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ELECTROLYZER PLANT COMPRISING A PLURALITY OF ELECTROLYZER MODULES
AND A SYSTEM FOR CONTROLLING OPERATION OF THE ELECTROLYZER PLANT

FIELD OF THE INVENTION

The invention relates to an electrolyzer plant comprising a plurality of electrolyzer
modules and a system for controlling operation of the electrolyzer plant, a use of a system for
controlling the operation of an electrolyzer plant, a computer program product, a computer-
readable medium, and a method for controlling operation of an electrolyzer plant comprising a

plurality of electrolyzer modules.

BACKGROUND

For production and scaling purpose, electrolyzer plants are often contain several

modules that again contain several stacks.

Typically, electrolyzer plants of this kind are configured such that some or all of the

electrolyzer modules run in parallel during operation of the electrolyzer plant.

Electrolyzer plants of this kind generally comprise a control device configured to control
the operation of the plurality of electrolyzer modules in a coordinated manner, which,
hereinafter, is also referred to as coordinated control of the electrolyzer modules. In particular, it
may be configured to control the electrolyzer module set point for each of the electrolyzer
modules. The term “electrolyzer module set point” may refer to the production set point, which
indicates the hydrogen output of the electrolyzer module, or to a load or power set point of the

electrolyzer module.

The operation of the electrolyzer plant is performed at a predetermined set point, which
may refer to the production set point, which indicates the total electrolyzer plant's hydrogen
output, or to a load or power set point of the electrolyzer plant. The control device controls
operation of the plurality of electrolyzer modules in such a manner that the sum of the set points
of the plurality of electrolyzer modules, also referred to as electrolyzer module set points, equals
the predetermined set point of the electrolyzer plant. In other words, the control device assigns

individual set points to each of the electrolyzer modules such that the sum of all electrolyzer
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module set points matches the overall electrolyzer plant set point. For sake of completeness, it
is noted that when the electrolyzer module set point refers to the production set point of the
electrolyzer module then the overall electrolyzer plant set point refers to the production set point
of the electrolyzer plant and when the electrolyzer module set point refers to the load or power
set point of the electrolyzer module then the overall electrolyzer plant set point refers to the load

or power set point of the electrolyzer plant.

Currently, the coordinated control only takes into account the number of electrolyzer
modules and required load and applies a rigid predetermined scheme for controlling their
operation. For example, all electrolyzer modules may be assigned equal set points or a
predetermined fixed switching sequence for the plurality of electrolyzer module set points may
be applied, e.g., subsequently switching electrolyzer modules on in a predetermined order when

the electrolyzer plant set point increases.

However, this manner of controlling the operation of the electrolyzer modules means that
the operation will not be ideal, as such rigid schemes do not take into account that in reality
characteristics of the electrolyzer modules will differ from each other significantly and may
change over time, potentially to a varying degree. This means that the electrolyzer plant or
modules often will not be operated in an ideal manner, which is detrimental to overall efficiency

of the plant and/or degradation of the electrolyzer modules.

This manner of controlling the operation of the electrolyzer modules may also cause
unfavorable and/or unpredictable maintenance patterns for the maintenance of the electrolyzer
modules. Typically, maintenance of an electrolyzer module is necessary after a certain time
span and/or number of operation cycles. WWhen maintenance is necessary also depends on the
characteristics of the individual electrolyzer module and on its operation, e.g., the overall
operation time and at which operation point it is operated. Unfavorable maintenance patterns
may, for example, entail that few modules need to be maintained often and others rarely, that
module maintenance has to be performed at inopportune times, e.g., during periods of high
production demand, and/or that many modules require maintenance at the same time.
Unpredictable maintenance patterns decrease planning accuracy and, thereby, jeopardize

reliability of the plant.
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SUMMARY

It is an objective of the invention to provide a method and an electrolyzer plant with a
system for controlling operation of an electrolyzer plant that, respectively, allow for controlling
operation of the electrolyzer plant in a coordinated manner such that at least some of the
above-described problems can be alleviated, for example, such that overall efficiency can be
improved and/or degradation can be reduced and/or favorable and/or predictable maintenance

patterns can be obtained.

The invention provides an electrolyzer plant and a method for controlling operation of an
electrolyzer plant according to the independent claims. Preferred embodiments are set forth by

the dependent claims.

The electrolyzer plant comprises a plurality of electrolyzer modules, particularly water
electrolyzer modules, splitting water into hydrogen and oxygen, and a system for controlling
operation of the electrolyzer plant. The system comprises a processing unit and is configured to
determine, for each of the plurality of electrolyzer modules, an electrolyzer module set point at
which the electrolyzer module is to be operated, wherein the electrolyzer module set points are
determined such that their sum equals a prescribed overall plant set point of the electrolyzer
plant, and control operation of each of the plurality of electrolyzer modules at the respective
electrolyzer module set point. The determining comprises inputting data representative of
operation characteristics of each of the plurality of electrolyzer modules into the processing unit
and the processing unit performing an optimization procedure that outputs the electrolyzer
module set points, the optimization procedure comprising an optimization for one or more of
overall electrolyzer plant efficiency, electrolyzer plant lifetime, lifetime of each of each of the

electrolyzer modules, operational safety, and maintenance patterns.

The claimed system allows for controlling operation of the electrolyzer plant in such a
manner that the characteristics and capabilities of each of the electrolyzer modules can be
optimally utilized to obtain a predetermined set point. Compared to the known rigid control
schemes that do not take into account any such characteristics, overall electrolyzer plant
operation can be improved in terms of different technical aspects, depending on the
optimization objective of the optimization procedure and/or the constraints of the optimization

procedure.

The plant lifetime and the lifetime of electrolyzer modules may each refer to overall

lifetime or remaining lifetime.



10

15

20

25

30

WO 2023/006460 PCT/EP2022/069947

An optimization being “performed for” the overall electrolyzer plant efficiency, overall
plant lifetime, lifetime of each of each of the electrolyzer modules, and/or maintenance patterns
means that it is the objective of the optimization procedure to obtain optimal overall electrolyzer
plant efficiency, overall plant lifetime, lifetime of each of each of the electrolyzer modules,
operational safety, and/or maintenance patterns. It is also possible to optimize for one of these
potential objectives and use constraints that take into account one or more of the other potential
objectives. As an example, the optimization procedure may comprise an optimization for overall
plant efficiency within the boundaries provided by constraints that ensure that degradation of the
electrolyzer modules, and thereby their lifetime, remain within a predetermined acceptable
range or above/below an acceptable value. Additionally, or alternatively, constraints may serve
to accommodate maintenance pattern. As an alternative, the optimization procedure may
comprise an optimization for maintenance pattern, i.e., provide electrolyzer module set points
that allow for the electrolyzer modules to be able to safely and/or efficiently operate until a
predetermined time without maintenance. Also, in this case, optionally, other potential
optimization objectives may not be optimized for, but may be taken into account by means of

constraints. Alternatively, or in addition, optimization for two or more objectives is also possible.

As yet another example, the constraints may comprise, for one or more of the
electrolyzer modules, a constraint defining the operating range of the respective electrolyzer
module. This allows for tailoring the operation of the respective electrolyzer module to
accommodate for operating parameters, for example efficiency, of components other than the
electrolyzer stack(s) of the electrolyzer module, for example of the rectifier and/or the filter of the

electrolyzer module.

In the present disclosure, the term degradation generally entails changes to the
electrolyzer module’s characteristics that are detrimental in one or more aspects. For example,
the operational efficiency and/or safety may decrease and/or the range of operating points that

allow for safe operation and/or efficient operation may decrease.

That the electrolyzer module set points are determined such that their sum equals a
prescribed overall plant set point of the electrolyzer plant may entail that the plant set point is

one of the constraints of the optimization procedure.

Some or all of the steps included in determining the electrolyzer module set points may
be performed by the processing unit. Alternatively or in addition, the step of controlling operation
of the electrolyzer modules may be performed partially or completely by means of the

processing unit.
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The processing unit may comprise a control device, also referred to as coordinating
controller, that assigns the electrolyzer module set points to the electrolyzer modules so as to
control their operation at the respective electrolyzer module set point. Alternatively, the system
may comprise a control device that is external to the processing unit and configured to

communicate with the processing unit.

Each of the electrolyzer modules may be configured to communicate with the control
device. In particular, each electrolyzer module may be configured to receive control commands
from the control device and operate in accordance with the control commands, particularly,

operate at the set points assigned to them by the control device.

Each of the electrolyzer modules may comprise one or more electrolyzer stacks, which
may each comprise a plurality of electrolyzer cells that split water and produces hydrogen, and
may further comprise a rectifier to convert alternating current (AC) to direct current (DC) at a
given setpoint or another suitable power electronic device. Each of the electrolyzer modules
may further comprise a transformer that transforms alternating current to be input into the
rectifier and/or a filter that may reduce DC current ripple in the DC current output by the rectifier

and to be input into the electrolyzer stacks.

It is to be understood that during operation of the electrolyzer plant the prescribed overall
plant set point may vary over time. Accordingly, the electrolyzer module set points may also
vary over time. For example, an electrolyzer module may be switched on at an initial set point
and subsequently its set point may be increased and/or decreased. The set point may also
remain constant before, after and/or between increases or decreases of the set point.
Determining of electrolyzer module set points may comprise, for each electrolyzer module,
determining a time sequence of the electrolyzer module set points, in particular taking into

account a time-dependency of the overall plant set point.

As an example, it is possible that electrolyzer module operation is started at different
times for different electrolyzer modules and the electrolyzer module set point of each
electrolyzer module may remain constant or may change over time. In particular, the overall
plant set point as a function of time may be input into the control module and used in the
optimization procedure. In other words, the optimization procedure may be performed to take

into account changes in the overall plant set point.

The determining of the electrolyzer module set points may further comprise creating

and/or updating an overall electrolyzer plant model on the basis of the data representative of
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operation characteristics of each of the plurality of electrolyzer modules and performing the

optimization procedure on the basis of the electrolyzer plant model.

The overall electrolyzer plant model may be a model that is predictive of overall
electrolyzer plant efficiency, overall plant lifetime, lifetime of each of each of the electrolyzer
modules, operational safety, and/or maintenance patterns dependent on the individual operation
characteristics of each of the plurality of electrolyzer modules and on their operation, particularly
each of the individual electrolyzer module set points at which they are operated, and optionally
dependent on other parameters, for example operating conditions like temperature and/or
pressure. Thus, the overall electrolyzer plant model allows for modelling and/or predicting
overall plant operation while taking into account each individual electrolyzer module and its

specific individual operation characteristics.

The data representative of the operation characteristics of each of the plurality of
electrolyzer modules may comprise data representative of efficiency characteristics of the
electrolyzer module, in particular an efficiency curve of the electrolyzer module, and/or
degradation characteristics, in particular a degradation curve, of the electrolyzer module. In
other words, the degradation curve and the efficiency curve each characterize the operation of
the electrolyzer modules. The data representative of the operation characteristics of each of the
plurality of electrolyzer modules may further comprise their respective switching losses for

turning them on and/or off.

The efficiency characteristics of the electrolyzer modules include the efficiency of
hydrogen production from input power. They may comprise, for each of the electrolyzer
modules, one or more isolated efficiency values for each of the electrolyzer modules, e.g. a
mean efficiency and/or efficiency values at different operating points. Alternatively, they may
comprise an efficiency curve for each of the electrolyzer modules, the efficiency curve, which
representing the dependency of the electrolyzer module efficiency as a function of the operating

point. The operating point may be given as percentage of nominal load.

The efficiency curves of some of the plurality of electrolyzer modules may vary by
efficiency value of the respective electrolyzer module at any given operating point, the operating
range of the electrolyzer module, e.g., different maximum or minimum operating point, and/or
the shape of the curve, which may vary, for example, due to different reactions of an

electrolyzer module to the rectifier ripple factor at different loads.

The degradation characteristics, particularly the degradation curve, represent the

change of other electrolyzer module characteristics, like efficiency characteristics, safety
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characteristics and/or structural characteristics, over time due to degradation. The degradation
curve of each of the electrolyzer modules may, for example, be obtained by inputting
parameters characterizing the respective electrolyzer module into a degradation model. The
parameters may include nominal parameters, e.g., taken from the specification of each of the
electrolyzer modules, and/or parameters obtained by means of measurements. Alternatively or
in addition, the parameters may also include parameters characterizing the past and/or

expected operating conditions of the electrolyzer module.

As an example, based on the efficiency and/or degradation curves, the system may
determine the electrolyzer set points most beneficial in terms of electrolyzer plant efficiency

and/or reduction of electrolyzer and/or plant degradation.

The efficiency curves and/or degradation curves of each of the module may be used to
obtain the overall electrolyzer plant model. For example, efficiency curves and/or degradation
curves may be input into a modelling engine that outputs the electrolyzer plant model. The
modelling engine may be configured to aggregate the efficiency curves and/or degradation
curves and optionally additional data representative of electrolyzer plant and/or electrolyzer
module characteristics to obtain an aggregate data set used to determine the electrolyzer plant
model. Alternatively or in addition, the efficiency curves and/or degradation curves of each of
the module may be used to update an existing overall electrolyzer plant model. For example, if
an electrolyzer module is exchanged and/or added and/or removed and/or other electrolyzer
plant and/or electrolyzer module characteristics change, the modelling engine may be
configured to update a previously created electrolyzer plant model. To that end, in the
aggregated data set, efficiency and/or degradation curves may be added and/or exchanged
and/or removed, and/or data representative of other electrolyzer plant and/or electrolyzer

module characteristics may be added, removed, and/or changed in the aggregate data set.

As briefly mentioned above, the efficiency characteristics, particularly the efficiency
curve of each of the electrolyzer modules may be time-dependent. In other words, the efficiency
curve may change over the time. Such changes may be due to operating conditions,
environmental conditions, and/or degradation of the electrolyzer module, for example. The
system may be configured to take into account, in the optimization procedure, said time-

dependence of the efficiency curve, in particular, changes due to degradation.

In particular, the system may be configured to update efficiency curves to be used for
determining the set points. The system may be configured to perform the updating
automatically, for example at regular intervals or in response to a trigger event, e.g. in response

to receiving a control command. The updating may be based on known design data, particularly
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spanning from beginning of life to end of life of an electrolyzer module and the effect of

operation on the degradation.

The system may be configured to determine the change of the efficiency curve over time
for the each of the electrolyzer modules. In particular, it may be configured to predict a future
change of the efficiency curve. In other words, the system may be configured to provide a
projection of the change of the efficiency curve. In particular, the change over time of the
electrolyzer modules may be determined by analyzing trends of the efficiency curves from past
times. As an example, the trends may be extrapolated to predict a future change of the

efficiency curve.

Optionally, the extrapolations for each of the electrolyzer modules may be used in

obtaining the above-mentioned electrolyzer plant model.

The optimization procedure may take into account, in particular exploit, differences
between the efficiency curves of the electrolyzer modules and/or differences between the
degradation curves of the electrolyzer modules, in particular one or more of different maximum
efficiencies of the efficiency curves, different shapes of the efficiency curves, different time-
dependencies of the efficiency curves, and different operating ranges of the electrolyzer
modules, and optionally corresponding efficiencies within said operating ranges of the

electrolyzer modules.

One or more of these differences may be used in obtaining the overall electrolyzer plant
model. The above allows for optimal use of each of the electrolyzer modules exploiting their

individual operating characteristics.

The above-described optimization procedure may comprise an optimization for
maintenance patterns by setting constraints, also referred to as boundary conditions,

representative of a predetermined maintenance schedule.

The maintenance schedule may be data set that assigns specific times or time windows
for performing maintenance work on one or more of the electrolyzer modules. For example, the
maintenance schedule may ensure that maintenance can be performed at times of low
production demand and/or that maintenance times of the electrolyzer modules are distributed
over time in such a manner that at any given time the required production rate of the plant can
be met, specifically, distributing the maintenance times evenly over time, and/or that
maintenance of several of the electrolyzer modules is clustered to a common time and/or event.

The latter reduces maintenance overhead costs.



10

15

20

25

30

WO 2023/006460 PCT/EP2022/069947

As already mentioned above, the optimization procedure may comprise an optimization
for maintenance patterns. Alternatively or in addition, the optimization may use constraints
representative of a predetermined maintenance schedule. Thus, the system may be configured
to control the operation of the electrolyzer modules in such a manner that a predetermined
maintenance schedule can be adhered to. This may be done on the basis of the degradation
characteristics, in particular degradation curves, of each of the electrolyzer modules. Thus,
operation of the electrolyzer modules may be controlled in such a manner that a predetermined

maintenance pattern, which allows for adhering to the maintenance schedule, is obtained.

The above-mentioned constraints representative of a predetermined maintenance
schedule may include that one or more predicted characteristics of the electrolyzer modules, in
particular predicted operation characteristics, remain within a certain range at least until a
predetermined time, in particular, that a predicted efficiency of the electrolyzer module remain
above a predetermined efficiency threshold at least until a predetermined time and/or that a
predicted value for characteristics representative of operational safety of the electrolyzer

module remain within a predetermined range until a predetermined time.

The predetermined time may be the intended maintenance time or beginning of an

intended maintenance time window for the respective electrolyzer module, for example.

In particular, the constraints may include that values representing characteristics of the
electrolyzer modules, also referred to as electrolyzer module characteristics, in particular
operation characteristics, exceed and/or stay below one or more predetermined thresholds. For
example, the operation time may represent electrolyzer module characteristics. The threshold
for the overall electrolyzer module operation time may be determined from a correlation
between the operation time and the electrolyzer module characteristics. Alternatively or in
addition, the values representing electrolyzer module characteristics may be values obtained by

one or more sensors.

The optimization procedure may be performed with the constraint that each electrolyzer
module stays above or below a predetermined safety threshold. As an example, the
optimization procedure may be performed with the constraint that degradation of each
electrolyzer module’s membrane may not exceed a critical value. This may be achieved by
using the constraint that overall operation time of the electrolyzer module remain below a
predetermined threshold or that a measured value indicative of membrane degradation remain
above or below a predetermined threshold. Alternatively and/or in addition, as an example,
deviation from the maximally degraded conditions at the scheduled maintenance can be added

as penalty to the optimization procedure objective.
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The system may be configured to determine the electrolyzer module set points in
accordance with an operation mode, in particular an operation mode selected among a plurality
of operation modes automatically and/or in response to a user input, wherein the operation
mode is one of maximum overall electrolyzer plant efficiency, which may be referred to as an
efficiency mode, minimum degradation of each of the electrolyzer modules, which may be
referred to as an extended lifetime mode, and adherence to a maintenance schedule, which
may also be referred to as maintenance compliance mode, or a combination of at least two of

said operation modes.

An example for a combination of at least two of said operation modes is a mode that
minimizes a convex combination of degradation rate of the electrolyzer modules and negative
efficiency, i.e., combines the efficiency and extended lifetime modes. This mode may be

referred to as an economic mode.

In an efficiency mode, efficiency may be maximized at the expense of lifetime of one or
more of the electrolyzer modules, as maximizing efficiency may entail accelerated degradation.
In extended lifetime mode the degradation rate may be minimized at the expense of efficiency.
Economic mode allows for optimally accommodating the desire to extend lifetime and improve
efficiency. In other words, the different operation modes provide varying efficiency/lifetime

compromises.

It is also possible to provide an operation mode that accommodates a desired
maintenance schedule or pattern, optionally in combination with other objectives like optimizing

for overall electrolyzer plant efficiency and/or electrolyzer module lifetime.

The system may comprise a control device configured to control the operation of the
plurality of electrolyzer modules using the control commands, in particular the control device
mentioned above. In particular, the control device may have a communication interface
configured so as to allow for communication between the electrolyzer modules and the control
device. The control device may be included in the processing unit it may be external to the

processing unit and configured to communicate with the processing unit.

Thus, the system may be configured to provide coordinated control of the operation of
the electrolyzer modules by means of the control device, in particular, by providing the control

commands to the electrolyzer modules via the communication interface.

The system may further comprise an ERP system configured to provide production
information, for example hydrogen demand, which production information may be forecasts

from a production schedule, and/or maintenance information, e.g., a maintenance schedule, to
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the control device. Alternatively or in addition, the ERP system may be configured to update the
production information and/or maintenance information, in particular in response to receiving

information pertaining to the electrolyzer modules from the control device.

The production information and/or the maintenance information may be provided in
accordance with a push or a pull scheme. As an example of a pull scheme, the information may
be provided in response to a query sent from the control device to the ERP system. As an
example of a push scheme, the ERP system may continuously or at intervals provide the

information to the control device.

The control device may be configured to provide information pertaining to the
electrolyzer modules, in particular degradation information, for example degradation status
and/or degradation rate of the electrolyzer modules. Data available to, for example stored at or
accessible for, the ERP system may be updated with the information pertaining to the
electrolyzer modules. The ERP system may be configured to use the information pertaining to
the electrolyzer modules received from the control device for maintenance planning and/or
production planning and/or improved logistics. A conventional ERP system may be used and
adapted so as to be configured as outlined above. Combining the controller and the ERP

system described above allows for providing a fully integrated solution.

It is noted that each of the above-described systems may be configured to perform the
determining of the electrolyzer module set points discontinuously, in particular in response to a
user input, or automatically at predetermined times. For example, the electrolyzer module set
points or sequence of electrolyzer module set points for each of the electrolyzer modules may
be determined for an upcoming time period. A controller may then control operation of the
electrolyzer modules during this time period on the basis of the previously determined
electrolyzer module set points or sequence of electrolyzer module set points. Alternatively, the
system may be configured to determine the electrolyzer module set points continuously during
operation of the electrolyzer modules. In this case, the determining may be performed taking
into account data on current operating conditions obtained by monitoring the operation, for
example by means of one or more sensors. Such a configuration allows for more flexibility in
terms of optimizing the set points, thereby further improving the overall electrolyzer plant

operation.

The invention also provides a use of a system for any of the electrolyzer plants
described above, the system comprising a processing unit and configured to determine, for
each of a plurality of electrolyzer modules, an electrolyzer module set point at which the

electrolyzer module is to be operated, wherein the electrolyzer module set points are
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determined such that their sum equals a prescribed overall plant set point of the electrolyzer
plant, and, in particular, to control operation of each of the plurality of electrolyzer modules at
the respective electrolyzer module set point. The determining comprises inputting data
representative of operation characteristics of each of the plurality of electrolyzer modules into
the processing unit and the processing unit performing an optimization procedure that outputs
the electrolyzer module set points, the optimization procedure comprising an optimization for
one or more of overall electrolyzer plant efficiency, electrolyzer plant lifetime, lifetime of each of

each of the electrolyzer modules, operational safety, and maintenance patterns.

The invention also provides a computer-readable medium comprising instructions which,
when executed by a computer, cause the computer to determine, for each of a plurality of
electrolyzer modules of an electrolyzer plant, an electrolyzer module set point at which the
electrolyzer module is to be operated, wherein the electrolyzer module set points are
determined such that their sum equals a prescribed overall plant set point of the electrolyzer
plant, and, in particular, to provide control signals for controlling operation of each of the
plurality of electrolyzer modules at the respective electrolyzer module set point. The determining
comprises inputting data representative of operation characteristics of each of the plurality of
electrolyzer modules into a processing unit and the processing unit performing an optimization
procedure that outputs the electrolyzer module set points, the optimization procedure
comprising an optimization for one or more of overall electrolyzer plant efficiency, overall plant
lifetime, lifetime of each of each of the electrolyzer modules, operational safety, and

maintenance patterns.

The invention also provides a computer program product comprising instructions which,
when the program is executed by a computer, cause the computer to determine, for each of a
plurality of electrolyzer modules of an electrolyzer plant, an electrolyzer module set point at
which the electrolyzer module is to be operated, wherein the electrolyzer module set points are
determined such that their sum equals a prescribed overall plant set point of the electrolyzer
plant, and, in particular, to provide control signals for controlling operation of each of the
plurality of electrolyzer modules at the respective electrolyzer module set point. The determining
comprises inputting data representative of operation characteristics of each of the plurality of
electrolyzer modules into a processing unit and the processing unit performing an optimization
procedure that outputs the electrolyzer module set points, the optimization procedure
comprising an optimization for one or more of overall electrolyzer plant efficiency, overall plant
lifetime, lifetime of each of each of the electrolyzer modules, operational safety, and

maintenance patterns.
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The invention also provides a method for controlling operation of an electrolyzer plant
comprising a plurality of electrolyzer modules. The method comprises determining, for each of
the plurality of electrolyzer modules, an electrolyzer module set point at which the electrolyzer
module is to be operated, wherein the electrolyzer module set points are determined such that
their sum equals a prescribed overall plant set point of the electrolyzer plant, and controlling
operation of each of the plurality of electrolyzer modules at the respective electrolyzer module
set point. The determining comprises inputting data representative of operation characteristics
of each of the plurality of electrolyzer modules into a processing unit and the processing unit
performing an optimization procedure that outputs the electrolyzer module set points, the
optimization procedure comprising an optimization for one or more of overall electrolyzer plant
efficiency, overall plant lifetime, lifetime of each of each of the electrolyzer modules, operational

safety, and maintenance patterns.

The determining of the electrolyzer module set points may further comprise creating
and/or updating an overall electrolyzer plant model on the basis of the data representative of
operation characteristics of each of the plurality of electrolyzer modules and performing the

optimization procedure on the basis of the electrolyzer plant model.

The electrolyzer module set points may be determined discontinuously, particularly in
response to a user input, and/or automatically at predetermined times, or continuously during

operation of the electrolyzer modules.

The data representative of the operation characteristics of each of the plurality of
electrolyzer modules may comprise data representative of efficiency characteristics of the
electrolyzer module, in particular an efficiency curve of the electrolyzer module, and/or
degradation characteristics, in particular a degradation curve, of the electrolyzer module. In
particular, the optimization procedure may take into account, in particular exploit, differences
between the efficiency curves of the electrolyzer modules and/or differences between the
degradation curves of the electrolyzer modules, in particular one or more of different maximum
efficiencies of the efficiency curves, different shapes of the efficiency curves, different operating
ranges of the electrolyzer modules and corresponding efficiencies within said operating ranges,

and different time-dependencies of the efficiency curves.

The above-described optimization procedure may take into account, in particular exploit,
differences between the efficiency curves of the electrolyzer modules and/or differences
between the degradation curves of the electrolyzer modules, in particular one or more of
different maximum efficiencies of the efficiency curves, different shapes of the efficiency curves,

different time-dependencies of the efficiency curves, and different operating ranges of the
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electrolyzer modules, and optionally corresponding efficiencies within said operating ranges of

the electrolyzer modules.

The above-described optimization procedure may comprise an optimization for
maintenance patterns by setting constraints representative of a predetermined maintenance
schedule, in particular, wherein the constraints include that one or more predicted
characteristics of the electrolyzer modules, in particular predicted operation characteristics,
remain within a certain range at least until a predetermined time, in particular, that a predicted
efficiency of the electrolyzer module remain above a predetermined efficiency threshold at least
until a predetermined time and/or that a predicted value for characteristics representative of
operational safety of the electrolyzer module remain within a predetermined range until a

predetermined time.

In the above methods, the electrolyzer module set points may be determined in
accordance with an operation mode, in particular an operation mode selected among a plurality
of operation modes automatically and/or in response to a user input, wherein the operation
mode is one of maximum overall electrolyzer plant efficiency, minimum degradation of each of
the electrolyzer modules, and adherence to a maintenance schedule, which may also be
referred to as maintenance compliance mode, or a combination of at least two of said operation

modes.

The features and advantages outlined above in the context of the systems similarly
apply to the use of the system, the computer-readable medium, the computer program product

and the use of the processing unit, and the methods described herein.

Further features, examples, and advantages will become apparent from the detailed

description making reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
In the accompanying drawings,
Figure 1 illustrates a schematic representation not to scale of an electrolyzer plant;
Figure 2 illustrates a schematic representation not to scale of an electrolyzer module;
Figure 3 illustrates an exemplary efficiency curve of an electrolyzer module;

Figure 4 illustrates an exemplary degradation curve of an electrolyzer module;
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Figure 5 illustrates an exemplary required overall production curve of an electrolyzer
plant;

Figures 6a and 6b illustrate a schematic representation of coordinated operation of the
electrolyzer modules according to a first scenario and exemplary efficiency curves of a plurality

of electrolyzer modules; and

Figures 7a and 7b illustrate a schematic representation of coordinated operation of the
electrolyzer modules according to a second scenario and exemplary efficiency curves of a

plurality of electrolyzer modules.
DETAILED DESCRIPTION

Figure 1 illustrates a schematic representation not to scale of an electrolyzer plant 1.
The electrolyzer plant comprises a plurality of electrolyzer modules, in the present case, by

means of example only, five electrolyzer modules 2a, 2b, 2c¢, 2d, and 2e.

Furthermore, the electrolyzer plant comprises a system 3 for controlling operation of the
electrolyzer plant. The system itself is shown as having a processing unit 4 and a control device
5, which are connected to each other. It may optionally further comprise an ERP system 6,
which is shown as being connected to the control device 5 and the processing unit 4 in this
example, as indicated by the dashed lines. However, it may alternatively only be connected to
the control device or the processing unit. The system may optionally comprise or be connected
to a user input terminal 7 that receives user input. As shown in this example, the control device
may be external to the processing unit and configured to communicate with the processing unit
and/or the control device, as indicated by the dashed lines. Alternatively, the control device may

be part of the processing unit.

As described above, the system may be configured to determine the electrolyzer module
set points in accordance with an operation mode. In particular, the system may be configured
such that the operation mode can be changed, for example automatically or in response to

receiving user input, for example via the user input terminal.

The system 3 is configured to control the operation of the electrolyzer plant, in particular,
to perform coordinated control of the electrolyzer modules. In this example, the coordinated
control may be performed by means of the control device 5, which can communicate with the
electrolyzer modules as indicated by the dashed lines. The control device may be configured,

for example, to provide control signals to the electrolyzer modules to control their operation.
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The system controls the operation of each of the plurality of electrolyzer modules at a
respective electrolyzer module set point. The sum of the electrolyzer module set points equals

the overall plant set point.

The system is configured to determine the electrolyzer module set points. This
determining comprises that data representative of operation characteristics, for example the
operation characteristics described above like efficiency and/or degradation characteristics, of
the electrolyzer modules is input into the processing unit. The processing unit is configured to
perform an optimization procedure, using at least some of the data representative of the
operation characteristics. The optimization procedure outputs the electrolyzer module set
points. It comprises an optimization for one or more of overall electrolyzer plant efficiency,
electrolyzer plant lifetime, lifetime of each of each of the electrolyzer modules, operational
safety, and maintenance patterns. In one non-limiting example, the system may be configured
to create and/or update an overall electrolyzer plant model on the basis of the data
representative of operation characteristics. In that case, the optimization procedure may be

performed on the basis of the electrolyzer plant model.

The electrolyzer modules may differ in their operation characteristics and the
optimization procedure may take into account, potentially even exploit, such differences.
Examples in this regard will be described in more detail with respect to Figures 6a, 6b, 7a, and
7b.

As described above, the system may be configured to perform the optimization
procedure in accordance to different modes, particularly a mode selected in response to a user
input, and/or it may be configured to perform the determination of the set points automatically or

in response to a user input. The user input may be received via the input terminal.

The ERP system, if any, may be configured to provide production information and/or
maintenance information to the control device, for example, in response to receiving information
pertaining to the electrolyzer modules from the control device. The information may be

exchanged via a data connection indicated by a dashed line.

The invention provides a method for controlling the operation of an electrolyzer plant

having a plurality of electrolyzer modules, for example the electrolyzer plant described above.

As an example, the method comprises determining, for each of the plurality of
electrolyzer modules, an electrolyzer module set point at which the electrolyzer module is to be
operated. As described above, the electrolyzer module set points are determined such that their

sum equals a prescribed overall plant set point of the electrolyzer plant. The method further
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comprises controlling, for example by means of a control device, the operation of each of the

plurality of electrolyzer modules at the respective electrolyzer module set point.

The determining of the electrolyzer module set points comprises inputting data
representative of operation characteristics of each of the plurality of electrolyzer modules, for
example efficiency and/or degradation curves, into a processing unit, for example the
processing unit described above. The determining further comprises that the processing unit
performs an optimization procedure that outputs the electrolyzer module set points. The
optimization procedure comprises an optimization for one or more of overall electrolyzer plant
efficiency, overall plant lifetime, lifetime of each of each of the electrolyzer modules, operational
safety, and maintenance patterns. As explained above, an overall plant model may be used for

the optimization procedure.

The invention also provides the use of a system for an electrolyzer plant, for example the
system for controlling operation of an electrolyzer plant as described above, the system
configured to determine the electrolyzer module set points including inputting the operation
characteristics of the electrolyzer modules into a processing unit, for example the processing
unit described above, and performing an optimization procedure, for example the optimization
procedure described above, that outputs the electrolyzer module set points and includes an
optimization for one or more of overall electrolyzer plant efficiency, electrolyzer plant lifetime,
lifetime of each of each of the electrolyzer modules, operational safety, and maintenance

patterns.

The invention also provides a computer readable medium and a computer program
product, each comprising instructions that, when executed on a computer, control the computer
to determine the electrolyzer module set points including inputting the operation characteristics
of the electrolyzer modules into a processing unit, for example the processing unit described
above, and performing an optimization procedure, for example the optimization procedure
described above, that outputs the electrolyzer module set points and includes an optimization
for one or more of overall electrolyzer plant efficiency, electrolyzer plant lifetime, lifetime of each

of each of the electrolyzer modules, operational safety, and maintenance patterns.

Figure 2 illustrates a schematic representation not to scale of an exemplary electrolyzer
module 2a, which may be used in the electrolyzer plant according to the present invention,
particularly the plant as shown in Figure 1. The electrolyzer module comprises one or more
electrolyzer stacks, each comprising a plurality of electrolyzer cells, and may comprise a rectifier

or another suitable power electronic device. The exemplary electrolyzer module of Figure 2 also
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includes an optional transformer and an optional filter. Each of the electrolyzer modules of the

electrolyzer plant may be configured likewise.

As an example only, Figure 3 illustrates an exemplary efficiency curve of an electrolyzer
module. The efficiency curve represents the efficiency of the electrolyzer module as a function
of the operating point, which is given as a percentage of the nominal load. In Figure 3, the
nominal minimum and maximum operating points are indicated by “min” and “max”. The nominal
minimum and maximum operating points are the boundaries of the nominal operating range of
the electrolyzer module. In the example shown in Figure 3, within this range, the efficiency
shows relatively little change as compared to outside this range, particularly below the minimum
operating point. In the example shown in Figure 3, the efficiency is higher at the minimum
operating point than at any other operating point within the operating range, i.e., within the

operating range efficiency decreases with increasing operating point.

The efficiency curve may change over time. At least part of it may be shifted and/or its
shape may change. For example, at least part of the efficiency curve may be shifted towards
lower efficiencies due to degradation. When maintenance is performed on the electrolyzer

module, this may change the efficiency curve towards higher efficiencies.

As an example only, Figure 4 illustrates an exemplary degradation curve of an
electrolyzer module. The degradation curve of this example represents the change of the
electrolyzer module efficiency over time. In this case, for sake of example only, a linear
degradation curve is shown. Depending on the use of the electrolyzer modules, a linear
degradation curve may sufficiently approximate the actual degradation. However, a degradation
curve that is an even better approximation may be used. This may entail providing a model for
the degradation, for example taking into account operation conditions, and/or supplementing a
theoretical prediction of the degradation curve with measurement values obtained for the

respective electrolyzer module.

As an example only, Figure 5 illustrates an exemplary required overall production curve
ranging from zero through minimum to maximum production. The system of the invention is
configured to control operation of the electrolyzer modules such that together they meet the
overall production requirements. Two scenarios for the distribution among the electrolyzer
modules so as to obtain the required overall production, for example the overall production as
shown in Figure 5, are explained in detail below. However, the required overall production curve
and the examples below are for sake of illustration only and the invention is not limited to these

specific examples.
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Figures 6a and 6b and 7a and 7b illustrate two exemplary operation scenarios for an
electrolyzer plant having a plurality of electrolyzer modules with different efficiencies. Additional

or other operation scenarios may also be provided.

For illustrative purposes, the electrolyzer plant in the two exemplary operation scenarios
comprises five electrolyzer modules, each having a different efficiency, as illustrated in Figure
6b for the first scenario and in Figure 7b for the second scenario. However, the invention is not
limited to this number of electrolyzer modules. That is, the electrolyzer plant may have fewer or

more than five electrolyzer modules.

In each of the exemplary operation scenarios, the operation of the electrolyzer modules
is coordinated such that the sum of the production of all modules accounts for the overall

production as represented by the overall production curve in Figure 5.

The first operation scenario as shown in Figure 6a is a scenario where the nominal
minimum operating point, also referred to as minimum production, for the individual electrolyzer
modules is relatively low. Thus, their operation can be performed making use of the high
efficiency of each of the modules at minimum production. As can be seen in the efficiency
curves shown in Figure 8b, the efficiency of each of the modules may be highest at minimum

load.

In this scenario, as an example, when performing the optimization procedure with an
optimizing step for overall plant efficiency, it results in controlling the electrolyzer modules such
that all modules are turned on initially. As the overall electrolyzer plant set point increases, the
set points of the electrolyzer modules, and accordingly the hydrogen production of each of the
electrolyzer modules, are increased successively in the order of their individual efficiencies,
starting with the electrolyzer module having the highest efficiency. Accordingly, in this example,
first the set point of electrolyzer module 2e is increased and the set point of electrolyzer

modules 2d, 2¢, 2b, and 2a are successively increased in this order.

The order depends on individual efficiency curves of electrolyzer modules, for example
the actual or predicted efficiency curve at the time of operation or an efficiency curve as
provided by the specification of the respective electrolyzer module. It is noted that, as seen
above, the efficiency curves may change over time, depending, for example, on the electrolyzer
module degradation, which in turn may depend on its lifetime, usage pattern, and maintenance
status. Thus at a later point in time the operation of the electrolyzer modules may differ from the
one shown in Figure 6a. Changing the operation as a function of time may be performed

automatically.
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In the scenario depicted in Figures 7a and 7b, the efficiency curves of the electrolyzer
modules differ from those in the first scenario in that the nominal minimum operating point for all
modules is higher than in the first scenario, as can be seen in Figure 7b. In the present
examples, this means that the operating range of each of the modules is smaller than in the first

scenario.

As shown in Figure 7a, in this scenario, as an example, when performing the
optimization procedure with an optimizing step for overall plant efficiency, it results in controlling
the electrolyzer modules such that only two of the five modules, in this example modules 2e and
2d having the highest efficiency, are turned on initially. This number of modules being initially
turned on is merely an illustrative example and may differ depending on the optimization
procedure. After turning on the two modules, the set point of at least one of the two modules
may be increased. In this example, the set point, and accordingly the hydrogen production, of
electrolyzer module 2e having the highest efficiency is increased until the minimum capacity of
an additional electrolyzer module is needed to match the overall production curve shown in

Figure 5.

The remaining electrolyzer modules are successively turned on with further increasing
total load in order of efficiency of the respective module, starting with the one having the highest

efficiency.

The load of electrolyzer module 2e is decreased as additional electrolyzer modules are
turned on to match the overall production curve. Finally, the individual loads of running
electrolyzer modules are increased in the order of their efficiency, again starting with the module
having the highest efficiency. As the efficiencies change with the operating point, it is

sometimes beneficial to increase the set point of multiple electrolyzer modules at the same time.

In the examples described above, each electrolyzer module has a different efficiency.
However, this is for sake of illustration only and efficiencies may differ from those of the above
examples. For example, a sub-group of the electrolyzer modules may have the same efficiency,
rather than all being different. Moreover, the shapes of the efficiency curves are merely

illustrative and may differ.

While the invention has been illustrated and described in detail in the drawings and
foregoing description, such illustration and description are to be considered exemplary and not
restrictive. The invention is not limited to the disclosed embodiments. In view of the foregoing
description and drawings it will be evident to a person skilled in the art that various modifications

may be made within the scope of the invention, as defined by the claims.
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CLAIMS

1. An electrolyzer plant (1) comprising a plurality of electrolyzer modules (2a, 2b, 2c, 2d,
2e) and a system (3) for controlling operation of the electrolyzer plant (1), the system

comprising a processing unit (4) and configured to:

determine, for each of the plurality of electrolyzer modules (2a, 2b, 2¢, 2d, 2e), an
electrolyzer module set point at which the electrolyzer module (2a, 2b, 2c, 2d, 2e) is to be
operated, wherein the electrolyzer module set points are determined such that their sum equals

a prescribed overall plant set point of the electrolyzer plant (1), and

control operation of each of the plurality of electrolyzer modules (2a, 2b, 2c, 2d, 2e) at

the respective electrolyzer module set point,

wherein the determining comprises inputting data representative of operation
characteristics of each of the plurality of electrolyzer modules (2a, 2b, 2c, 2d, 2e) into the
processing unit and the processing unit performing an optimization procedure that outputs the
electrolyzer module set points, the optimization procedure comprising an optimization for one or
more of overall electrolyzer plant efficiency, electrolyzer plant lifetime, lifetime of each of the

electrolyzer modules (2a, 2b, 2¢, 2d, 2e), operational safety, and maintenance patterns.

2. The electrolyzer plant (1) of claim 1, wherein the determining further comprises
creating and/or updating an overall electrolyzer plant model on the basis of the data
representative of operation characteristics of each of the plurality of electrolyzer modules (2a,
2b, 2c¢, 2d, 2e) and performing the optimization procedure on the basis of the electrolyzer plant

model.

3. The electrolyzer plant (1) of claim 1 or 2, wherein the data representative of the
operation characteristics of each of the plurality of electrolyzer modules (2a, 2b, 2c, 2d, 2e)
comprises data representative of efficiency characteristics, in particular an efficiency curve, of
the electrolyzer module (2a, 2b, 2c, 2d, 2e) and/or degradation characteristics, in particular a

degradation curve, of the electrolyzer module (2a, 2b, 2¢, 2d, 2e).

4. The electrolyzer plant (1) of claim 3, wherein the optimization procedure takes
into account, in particular exploits, differences between the efficiency curves of the electrolyzer
modules (2a, 2b, 2c, 2d, 2e) and/or differences between the degradation curves of the
electrolyzer modules (2a, 2b, 2c, 2d, 2e), in particular one or more of different maximum
efficiencies of the efficiency curves, different shapes of the efficiency curves, different time-

dependencies of the efficiency curves, and different operating ranges of the electrolyzer
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modules (2a, 2b, 2c, 2d, 2e), and optionally corresponding efficiencies within said operating

ranges of the electrolyzer modules (2a, 2b, 2c, 2d, 2e).

5. The electrolyzer plant (1) of any of the preceding claims, wherein the optimization
procedure comprises optimization for maintenance patterns by setting constraints
representative of a predetermined maintenance schedule, in particular, wherein the constraints
include that one or more predicted characteristics of the electrolyzer modules (2a, 2b, 2c, 2d,
2e), in particular predicted operation characteristics, remain within a certain range at least until
a predetermined time, in particular, that a predicted value for characteristics representative of
the operational safety of each of the electrolyzer modules (2a, 2b, 2c¢, 2d, 2e) remain within a
predetermined range until a predetermined time and/or that a predicted efficiency of each of the
electrolyzer modules (2a, 2b, 2c, 2d, 2e) remain above a predetermined efficiency threshold at

least until a predetermined time.

6. The electrolyzer plant (1) of any of the preceding claims, wherein the system (3)
is configured to determine the electrolyzer module set points in accordance with an operation
mode, in particular an operation mode selected among a plurality of operation modes
automatically and/or in response to a user input, wherein the operation mode is one of
maximum overall electrolyzer plant efficiency, which may be referred to as an efficiency mode,
minimum degradation of each of the electrolyzer modules (2a, 2b, 2¢, 2d, 2e), which may be
referred to as an extended-lifetime mode, and adherence to a maintenance schedule, which
may also be referred to as maintenance compliance mode, or a combination of at least two of

said operation modes.

7. The electrolyzer plant (1) of any of the preceding claims, wherein the system (3)
comprises a control device (5) configured to control the operation of the plurality of electrolyzer

modules (2a, 2b, 2c, 2d, 2e) using the control commands,

in particular, wherein the system further comprises an ERP system (6) configured to
provide production information and/or maintenance information to the control device (5) and/or
update production information and/or maintenance information, in particular in response to
receiving information pertaining to the electrolyzer modules (2a, 2b, 2c¢, 2d, 2¢e) from the control

device (5).

8. The electrolyzer plant (1) according to any of the preceding claims, wherein the
system (3) is configured to perform the determining of the electrolyzer module set points
discontinuously, in particular in response to a user input, or automatically at predetermined

times, or continuously during operation of the electrolyzer modules (2a, 2b, 2c, 2d, 2e).
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9. A use of a system (3) for controlling an electrolyzer plant (1) comprising a
plurality of electrolyzer modules (2a, 2b, 2c, 2d, 2e), particularly an electrolyzer plant according
to any one of the preceding claims, the system (3) comprising a processing unit (4) and

configured to:

determine, for each of the plurality of electrolyzer modules (2a, 2b, 2c, 2d, 2e), an
electrolyzer module set point at which the electrolyzer module (2a, 2b, 2c, 2d, 2e) is to be
operated, wherein the electrolyzer module set points are determined such that their sum equals
a prescribed overall plant set point of the electrolyzer plant (1), and in particular, to control
operation of each of the plurality of electrolyzer modules (2a, 2b, 2c¢, 2d, 2e) at the respective

electrolyzer module set point,

wherein the determining comprises inputting data representative of operation
characteristics of each of the plurality of electrolyzer modules (2a, 2b, 2c, 2d, 2e) into the
processing unit and the processing unit performing an optimization procedure that outputs the
electrolyzer module set points, the optimization procedure comprising an optimization for one or
more of overall electrolyzer plant efficiency, electrolyzer plant lifetime, lifetime of each of each of

the electrolyzer modules (2a, 2b, 2c, 2d, 2e), operational safety, and maintenance patterns.

10. A computer-readable medium comprising instructions which, when executed by a

computer, cause the computer to:

determine, for each of a plurality of electrolyzer modules (2a, 2b, 2c, 2d, 2e) of an
electrolyzer plant (1), an electrolyzer module set point at which the electrolyzer module (2a, 2b,
2c, 2d, 2e) is to be operated, wherein the electrolyzer module set points are determined such
that their sum equals a prescribed overall plant set point of the electrolyzer plant (1), and, in
particular, to provide control signals for controlling operation of each of the plurality of

electrolyzer modules (2a, 2b, 2c, 2d, 2e) at the respective electrolyzer module set point,

wherein the determining comprises inputting data representative of operation
characteristics of each of the plurality of electrolyzer modules (2a, 2b, 2c, 2d, 2e) into a
processing unit and the processing unit performing an optimization procedure that outputs the
electrolyzer module set points, the optimization procedure comprising an optimization for one or
more of overall electrolyzer plant efficiency, overall plant lifetime, lifetime of each of each of the

electrolyzer modules (2a, 2b, 2c, 2d, 2e), operational safety, and maintenance patterns.

1. A computer program product comprising instructions which, when the program is

executed by a computer, cause the computer to:
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determine, for each of a plurality of electrolyzer modules (2a, 2b, 2c, 2d, 2e) of an
electrolyzer plant (1), an electrolyzer module set point at which the electrolyzer module (2a, 2b,
2¢, 2d, 2e) is to be operated, wherein the electrolyzer module set points are determined such
that their sum equals a prescribed overall plant set point of the electrolyzer plant (1), and, in
particular, to provide control signals for controlling operation of each of the plurality of

electrolyzer modules (2a, 2b, 2c, 2d, 2e) at the respective electrolyzer module set point,

wherein the determining comprises inputting data representative of operation
characteristics of each of the plurality of electrolyzer modules (2a, 2b, 2c, 2d, 2e) into a
processing unit and the processing unit performing an optimization procedure that outputs the
electrolyzer module set points, the optimization procedure comprising an optimization for one or
more of overall electrolyzer plant efficiency, overall plant lifetime, lifetime of each of each of the

electrolyzer modules (2a, 2b, 2¢, 2d, 2e), operational safety, and maintenance patterns.

12. A method for controlling operation of an electrolyzer plant (1) comprising a

plurality of electrolyzer modules (2a, 2b, 2c, 2d, 2e),

determining, for each of the plurality of electrolyzer modules (2a, 2b, 2c, 2d, 2e), an
electrolyzer module set point at which the electrolyzer module (2a, 2b, 2¢, 2d, 2e) is to be
operated, wherein the electrolyzer module set points are determined such that their sum equals

a prescribed overall plant set point of the electrolyzer plant (1), and

controlling operation of each of the plurality of electrolyzer modules (2a, 2b, 2c, 2d, 2e)

at the respective electrolyzer module set point,

wherein the determining comprises inputting data representative of operation
characteristics of each of the plurality of electrolyzer modules (2a, 2b, 2c¢, 2d, 2e) into a
processing unit and the processing unit performing an optimization procedure that outputs the
electrolyzer module set points, the optimization procedure comprising an optimization for one or
more of overall electrolyzer plant efficiency, overall plant lifetime, lifetime of each of each of the

electrolyzer modules (2a, 2b, 2c, 2d, 2e), operational safety, and maintenance patterns.
13. The method of claim 12,

wherein the determining further comprises creating and/or updating an overall
electrolyzer plant model on the basis of the data representative of operation characteristics of
each of the plurality of electrolyzer modules (2a, 2b, 2¢, 2d, 2e) and performing the optimization

procedure on the basis of the electrolyzer plant model, and/or
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wherein the determining of the electrolyzer module set points is performed
discontinuously, in particular in response to a user input, or automatically at predetermined

times, or continuously during operation of the electrolyzer modules (2a, 2b, 2¢, 2d, 2e); and/or

wherein the optimization procedure takes into account, in particular exploits, differences
between efficiency curves of the electrolyzer modules (2a, 2b, 2c¢, 2d, 2e) and/or differences
between degradation curves of the electrolyzer modules (2a, 2b, 2c, 2d, 2e), in particular one or
more of different maximum efficiencies of the efficiency curves, different shapes of the efficiency
curves, different time-dependencies of the efficiency curves, and different operating ranges of
the electrolyzer modules (2a, 2b, 2c, 2d, 2e), and optionally corresponding efficiencies within

said operating ranges of the electrolyzer modules (2a, 2b, 2c¢, 2d, 2e).

14. The method of any one of claims 12 or 13, wherein the optimization procedure
comprises an optimization for maintenance patterns by setting constraints representative of a
predetermined maintenance schedule, in particular, wherein the constraints include that one or
more predicted characteristics, in particular operation characteristics, of the electrolyzer
modules (2a, 2b, 2¢, 2d, 2e) remain within a certain range at least until a predetermined time, in
particular, that a predicted value for characteristics representative of the operational safety of
each of the electrolyzer modules (2a, 2b, 2c, 2d, 2e) remain within a predetermined range until
a predetermined time and/or that a predicted efficiency of each of the electrolyzer modules (2a,
2b, 2c, 2d, 2e) remain above a predetermined efficiency threshold at least until a predetermined
time

15. The method of any one of claims 12 to 14, wherein the set points of each of the
plurality of electrolyzer modules (2a, 2b, 2c, 2d, 2e) is determined in accordance with an
operation mode, in particular an operation mode selected among a plurality of operation modes
automatically and/or in response to a user input, wherein the operation mode is one of
maximum overall electrolyzer plant efficiency, which may be referred to as an efficiency mode,
minimum degradation of each of the electrolyzer modules (2a, 2b, 2¢, 2d, 2e), which may be
referred to as an extended-lifetime mode, and adherence to a maintenance schedule, which
may also be referred to as maintenance compliance mode, or a combination of at least two of

said operation modes.



