operation history information of the electrolyzer
30 stored in the training data 155 may be similar to the
information described with respect to the electrolyzer
data 153.

[0095] In addition, as information related to the as-
sessed amount-of-metal value or the assessed impurity
value of the electrolyzer 30, information related to an
actual assessed amount-of-metal value or assessed im-
purity value of the electrolyzer 30 may be stored. As
shown in Figure 6, specific examples include information
summarizing actual measurement data of the assessed
amount-of-metal value or the assessed impurity value of
each electrolytic cell.

[0096] The learning unit 156 may perform machine
learning using information related to an operation history
and information related to a remaining amount of pre-
cious metal coating on an electrode included in each
electrolytic cell in an electrolyzer that has gone through
the operation history as training data and information
related to a remaining amount of precious metal coating
as a correct label and may construct a model.

[0097] Furthermore, the learning unit 156 may con-
struct a model other than a machine learning model.
Examples of such models include a model that includes
a value indicating a total amount of operation such as a
total operation time or a total current flow as a variable
and a model that includes a value indicating conditions
during a steady-state operation such as an operation
voltage, an operation temperature, a current density,
and a type of electrolytic solution as a variable. Coeffi-
cients of such variables may be determined based on the
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training data 155.

[0098] In addition, the learning unit 156 may perform
machine learning processing based on training data 155
that includes history-of-use information of an electrode
and information related to a performance of the electrode
and may obtain a trained model. The trained model
obtained in this manner becomes a model to be used
by the assessing unit 157 and may receive information
related to the operation history as input and output in-
formation related to a future performance of an electrode
of each electrolytic cell in the electrolyzer that has gone
through the operation history. In doing so, when the
history-of-use information of the electrode in the training
data 155 includes a repair history, a trained model that
outputs information related to a future performance of the
electrode after repair can be obtained based on the
history-of-use information of the electrode and a repair
method.

2.1.5. Operation suggesting unit

[0099] The operation suggesting unit 158 may suggest
an operation condition of the electrolyzer 30. Specifically,
the operation suggesting unit 158 can suggest an opera-
tion condition for causing current efficiency to increase
based on history-of-use information.

[0100] In the electrolyzer 30, a transfer of ions in an
electrolytic solution, an exchange of electrons on elec-
trode surfaces, and a resulting generation of substances
occur. However, substances involved in the electrolytic
reaction are not limited to a target substance. In consid-
eration thereof, current efficiency related to the target
substance is desirably increased. The "current effi-
ciency" in the electrolyzer 30 is a ratio of an amount of
substance actually produced to a theoretical maximum
amount of substances to be produced by a given amount
of electricity in the electrolyzer.

[0101] Inthe presentembodiment, for example, target
substances are chlorine gas and hydrogen gas in a case
of saline water electrolysis and oxygen gas and hydrogen
gasin a case of alkaline water electrolysis. A high current
efficiency means that a large portion of the amount of
electricity used is used to generate the target substance
such as hydrogen gas.

[0102] The operation condition of the electrolyzer 30
desirably enables a desired electrolytic reaction to be
performed at as high a current efficiency as possible. To
this end, while various condition settings are desirably
adjusted, as one perspective, the operation suggesting
unit 158 may suggest an operation condition including a
voltage condition and a flow rate condition of an electro-
lytic solution based on history-of-use information. Note
thatthe operation condition is not limited thereto and may
include other conditions such as a concentration and a
temperature condition of the electrolytic solution.
[0103] The history-of-use information may include an
assessed amount-of-metal value. In this case, the his-
tory-of-use information becomes information that reflects
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an amount of active species on an electrode. In addition,
the voltage condition is a value that controls an amount of
current flowing between electrodes. Furthermore, the
flow rate condition of an electrolytic solution is a value
that controls an amount of existing ions that exchange
electrons with an electrode and a contact efficiency be-
tween the electrolytic solution and the electrode. When
an amount of active species on an electrode differs, an
appropriate value of other operation conditions can differ.
In other words, based on the assessed amount-of-metal
value, the operation suggesting unit 158 can suggest at
least a voltage condition and a flow rate condition of the
electrolytic solution as an operating condition that en-
ables a transfer of ions in the electrolytic solution and the
exchange of electrons on the electrode surface to pro-
ceed more appropriately and the current efficiency to
increase.

[0104] Accordingly, instead of operating the electroly-
zer 30 under constant operation conditions, the electro-
lyzer 30 can be operated under operation conditions that
increases current efficiency according to a fluctuation in
the assessed amount-of-metal value. As a result, due to
the control unit 70 of the electrolyzer 30 adopting the
operation condition suggested by the operation suggest-
ing unit 158, the current efficiency of the electrolyzer 30
can be maintained at a high level and yield can be further
increased from a long-term perspective.

[0105] In addition, maintaining the current efficiency of
the electrolyzer 30 achieved by the operation suggesting
unit 158 is also related to prolonging the lifetime of the
electrolyzer 30. As shown in Figure 1, since the electro-
lyzer 30 is a huge apparatus, repair factors gradually
accumulate at various locations and at various timings. In
the present embodiment, a "repair factor" refers to a
factor which does not require immediate repair but never-
theless leads to a decline in performance such as a
deterioration of a partition wall or a drop in an assessed
amount-of-metal value. When a certain amount of repair
factors accumulates, the operation of the electrolyzer 30
is stopped, repair work is performed, and the operation is
restarted. However, since the electrolyzer 30 is a huge
apparatus and a stop operation for repair and an opera-
tion restart operation are time-consuming, the number of
stops is kept as small as possible in order to maximize
operation efficiency of the electrolyzer 30 and the number
of stops is also kept as small as possible in terms of
affecting an assessed amount-of-metal value due to the
reverse current described above.

[0106] In other words, when stopping operation for
repair work, as many repairs as possible are desirably
executed in a single shutdown. In other words, the elec-
trolyzer 30 is preferably operated by prolonging its life-
time so that as many repair factors as possible can be
accumulated without being repaired. Obviously, such an
accumulation of repair factors is premised on safety
being guaranteed. In addition, against such a back-
ground, the maintenance of the current efficiency of
the electrolyzer 30 achieved by the operation suggesting
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unit 158 contributes to operating the electrolyzer 30 by
prolonging the lifetime thereof so that repair factors can
be accumulated without being repaired.

2.1.6. Stop suggesting unit

[0107] The stop suggesting unit 159 may suggest a
stop condition of the electrolyzer 30. Specifically, the stop
suggesting unit 159 can suggest, based on history-of-use
information, a stop condition that makes it difficult to
reduce an amount of metal on the electrode.

[0108] As described earlier, the amount of metal on an
electrode of the electrolytic cell 31 may be extremely
affected by a loss of a catalytic layer on the surface of
the base material or the like as a result of oxidation-
reduction in the process of reverse current generation.
The reverse current is produced by a self-discharge
reaction through a leakage current circuit formed by
the electrolytic solution supply pipe when electrolysis is
stopped.

[0109] Therefore, as the stop condition of the electro-
lyzer 30, desirably, the reverse current is reduced and a
decrease in the amount of metal on the electrode is
suppressed. To this end, as a perspective, the stop
suggesting unit 159 may suggest a current attenuation
condition where voltage is gradually reduced to gradually
attenuate a current flowing in the electrolyzer 30 and
subsequently setting the voltage applied to the electro-
lyzer 30 to 0 V instead of abruptly changing the voltage
applied to the electrolyzer 30 to 0 V. Accordingly, setting
the voltage to 0 V after gradually reducing the voltage
enables the reverse current due to a self-discharge re-
action to be more reduced as compared to abruptly
changing the voltage applied to the electrolyzer 30 from
a high voltage to 0 V.

[0110] In addition, when a reverse current is gener-
ated, a reaction in which generated chlorine gas and the
like are decomposed in contrast to the electrolytic reac-
tion can occur. Therefore, as another perspective of
suppressing a reverse current, the stop suggesting unit
159 may suggest, as a stop condition, an increase con-
dition for a flow rate of an electrolytic solution supplied to
the anode chamber 10 and the cathode chamber 20 in
order to quickly drive out the chlorine gas and the like
involved in the reverse current reaction from the anode
chamber 10 and the cathode chamber 20. The higher the
flow rate of the electrolytic solution supplied to the anode
chamber 10 and the cathode chamber 20, the more the
product gases produced at the electrodes will flow down-
stream. Accordingly, the reverse current can be sup-
pressed compared to when the voltage is set to 0 V in
a state where a greater amount of product gas is mixed in
the electrolytic solution in the anode chamber 10 and the
cathode chamber 20.

[0111] Furthermore, the stop suggesting unit 159 can
suggest an attenuation condition of the current described
above and an increase condition of a flow rate of the
electrolytic solution described above based on history-of-
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use information, such as the assessed amount-of-metal
value. Specifically, in consideration of the fact that a
reverse currentis more readily generated and an amount
of metal on the electrode is smaller in a central portion,
the stop suggesting unit 159 may suggest an attenuation
condition of a current in accordance with a portion in
which the amount of metal on the electrode is small. In
addition, in a similar manner, in consideration of the fact
that a reverse current is more readily generated in a
central portion, the stop suggesting unit 159 may set
the increase condition so that the flow rate of the electro-
lytic solution is increased in accordance with a portion in
which the amount of metal on the electrode is small.
[0112] Atypicalexample where areverse currenttends
to occur in the center portion had been described above
as an example. However, a reverse current need not
necessarily be more likely to occur in the central portion,
and the portion where reverse current is more likely to
occur may vary according to the specifications of the
electrolyzer 30. The stop suggesting unit 159 can esti-
mate a portion where a reverse current is more likely to
occur based on a distribution of the amount of metal on
the electrode.

[0113] Accordingly, the operation of the electrolyzer 30
can be stopped by a stop condition that is less likely to
generate areverse current. As aresult, due to the control
unit 70 of the electrolyzer 30 adopting the stop condition
suggested by the stop suggesting unit 159, the current
efficiency of the electrolyzer 30 can be maintained at a
high level and yield can be further increased from a long-
term perspective.

[0114] In addition, suppressing the reverse current
achieved by the stop suggesting unit 159 is also related
to prolonging the lifetime of the electrolyzer 30. The
electrolyzer 30 is a huge apparatus as described above
and, as shown in Figures 5A to 5C, in the case of a bipolar
electrolyzer, a difference in the extent of decrease in the
amount of metal on the electrode depending on alocation
of the electrolytic cell 90 is likely to occur. Although such
differences in the amount of metal on the electrode can be
tolerated to some extent, if the differences increases and
the amount of metal on the electrode in some of the
electrolytic cells 90 becomes smaller by a predetermined
value or more, operation must be stopped and repairs
must be made to that part of the electrolytic cell. However,
even if some of the electrolytic cells 90 of which the
amount of metal on the electrode had become smaller
by a predetermined value or more are partially repaired
and operation is resumed, it may be necessary to stop
operation again before long to repair the other electrolytic
cells 90 because the amount of metal on the electrode of
the other electrolytic cells 90 have also decreased to a
considerable degree. Since such a repetition would result
in a greater number of stops, the difference in the extents
of decrease in the amount of metal on the electrode due to
the location of an electrolytic cell is preferably smaller.
[0115] Against such a background, the suppression of
a reverse current achieved by the stop suggesting unit
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159 contributes to making an extent of decrease in the
amount of metal on the electrode due to a location of the
electrolytic cell 90 more uniform, avoiding a situation
where only some electrodes are repaired, and operating
the electrolyzer 30 by prolonging the lifetime of the elec-
trolyzer 30.

[0116] Furthermore, the stop suggesting unit 159 may
suggest a stop condition based on a difference in the
configuration of the electrolyzer 30. Each electrolyzer 30
is expected to differ in size, electrical system specifica-
tions, electrolytic solution pumping specifications, and
the like. Therefore, the stop suggesting unit 159 can more
effectively suppress a reverse current by suggesting a
stop condition that takes such differences into considera-
tion.

2.1.7. Position change suggesting unit

[0117] When the electrolyzer 30 includes a plurality of
electrolytic cells 90, the position change suggesting unit
161 may suggest, based on the history-of-use informa-
tion, a change in a position in the electrolyzer of the
electrolytic cell 90 of which the remaining amount of
precious metal coating is relatively high and the electro-
Iytic cell 90 of which the remaining amount of precious
metal coating is relatively low.

[0118] Specifically, in the case of a bipolar electrolyzer,
the history-of-use information of the electrolytic cell 90
can differ depending on a position. In such a case, as
described above, even if a part of the electrolytic cells 90
is partially repaired in accordance with the assessed
amount-of-metal value or the assessed impurity value
and operation is resumed, it may be necessary to stop
operation again before long to repair the other electrolytic
cells 90 because the other electrolytic cells 90 are in a
state where the assessed amount-of-metal value has
decreased to a considerable degree or the assessed
impurity value has increased to a considerable degree.
[0119] Hereinafter, the electrolytic cell 90 of which the
assessed amount-of-metal value is relatively high or the
assessed impurity value is relatively low will be referred to
as a "first cell". In addition, the electrolytic cell 90 of which
the assessed amount-of-metal value is relatively low or
the assessed impurity value is relatively high will be
referred to as a "second cell".

[0120] In this case, swapping positions of the first cell
and the second cell in the electrolyzer results in the first
cell being arranged at a position where the amount of
metal readily decreases or the amount of impurities read-
ily increases and the second cell being arranged at a
position where the amount of metal hardly decreases or
the amount of impurities hardly increases. Resuming
operation in this arrangement enables the difference in
the amounts of metal or the amounts of impurities be-
tween the first cell and the second cell to be resolved.
[0121] Inthe case of a bipolar electrolyzer, there are a
plurality of electrolytic cells 90 with different amounts of
metal or amounts of impurities. Therefore, by having the
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position change suggesting unit 161 suggest a combina-
tion of the first cell and the second cell to be swapped
based on the extents of decrease or, in other words,
history-of-use information indicating amounts of metal
or amounts of impurities, a difference between the
amounts of metal or the amounts of impurities can be
resolved in the electrolyzer 30 as a whole and the
amounts of metal or the amounts of impurities can be
kept more uniform.

[0122] By maintaining uniformity in the amounts of
metal or the amounts of impurities, as described above
with respect to the stop suggesting unit 159, the position
change suggesting unit 161 avoids a situation where only
some electrodes are repaired and contributes toward
operating the electrolyzer 30 by prolonging a lifetime of
the electrolyzer 30.

2.2. Operation processing

[0123] Next, an operation of the apparatus according
tothe presentembodiment will be described. Figure 8 is a
sequence diagram showing an example of processing
executed by the apparatus according to the present
embodiment.

[0124] In step S801, the learning unit 156 of the appa-
ratus 100 may perform machine learning processing
based on training data 155 that includes information
related to an operation history and information related
to an assessed amount-of-metal value or an assessed
impurity value of an electrode included in each electro-
lytic cell in an electrolyzer that has gone through the
operation history and may obtain a trained model. The
model can be used when the managing unit 154 calcu-
lates an assessed amount-of-metal value or an assessed
impurity value.

[0125] Inaddition,instep S801, the learning unit 156 of
the apparatus 100 may perform machine learning pro-
cessing based on training data 155 that includes informa-
tion related to an operation history and information re-
lated to information related to performance of an elec-
trode and may obtain a trained model.

[0126] Insteps S802and S803, the managing unit 154
of the apparatus 100 acquires operation history informa-
tion of an electrolyzer including one or more electrolytic
cells and stores the operation history information in the
electrolyzer data 153 thatrecords history-of-use informa-
tion of electrodes. Subsequently, in step S804, the mana-
ging unit 154 of the apparatus 100 predicts, based on the
operation history information of the electrolyzerincluding
one or more electrolytic cells, an assessed amount-of-
metal value or an assessed impurity value of an electrode
included in each electrolytic cell of the electrolyzer.
[0127] In step S805, the managing unit 154 of the
apparatus 100 may store a prediction result of the as-
sessed amount-of-metal value or the assessed impurity
value of the electrode as history-of-use information of the
electrode in the electrolyzer data 153. Subsequently, in
step S806, the assessing unit 157 of the apparatus 100
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may assess a future performance of the electrode.
[0128] Instep S807, the operation suggesting unit 158
of the apparatus 100 may suggest an operation condition
for causing current efficiency to increase based on his-
tory-of-use information and control display of the opera-
tion condition on a display or the like. Alternatively, the
operation suggesting unit 158 may output the operation
condition to the control unit 70.

[0129] Instep S808, the stop suggesting unit 159 of the
apparatus 100 may suggest the stop condition that
makes it difficult to reduce the amount of metal on the
electrode based on the history-of-use information and
control display of the stop condition on a display or the
like. Alternatively, the stop suggesting unit 159 may out-
put the stop condition to the control unit 70.

[0130] In step S809, the position change suggesting
unit 161 of the apparatus 100 may suggest, based on
history-of-use information, a change in a position in the
electrolyzer of the electrolytic cell in which the amount of
metal or the amount of impurities of the electrode is
relatively high and the electrolytic cell in which the
amount of metal or the amount of impurities of the elec-
trode is relatively low, and control display of the position
changes on a display or the like.

[0131] While steps S807 to S809 are described in an
order of S807, S808, and S809 for the sake of conve-
nience in Figure 8, the processing steps are independent
and there is no significance to the order as long as the
steps are executed after S804. The order of the steps can
be changed in any way or the steps can be executed in
parallel.

3. Mode of use

[0132] Figures 9Ato 9C show an example of a mode of
use of the apparatus according to the present embodi-
ment. First, as shown in Figure 9A, the electrolytic appa-
ratus 10 including an electrolyzer is sold or lent from a
distributor to a sale destination. When the sale destina-
tion uses the electrolytic apparatus 10, the apparatus 100
acquires operation history information of the electrolyzer
via the network N and, based on the operation history
information, the managing unit 154 of the apparatus 100
records history-of-use information of an electrode in-
cluded in an electrolytic cell (steps S802 and S803).
[0133] Next, as shown in Figure 9B, the electrolytic
apparatus 10 is recovered by the distributor from the sale
destination and maintenance or repairs are performed by
the distributor. In doing so, the distributor may perform
repairs based on a future performance of an electrode
outputted by the assessing unit 157 of the apparatus 100.
When repairs are performed, the apparatus 100 receives
a repair history or the like and records history-of-use
information of an electrode.

[0134] Inaddition, as shown in Figure 9C, the repaired
electrolytic apparatus 10 may be sold or lent once again
from the distributor to a sale destination. In doing so, the
distributor may present information related to the future
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performance of an electrode outputted by the assessing
unit 157 of the apparatus 100 as a piece of quality
assurance information. Note that the sale destination
in Figure 9A and the sale destination in Figure 9C may
differ from one another.

[0135] As described above, the present disclosure is
not limited to the embodiment described above and
various modifications can be made without deviating
from the gist of the disclosure. In other words, the embo-
diment described above is merely illustrative in all as-
pects and is not to be construed as limiting. For example,
the various processing steps described above can be
optionally reordered insofar as no contradictions arise in
processing contents thereof or the processing steps can
be executed in parallel.

[0136] The program according to the present embodi-
ment may be provided in a state of being stored in a
computer-readable storage medium. In this case, as the
storage medium, the program can be stored in a "non-
transitory tangible medium". By way of example and not
limitation, the program includes software programs and
computer programs.

Reference Signs List

[0137] 1 ... elastic mat, 2 ... ion exchange membrane,
10 ... anode chamber, 19 ... bottom part, 20 ... cathode
chamber, 29 ... partition wall, 11 ... anode, 21 ... cathode,
23 ... current collector, 24 ... support body, 30 ... electro-
lyzer, 51 ... anode-side gasket, 90 ... electrolytic cell,
500 ... press machine, 600 ... cathode terminal, 700 ...
anode terminal, 70 ... control unit, 100 ... apparatus,
110 ... processor, 120 ... communication interface,
130 ... input/output interface, 140 ... memory, 150 ...
storage, 151 ... operating system, 152 ... network com-
municating unit, 153 ... electrolyzer data, 154 ... mana-
ging unit, 155 ... training data, 156 ... learning unit, 157 ...
assessing unit, 160 ... communication bus

Claims

1. An apparatus, comprising:
a managing unit that records, based on operation
history information of an electrolyzerincluding one or
more electrolytic cells, history-of-use information of
an electrode included in the electrolytic cells.

2. The apparatus according to claim 1, wherein
the history-of-use information of the electrode in-
cludes a history of repairs of the electrode.

3. The apparatus according to claim 1, wherein
the managing unit records an assessed amount-of-
metal value of the electrode as the history-of-use
information.

4. The apparatus according to claim 3, wherein
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the assessed amount-of-metal value includes a re-
maining amount of coating of a precious metal se-
lected from the group consisting of ruthenium, rho-
dium, palladium, osmium, iridium, and platinum.

5. The apparatus according to claim 1, wherein
the managing unit records X-ray fluorescence ana-
lysis data, inductively-coupled plasma emission
analysis data, X-ray diffraction data, or X-ray photo-
electron spectroscopy analysis data of the electrode
included in the electrolytic cells.

6. The apparatus according to claim 1, further compris-
ing
an assessing unit that assesses a future perfor-
mance of the electrode based on the history-of-
use information of the electrode.

7. The apparatus according to claim 6, wherein
the assessing unit assesses magnitudes of the as-
sessed amount-of-metal value and an assessed
impurity value and outputs, based on an assessment
result, repair contents that can prolong performance
the most or temporarily improve performance the
most.

8. The apparatus according to claim 1, further compris-
ing

an operation suggesting unit that suggests an
operation condition of the electrolyzer, wherein
the operation suggesting unit suggests the op-
eration condition for causing current efficiency to
increase based on the history-of-use informa-
tion, and

the operation condition includes a voltage con-
dition and a flow rate condition of an electrolytic
solution.

9. Theapparatus according to claim 1, further compris-
ing

a stop suggesting unit that suggests a stop
condition of the electrolyzer, wherein

the stop suggesting unit suggests, based on the
history-of-use information, the stop condition
that makes it difficult to reduce an amount of
metal on the electrode, and

the stop condition includes an attenuation con-
dition of a currentand/or an increase condition of
a flow rate of an electrolytic solution.

10. The apparatus according to claim 1, wherein

the electrolyzer includes a plurality of the elec-
trolytic cells, and the apparatus further com-
prises

a position change suggesting unitthat suggests,
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based on the history-of-use information, a
change in a position in the electrolyzer of the
electrolytic cell of which an amount of metal oran
amount ofimpurities of the electrode is relatively
high and the electrolytic cell of which anamount 5
of metal or an amount of impurities of the elec-
trode is relatively low.

11. The apparatus according to claim 6, wherein
the assessing unit assesses, based on the history- 10
of-use information of the electrode and a repair
method that is planned to be performed, a future
performance of the electrode after the repair.

12. A method, in which an apparatus 15
executes processing of recording, based on opera-
tion history information of an electrolyzer including
one or more electrolytic cells, history-of-use informa-
tion of an electrode included in the electrolytic cells.

20
13. A program, causing an apparatus to

execute processing of recording, based on operation

history information of an electrolyzerincluding one or

more electrolytic cells, history-of-use information of

an electrode included in the electrolytic cells. 25
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